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Donald Balley
1901 S

This manual is intended for use by engineer
commanders, staff officers, combat engi-
neers, and brldge specialists who are required
to build the Bailey bridge.

The purpose of this manual is to provide the
user instructions needed to build the standard
Bailey bridge and its several variants. It
describes bridge components, loading and
transport, methods of assembly, and main-

tenance. It also describes special applica-
tions, such as two-lane, extra-wide, deck,

rallway, pier- and barge-supported brldges

and towers built from Bailey bridge compo-
nents.

The Bailey bridge has several distinctive
features. It is built by manpower alone. It is
made entirely from prefabricated parts, the
most notable of which are its light-steel
panels linked by pinned joints. It is a
‘through-type bridge. And it can be moved
from one site to another.

The Bailey bridge was invented by Donald
Coleman Bailey, an English civil engineer.
In 1941, Bailey gave his first sketch of the

FM 5-277

PREFACE

bridge to the British War Office which paid
him the equivalent of $48,000 in 1985
American currency.

The Bailey bridge used in World War Il was
designed to be moved, rebuilt, or replaced in
several hours, even underenemy fire. It was
used widely and well by Allied armies in Italy
and northwest Europe, 1943-45. British Field
Marshal Lord Bernard Law Montgomery
said: “Without the Bailey bridge, we should
not have won the war. It was the best thing in
that line we ever had.” Donald Bailey was
knighted in 1946 for this contribution to the
Allied victory in World War 1.

The proponent agency of this publication is
the US Army Engineer School. Submit
changes for improving this publication on
DA Form 2028 éRecommen ed Changes to
Publications and Blank Forms) and forward
to Commandant, US Army Engineer School,
ATTN: ATZA-TD- P, Fort Belvaoir, Vlrglnla
22060-5291.
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CHAPTER 1

HISTORY AND USE OF THE BRIDGE

This change supersedes page 2.

At the outset of World War Il, the United
States (US) Army sought a versatile bridge
that could span a variety of gaps and be

uickly assembled by manpower alone. For
this reason, we adopted the design for the
British prefabricated Bailey bridge, US
nomenclature MI. We revised the design to
provide a greater roadway width of 12% feet
and designated it the Panel Bridge, Bailey
M2 (Figure I-1). The British then modified
the US version by widening the bridge again,
thus producing the extra-wide Bailey M3
bridge. The US Army does not stock the M3
bridge in its arsenal. The Bailey bridge is a
through-type truss bridge, the roadway being
carried between two main girders. The trusses
in each girder are formed by 10-foot panels
Bir_med end to end. In this respect, the Bailey

ridge is often referred to as the “panel” or
“truss” bridge.

ADVANTAGES
Some of the characteristics that make the
Bailey bridge valuable to field commanders
are—

o It is easy to install. Each part of the
Bailey bridge is a standard machine-
made piece and is interchangeable among
spans. Inmost cases, no heavy equipment
Is required to assemble or launch a Bailey
bridge; only basic pioneer skills and equip-
ment are needed.

o It is highly mobile. All parts of the bridge
can be transported to and from the bridge
site by 5-ton dump trucks and trailers.

e It is versatile. Standard parts can be used
to assemble seven standard truss designs
for efficient sin?le spans up to 210 feet
long and to build panel crib piers sup-
porting longer bridges. With minor non-
standard modifications, the expedient
uses of bridge parts are limited only by
the user’s imagination.

CONSTRUCTION

Transverse floor beams, called transoms, are
clamped to the bottom chords of the trusses
and support stringers and decking. Sway
braces between the girders provide horizontal
bracing; rakers between the trusses and
transoms keep the trusses upright; and
bracing frames and tie plates between the
tr_ugses provide lateral bracing within each
girder.

Main girders
The main girders on each side of the center-
line of the bridge can be assembled from a
single truss or from two or three trusses side
b}/ side. For greater strength, a second story
of panels can be added to the trusses. The
upper stories are bolted to the top chord of the
lower story. For greatest strength, a third
story is added. These three basic types are

possible truss assemblies are given in|
(page 4). A single-truss, double-or
story bridge is never assembled because it
would be unstable. All triple-story bridges
with the deck in the bottom story are braced
at the top by transoms and sway braces
which are fastened to overhead-bracing sup-
ports bolted to the top chords.

shown in Figure 1-2 1page 4). The ty, _lgesbcIJf
able]
friple-

Materials
The decking, called chess, is wood. Panels,
end posts, transoms, and ramps are a low-
alloy, high-tensile steel. All other parts are
carbon structural steel. All joints in the parts
are welded.

Deck
The clear roadway between curbs, called rib-
bands, is 12 feet 6 inches wide. The transoms
supBorting the roadway are normally set on
the bottom chords of the bottom story. Foot-
walks can be carried on the transoms outside
of the main trusses on each side of the bridge.

Bearings

End posts pinned to the end of each truss sit
on cylindrical bearings which rest on a steel
base plate. On soft soil, timber grillage is
used under the base” plates to distribute the
load. The bridge can be assembled between
banks of different elevations, but the slope
should not exceed 30 to 1.



This change supersedes page 3.

TYPES OF STRUCTURES

Panel bridge equipment can be used to
assemble fixed bridges and panel crib piers
and towers. Other special structures such as
floating bridges, suspension bridges, retract-

able brlddqes and mobile bridges, can be
assembled using special parts. Panel bridge
equipment is normally used to assemble fixed
simple-span, through-type bridges from 30 to
210 feet long. The térldge car% be assembled to
meet varying conditions of span and loac

Brldge weight per bay is given in Table 1-2
(page 5). The following special assemblies are
also possible:

» Two-lane, through-type bridges; deck-type
bridges; rallway bridges; bridges on piers;
and floating bridges can be built with
panel bridge equipment.

» Panel crib piers and towers up to 70 feet
high supporting continuous spans, and
up to 110 feet high supporting broken
spans, can be assembled with panel bridge
equipment and special crib-pier parts.

+ Many expedient structures can also be
built with panel bridge equipment. These
include causeways, box anchors, towers
for floating bridge cables, and Ioadlng
hoppers and gantries.
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CHAPTER 2
BASIC EQUIPMENT

The Bailey M2 bridge set contains 29 different
items of bridge parts and 30 items of erection
equipment| Table A-1 in Appendix A shows
the number of parts needed to build a specific
Bailey bridge.

WARNING: Due to the size and weight of
components, personnel are advised to use

extreme care when handling them. Failure
to do so may result in serious.

PANEL

The panel|(Figure 2-1)) is the basic member of
the bridge. Tt is awelded, high-tensile steel
truss section 10 feet (3.0 meters) long, 5 feet 1
inch (1.5 meters) high, and 6 1/2 inches (16.5
centimeters) wide. It weighs 577 pounds (262
kilograms) and can be carried by six soldiers
using carrying bars.

The horizontal members of the panel are
called chords. Both chords have male lugs at
one end and female lugs at the other. Panels
are joined end to end by engaging these lugs
and placing panel pins through the holes In
the lugs. On the top of the bottom chord are
four seatings or dowels. The beams that

6

BRIDGE PARTS

support the bridge roadway will be clamped
to these dowels. Table 2-1 lists the holes in the

BRIDGE PARTS 6
ERECTION EQUIPMENT 15

BRIDGING TRUCK LOADS 19

PANFL PIN
The panel pin is 8 5/16 inches (21.1
centimeters) long, 1 7/8 inches (4.8 centimeters)
in diameter, and weighs 6 pounds (2.7 kilo-
grams). It has a tapered end with a small hole

Tahls L] Holes ih ol ed ehords gad (ertionie

panel.
HISTION TYFE OF 9QLT REQIIRERD
Manr os:h ond ef Baliem chara I YEE NITH M
1&p snd BblesE chonds Brsling ol
19 and koBlcum cheordp Thesd ball

End veriscals AT

Bitom of all werieials Irandarm clamp

UsE

{ Fallkn end of Ay Oraces

Tasien maging fames aicons twa INmar iredses
Fagien cheads af mullsdlory bridps

Farinn rebard

Farien Macing hmgl bl nn Do nasr lruties
Fupten Do plades Betwaen prcond 1nd hird Erusces
Fasten raninam by insefman ol biansem clamp
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for a retainer clip. A groove is cut across the
head of the panel pin parallel to the bridge
pin retainer hole. Panel pins should be
Inserted with the ?roove horizontal; other-
wise, the flanges of the panel chord channels
make it difficult to insert the retainer clip.

Frgure 22 Pens! pin

Figure 2.0 Mhore panel gin

WARNING: Never jack against transoms
that are held in place by transom clamps, as
the clamps will fail. This failure may result
in severe injury or death and/or extreme
damage to bridge components.

RANSOM
The short panel pin (Figure 2-3) is 3/4inch (19  The transom page 8) is a steel
centimeters) shorter than the normal panel ~ beam that supports the floor system of the
pin and weighs 5.8 pounds (2.6 kilograms). It bridge. It is 10 inches (25.4 centimeters) by 19
Is used to pin the end posts of the outer and  feet 11 inches (6.1 meters) long. It has a 4 1/2-
middle trusses in a triple-truss bridge. inch (11.4 centimeters) flange and a 5/16-inch

Fgure 2 [ Poareefl

SHORT PANEL PIN

7
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WARNING: Sway brace is a multi-hinged
component; use care when handling to

prevent injury.

(0.8 centimeter) cover plate on each flan?e.
The transom weighs 618 pounds (280 kilo-
grams). It can be carried by eight soldiers
using carrying tongs clamped to the upper
flange or carrgmg bars inserted through
holes in the web.

The underside of the transom has six holes
into which the panel dowels fit. The transom
rests on the lower chord of the panel and is
held in place with a transom clamp. The
upper side of the transom has six lugs with an
additional lug near each end. The stringers
and rakers (explained later in this chapter)
attach to these lugs.

Transoms are normally spaced 5 feet (1.5
meter? aPart, one at the middle and one at
the end of each panel, to support vehicles of
class 70 or less. Four transoms per bay—two
in the middle and one at each end of the
panel—are required to support vehicles over
class 70.

WARNING: Transom clamp is a hinged
component; use care when handling to

prevent injury.

TRANSOM CLAMP

The transom clamp (Figure 2-5) is a hinged
screw-in type clamp, 13 1/2 inches (34.3 centi-
meters) high and 8 inches (20.3 centimeters)
across the top. It weighs 7 pounds (3.2 kilo-
grams). It clamps the transom to the vertical
and bottom chord of the panel. Itis tightened
by a vise-handled screw.

8

SWAY BRACE

The sway brace isall/8-inch (2.9

centimeters) steel rod, hinged at the center,

and adjusted by a turnbuckle. It weighs 68
pounds (30.8 kilograms). At each end is an
eye, and a chain with a pin attached. This pin
is inserted through the eye to the sway brace
to the panel. The sway brace is given the
proper tension by inserting the tail of an
erection wrench in the turnbuckle and
screwing it tight. The locknut is then screwed
up against the turnbuckle. Two sway braces
are required in the lower chord of each bay of
the bridge, except the first bay of the
launching nose, and in each bay of overhead
bracing.

Figure 25 Tronsom clomp

RAKER _
The raker [(Figure 2-7) is a 3-inch (7.6 centi-
meters) steel beam with a 2 3/8-inch (6.0 centi-
meters) flange. It is 3 feet 8 5/16 inches (1.11
meters) long and weighs 22 pounds (10.0
kilograms). A raker connects the ends of the
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transom to the toE of one end of each panel of
the inner truss. This prevents the panels from
overturning. An additional raker is used at
each end of the bridge. Both ends of the raker
have hollow dowels for the bracing bolts. The
dowels fit through a hole in the panel and a
hole in the transom.

Figure 2.7 Roksr

Figure 3.8 Hracing fromn

The b BR}ACINCIS: FRAI\/I2E8) LATE
e bracing frame (Figure is a rec- '
tangular frame, 4 feetg inches (1.3 meters) by A tie plate (Ei age 10) 1s a piece of

flat steel 2 1/2 by 3/8 b% 2 mches (6.4 by 1.0 by
[

1 foot 8 |nCheS (50 8 CentlmeterS) with a 305 Cent|meters We|g ng 31/2 pounds $16

hollow conical dowel in each comer. It weighs kilograms). It has a hollow conical dowel at
44 pounds (20.0 kilograms). The bracing each end. The tie plate is used only in triple-
frame is used to brace the inner two trusses truss bridges. It secures the second truss to
on each side of the double- and triple-truss _ the third truss using the unoccupied raker
bridge. Bracing bolts attach the bracing brldg?e and vertically on one end of each  holes in the panels at each joint and at the
frames horizontally to the top chords of the  panel in the second and third stories. ends of the bridge.
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BRACING BOLT

A bracing bolt (Figure 2-10) is 3/4 inch
1.9 centimeters) in diameter, 3 1/2 inches
8.9 centimeters) long, and weighs about

pound (0.5 kilograms). A special lug on its
head prevents rotation when the bolt is
tightened. A | 1/8inch (2.9 centimeters) wrench
is used to tighten it. The bracing bolt is used
to attach rakers, bracing frames, and tie
plates to panels. It is inserted into the hollow
dowels of the braces to draw parts into proper
alignment.

CHORD BOLT

A chord bolt (Figure 2-11) is 1 3/4 inches (4.4
centimeters) in diameter, 10 1/2 inches (26.7
centimeters) long, and weighs 7 1/2 pounds (3.4
kilograms). It is tapered through half its
length to assist in drawing the panels into
alignment. A 1 7/8-inch (4.8 centimeters)
wrench is used to tighten the bolt. Chord
bolts join the panels, one above the other, to
form double and triple-story bridges. Two
bolts per panel OIpass upward through holes in
the panel chords and are tightened with nuts
on the lower chord of the upper story. They
are also used to fasten overhead bracing
supports to the top panel chord.

STRINGERS

Stringers (Fiqure 2-12) carry the bridge’s
roadway. Each stringer consists of three 4-
inch (10.2 centimeters) steel beams, 10 feet
3.0 meters) long, joined by welded braces.

here are two types of stringers: plain
stringers weighing 260 pounds (118 kilo-
grams) and button stringers weighing 267
pounds (122 kilograms). They are identical
except that the latter has 12 buttons which

10

Figure 2.3 Tie platy

il

Figwre 310 Brosing boll

Figiers 211 Chord balt

hold the ends of the chess (roadway) in place.
Each bay of the bridge has six stringers: four
plain stringers in the middle, and a button
stringer on each side. The stringers are posi-
tioned by the lugs on the top of the transoms.

CHESS

Chess|(Figure 2-13), often referred to as deck
or decking, form the road surface. A piece
of chess Is 2 inches (5.1 centimeters) by
8 3/4 inches (22.2 centimeters) by 13 feet
10 inches (4.2 meters). It is made of wood and
weighs 65 pounds (29.5 kilograms). It is
notched at the ends to fit between the buttons
of the bottom stringer. Each bay of the bridge
contains 13 chess, which lie across the
stringers and are held in place by the buttons.
Chess are held down by ribbands.

~ STEEL (CURBS)
A ribband (Figure 2-14) Is a metal curb
8 inches (20.3 centimeters) high and 10 feet

3.0 meters) long. It weighs 162 pounds (73.5
ilograms). It is fastened to the button
stringers by four J-type ribband bolts.

RIBBAND BOLT
A ribband bolt (Figure 2-15) is a J-type bolt, 1
inch (2.5 centimeters) in diameter and 8 5/8
inches (21.9 centimeters) long. It weighs 4 1/2
pounds (2.0 kilograms). A 1 1/2-inch ?3.8 centi-
meters) wrench is used to tighten it. The
ribband bolt fastens the ribband to the button
stringers and ramps. The hook end of the bolt
grlps the lower flange of the outer beam of the
utton stringer or ramp.




ND POSTS
End posts (Figure 2-16, page 12) are used on
both ends of each truss of the bridge to take
the vertical shear. They are placed only on
the story carrying the decking. They are 5-
foot 8-inch (1.7 meters) columns made of two
4-inch (10.1 centimeters) channels and plates
welded together. There are two types; male
and female, having male and female lugs,
respectively. These lugs are secured to the
end panels of the bridge by panel pins placed
through holes in the Iugs. The male and
female end posts weigh 121 and 130 pounds
(54.9 and 59.0 kilograms), respectively. End
posts have a step to support a transom outside

FM 5-277

Figure 115 Ribband boft

11
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12

FEMALE

Frure 510 End posts

the Ba_nel at one end of the bridge. In jacking
the bridge, the jack is placed under the step.
The lower end of the end post has a bearing
block with a semicircular groove which fits
over the bearing.

_ ~ BEARING
The bearing (Figure 2-17) spreads the load of
the bridge to the base plate. A bearing is a
welded steel assembly containing a round
bar which, when the bridge is completed,
supports the bearing blocks of the end posts.
During assembly of the bridge, it supports
the bearing block of the rocking roller (ex-
plained later in this chapter). The bar is
divided into three parts by two intermediate
sections that act as stiffeners. The bearing is
4 5/16 inches (11.9 centimeters) high and
weighs 68 pounds (30.8 kilograms). One
bearing is used at each corner of a single-
truss bridge and two bearings per corner for a
double- or triple-truss bridge.

Fipary 2407 Hesring

RASE PLATE
The base plate (Figure 2-18) is a welded steel

assembly with built-up sides and lifting-hook
e%es on the top at each corner. It is used under
the bearings to spread the load from the
bearings over the ground or grillage. The
bottom surface of the baseplate is 13 1/2 square
feet (1.25 meters 2). The base plate weighs 381

ounds (173 kilograms) and is large enough
or the bearings at one corner of a single-,
double-, or triple-truss bridge. Bearings can
slide 9 inches (22.9 centimeters) longitudi-
nally on the baseplate. The numbers 1,2, and
3 are embossed on the edges of the base plate
to indicate the position of the plate under the
inner truss of single-, double-, and triple-truss
bridges respectively.

(Fiaure 219) are imi
Ramps [(Figure 2-19) are similar to stringers

but consist of three 5-inch (12.7 centimeters),
instead of 4-inch (10.2 centimeters), steel
beams. They are 10 feet (3.0 meters) long and
are joined by welded braces. The lower surface
of the ramp tapers upward near the ends.
There are two types of ramps: plain ramps
weighing 338 pounds (153 kilograms), and
button ramps weighing 349 pounds (158 kilo-
rams). They are identical except that. the
atter have 12 buttons which hold the ends of
the chess in place. The ends of the ramps fit
|bn'gg lugs on the transoms at the ends of the
ridge.

RAME L
Ramp pedestals|(Figure 2-20) are built-u
welded steel assemblies welg mg 93 pounds

(42.2 kilograms). They prevent the transoms
supporting multiple-length ramps from over-




Ffrgurr 2-/ 9 Baac plate

Figuere 7 149 Romgpa
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turning and spread the transom load over the
ground. They are held in place by spikes or
plickets driven through holes in their base
plates.

Fuigure 2-20 Romp pedestal

OOTWALK
The footwalk (Figure 2-21,[ page 14) may be of

wood or aluminum. The wood footwalks are 2
feet 6 inches (0.8 meter) wide and 10 feet (3.0
meters) long. The aluminum footwalks are
25 3/4 inches (65.4 centimeters) wide and 9 feet
11 1/2 inches (3.0 meters) long. Supported on
footwalk bearers, footwalks are laid along
the outer sides of the bridge for use by foot
troops.

FOOTWAL ER
A footwalk bearer (Figure 2-22) is a built-up
beam of pressed steel 4 feet (1.2 meters) long,

13
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weighing 23 pounds (10.4 kilo grams). Bearers

are attached to all transoms and hold the
footwalk post.

FOOTWALK POST
A footwalk post (Figure 2-23) is 4 feet (1.2
meters) high, weighs 10 pounds §4.5 kilo-

grams), and is fitted into every footwalk
bearer. Hand ropes are threaded through two
eyes on each post and secured either to
holdfasts on the banks or end footwalk posts.

OVERHEAD-BRACING SUPPORT

The overhead-bracing support (Figure 2-24)
is used to clamp overhead transoms and

14

Fygure 220 Aluminsm foufwa i

sway braces to trusses for overhead bracing
of trl?le-story bridges. The support is a welded
metal assembly that Weléjhs 150 pounds (68.0
kilograms). It Is fastened to the tops of third-
story dpanels by chord bolts. A transom is
seated over the pintles on top of the support
and secured by cleats over the lower flange
held by four nuts and bolts. One support per
girder is placed on each bay of bridge.

Figrorn 227 Foobwalk poal

Frgore 2 24 urrfppd-brpsing supperm



ROCKING ROLLER
The rocking roller (Figure 2-25), weighing 206
pounds (93.4 kilograms), consists of three
rollers housed in a balanced arm which fits
over the bearing, and is free to rock on it. Two
side rollers on the flange on each side of the
rocking roller frame act as guides for the
trusses. The side rollers can be removed from
the flanges by removing split pins from
spindles underneath the flange; they then
remain loosely attached to the frame by a
chain. The rollers distribute the bridge load
along the bottom chord during launching.
The maximum allowable load on one rocking
roller is 30 tons (27.2 metric tons).

ERECTION EQUIPMENT

PLAIN ROLLER

The plain roller (Figure 2-26) is 2 feet 1 1/2
inches (64.8 centimeters) wide and weighs
116 pounds (52.6 kilograms). It consists of a
welded housing containing a single roller
split in two. The maximum allowable load on
one roller is 10 tons (9.1 metric tons). Trusses
of single-truss bridges can be carried on
either half of the roller. Second and third
trusses of triple-truss bridges are carried on
both halves.

FM 5-277

TRANSOM ROLLER
The transom roller (Figure 2-27) is a roller
having an outside diameter of about 1 7/8
inches (4.8 centimeters) (or 1 1/2-inches [3.8
centimeters] extra-heavy steel pipe) and a

Figure 2.26 Plein rodler

Frgure 2 37 Tranaem rollcr
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length of 6 5/8 inches (16.8 centimeters). The
roller is fitted with bronze bushings at each
end and revolves on a l-inch (2.5 centimeters)
diameter steel pin mounted In a steel frame
which is built up from standard steel bars
and angles. The roller assembly is 8 inches
(20.3 centimeters) long, 7 5/8 inches (19.4 centi-
meters) wide, and 5 3/4 inches (14.6 centimeters)
hi(lt;h overall. It weighs about 12 pounds (5.4
kilograms). The roller is used to make the
placement and removal of transoms easier
glu_(rjing the assembly and disassembly of the
ridge.

WARNING: Two personnel are required
on each jack handle to operate jack. These

two persons must work together to prevent
either from taking all of the load.

JACK
The jack glf:i ure 2-28) is used to lift the bridge
t

on and off the rocking rollers. It is a mechan-
ical lifting i'ack (the type normally used in
riggin?, railroad, and construction work). It
has a lifting range of 15 inches (38.1 centi-
meters) and a capacity on the top of 15 tons
(13.6 metric tons). When the weight is carried
on its toe, its capacity is only 7 1/2 tons $6.8
metric tons). Jacks from different manutac-
turers have different spacing (E)itch% between
the teeth, as listed in Table 2-2. Where jacks
are lifting at the same ﬁoint, all jacks used
must have the same tooth pitch so they can be
operated in unison. The jack weighs 128
pounds (58.1 kilograms).

16

Talle ? 2 Pitch of teeth in panel-bridge jocka

L
HANUFACTURER
EETEEN TEETH

{pHteM IM upgha 5}

JACK SHOE

The jack shoe (Figure 2-28) is a welded
assembly which fits over the bearing and
supports the jack. In jacking under the step of
the end posts, the e_arinﬁ can be placed
readily without removing the jack shoe. The
shoe is 4 3/16 inches (10.6 centimeters) high
and weighs 36 pounds (16.3 kilograms). It fits
over the bearing on the base plate.

WRENCHES
The wrenches provided in the hridge set are
shown and listed in| Figure 2-29

PAN ER
The panel lever [Figure 2-30), used in assem-

bling the second and third trusses after the
first truss is in place over the ga|o, is a wooden
bar 7 feet 9 inches §2.4 meters) long weighing
48 pounds (21.8 kilograms). It has a fulcrum
near the center and a lifting link at the end.
The lifting link has a swiveling crosspiece
which can be readily attached to the top of a
panel by passing it through the up?er chord
and turning it. The upper end of the link
slides in a slot—the inner end of the slot is
used when erecting the second truss, the
outer end is used when erecting the third
truss. The fulcrum is always placed on the top
of the first truss. Two levers per panel are
Irequired, with two soldiers operating each
ever.

CARRYING BAR AND TONGS
A wooden carrying bar|(Figure 2-31) is 3 feet 6
inches (1.1 meters) long and reinforced by a
steel band at the middle. It is used to carry

E@nels and transoms. It weighs 8 pounds (3.6
ilograms). Carrying tongs are steel and
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1
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Sl Figurt 2-i0 Panel fover
&
Figure 2-28 Wrenchea
WRENCH UEE
Frguwre 231 irg bar
1 1v" offzae S Torhal Wrarngh TeghEAang 3™ kv RE g balng R w“
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[a) N7 pad b1 Fighimning W~ ibvacingl bodbs

by 1'™* scckms

Frgure 232 Carvying tonge

shaped like railroad tongs, as shown in Figure  soldier carries one of the two handles. Nor-
2-32. These tongs are used to carrﬁ/ transoms  mally, four pair of tongs and eight soldiers
by clamping them over the top flange. One  are used to carry a transom.

17
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CHORD JACK
The chord jack (Figure 2-33) consists of two
welded steel frames joined by a knuckle-
threaded screw assembly. It is oEerated by a
ratchet lever. The lever has a shackle at its

end to which a rope can be attached, making
operation easier. The chord jack is used to
force the panels apart so the chord lug holes
align and the chord bolts can be inserted.

Figure 2.0 Chord fzck

PIN EXTRACTOR
The pin extractor (Figure 2-34) assists in
dismantling the bridge. After the pin has
been driven part way out, and the recess
under the head of the pin is exposed, the pin
extractor grlst the pin head and forces the
pin out by a levering action. It is particularly

18

useful for dismantling the third truss of a
triple-truss bridge where the closeness of the
second truss makes it impossible to drive the
pins out with a hammer.

LAUNCHING-NOSE LINK MK 11
The launching-nose link Mk II (Figure 2-35)
is about 10 inches (25.4 centimeters) long and
7.inches (17.8 centlmetersg wide and weighs
28 pounds (12.7 kilograms). It consists of two
steel frames welded back to back. The lugs of
two ﬁanels fit into the link. The sides of the
link have holes into which panel pins can be
inserted. The links lie flush with the underside
of the bottom chords and have a false flange
welded on the bottom edge so the bridge can
be rolled out on launching rollers. It also has
a pintle on the top to seat a transom.
Launching-nose links overcome the sag
occurring when the launching nose is canti-
levered over the gap. They are also used
between the upper jaws of span junction
Bo_ats during the launching of broken-span

ridges.

TEMPLATES
Two tyﬁes of templates are provided, one to
I%cate ﬁ e?earings for the rlockinT roIIersk and
the other for the_plain rallers. The rocking-
roller template |(Figure 2-36) weighs 78 poungs
(35.4 kilograms) and consists of a timber base
with timber strips on top forming two spaces
large enough for rocking-roller bearings. At
one end of the template are two angle cleats
which are used as I oints. The
plain-roller template weighs 22
pounds (10.0 kilograms). It consists of a
timber base with timber strips on three sides

Figure 200 P exirasior

Fagure 235 Launching-noee link Mk 1}

and a steel strip on the fourth. The strips
surround a space large enough for the base-of
a single plain roller. The template also has
two angle cleats at one end for measuring
points.
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BASIC BRIDGE SET

Parts for standard truck loads are n
from these basic sets[Tables A-7 and[A-3 in
Appendix A list components of the M2 panel
bridge basic set. The set contains enough
parts. and equipment to install two 80-foot
(24.4 meters) double-single M2 bridges with
launching nose or one 130-foot (39.0 meters)
double-double bridge with launching nose.

Conversion Set No. 3, Panel Crib Pier, M2 is
used with equipment_from the basic set to
build panel crib piers{Table A-4 in Appendix
A lists component parts of conversion set No.
3. Enough parts are issued with each of these
sets to provide the assembly of a triple-truss
pier supporting two triple-truss broken spans
and containing both horizontal and vertical
stories.

Figure 2 37 Flain-roller template

BRIDGING TRUCK LOADS

RECOMMENDED BRIDGING LOADS
The engineer company (panel bridge) nor-
mally transports one set of the Bailey bridge
on 5-ton dump trucks and 4-ton bolster
trailers. The company has two platoons, each
capable of transporting one 80-foot (24.4
meters) bridge (the most common
installed). The loads shown i

througrj 2-47 and[Tables 2-3 through[2-13
gpages 20 through 30) have the following
eatures:

o All loads are within the rated capacity of
the assigned vehicles.

e The loading lends itself to stockpiling or
assembly on a restricted site. A launching
nose can be started with only three loads
on the site.

FM 5-277

= The number of trailers is 40 percent of the
number of trucks. This makes it possible
to use trucks to tow trailers if necessary.

= Erection equipment is spread over four
trucks and one trailer, thereby minimizing
the effect of loss or breakdown.

# Trucks are loaded with all the female or
all the male panel ends toward the rear of
the vehicles.

» Steel cables are used for tiedowns on all
truckloads.
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Conversion set No. 3 is carried in 2 crib-pier
loads. Information on the capabilities of dif-

ferent stimdaLd_LLuﬁk loads s given in Table

2-13, and Tables A-3 and A-G in Appendix A.
BAY LOADS

The recommended brid ﬁ%mbat

operations is the bay load [(Figure 2-47, Fage

30). Each bay load truck contains all the

parts, except transoms, required for one bay
(10 feet) (3.0 meters) of double-single Bailey

bridge. This loading Ielnds li:)tseollf well to most
ombat engineer Bailey bridge missions.
Table 2-14 (page 30) lists the parts found in

the bay load. Four-ton bolster trailers carr
the transoms with the bridge load mentione
earlier. The bay load is designed to be easily
unloaded by crane. However, the load may
also be unloaded by hand or dumped if a
crane is not available. If the load is dumped,
take care not to damage the chess. For a
complete bridge, parts and grillage,
launching nose, ramp, footwalk, spares, and
overhead-bracing loads must also
be included.
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CHAPTER 3

PLANNING AND ORGANIZATION

FM 5-277

Each bridge site must be reconnoitered to
select the site most economical in use of
available personnel, equipment, and time.
The reconnaissance officer must be told the
following before making the reconnaissance

e Where bridge is needed. The general
location of the bridge is determined by
tactical requirements.

e Class of bridge needed. The class of the
bridge is determined by the type of
vehicles it must carry.

e When bridge is needed. The time set for
the bridge to become operational affects
seriously planning for the mission.

e Who is to construct the bridge.

SITE RECONNAISSANCE

A thorough evaluation of information from
preliminary studies may aid the reconnais-
sance by limiting it to a few suitable sites.
Sources of preliminary information are intel-
ligence studies and reports, interviews with
local civilians, maps, aerial photographs
(including stereo-pairs), and aerial recon-
naissance.

SITE SELECTION
Whenever possible, make a?round reconnais-
sance. The following site selection factors are
desirable for a panel bridge:

» There should be access routes at each end

of the bridge tying into the main road net.
These routes should not require excessive
maintenance or preparation.

Approaches should require little prepara-
tion. These approaches should be two
lane and straight for 150 feet (45.7 meters)
at each end of the bridge. Their slope
should not exceed 10 percent (1 in 10).
Special consideration must be given to
the amount of work required to prepare
the approaches and piers, since this work
frequently takes as much time as the
bridge installation itself.

Banks should be firm and stable and of
about equal height.

The site should be large enough for
assembly of the bridge and wide enough
for unloading and stacking the parts and
erection tools. The approach road often
provides such space.

There should be a turnaround area large
enough to allow trucks and bolster trailers
to completely turn around so they can
back into the site. This area is normally
located about 50 feet (15.2 meters) from
the bridge site.

= There should be space for an engineer

equipment park—a covered and concealed
area Y2 to 5 kilometers behind the bridge

site, in which to store vehicles and
equipment when not in use at the bridge
site.

e A bivouac site for construction and main-
tenance crews and crossing noncommis-
sioned officer in charge should be
available.

Following the reconnaissance, make out a
report. The reconnaissance report describes
every usable site reconnoitered, and recom-
mends a site. The report includes

» Location of site.

= Width at gap.

» Length, truss type, and type of grillage of
bridge that would be assembleolq at site.

« Slope of bridge.

+ Condition of banks and capacity of
abutments.

= Proposed location of site layout.
= Site preparation required.

» Recommended method of transporting
troops and equipment to far bank.

» Sketch showing profile of centerline of
the bridge, extending 100 feet (30.5 meters)
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on the near shore and 50 feet (15.2 meters)
on the far shore.

e Sketch showing layout of assembly site,
and location of turnaround and engineer
equipment park.

e Truck route to bridge site from engineer
equipment park.

~SITELAYOUT _

When the bridging is being unloaded directly
from the trucks, the site must be cleared for at
least as long as the width of the gap, but the
width of the site need only be the width of the
approach. If the bridging is to be unloaded
and stacked at the site, the site must be about
150 feet (45.7 meters) wide. The stacks are
arranged as shown in Figure 3-1. In restricted
areas, 30 feet (9.1_metersishou_ld be available
at least on one side of the bridge to permit
insertion of transoms. Otherwise, transoms
must be threaded from within two bridge
truss girders.

ORGANIZATION

The work force is normally organized into
unloading parties and an assembly party.
Each unloading party consists of one non-
commissioned officer and eight soldiers. The
number of unloading parties depe e
length and type of the bridge (Table 3-|).
Unless an unusually large cleared area exists
at the site, no more than three or four un-
loading parties will be able to work efficiently
at one time.
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shown in Table 3-2. In most cases, this in- Teld I R 2 TR L R SEE
cludes the panel, transom, bracing, and
deckln? detalls The duties of the pane detail g, B B 3 e et 21 By
are as follows:
of the end of bridge and installation of the 5. It jacks down far end of bridge.
1 It carries, places, and pins together panels ramp.
in the launching nose and bridge. 6 It installs far-bank ramp, placing chess and
3 It reforms as a single detail and completes ribbands.
2 As soon as all panels are in place, it dismantling of the launching nose.

divides into two crews. One crew Crosses _

to far bank and begins dismantling the 4 1t installs far-bank end posts.
launching nose. The other carries neces-

sary parts to the far bank for completion
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Duties of the transom detail areas follows:

1 It carries, places, and clamps down tran-
soms.

2 It removes plain rollers on near bank.
3 It installs end posts on near bank.

4 1t helps decking detail in jacking down
near end of bridge.

5 Itinstalls near-bank ramﬁ and helps
decking detail in placing chess and rib-
bands on it.

Duties of the bracing detail are to obtain,
install, and adjust the following parts:

e Sway braces.
e Rakers.

e Bracing frames, on all but single-single
bridges.

e Chord bolts, on double- and triple-story
bridges only.

e Tie plates, on triple-truss bridges only.

e Overhead-bracing supports, on triple-
story bridges only.

Duties of the decking detail areas follows:

1 1t assists panel detail in starting assembly
of the launching nose.

34

2 It lays stringers, chess, and ribbands on
bridge.

3 It jacks down near end of bridge.

4 1t lays chess and ribbands on near-bank
ramp.

ASSEMBLY TIME
Time for assembly and installation of a
normal bridge is given in Table 3-3. Table 3-3
shows estimated times for daylight assembly
and launching of various lengths of different
types of bridges when built by manpower
alone and when using one crane. Times do
not include preparation of site and layout of
rollers. These times assume there is a favor-
able assembly site, trained personnel are

available, equipment is stacked at the site,
and footwalks are omitted. Use of untrained
troops, poor weather, various terrain condi-
tions, and enemy activity will lengthen
assembly time by 30 percent. Added time
must also be allowed for placing wear treads.
Add ¥ to 4 or more hours for preparation of
site and layout and placing of rollers (de-
Pendlr_\g upon the amount of work required to
evel site, install grlllaPes, and crib up rollers).
Add ¥ hour for unloading from trucks if
separate unloading parties are available. If
not available, add 1 to 2% hours according to
type of bridge. For blackout conditions,
increase daylight times by 50 percent. For
mission-oriented protection posture (MOPP)
conditions, increase final construction (all
other conditions considered) by 50 percent.
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INSTALLATION PROCEDURE
Installation procedure begins with site prep-
aration (clearing mines, removing obstacles,
constructing a turnaround for trucks). Instal-
lation then includes the following steps: roller
layout (including baseplates), unloading of
bridge equipment, bridge assembly and
launching, bridge jackdown and ramp assem-
bly, and installation of wear treads and
footwalks.

MOVEMENT CONTROL
Proper planning for the movement of bridge
trucks Is important in providing, without
confusion, the bridge equipment when it is
needed. If the equipment is to be stacked at
the site, time the transportation to arrive as
soon as the stacking site is ready.

FM 5-277
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CHAPTER 4

FIELD DESIGN AND CLASSIFICATION

The Bailey bridge may be adapted to fit
almost any gap. The field design procedure
first determines the initial length of bridge
required, and then the truss type needed to
carry the required class of traffic is deter-

LENGTH, TRUSS TYPE, AND GRILLAGE TYPE 36

LAUNCHING NOSE 49

ROLLERS AND JACKS 51
[RAMP REQUIREMENTS 52]

EXAMPLE FIELD DESIGN PROBLEM 54

mined. Finally, the required grillage is
determined. However, the grillage type may
cause a change to the initially determined
bridge length. If so, the truss type will have to
be rechecked, as well as the grillage type, for

BRIDGE CLASSIFICATION 56

the new bridge length. To complete the field
design, the number of rollers and jacks needed
must also be determined.

LENGTH, TRUSS TYPE, AND GRILLAGE TYPE

DETERMINING INITIAL
BRIDGE LENGTH
The initial bridge length is determined by
adding the width of the gap, the safety
setbacks, and the roller clearances.

Gap
The measurement of the gap depends on the
condition of the abutments ). These
are usually classified as prepared, unpre-
pared, or a combination of the two.

Prepared abutments are abutments which
can hold the bridge load close to the face
without failing. Examples of prepared abut-
ments are mass concrete, headwall with piles,

36

and headwall with footers and deadman.
Technical Manual (TM) 5-312 gives more
detailed information on prepared abutments.
The gap is measured between the faces of two
prepared abutments.

An unprepared abutment is one which would
probably fail if the bridge load were applied
close to its edge. Examples of unprepared
abutments are natural slopes, demolished
abutments, or abutments with headwalls that
are not strong enough to hold the load. The
gap is measured from the toe of the slope of
one unprepared abutment to the toe of the
slope of the other.

If both prepared and unprepared abutments
exist on one bridﬁe site, the gap is measured
from the face of the prepared abutment to the
toe of the slope of the unprepared abutment.

Caution: Care must be taken when
completlng? the design process or the
bridge will fail. Abutment types and
location of the toe of the slope for
unprepared abutments should be done
carefully. Incorrectly classifying
abutment types or locating the toe of
the slope is the most common and
dangerous desigin mistake. When in
doubt, always classify the abutment
as unprepared. If an abutment is par-




tially prepared, determine the toe of
the slope at the base of the prepared
face. If the face is in poor condition,
determine the "real" toe of slope. Be
sure to remember to measure bank
height at the toe of the slope.

| GAF

LUMPREFARED ABUTMEMNTS

HEALWALL
WITHFILES

> ol oz
7Z
_ .

SGME PREPARED. OME UMPREPARED ABUTMENT

—— AP L IDFMOLISHED
ABRUTMENT
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COMCRETE WITH PILES
\\_ |

HT T AT T T T T T T T T T T

FREFARED ABUTMENTS

Figure 4.7 Meqeuriny the gap=—prepered
orid unprepored obulmanis

Safety setback

Safety setback is the minimum distance that
each rocking roller must be behind the bank
of the gap. This distance depends on the
condition of the abutments on each bank
(Figure 4-2). If the bridge site has prepared
abutments, the rocking rollers are set back a
minimum of 3 feet 6 inches (1.1 meters) from
the edge of the abutment.

When unprepared abutments exist, the safety
setback must be calculated. If the rollers are

e

Lu
-]

FREFAAED ABUTMENT

B

55 1.5[B] .
UMNPREFARED ABUTMEMNT

Frpare .2 Bafely aelbeeR—prepared
il wprepeeed abulmes b
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placed too close to the edge of the gap, the soil
may fail durin([:; launching. Therefore, place
the rocking rollers at a location behind the
toe of slope of the soil. For field desi?n, the toe
of slope is where the bank’s surface is 45
degrees (an average valuel) from the hori-
zontal direction. This would mean that the
rocking roller should be set back a distance
egual_ to the height of the bank. However, an
additional safety factor of 50 percent is added.
Therefore, the safety setback is 1.5 times the
bank height. The bank height is measured
from the toe of the slope to the ground level at
the abutment. The safety setback is measured
back from the toe of the slope.

EXAMPLE:
Given:
Unprepared abutment
Bank height 8 feet (2.44 meters)

Required:
Determine the safety setback (SS)

Solution: _
Safety setback = 1.5x bank height
or 1.5 x 8 feet = 12 feet (3.66 meters)

Roller clearance
Roller clearance is the distance from the
center of the rocking roller to the center of the
bearing on which the bridge end posts will
rest , page 38). The normal roller
clearance, about 2 feet 6 inches (0.76 meters),
is always used when determining the initial

bridge length. The actual roller clearance will
be determined by the type of grillage used.
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An example of computing bridge lengt
Pcilth abutments prepared (Figure 4-4
ollows:

Given:

Gap is 56 feet (17.07 meters)
(abutment to abutment)

Required:
Determine initial bridge length

Solution:

Initial bridge length (bL) = gap +
safety setbacks + roller clearances

38

)is as

bL = 56 feet+ (3.5 feet+ 3.5 feet) +
(2.5 feet + 2.5 feet)
bL,= 68 feet (20.73 meters)

Round up to the next 10-foot (3.05 metersg
length to equal 70 feet (21.37 meters

An example of computing bridge length with
POItIh abutments unprepared is as
ollows:

Given:
Gap measurement (toe to toe)—
57 feet (17.37 meters)

Bank height—Near shore: 9 feet
(2.74 meters)
Far shore: 12 feet
(3.66 meters)

Required:
Determine initial bridge length

Solution:
bL,= gap + safety setbacks + roller
clearances

bL,= 57 feet + [1.5(9 feet) +
1.5 (12 feet)] + (2.5 teet+ 2.5 feet)
= 93.5 feet (28.5 meters)
bL,= 95.5 (29.11 meters)

Round up to the next 10 feet (3.05 meters)
to equal 100 feet (30.48 meters)

An example gf c%lmputing bridge (Ijength with
one prepared and one unprepared abutment
) is as follows:
Given:

Gap measurement (toe to toe)—

53 feet (16.15 meters)

Bank height unprepared shore—
10 feet (3.05 metersgJ

Required:
Determine initial bridge length



Solution:
bL,= gap + safety setbacks +
roller clearances

bL,= 53 feet+ [3.5 feet+
1.5(10 feet)] + (2.5 feet + 2.5 feet)
bL,=76.5 feet (23.32 meters)

Round up to 80 feet (24.38 meters)

TRUSS TYPE
The required truss type for a given length of
Bailey bridge to carr ecified class of
traffic is found in Tabie A-7i in Appendix A.
The actual class of the bridge maybe greater
than required, but not less.

Note: The truss type required for a normal
crossing is always used unless otherwise
directed by the field commander.

EXAMPLE:

Given:
Bridge length — 80 feet
(25.97 meters)

Required class — 60 wheel /60 track

Required: _
Determine the truss type required

Solution:
From|(Table A-6in Appendix A
Truss type: triple-single
Design class — 85 wheel/80 track
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Figure 4 4 Profile of bridge sitc=prepared
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TYPE OF GRILLAGE NEEDED
The end posts at each end of the bridge are
supported by bearings set on base plates.
During Iaunchingt; the entire weight of the
bridge is carried by the near-bank rocking
rollers, which rest on rocking-roller tem-

1
1
o= AR LE 28
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plates. Grillages are used to spread the load
over a larger area (Figures 4-5) throu%h,
pages 40 through 44) when the soil-bearing
capacity is exceeded. Grillages also serve as
cribbing to raise base plates or rollers to the

desired level.

Description

Grillages are made of squared timbers laid
under the base plate or roller template. These
must be carefully leveled t_ransverselg/; rill-
ages on each side of the bridge must be level
with each other so that all trusses will rest on
bearing plates. If bearing plates are not level
transversely, only one truss will carry the
load at first, until deflection under load brings
the other trusses to bear. The first truss to
bear will then be overstressed before the last
truss can be fully utilized. This can result in
failure under less than the rated load of the
bridge.

Timbers for use as standard grillages are
supplied in panel bridge sets. The panel
bridge set supplies 144 each 6-by 6-inch (15.2
by 15.2 centimeters) timbers 4% feet (1.4 meters%
long, and 48 each 3- by 6-inch (7.6 by 15.

centimeters) timbers 4% feet (1.4 meters) long
for grillage. Standard grillages using these

timbers and panel bridge parts are illustrated
in [Figures 4-5| through [4-g.

On soft soils, some of the heavier bridges will
require larger grillages than can be built
from the timbers sup_P led in the set. For these
bridges, grillages built from 8- by 8-inch (20.3

by 20.3 centimeters) timbers are shown in
through[4-11.
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This change supersedes page 45.

Nonstandard grillages, made of other size
timbers, can be used If each layer is at least as
thick and wide as the corresponding standard
grillage. Squared timbers should be used,
since rough cut timbers often result in uneven,
wobbly cribs.

Selection of grillage

The selection of grillage is determined by the
bridge length, the truss type, and the soil-
bearing capacity. Table 4-1 give the safe
bearing pressure Iin tons per square foot (t/sf)
on various soils. A careful evaluation of the
soil character is essential to prevent rilla?e
failures. Note that in sandy or gravelly soils,
the bearing power of the soil is increased
when the grillage is dug in so that it bears on
the soil 1% feet (.46 meter) or more below the
surrounding surface.

Note: If soil-bearing capacity value from
Table 4-1 is not listed on[Table 4-4, the
number must be rounded down to obtain
the proper grillage type.

Table 4-2|(page 46) gives the load on grillage
at one comer of the bridge. Note that in some
bridges the rocking-roller reaction is greater
than the base-plate reac_:t_lon. (page
47) gives the load capacities for the grillage in
varying soils. The type of grillage required
may be found by determining the bridge
reaction from|[Table 4-2|and then selecting a
grillage type from|Table 4-3 which has the
required capacity for the proper soil type. The

Table 4.¢ Safe hearing sopocify for waricos koils
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grillage tyFes for various soils and bridge

types are also given in[Table 4-4 (page 48).
EXAMPLE:
Given:

Bridge length—80 feet
(25.97 meters)

Truss type—triple-single
Soil type—Iloose fine sand
Required: _
Determine the grillage type
required
Field solution:

From Table 4-1, soil-bearing capacity is
2 t/sf
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From[Table 4-4, grillage type required is
type 4

Detailed_analysis: _
From|[Table 4-3, corner reactions are 59
tons (54 metric tons)—base plate, 19.0 tons
(17.2 metric tons)—rocking rollers

From|Table 4-3, type 4 grillage provides the
necessary capacities. Type 4 provides 71
tons (64 metric tons)—base plate, 57 tons
(52 metric tons)—rocking roller.

It is unlikely that the near and far banks
would have different soil-bearing capacities
but, if so, grillaﬁe Is determined separately
for each bank. The maximum allowable slope
for a Bailey bridge is 1 to 30. If bank heights
differ enough to cause a greater slope, the low
end may be cribbed up to decrease the slope.
The cribbing must have at least the same
bearing area as the required grillage. If
cribbing is impractical, the high end may be
excavated to reduce the slope.
through(4-11 show the dimensions and
sary materials for the grillage types.

Note: Types 5, 6, and 7 are made from
materials not issued with the bridge set.

DETERMINING FINAL
BRIDGE LENGTH
The grillage type required may increase the
roller clearance. This may affect the required
bridge length. If so, the truss and grillage
type must be rechecked for the new bridge
length. The required roller clearances for
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each tyﬁe of grillage are shown in[Figures 4-5
throug 4-11|(. The roller clegrance and total
ggi)llage height are given in Table 4-3 (page
49).

EXAMPLE:

Given:
Initial bridge length—76.5 or 80 feet (23.9
or 24.4 meters)

Required class—50 wheel/55 track
Initial truss type—double-single
Soil-bearing capacity—2 t/sf

Required: _ _
Determine the final bridge length, truss,
and grillage type

Solution: _
Use the following steps:

1 Grillage from Table 4-4
—type 1 requirec
2 Raoller clearance from|Table 4-3 or

Figure 4-53—4 feet 6 inches (1.4 meters)

3 Initial roller clearance was 2 feet 6 inches
(.76 meter); therefore, 2 more feet (.6
Lne(}er) must be added to each end of

ridge:

New bridge length

=76.5 feet + 2 feet + 2 feet
=82.5 or 90 feet (27.43 meters)
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4 Recheck truss type,| Table A-6/in
Appendix A—90 feet
—triple-single required

5 Recheck grillage,[Table 4-4]
—type 3 required

6 Recheck roller clearance, [Table 4-5,
Figure 4- z|—3 feet 6 inches (1.07 meters)

This will not increase the bridge length

7 Final design
90 feet (%7 43 meters)

triple-single,

type 3 grlllage
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COMPOSITION

The launching nose (Figure 4-17, page 50) is a
skeleton framework consisting of panels,
transoms, rakers, sway braces, and, when
necessary, launching-nose links. It does not
have stringers or decking. One transom with
transom clamps and rakers is used behind
the leading upright of each panel. Sway
bracing is used in all but the first bay at the
front of the launching nose. Footwalks are
not assembled on the nose.

USE OF LAUNCHING NOSE

The panel bridge is normally launched by
cantilevering the launching nose over the
gap. The weight of the bridge acts as the
counterweight. When the launching nose
reaches the far shore, it rests on the rockin

rollers and supports the bridge as it is pushe

across the gaﬁ. The composition of the nose
depends on the length of the bridge and the
type of assembly. The composition of the
launching nose for the various combinations
of span and bridge assembly is shown in
nd given in Chapter 6,(Tables 6-1i
through(6-3; Chapter 7, ,[7-2; and

LAUNCHING NOSE

Chapter 8,[Tables 8-1,[8-2. These tables must
be followed exactly.

USE OF LAUNCHING-NOSE LINKS
The launching nose tends to sag as it is
cantilevered over the gap. The approximate
sag at the end of the nose just before it
reaches the far bank is shown in the above
mentioned tables. To overcome this sag,
launching-nose links are used. Using one
launching-nose link in each truss increases
the length of the bottom chords of the nose by
7% inches (19.0 centimeters); thus, the end of
the launching nose is raised by 13% inches
§34.3 centimeters) for each bay ahead of the
inks. Because links must not be inserted
with more than four bays of the launching
nose ahead of them, the maximum amount of
lift that can be obtained from one pair of links
is about 54 inches §137 centimeters). If a
greater amount of lift is required, an added

air of links can be used in one of the joints

etween the original pair and the end of the
nose. Its position depends on how much lift is
required.|Figure 4-12 shows the vertical lifts
that can be obtained using one or more pairs

FM 5-277

of links. The maximum lift obtainable usin
launching-nose links is 94% inches (239.
centimeters). When calculating the position
of the links, add 6 inches (15.2 centimeters) to
sag values shown for safety.

When the far-bank seat is higher than or level
with the near-bank seat, launching-nose links
must be used to compensate for sag, and the
tops of all rollers must be in the same plane. If
necessary, block and tackle should be used to
prevent the bridge from sliding backwards.

Launching-nose links are necessary if the
far-bank seat is low enough to require the use
of block and tackle on the near bank to
prevent the bridge from running away when
the balance point passes the rocking rollers.

Use the following steps to determine the
position of launching-nose links:

1 Determine sag from through
[6-3,[7-] and[7-2, or[8-1 and[B-2

2 Safety sag of 6 inches (15.27 centimeters)
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WALE EMND —

3 Lift required (LR):
LR =steps1+2

4 Pogi)tion of launching-nose link (Figure
4-1

EXAMPLE:

Given a 160-foot (48.8 metersz) triple-single
bridge with grillage type 1 on both the near
shore (INS) and far shore (FS). The far-bank
seat is level with the near-bank seat.

Problem:
Are launching-nose links required? If
links are rec%mred at what distance are
they placed from tip of launching nose?

Solution: _ _
Launching-nose links are required. There-
fore the following steps are used:

1 Det rmme sag for 160-foot triple-single

77 mches (195.58 centimeters)

2 Safety factor of
6 inches (15.24 centimeters)
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3 Lift required (LR):

LR = (]ste_ps 1+2)
LR =77 inches + 6 inches
LR = 83 inches (210.82 centimeters)

4 Position of launching-nose link
[4-13):

Two pairs of launching-nose links placed
at 30 feet (9.144 meters) and 40 feet
(12.192 meters) from the tip of the nose

ROCKING ROLLERS

Use rocking rollers on both banks during
launching. Normally, use two rocking rollers
on the near bank for single-single and double-
sinéqle truss bridges of 100 feet (30.5 meters)
and shorter. Use four for all other assemblies.
Two rocking rollers are normally required on
the far bank; however, use four If the skeleton
launching nose is double-truss in any part.
Table 4-6 shows the required number of
rocking rollers on near and far banks for
various bridge lengths and assemblies.

PLAIN ROLLERS

Place rows of plain rollers behind the rockin

rollers at intervals of 25 feet (7.6 centimeters%
to support the bridge during construction.
The number of rollers in each row depends on
the tyEe of bridge. Single-single and double-
single bridges need two plain rollers per row.
Ail _othﬁr types of constructi())nﬂr]\eed fcl))ur
plain rollers per row H@m ter §). The number

of rows required depends on the construction

Table A-1 in Appendix A gives the number
and position of launching-nose links required
for normal bridges. This table assumes that
both near-and far-shore rocking rollers are at
the same elevation.

ROLLERS AND JACKS

backspace needed. Place plain rollers only
every 25 feet (7.6 meters). More rollers are not
required to support an overhang under 25 feet
(7.6 meters). In addition, two construction
rollers are used to aid in inserting the launching-
nose links. These are plain rollers placed 12%
feet (3.8 meters) behind the rocking rollers
and 2 to 4 inches (5.0 to 10.1 centimeters)
below the plane of the other rollers. They may
be removed once the construction extends
back to the first row of plain rollers. The
number of plain rollers needed for various
bridges is shown inITEéE;Ié 4-1 (page 52).

JACKS

The number of jacks required to jack down a
bridge depends on the span length and the
type of the bridge. The number of jacks
needed to jack down the end of the bridge is
shown in|[Table 4-8 (page 52). Details on
jaclég procedures are given in_,l],
and(8.
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Note: Jacks must be positioned so that
they carry no more than 7% tons (6.8
metric tons) on the toe or 15 tons (13.6
metric tons) on the top.

Tably 4-6 Mumber of rocking rFollera
reeded far breidye
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RAMP REQUIREMENTS

Ramps are used at each end of the bridge. The
slope of the ramp must not exceed 10 to 1 for
loads up to and including 50 tons, and 20 to 1
for loads over 50 tons.

SUPPORT FOR END OF RAMP
The end of the ramp will carry about one
quarter of the weight of the heaviest tracked
vehicle to pass over it when the ramp is
supported at midspan. If there is no midspan
support, the end of the ramp will carry about
40 percent of the weight of the tracked vehicle.
One or two stacks of chess, side by side, are
laid in two layers under the tapered end of the
ramﬁ to provide the necessary bearing area
on the soll. If greater area is needed for heavy
loads on very soft soil, footings are used
under the chess. On soil capable of supporting
2 tons per square foot, two chess under the

L e g e P oy
il e B Lk e TR R Ry
PO U S A N e
woun fa e g g By AP

WA A e e e e T b
o T ]

52

Tahiv 48 Namber of jocka necded gf wicel

end of dridge
T¥YPF OF SPAM JACKS NEEDFD
COrMSTRLICT K3 W] AT FACHFRWO
I BRIDSE
it M Lk 2
0% 40 Ja +
15 g 'y
FE T ) ¥
D 100-120 i
101K B
T 110-140 ]
150-104
m 1M [
180- 184 ]
180710 L
11 JED-170 1
1M XL | 12

tapered end of the ramp are enough for
bridges up to class 67. For higher caspamty
bridges, four chess are used (Figure 4-13). One
chess on edge at the end of the ramp serves as
an end dam, so the apProach can be made
level with the ramp floor. An alternate
method for supporting the ramps on the
ground is to use a transom as a sill under the
ramp.

MIDSPAN RAMP SUPPORTS
For loads of 45 tons (40.8 metric tons) or over,
each ramp section must be supported at its
midpoint by cribbing and wedges. This sup-
port will carry one half of the class of the
vehicle passm%over, and the base of the
cribbing should be large enough to spread the
load over the soil without exceeding the
allowable bearing pressure of the soil. On soil

This change supersedes page 52.

1 TREAD
i CHESS
3 AP

Figgure & 17 SuphPeort for end of ramp

capable of supporting 2 tons per square foot,
two chess side by side under the cribbing
provide enough bearing area for all bridges.
An alternative method for loads of 45 tons or
more is to make the ramp level with at least

3Y2 feet (1.07 meters) of the ramp supported on
the abutment (Figure 4-19).
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PEDESTAL SUPPORTS
Because the slope of the ramp should not
exceed 1 to 10, it may be necessary to use two
or more ramp bays. The junction of the ramp
bays rests on a transom supported by four
Zalng)prhedestalé spai:ed as shown in |gu5rlcla)

-15. These pedestals ” page
take two thlords of the class of the vehicles
passing over and must be set on enough

rillage to spread the load over the soil. Three

-by b-inch (15.2 by 15.2 centimeters) timbers
4 feet 6 inches (1.4 meters) long under each
pair of pedestals provide enough area for 40-
ton loads on soil that will carry 2 tons per
square foot. For heavier loads, three chess are
placed side bg side under the 6- by 6-inch (15.2
centimeters by 15.2 centimeters) timbers.
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SUPPORTS FOR END TRANSOM

For loads of 40 tons (36.3 metric tons) or more, use
cribbing and wedges under the midpoint of the end
transom. This support will carry 40 percent of the
weight of the heaviest tracked vehicle to pass over,
and the area of the base of the cribbing should be
large enough to spread the load over the ground
without exceeding the allowable bearing pressure
on the soil, Seven 6- by 6-inch (15.2 centimeters by
15.2 centimeters) timbers 4-feet 6-inches (1.4
metersz long laid side by side provide enough area
for all the bridge loads on soil that will carry 2 tons
per square foot.

EXAMPLE FIELD
DESIGN PROBLEM

MISSION GIVEN: Design a Bailey to span the
gap shown in Figure 4-17. Bridge must have
Military Load Class (MLC) 60 wheeled/60 tracked.
All data required is given in Figure 4-17.

NERRF |
SHORE

112> FAHR

vERT
LODSE COMPALCT

FINE SANC = SaND
I
DESIGN A MLE 60760 BRIQGE

Figure 4.17. Sare profile srample
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Figure 4-1fi. Ramp pedestals in place in two-bay ramp

l. INITIAL BRIDGE DESIGN
(Steps 1 through 6)

1. Gap measured durinlg1 2r,econnaissance (p 36)
L1112
2. Safety setback. (p 37)
a. Prepared abutment = constant of 3.5'.
b. Unprepared abutment = 1.5x bank height.
2.NS15x18' =27
ES 35
g.sgnitial roller clearance. Always use a constant of

3. NS 2.5
ES 2.5
4. Initial bridge length.
a. Add steps 1+2+3.

b. If value in step 4a is NOT a multiple of 10,
round UP to the next highest 10.

ah, o = 1500°
5. Initial truss/story type. (Table A-7, p 303)
2. DT

6. Initial bridge class. (Table A-1, p 303)

a. Class must meet or exceed the MLC given in
the mission.

b. The truss/stor?{2 8/ e selected is always based
on a NORMAL CROSSING unless otherwise
directed by the TACTICAL COMMANDER.

1. ADJL_JSTED%FINAL BRIDGE DESIGN
7. Selection of grillage.

a. Safe soil bearing. (Table 4-1, p 45)

7a. NS 2 tons/ft?
ES 6tons/ft?

_b. Safe soil pressure. , p 48). If the
soil bearing capacity values from steP Ta are NOT
listed in [Cable 4-4; round DOWN to the closest
value listed. Use these values for step 7c.

7b. NS 2 tons/ft?
FS 3.5 tons/ft?
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c. Grillage required.

Tc. I:NSSTTVDe(s) 3.6.& 7
ype(s)
8. Determine adjusted bridge length.

dﬁdﬁtani% )required for new roller clearance.
P
8a. NS 4.5'
ES 4.5
b. Add steps 1+2+8a.
8b. 1515
c. If value in step 8b is NOT a multiple of 10,
round UP to the next highest 10.
8¢ = 160.0°
NOTE: Compare the value in step 8cto the value
in step 4b. * If different, you must redesign the
brldgﬁ as outlined in steps 9 through 12, usin
length from step 8cto find truss type in step 9.
ntot, lljge this as your final bridge length and go to
step 13.

Tl L Tevs

9. Final truss/story type. (Table A-1, p 303)

9. TT | DT

10. Final bridge class. (Table A-1, p 303)
-2, Class must meet/exceed the MLC given in the
mission.

b. The Truss/Stor& T&/)pe selected is always
based on a NORMAL CROSSING unless other-
wise directed by the TACTICAL COMMANDER.

10, 80775 | 60/60

11. Final grillage selection.

_b. Safe soil pressure. (Table 4-4, p 48). If the
soil bearing capacity values from step 11a are NOT
listed in[Table 4-4; round DOWN to the closest
listed. Use these values for step 11c.

11b.
FS 15 jonuf® 135 tony/fr?
¢. Grillage required.
e N§ Yypeis) b 7 1 dA & T

B Mypegsha e 7 1 3
12. Determine final bridge length.
a_Distance required for new roller clearance.
(Table 4-5, p 49) |
l2a. Mi 35 1 3%
F5 35 | 1%
b. Add steps 1+2+12a.
¢. If value in step 12b is NOT a multiple of 10,
round UP to the next highest 10.

NOTE: (1) FOR TRY 1: Compare the value in
step 12¢ to the value in step 8c.

a. If the same, go to step 13.

b. If different, compare this value (step 12c) to
the value in step 4b:
1 If these are the same, the desutt;ner is placed
in a judgmental situation. Repeating the design se-
quence under the "TRY 2" column using the bridge
length from ste,a 12¢ of "TRY 1" column will place
ou in an endless circle unless the final bridge
ength can be reduced. In these cases, one will
have to use common sense and either overdesign a
longer final bridge as shown in the "TRY 1" column
or choose a higher number grillage than that
originally selected in step 7c. The latter procedure
could reduce the roller clearance on one or both
banks so that the required bridge length/final truss-
story may be at the minimum to do the job. You
m_a%/_choose a higher number grillage than allowed
within step 11c; however, you must be careful not to

FM 5-277

eed the BP capacities listed in| ié@!a

P 46_@nd&%, pp47, FM 5-277. Make
your decision and go to step 13. In this example
Prob]!em, the designer chose to select Type 3 gril-
age

I
or the FS. Since this %gﬁ ggx ?g 0 within
step 11c he had to look at 4- .anpd under
a150' DT bndg%e with a safe soil pressure of 3.5
[

tons/ft'to see it the BP and RRT capacities were
e mEaa

BP Reaction BP Allowable

=55 tons =6ltons OK

RR Reaction RRT Allowable

=548tons =60tons OK

Had the designer not accomplished this, he
would have been forced to build the 160" TT brldlge
shown under the "TRY 1" column and wasted a lot
of assets. _ _

2. If these are different, you must redesign the
bridge by entering the "TRY 2" column with the
bridge length from step 12¢ "TRY 1" to determine
the truss/story type in step 9.

NOTE: (2) FOR TRY 2 and HIGHER: Compare
this value In step 12¢ to the value in step 12¢ of the

revious "TRY" column. If the same, go to step 13.
f different, use the same methodology and repeat
the design sequence until the value gbtained in a
Partlcular step 12¢c matches the value in step 12¢ of
he previous design. Go to step 13.
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13. Slope check. (p 43)

a. The maximum allowable bank height dif-
ference is 1 in 30. Therefgre, maximum allowable
bank height difference = final bridge length + 30.

3a.150+30=52
b. If:
(1) The step 13a value > actual bank height
difference the slope is all n?ht
(2) The step 13a value < bank height dif-
ference

() Choose another site,
OR
_ (b) Crib up/excavate the FS or NS until the
bridge slope is within limits.
13b. (GO)/NO GO(circle one)
REMARKS:
14. Final bridge reqwrements
Length
Truss/Story Type_m
Class 60/60
Grillage: NS Type 6
ES Type 3
15. La ing nose_compositign.
| ough g4/65 Tab es?SiFL}a %
B-1/8-4, p 104, dependent upon truss type
15. 9 Bays (5 Sgl Truss/4 Dbl Truss)

56

16. Placement of launching nose links.
a. Sag. (See tables as in step 15)
loa 34
b. Safety sag. (Constant of 6")
16b.____ +6"
¢. Lift required. (Add steps 16a + 16b)
l6c. = 40"

d50|;’03|t|0n of launching nose links (F _|ure 4-12
Pg
16d. 30" from tip of nose
17. Rocking rollers needed. {Table 4-§, pg 51)
17.NS _ 4
FS _4
18. Plain rollers needed.

a. SS.and DS bridges ONLY have two rollers per
row. All others have four rollers per row. Use
Tal to determine the number of rows then

multiply.
18a. 4x4= 16 rollers

b. Add two more plain rollers to allow for your
construction rollers.

18b, __+ 2
¢. Add steps 18a to 18b.

18c. = 18 rollers
19. Jacks required. (Tahle 4-8)
19. _ 8jacks

NOTE: Only one end of the bridge will be jacked
down at any onetime.

20. Ramp requirements.
a. Slope requirements (check one)
(1) Final bridge class <50=1t0 10 ().
(2) Final bridge class > 50 = 1 to 20 (x)

This change supersedes page 56.

b. Support for end ramp (check one)
(1) Final bridge class < 67 =2 Chess (x).
(2) Final bridge class > 67 = 4 Chess ()
¢. Midspan ramp supports (check one)
(1) Final bridge class < 44 = Not needed ().
(2) Final bridge class > 44 = Needed (x)
d. Pedestal supports (check one)
(1) Not needed ()
(2) Needed (x
NOTE: See|Page 53 for criteria and drawings.
Ramp length must be estimated from the site skefch.
e. Support for end transoms (check one)
d) 1) Final bridge class < Class 39 = Not
neede

(2) Flnal bridge class > Class 39 = Needed

X
21. Personnel required. (Table 3-2, p 33)
21. 7/122 w/o Crane 7/97 with Crane

NOTE: Check the difference between manpower
only and crane construction.

22. Assembly time. (Table 3-3, p 34)
22.13 1/4 hrsw/o Crane/ 11 3/4 w/Crane

Q.
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CLASSIFICATION OF
ov b EXIS'II'ING BRIDGES e d
Bailey bridge classifications may be deter-
mined by entering% in Appendix A
with the span length and truss type. This will
give the classification of the bridge for nor-

mal, caution, and risk crossings. Table 4-9
gives restrictions for the types of crossing.

Notes: The caution class number is found
by test and is normally 25 percent greater
than the normal class. Risk loads will
Br_obably cause permanent deformation of

ridge parts and may result in failure if
repeated. Therefore, the engineer officer
must thoroughly check the condition of the
bridge before and after such a crossing.
The grillage, cribbing, and number of tran-
soms per bay must also be checked and the
bridge class reduced or upgraded to obtain
the required classification. The condition
of the bridge and its supports must also be
considered in its classification. If the
bridge is deformed or damaged, the grillage
has rotted, or the abutment has failed, the
bridge classification must be drastically
lowered.

EXAMPLE:
Given:
Bridge length—80 feet
(24.4 meters)
Truss type—double-single
Grillage—none

Soil-bearing capacity—10 t/sf

BRIDGE CLASSIFICATION

Wehig Ik pasihipn
| [RR]. T,
Dyparalnii

Ml ppacing

Aulharify [0 uM

Tabis 4.9 Beifey bridge croesing rexlricliomns
e

HORMAL

Amyplace on dech

13 mph

M fldslim 3 apgeng Or g -
b labimd

30y Yail-lo-hesd coamy
AICILE
UL LT

TRAFFIG RESTRIGTINDME
CALTIOMN
B canberiwe oF gk
1 mph
No sbopputd, Bt HalITAE o
paar snMing

-l b [-10-bagd

FM 5-277

RISH

L comberiime oF oeck

Imph

N f1opp N JCCHINEL, M
e BManp read s e
by ¢lubeh oy

lne wehicle om brdpe 20 2
1ime

Tachcal ardl cammandar [narmally cevpa ar highar

Cribbing—none

Condition—excellent

Required:

Determine the normal track
classification of the bridge

without upgrading

Solution:
Take the following

1 Class— ack
(from

steps:

in Appendix A)

2 Grillage—install type 1 as a
minimum )

3 Cribbing

Midspan ramp supports
None—limits class to 44 tons
(39.9 metric tons)

End transoms

None—Ilimits class to 39 tons
(35.4 metric tons)

4 Condition—excellent,

no reduction

5 Final classification—39 track. The over-
all classification is determined by the
lowest classification of steps 1 and 3.
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CHAPTER 5
ROLLER LAYOUT

FM 5-277

This chapter describes the longitudinal and
lateral spacing of rocking rollers and plain
rollers. The elevation of rollers and base
plates, as well as a simple method of leveling
and placing rollers, is discussed.

LAYOUT OF ROCKING ROLLERS

Establish the longitudinal location of the
rocking rollers by the safety setback deter-
mined in the field design of the bridge. To
determine the lateral spacing, place a rocking
roller (Figure 5-1, page 58) on each side of the
bridge 7 feet 5 inches (2.26 meters) from the
centerline H page 58). This gives a
constant value of 14 feet 10 inches (4.52
meters) between the centers of the rocking
rollers. Most bridges are double- or triple-
truss and need another set of rocking rollers
Figure 5-3, page 59) placed 1 foot 6 inches (.46
meter) out from each of the first set of rocking
rollers (]Figure 5-4f page 59).

Rocking-roller templates have been made
which help the proper 1-foot 6-inch (.46 meter)
center-to-center spacing of the rocking rollers.
On the interior side of these templates, small-
angle iron lugs are attached to aid roller
spacing. The edge-to-edge spacing of the
rocking-roller templates lug) is 11 feet
6% inches (3.51 meters? dFigure S-ﬂb. The lugs
are, however, frequently lost through use and
the most accurate method of spacing the
rollers is to use the 14-foot 10-inch %4.52

meters) constant. The Bailey bridge transom
is manufactured with a small hole in its

center web and two dowel holes toward each
end. These holes can be used to properl
space the rocking rollers, as shown in
(page 60)
LAYOUT OF PLAIN ROLLERS

To determine longitudinal spacing, place two
or more plain rollers every 25 feet (7.6 meters)
behind the rocking rollers to support the
bridge during assembly and launching. Place
temporarily an extra set of plain rollers
(called construction rollers) 12% feet (3.8
meters) behind the rocking rollers. The con-
struction rollers aid in inserting the
launching-nose links and provide clearance
between the links and the ground. Remove

these construction rollers after the links have
passed over the rocking rollers.

To determine lateral spacing, for singile-story,
single- and double-truss bridges, place two
plain rollers one on each side of the centerline
every 25 feet (7.6 meters). The center-to-center
roller spacing is 14 feet 10 inches (4.52 meters)
or 7 feet 5 inches (2.26 meters) each side of the
centerline. Plain rollers are normally placed
on plain-roller templates which increase the
bearing area over the ground. These tem-
plates also aid in the lateral spacing of the
rollers. The templates are equipped with angle
iron lugs, like the rocking-roller templates.
Place the template so the lugs face the center-
line. The distance between lugs, then, is 11
g%(?t 6% inches (3.51 meters) (Figure 5-6, page

For all other assembly types use four plain
rollers every 25 feet (7.6 meters), two on each
side of the centerline. Each plain roller con-
sists of two small independent rollers. For
triple-truss or multistory bridges, place the
inside plain rollers so that the inside truss
will rest upon the second small roller
[5-7, page 60). The spacing between the Centers
of these small rollers, then, is 14 feet 10 inches
(4.52 meters). Place the other set of plain
rollers so that the second truss will rest on the
first small rollers of this set (Figure 5-7). The
distance between these trusses is 1 foot 6
inches (.46 meter). The third truss will rest on
the outermost small roller. Plain-roller tem-
plates also aid in lateral spacing of the plain
rollers for the triple-truss or multistory
bridges. Use one template under each roller.
Place two templates end to end on each side of
the centerline, with the angle iron lugs of the
inside templates facing center and the outside
lugs facing away from center. When the
spacing between the inside lugs is 10 feet 10%

inches (3.31 meters), the plain rollers will be
at the proper spacing (Figure 5-7).
BASE PLATES

Establish, by the type of grillage required,
longitudinal spacing between the center of
the rocking rollers and the center of the base
plate. The grillage type is determined as
described in|Chapter 4 To establish lateral

spacing, place the bas under the
trusses as shown in [Figure 5-9|(page 61).
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Space the bearings on the base plates (under
thed t %Ises), as shown in [Figures 5-8| (page 61)
and|5-

GRILLAGES
through 4-11 show the size of the
areas to be leveled off to accommodate the
grillages. Take care that the rocking rollers
and base plates are properly positioned when
placed on the grillage. The grillage can be
cribbed up or dug in as needed for leveling.

ELEVATION OF ROLLERS AND BASE

PLATES
Set the base plates at an elevation to keep the
slope of the ramp bays less than 10 to 1. Also,
allow for the depth of wear tread. Set all
rollers (both plain and rocking), except the
construction rollers, so their tops are in the
same horizontal ﬁlane. Normally this plane
is level, but a slight inclination, not to exceed
30 to 1 slope along the line of the bridge, is
permissible. Set the construction rollers 2 to 4
Inches (5.1 to 10.1 centimeters) below the level
of the other rollers. Placing the far-bank
rocking rollers a few inches lower than the
plane formed by near-bank rollers allows for
near-bank settlement caused by bridge
weight.

PLACEMENT CONTROL LINES
A simple method of leveling and placing
rollers is the use of placement control lines.
The bridge centerline is first placed and
extended 25 feet %7.6 meters) on the far shore
and the length of the bridﬂe and launching
nose on the near shore. Then position two
placement control lines parallel to and 7 feet

58
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5 inches (2.26 meters?1 to either side of the
centerline. Position the placement control
lines level with the proposed plane of the
rollers. Use line levels at several spots on the
placement control lines to ensure that they
are level. It is also important to ensure that
the placement control lines are parallel to the
centerline. The rollers can then be cribbed up
or dug in as needed to bring their tops_to the
level of the placement control lines
, page 62).
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CHAPTER 6
ASSEMBLY OF SINGLE-SINGLE BRIDGES

ILAUNCHING NOSE 64|

ASSEMBLY OF DOUBLE-SINGLE BRIDGE 71|

IASSEMBLY OF TRIPLE-SINGLE BRIDGE 83|

LAUNCHING, JACKING DOWN, AND RAMPING 85

REINFORCING BRIDGE AND CONVERTING BRIDGE 91

This chapter describes the assembly and
composition of double-truss single-story and
triple-truss single-story bridges and their
respective launching noses. The assembly of
single-truss single-story bridges, which have
little carrying capacity, is the same as that
for the launching nose (Figure 6-1). This
chapter also covers the Iaunchir_lg, jacking
down, and ramping of these bridges. The

procedure for adding extra trusses to increase
the class of single- and double-truss bridges is
also covered.

Single-stor bridges are normally assembled
and launched by manpower. They can be
assembled on the rollers and launched or the
bridge and nose can be pushed out over the
gap after every two bays are assembled.

Figure - Lagnrhing hose
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COMPOSITION _
The number and types of bays used in the
nose depend on the length and truss type of
the bridge. The composition of the launching
nose for the various lengths of the single-
story bridge is given in Tables 6-1 through

Tably &1 Lawnching-nose COMpPoRition for X8 dridges

LAUNCHING NOSE

6-3 These tables must be followed exactly
with respect to the composition of the
launching nose. Assembly of the launching
nose is the same for all three types of single-
story Bailey bridges.

Tabie 6 2 Laynehingerame compoition for 1% dridgon
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ASSEMBLY AND LAUNCHING panel behind the forward uprights. Secure
After roller layout is complete, proceed with rakers to transom and panel with bracing
assembling and launching of nose as follows: bolts (Figure 6-2| page 66).

1 Place two panels (female ends forward 2 Connect second bay (Figure 6-3, page 67).
and male ends resting on construction Insert panel pins (points outward) wit
roller) on the ground directly behind the grooves in the heads of pins horizontal.
rocking rollers. Clamp the transom to the Clam ttransom to panels behind forward

uprights.

FM 5-277

3 Place pair of sway braces in second bay.

4 Lift front end of assembled bays onto
rocking rollers (Figure 6-4, page 68) and

secure with steel pickets through Q
chord of panels and rocking rollers (Figur
page 69) to prevent rolling.

An alternative method (for rocking rollers
on low cribbing) is as follows:

a Assemble first bay on ground.

b Lift front end of bay onto rocking rollers
(Figure 6-6, page 70) and secure with
steel pickets.

¢ Raise rear end and slide construction
rollers under it 2 inches (5.1 centi-
meters) below plane of tops of rollers.
This places construction rollers approxi-
m?lte y 9 feet (2.7 meters) from rocking
rollers.

d Add second bay.

If required, place launching-nose links in
position between panels as determined by
assembly conditions. See to
determine the number of links and their
position in the nose.

6 Continue adding panels with a transom

every 10 feet (3.0 meters). Add sway braces

in every bay and rakers on every transom

gn_tlll the required amount of skeleton is
uilt.
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ASSEMBLY OF DOUBLE-SINGLE BRIDGE
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FIRST BAY OF BRIDGE

When assembly of the nose is completed,
assemble the first bay of the bridge as follows:

1 Connect first two panels of inner truss

with last bay of nose (Figure 6-7). Insert
panel pins with points outward and
grooves in heads of pins horizontal. Place
transom roller on top of the lower panel
chord at the transom location. Hook the
bottom angle lug of the roller over the
near side of the top flange on the chord to
hold the roller assembly in position. Lift
the head of the transom onto the roller
and shove it halfway across bridge width,
at which point two soldiers should guide
it to its seat on the panel chord. Then raise
the near end of the transom enough to
ermit removal of the roller. Place the
irst transom in front of the middle ver-
tical and clamp loosely with transom
clamps. Then move the transom roller to
each succeeding transom point.

Add panels of outer truss in first bay and
hold In place with transom clamps 4Figur§
b-8, page 72).

Insert second transom in front of rear
vertical and third transom behind front
vertical. Clamp loosely. Fix rakers to
second transom and panel (Figure 6-9,
page 73). Then position sway braces wit

short ends pinned to same side of bridge
so both turnbuckles are under one string-
er. All sway braces, transom clamps,
bracing frames, rakers, and tie plates in
one bay should be left loose until all parts
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except stringers and decking are fitted for
the next bay being assembled.

4 Add second bay of panels (F PR S
ith pane pms — e e _

page 74). Place outer truss w 1l /
5 -;l
Ty O

pointing inward and inner truss with
h,f_"-_;;'._“ =1 - W e

panel pins pointing outward.

"'"-F——I"I'.._".""-

5 Place a chess on top of transom behind
front vertical in first bay and position

d

stringers for first bay. Leave stringer over

sway-brace turnbuckles on edg

unti

‘ .l. -.r/:
|. :

braces have been tightened (Figure
élflji ﬁ 8e 7? After bridge has been
launched and end-post transom is in-
serted, the chess holding up the stringers
and deckmg in the first bay can be pushed
clear with crowbars, and decking will

drop into position.

6 Position dpanels of third bay. As panels of
the third bay are being placed, insert
transoms in second bay, one in front of

middle and one in front of rear
vertical (F . page 76).

7 After transoms are in position in second

bay, fix sway braces, rakers, and bracing
frames loosely (Figure 6-13, page 77). TRUSSES
Rakers are installed only on fhe transoms 1 RAKER
at the end verticals. SINGLE 2 TRANSLIM
3 EWWaY BRACE
8 Tighten Ing in first bay, and deck
first bay (Figure 6-14, page 78). CavBLE

Figure 4 Firsf bay, 15, evaembly=—nuler=irusy panels added to firet bay
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REMAINDER OF BRIDGE
%Alslsemble the remainder of the bridge as
ollows:

1 Position stringers in second bay and leave
stringer over sway-brace turnbuckles on
edge until sway braces have been
tightened (Figure 6-19, page 79).

2 Add fourth bay of panels and at sam
[g;u:fg insert8t0r)ansoms in third bay (Figurg
page 80).

3 Add bracing in third bzg/. Tighten bracing
n_second pay, and deck second bay
Figure 6-17| page 81).

The sequence is complete. Use the same
sequence for the rest of the bridge. Do all jobs
at the same time; the sequence is used to
prevent crowding of assembly and carrying
parties.

Normally, footwalks are not used. However,
when time, troops, and materials are avail-
able, footwalks can be assembled. Footwalks
should be assembled before launching be-
cause it is awkward to place bearers and
footwalks after bridge is in place. Attach
bearers to all transoms. They fit over and
under special lugs welded to the transom.
Position footwalks by lugs on bearers. Insert
footwalk posts in sockets at the ends of
bearers and thread hand rqpes through the
eyes of the posts. (page 82) shows
the completed footwalk.
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Notes
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TALESES 1 BRACING FRAME

2 RAKER

A TRAMECM

SINGLE 4 SWAY BRACE

B COMSTRUCTION TAANSOM AND CHESS
& STAINGER
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TRAUSSES

SINGLE

OUBLE

1 EAATINL: FAAME

2 CHESS

3 RAKER

4 TRANSIM

b SWAY BRALCE

B CONSTRAUCTION TRAMSOM b0 CHESS
?LTRINGEA

Fryare B3 Arsembly of remainder of D5 bridgr=siringers poritivned in second day
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Notee
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ASSEMBLY OF TRIPLE-SINGLE BRIDGE

METHOD OF ASSEMBLY

The method of assembly for the triBIe-singIe
bridge is similar to that for the double-single
bridge. The assembly of the outer truss in one
bay must be delayed, however, so panel pins
in the second truss can be inserted. In addi-
tion, use short pins in the middle and outer
truss end posts because normal length pins
will not fit.

FIRST BAY OF BRIDGE
_ e first bay of the bridge as follows
Figure 6-19) page 84).

1 Connect first two panels of inner truss
with last bay of nose. Insert first transom
in front of middle vertical and clamp
loosely with transom clamp.

2 Add panels of middle truss in first bay
and hold in place with transom clamps.

3 Insert second transom in front of rear
vertical. Attach rakers and position
bracing frames and sway braces. The
construction transom behind front ver-
tical is omitted until the outer truss in the
first bay has been positioned.

4 Add middle truss panels in second bay.
This panel must be positioned before the
outer truss panel in the first bay so panel
pins can be inserted.

5 Add outer truss panels to first bay. Posi-
tion construction transom behind forward
verticals in first bay. Add inner truss
panels to second bay.

6 Place chess on the construction transom
and position stringers in the first bay.

7 Position middle truss panels in third bay.
As panels are being placed in the third
bay, insert transoms in second bay, one in
front of the middle vertical and one in
front of the end vertical.

8 Add bracing in second bay. Tighten
bracing in first bay, and deck first bay.

REMAINDER OF BRIDGE
%Alslsemble the remainder of the bridge as
ollows:

1 Position outer truss of second bay. Con-
nect to middle truss with tie plates bolted
to top raker holes in forward verticals of
panels (Figure 6-21, page 85). Add i

gfs of third bay (Figure 6-19). Figureé
0

1
o

(page 85) and| 6-21 show the position
panel pins in triple-single bridge.

2 Place stringers in second bay. Position
middle truss panels in fourth bay, and at
same time insert transoms in third bay
Figure 6-19).

3 Add bracing in third bay. Tighten bracing
in_ second ‘bay, and deck second bay

e 619

The sequence is complete, and the same
sequence is used for the rest of the bridge.

When loads greater than class 70 are to be
carried, such as an 80-foot (24.4 meters) triple-
single bridcﬁ;e, four transoms per bay are
required. The procedure for assembling the
transoms in the first bridge bay is the same.
In addition. a fourth transom is added behind
the center vertical. In order to clamp both
transoms at the center vertical, the transom
held behind the vertical should be clamped to
the inside trusses and the other to the outside
trusses. In all subsequent bays, the four
transoms are placed in regular order, the first
behind the front vertical, one in front of the
center vertical, one behind it, and one in front
of the rear vertical.
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LAUNCHING, JACKING DOWN, AND RAMPING

USE OF COUNTERWEIGHT
During launching, the entire bridge éin-
cluding the nose) must be counterbalanced so
the structure does not tip into the gap. The
counterbalance is normally obtained by
adding enougi(h bays of bridge behind the
near-shore rocking rollers to act as a counter-
weight, keeping the balance point between
the plain rollers and the rocking rollers. This
condition must prevail until the launching
nose reaches the rollers on the far bank.
point is illustrated in[Tables 6-1 through [6-3
which show the bridge and launching nose
just spanning the gap. In this position, the

ridge is completely assembled and the
balance Eoint Is slightly behind the near-
shore rocking rollers. As the bridge is pushed
across the gap from this position, the balance
point passes the rocking rollers. The part of
the bridge acting as a counterweight is no

longer needed to maintain balance since
there is now no danger of it tipping into the

gap.

Note: Counterbalance is still needed, how-
ever, to avoid excess stress in the launching
nose until launching is complete. Dis-
mantling any part of the bridge behind the
rocking rollers will throw additional stress
on the launching nose and on the part of
the bridge which is across the gap. This
may result in failure of the nose.

Caution: The near-bank rocking
rollers and the far-bank rocking
rollers must carry the entire load after
the launching nose reaches the far-
bank rocking rollers (Figure 6-22
paghe 86). The launching nose may fail
If the near-bank plain rollers are per-

mitted to carry any load after the nose
reaches the far-bank rocking rollers.
The rear of the bridge must hang free
to act as a counterweight. This is done
by cribbing up the near-bank rocking
rollers, or removing plain rollers so
the rear end of the bridge does not
rest on them after the launching nose
reaches the far-bank rocking rollers.

If removal of plain rollers does not
provide the required clearance, exca-
vate until the overhang is free of the
ground. If the far-bank rocking rollers
are placed several inches below the
level of the other rollers, the entire
weight of the bridge on the near-bank
rocking rollers will be offset so that
the resulting launching plane will be
level or err on the safe side. In addi-
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tion, the extra 6-inch (15.2 centi-
meters) safety allowance in the posi-
tioning of the launching-nose links
will help prevent an unsupported
length of bridge from the far-bank
reeking rollers to the first near-bank
plain rollers from being clear of the
rocking rollers. Once the links have
passed over the far-bank rollers,
check the launching plane. If too much
settlement has occurred on the near
bank, remove the plain rollers.

LAUNCHING
After the nose and first bay of the bridge have
been completed, proceed with launching as
follows:

1 One pair of plain rollers has been placed

25 feet (7.6 meters) behind the near-bank
rocking rollers. Additional plain rollers

86
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are not required when launching bridges
up to 80 feet é24.4 meters; long. Bridges
over 80 feet (24.4 meters) long require
additional sets of plain rollers spaced at
25-foot (7.6 meters) intervals. Bridges are
assembled on the rollers. When necessary,

jacks are used to aid insertion of the lower
panel pins of panels resting on rollers.

2 Continue assembly of bridge and pushing
it out on the rollers (Figure 6-23). When
the forward end of the launching nose

tigure § 24 Fushing bridge aver gop
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reaches the rollers on the far bank (Figure
-24), a detail guides it onto the rollers
Figure 6-25, page 88) and dismantles it
bay by bay.

When the end of the bridge proper clears
the rollers on the far bank, attach the
near-bank end posts. At the same time,
attach the far-bank end posts and lay a
transom across their steps. The middle
and outer truss end posts on the triple-
truss bridge are pinned with short panel
pins and tied together with tie plates in
the raker holes. Pins in middle truss end
posts are inserted with points outward
nd in outer truss with points inward
Figures 6-20and[6-21). Normal pins and
methods of pinning are used on the inner-

truss end posts. Remove construction
chess behind the front vertical in the first
bay so decking drops into place.

Take the following precautions when com-
pleting the assembly and launching

e Do not use bent or distorted parts.

o Do not attempt to convert the launching
nose into the bridge by adding parts to it.

o In launching the bridge over rollers, keep
the center of gravity behind the rocking
rollers until the launching nose reaches
the far bank. Thereafter, do not dismantle
the bridge behind the near-bank rockin
rollers or remove the counterweight unti

FM 5-277

all of the launching nose has cleared the
far-bank rocking rollers.

o After the launching nose passes over the
far-bank rocking rollers, always make
certain the weight of the bridge Is carried
onIIIy by the near-and the far-bank rocking
rollers.

JACKING DOWN
After the end posts and end transom have
1l:)eﬁn installed, proceed with jacking down as
ollows:

1 Place jack shoe in baseplate and jacks on
shoes with toes of jacks under steps of end
posts (Figure 6-26, page 88). Only enough
room IS present to work four jacks at one
end of the bridge. More jacks may be
Blaced under a transom on!?/ when held

y end posts. To prevent failure of jacks,
use them in unison so the load is distri-
buted evenly between them.

Note: Pitch of teeth may vary in jacks of
different manufacture. Jacks used together
must always have the same pitch. Check
jacks to ensure that they have the same
manufacturer’s name.

2 Jack up the ends of the bridge successively
and remove the rocking rollers. Place
I%rmgs on baseplate as shown in

3 Lower bridge in stages (Figure 6-27} page

89). Place cribbing under the botfom chord
of the trusses to catch the bridge if it slips
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Frrure .24 Guiding taunching noke onlo rocMing rolflers

off the jacks. It does not matter which end RAMPING
of the bridge is lowered first, but the jacks  Refer to already determined design in
must be operated in unison. [4 for installing cribbing and supports [Figure

6-28). Position ramps and add decking (Figure
Note: Jacks must be operated on only one  [5-79 page 90). Brace approach to ramps, an
end of the brldge at a time. br|dge is Comp|ete_

88
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REINFORCING BRIDGE AND CONVERTING BRIDGE

PROCEDURE
The class of existing single- and double-truss
bridges can be increased b%/ adding extra
trusses. Construction starts from the center
of the bridge, and panels are added toward
each end. Panel levers are used to aid in
positioning the extra panels (Figure 6-30).

For all assemblies over class 70, the deck
system must be reinforced by increasing the
number of transoms per bay from two to four
and by adding a 3-inch (7.6 centimeters)
longitudinal wear tread. These transoms can
be threaded a bay at a time from inside the
bridge.

CONVERTING SINGLE-SINGLE
TO DOUBLE-SINGLE
Toconvert asingle-single bridge to a double-

single bridge, proceed as follows:

1 Remove footwalk (if any).

2 Position first panel at center of bridge.

3 Lower panel over side with chain or rope
slings at ends of panel and position with
levers (Figure 6-30).

4 Insert transom clamps and tighten.

Ti?htening transom clamps helps reduce
effect of sag.

Figuse 540 faserting parel of opter (ruess

5 Position second panel, insert transom
clamps, and tighten. Insert panel pins
(point inward) first in bottom and then in
top of panel.

6 Connect outer truss to inner truss with
bracing frames bolted to top chord. Con-
tinue adding panels toward each end of
bridge.

7 Jack bridge off bearings (ramps need not
be removed) and install end posts.

Caution: At the end of bridge where
the transom is in the end post, panel
and post must be added as one unit.

8 Position bearings for double-truss

assemblly, jack brid?(e down on bearings,
and replace footwalks (if any).

9 Check to ensure that the existing grillage
|sI strong enough to carry the reinforced
class.

Figure 6-31 (page 92) shows a complete
double-single bridge with footwalk.
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Figure & 51 O bridge with foolwall

CONVERTING DOUBLE-SINGLE
TO TRIPLE-SINGLE
To convert double-single bridge to a triple-
single bridge, proceed as follows:

1 Use same procedure as for converting
single-single to double-single bridge,
through insertion of panel pins in top and
bottom of panel.

2 Connect outer truss to middle truss with
tie plates bolted to top raker holes in the
ght of successive panels

ame uprig
Figure 6-20). Continue adding panels
toward each end of bridge.

3 Jack bridge off bearing (ramps need not
be removed) and crib under first and
second truss (Figure 6-32).

Note: Cribbing must not extend out be-
yond second truss.

92

4 Install end panel and end post by raising
into position with levers 1F|gure 6-33).

Caution: At the end of the bridge

where the transom is in the end post,

the panel and post must be added as
one unit.

5 Insert panel pins, point inward, slot
horizontal. Add tie plates.

6 Shift bearings for double-truss assembl
v bt on beaings (amrs S

7 Replace footwalk if needed.

8 Check to ensure that the existing grillage

isI strong enough to carry the reinforced
class.
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CHAPTER 7

ASSEMBLY OF DOUBLE-STORY BRIDGES

Methods of assembly for double-story bridges
are similar to those used for single-story
bridges. The second-story panels, however,
can be hand carried from trucks or other
platforms. Truck-mounted cranes, 5-ton
wreckers, or gin poles can also be used. It is

FIRST BAY OF BRIDGE
When the nose is completed, proceed with the
first bay of the bridge as follows:

1 Assemble three bays of double-single
bridge as shown inlEigure 7-1 (page 96)
and as described in|Chapter 6

2 Begin double-story assembly in the first
bay of bridge with a separate working
party (]Figure 7-1D. Continue bottom-story
assemply at the same time, using the
procedure for the single-story bridge. The
second story always lags by two bays.
Use an erection platform when placing
second-story panels. Footwalks can be
used as a working platform or panels can

be hand carried from trucks maneuvered
alongside the bridge {Figure 7-2, page 96).

94

THE DOUBLE-DOUBLE BRIDGE 94

ITHE TRIPLE-DOUBLE BRIDGE 97 |

LAUNCHING AND JACKING DOWN 98

REINFORCING BRIDGE AND CONVERTING BRIDGE 99

ossible to assemble the second storK during
ridge assembly or after the bridge has been
entirely launched. It is preferable, however,
to assemble the entire bridge before pushing
it across the gap. The same methods of
launching are used as for single-story

THE DOUBLE-DOUBLE BRIDGE

Panels must be loaded on trucks to allow
standing room in the truck for the working

ahrtles. The second story is assembled as
ollows:

a Lift panel from truck at side of bridge.
Place flat on top chord of bridge. Slide
panel in toward center of bridge.

b Lift panel upright. Pivot so it is parallel
to existing truss. Position and pin
panel. Insert chord bolts, but do not
tighten them.

¢ Repeat process with panels on outer
truss.

d Position bracing frames on front and
rear verticals and on top chord.

assembly. For long heavy bridges, it maybe
necessary to use trucks or a bulldozer. The
composition of the launching nose for the
various combinatri.ans_oLipans and truss
types is given in[Tables 7-1 and[7-2. The
tables must be followed exactly.

e Tighten chord bolts and bracing frame
bolts.

f When footwalks are not used and trucks
cannot be maneuvered alongside the
bridge, second-story panels can be
placed from a temporary deck inside
the bridge or by the use of gin poles.

REMAINDER OF BRIDGE
The remainder of the bridge is built the same
as the first bay except that bracing frames
are positioned only on the rear yerticals and
toE chord of the second story (Figure 7- %
When enough bays of bridge have been built
to counterbalance the nose, move the bridge
forward so the first bay is over the rocking
rollers. Movement will not be necessary again
during assembly unless the overhang at the




This change supersedes page 95.

tail causes excessive sag. When adding panels
from outside the bridge, place inner panels
first with panel pins inserted from the outside.
Then place outer truss panels with pins in-
serted from the outside. When adding panels
from inside the bridge, place the outer panels
first and insert all pins from the inside.
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METHOD OF ASSEMBLY

The triple-truss, double-story assemblly
(Figure 7-3) is essentially the same as double
truss, double-story assembly. With triple-truss
assembly, however, the outer truss in both
the lower and second story must lag by one
bay to allow insertion of the panel OPms In the
middle truss when panels are added from
outside the bridge. When second-story panels
are added from inside the bridge, the inner
and middle trusses must lag by one bay to
allow insertion of the panel pins in the outer
truss.

LAUNCHING NOSE _
The composition of the launching nose is the
same as that for the double-double bridge.

For the length and assimi Ii if nose required
for various spans, see|Table 7-2.

FIRST BAY OF BRIDGE
When assembly of the nose is completed,
rlcl)ceed with the first bay of the bridge as
ollows:

1 Assemble four bays of single-story bridge
as shown inFigure 7-4 (page 98) and
described in|Chapter 6.

2 Add dotl)JIbIe-stohry asse][nblya uséngbtlhedsargle
assembly method as for the double-double
bridge {Figure 7-1).

3 Position bracing frames on the front and
rear verticals and on the top chord of the
first bay of bridge before the chord bolts
are tightened.

THE TRIPLE-DOUBLE BRIDGE
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1 BRACING BOLT 5 PANEL PINS 5 TRANSOM CLAMP
2 BRACING FRAME & MALE END POSTS 16 TRARN Sk

3 CHORD BOLTS 7 SWAY BRACE 11 TRAMNE0M SEAT
4 TIE PLATE 8 RAKER 12 PAMELS

Figure -3 Loratlon of bridge preris in trosaes of TE bridgs
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REMAINDER OF BRIDGE
Assemble the remainder of the bridge the
same as the first bay, but position bracing
frames only on the rear verticals and top
chords of the second story. Connect outer
tLuss to mi(lJI(dIe rt]rulss with ht|e lates bolted tci
the top raker holes in the %watd g?ne
uprights of both stories. See [Chapter 4 for
ramp (I:onstruction and [Chapter 9 for traffic
control.

LAUNCHING
Launching of double-story bridges normally
begins after the assembly of the entire bridge.
Use the same launching methods and pre-
cautions as for launching single-story
bridges. When launching with bulldozers or
trucks, take the following precautions:

¢ Do not apply power directly to the end of a
panel except at the junction of the di-

98

|
Q. ==

This change supersedes page 9.
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LAUNCHING AND JACKING DOWN

agonals. Apply it against the end posts,

oratr he junction of the diag-
onals 1Figure 7-55. When applying power
against a transom, make sure it is distri-
buted across the length of the transom.

Roller heights must be fixed so that the
tail of the bridge is at least 6 inches (15.2
centimeters) off the ground during the
entire launching.

e Rig a line to control lateral movement of
the bridge.

o If the bridge requires two trucks or bull-
dozers to move it, use one against the end
post of each girder.

e When using a bulldozer, bolt ribbands at
the tail of the bridge so they extend
beyond the end of the bridge. Place a
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REINFORCING BRIDGE AND CONVERTING BRIDGE

METHOD

The class of existing single-story bridges can
be increased by adding extra stories. For all
assemblies over class 70, the decking system
must be reinforced by increasing the number
of transoms per bay from two to four, and by
adding a 3-inch (7.6 centimeters) longitudinal
wear tread.

CONVERTING DOUBLE-SINGLE
TO DOUBLE-DOUBLE
To convert an existing double-single bridge
to a double-double bridge, proceed as follows:

1 Remove bracing frames.

2 Carry first panel to midpoint of bridge
and place on top chord of existing bridge.

Erect outer truss first (Figure 7-6, page
100). Before raising panels, Insert
wrenches in the top chord of the existing
bridge to prevent the panel from skidding
out. The inner truss assembly should
follow closely behind the outer truss in
order to speed construction.

Insert chord bolts and panel pir e
necessary, use chord jacks (Figure 7-7
page 100) to overcome sag when Inserting

ﬁanel pins. Tightening chord bolts also
elps reduce difficulty caused by sag.
Chord jacks are not required when adding
a second story to double-truss spans 120
feet (36.6 meters) or less in length if the
following method is used simultaneously
on both sides of the bridge:
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transom on its side on the ribbands so the
transom rests against the end vertical at
the junction of the diagonals. Face tran-
som lugs toward the nose of the bridge.
Control lateral movement of the bridge by
fastening winch lines from two trucks to
male panel holes for positive control.
Launch the bridge with the bulldozer
blade pushing against the transom
(Figure 7-5).

JACKING DOWN

Use the same jacking methods and precau-
g (Chapter

tions used for single-story bridges

a Place first panel of second story at
center of bridge and insert chord bolts.
Do not tighten bolts.

b Place a Panel at each end of the center
Banel of the second story. Insert chord
olts and upper panel pins.

¢ Tighten all chord bolts to reduce sag.
Drive lower panel pins with a sledge
hammer.

d After the first three panels are in place,

add other panels, one at a time, working
toward both ends of the bridge.
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e As each panel is placed, insert chord
bolts. Do not tighten until the upper
panel pin has been inserted.

f It maybe necessary to drive upper and
lower panel pins simultaneously,
starting at the ends of the bridge.
Tighten chord bolts to reduce sag.

g Place bracing frames vertically on the
same end of successive panels and
horizontally along the top chord of the

second story.

See[Figure 7-g for partially completed bridge.

Frgurr I-F Uwter sevond-story panel in pogiticn
beforg inaertion of pana) ping

100

1 AATCHET LEVER 4 JACK SCREW
2 CHCHRD JACK FRAME > FAMEE
A BOLT THROLGH CHGAD B CHGAD JACK HAaNOLE

Figure 77 Chord fock in position on iop shord
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CHAPTER 38

ASSEMBLY OF TRIPLE-STORY BRIDGES

This chapter describes the assembly and
composition of triple-story bridges and their
launching noses. The normal cantilever
method used for launching single- and
double-story bridges is used for launching
triple-story bridges. However, some triple-
story bridges must be launched incomplete to
reduce launching weight.

Triple-story bridges are normally assembled
by truck-mounted cranes. If cranes are not
available, parts can be placed with gin poles,
5-ton wreckers, or carried by hand. Triple-
story bridges can be assembled with all three
stories above the decking system (Figure 8-1)
or with one story underslung (Figure 8-2).
When all three stories are above the decking
system, the top chord of the upper story must
be braced laterally with transoms and sway
braces. When one story is below the decking
system, lateral bracing in the bottom chord of
the underslung story is required only when
the wind velocity is more than 50 miles (80.6
kilometer) per hour. The class of triple-story
bridges is not affected by the location of the
deck or by the omission of one story of panels
in each end bay.
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LAUNCHING NOSE AND OVERHEAD BRACING

LAUNCHING NOSE ASSEMBLY
AND COMPOSITION
Assembly of the launching nose for triple-
story bridges is the same as for single- and
double-story bridges. However, the launching
weight of the nose and bridge is limited by the
120-ton (108.8 metric tons) capacity of the
near-bank rocking rollers and the lower-
bridge chords which they support. The com-
position of the launching nose for the various
combinations of span and bridge assembly is
given ir] Tables 8-1/and 8-2 (page 104). These

tables must be followed exactly.

OVERHEAD BRACING _
The upper story of triple-story bridges, with
all three stories above the floor system, is
braced by using overhead-bracing supports

with transoms and sway br n the top
chord of the upper story|(Figure 8-I). Another
method is to invert the third-story panels and

place transoms and sway braces in their
normal seating on the inverted panels.

With overhead-bracing supports
When overhead-bracing supports are used,
place one support per girder on each ba of
the bridge. Position the supports on panels of
the inner and second truss over the chord-bolt
holes nearest to the female lugs. This provides
clearance for the bracing frames on the top
chord. Fasten transoms to the tops of the
supports and pin sway braces ta the pro-
Jlegél)ng ears on the supports |(Figure 8-3| page

Without overhead-bracing supports
When overhead-bracing supports are not
used, tk&e parrllels of the thir étory mgst be
inverted so t ansa u and sway braces
can be inserted 4] page 106). Tran-
soms are fitted on the transom seats beneath
the upper chord of the top story and are held
in place by transom clamﬁs Sway braces are
placed in the sway-brace holes in the sides of
the upper chord of the third-story panels. One

transom and two sway braces are used per
bay.
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DESCRIPTION
Double-triple bridges are normally assembled
bay by ba?; on rollers and launched complete.
Some of the longer, spans, however, must be
launched incomplete to reduce the launching
weight.

METHOD OF ASSEMBLY
When assembly of the nose is completed,
assemble the first bay of the bridge as follows:

1 Connect inner and outer truss panels to
Iallst bay of nose. Assemble parts into
place.

2 Add transoms, bracing, and decking in
the same way as for single-story bridges.

3 Add panels to second and third story with
cranes. Stockpiles are located near cranes

DESCRIPTION
Triple-triple assembI%/ IS uncommon. Its
heavy launching weight could cause failure
of the rollers or lower chord of the bridge. For
this reason, special methods must be used for
assembling triple-triple bridges.

- ASSEMBLY AND LAUNCHING
Triple-triple bridges can be launched incom-
plete or by using a temporary launching pier.
Triple-triple bridges are launch te,
using the assembly given in Table 8-2| to
reduce launching weight and prevent over-
load of the rollers. The bridge is assembled
and launched as follows:

D

THE DOUBLE-TRIPLE BRIDGE

to aid handling. Place bracing frames on
front and rear panel verticals in second
and third stories and on top chord of third
story.

4 Lift overhead-bracing supports with
cranes and position over chord-bolt holes
nearest female lugs of panels. Bolt to
girder on one side of bridge only. Bolts on
other side are left out because bolt holes
may not line up when transom is placed
on supports, since the girders tend to lean
slightly toward center.

5 Position overhead transom and fasten by
the two clamps on each support.

6 Insert jack between support that is not
bolted and outer truss of bridge. Force

THE TRIPLE-TRIPLE BRIDGE
1 Assemble nq rtial bridge exactly
as shown in| Table 8-2|according to span
length, and launch to far-bank rollers

using normal methods of assembly and
launching.

2 Continue launching bridge over gap until
nealr-banl|< Locklr%gbroélers are uno:er last
triple-triplebay of bridge. Dismantle nose
heyond far-bank rockiqng roIIers

page 108).

3 Make near-bank end double-triple ba
triple-triple, and add enough triple-triple
bays to obtain required bridge length (six

FM 5-277

gﬂrders out and insert two chord bolts in
the support.

7 Position overhead sway braces but do not
tighten until overhead transom in next
bay has been fixed.

8 Place the rest of the panels with cranes.
Assemble on the ground a single-truss
section of two panels connected by chord
bolts. When the two-panel section is
completed, attach a sling and lift the
section into place by a crane. Insert top
panel pins first and bottom ones next.

9 Add the transoms and deck while
assembling the rest of the stories.

more triple-triple bays at most). This gives
the required bridge length for all but the
210-foot (64 meters) span. Because of
staggered assemblg, the end bay of the
latter bridge must be left double-triple at
this point. Decking in 180-foot (54.9

meters) and shorter spans ¢an be con-
tinued to the end of the bridge [Figure 8-5).
4 Continue launching bridge until the near-
bank rocking rollers are again un

ast triple-triple bay of bays added |(Figur
5| Far
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@ Bwild riosa ind partinl bridge axscty an ghowonin Takle 8-2 peeqiding o spun and dsinch oo far bank
rolars

5 Add five bays of double-single nose to the
near-bank end of all bridges (Figure 8-5).
Add two more bays to the 210-foot (564
meters) bridge to get the required briage
length before adding this tail assembly. i 5

3

6 Launch bridge forward until the three o rasirn of . . a4l bt the 270" sckn: Contimsa decking in 160-
double-triple bays at front of bridge are ::.mmmnf\:a;;:mﬁﬁ:.““”mm HBUIhE 210" tptn: Continua deckng in 180

beyond far-bank rollers. Complete double-
triple bays by converting to triple-triple - AT
and adding transoms (Figure 8-5). == wa-

'
7 Pull bridge back to final position, remove
doub|e-s|ng|e tail, and Comp|ete assemb|y @ Continua Launching bichgs until e bard rocking rodars sre andes las! TT bay
in usual manner (Figure 8-5).

@ Contiroa Wunching bridge ower gap v Gl s ek rorkioeg rolers ara undar last TT bay: Dismania
noie Barpdng TAr Dand rollHg

| P |

Triple-double bridges can be launched using
a temﬁorary launching pier. Assemble and
launch a normal triple-double bridge. At the Add n manmum ol B baye of 03 nose fras construcian 16 end of 6l 1pans. Complate 2107 bridgs
sam% time, ass?rt?bée a tempoTr?]ry _aunchirt])g Falons a4ding this Aode bmd Sonwtraciien
pier from panel-bridge parts. The pier can be
offset from the center of the gap so the short EEEEQ
span is not less than 60 percent of the long
span. After the pier is completed, place a @
platform on top of it to carry jacks. When the
triple-double bridge has been jacked down
onto the bearings, insert jacks under the
bridge at the pier, and jack up the bridge to
about horizontal. Then use a truck crane to
Blace the third-story panels and the overhead
racing. Jacking most of the sag out of the
bridge makes it possible to place the third-
story panels. When a fixed pier cannot be
used, use a floating pier. The pontons are
partly filled with water to float the pier under

T N Il I Il P R I 8 e I B o e I O Oy
o N T e i P el K e ol e e e R M AT T ey W ey
ek o e il ol MEl i 0w ol o e B W W W

Leunch bridge Ierward unbil DT Birgd iscd byt d P bank raigrs; Compdets DT baye by connnirbing 1S
TT wntt sdling Iranstms

@ Pull bredgy pch to fingd position. remove DS Wik, end complets conemuction o WESEL MR RS

Figure -3 Awaembiy and lovnching of incompalete TT bridge
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the bridge, and the water is pumped out to
raise the : mation on pier reactions
Is given in Chapter 16 and on panel crib piers

Chapter 17

VERTICAL CLEARANCE
The vertical clearance in triﬁle-story bridges
is of prime importance when loaded tank
transporters are to pass over them. This is
especially true when expedient overhead
bracing is used. If greater vertical clearance
Is needed, underslung stories or deck-type

construction may be used to provide the
required bridge class.

USE OF MECHANICAL MEANS

It is normally necessary to launch triple
story bridges by mechanical means. Take
special care to see that the assembly of the
bridge and nose is correct and that the rollers
are properly leveled. The launching weight of
these bridges is high and slight errors can
cause failure.
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JACKING DOWN
Normal jacking down methods cannot be
used for triple-story bridges. There is not
enough room at the end posts to use the
required number of jacks. Use either jacks of
higher capacity or the methods of jacking
down bridges on intermediate piers. Using
intermediate pier methods requires room
ahead of the bearin?s for placing the jacks
and the timber gril age under the bottom
chord to catch the bridge if the jacks slip or

fail.

ASSEMBLY OF BRIDGES WITH UNDERSLUNG STORY

“METHODS
TripIe-storY bridges with underslung story
are normally assembled and launched by one
of the following methods:

» Launched with underslung story, using a

temporary launching pier at center of

ap. This method is normally used when
the launching pier can be positioned.

» Launched as double-story bridge, with
underslung story added after bridge is in
place. This method is normally used when
the launching pier cannot be positioned.

= Launched as double-story bridge, jacked
down approximately 6 feet (1.8 meters),
with third story added on top chord. This
method requires jacking the bridge an
excgssive distance and generally Is not
used.

USING TEMPORARY

LAUNCHINGPIER
This method requires a temporary inter-
mediate launching pier at the center of the
gap. It also requires enough room under the
near-bank abutment to add one story of
underslung panels. The bridge is assembled
and launched as follows:

1 Assemble a panel crib pier at the center o
the gzér) strong enough to carry the com-
pleted triple-story bridge (Chapter 17).
The pier must haye at least fwo bays of
panels horizontal |(Figure 8-8, page 110).
On the pier bay toward the far bank, place
rocking rollers at same elevation as near-
bank rollers. On the near-bank side of the
Bler, assemble a bay one panel height

elow the bay toward the far bank, and
place rocking rollers.

2 Assemble double- or triple-truss single-
story bridge using normal launching nose

and assembly methods for abridfge length
eg_ual to one half the width of the gap
(distance from near bank to forward
rocking rollers on pier).

3 As soon as the launching nose has landed
on the pier rocking rollers on the far-bank
side of the ﬁier, add underslung panels,
starting with the second bay of bridge.

4 Continue Iaunching the double-or triple-
truss single-story bridge and adding the
underslung story until_the underslung
story reaches the pier (Figure 8-6).

5 When the underslung panels land on the
pier rocking_rollers on the near-bank side
of the pier|(Figure 8-6), remove the pier
rocking rollers under the launching nose.
Also remove the top bay of panels on the
far-bank side of the pier under the
launching nose.
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6 Continue launching until bridge lands on
far-bank rockin% rollers. Remove
launching nose and position end posts.
Before jacking bridge down onto bearings,
remove one complete story from pier and
place a working platform on the pier.

7 Jack up center of bridge at intermediate
pier until bridge is apFro_X|mater level.
This reduces sag and eliminates difficulty
in placing third-story panels.

8 Add third-story Banels by using truck
crane or truck, or by hand.

9 Remove construction pier. Bridge is now
complete.

ASSEMBLY IN PLACE

An underslung story can be added to a
double-story bridge in place by using a truck
crane. This is the easiest and fastest way.
Lower single panels over the side with a truck
crane and attach them with chord bolts.
Place inner panels first. Use blocks and
tackle to position the inner truss panels.
Other truss panels can be positioned directly
with the crane.

When a truck crane is not available or when it
causes too much sag in the brld?e, the under-
slung story can be added as follows:

1 After the double-story has been assembled
and launched, position plain rollers out-
side of and about 10 inches (25.4 centi-
meters) from the existing outside truss.
Place the front roller 3 feet 6 inches (1.07

110
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CHORD BOLTS

1* PRCKING TIMBER outside end and one between first and

meters) from the base plate position and
second truss.

T 3 & PACKING TIMBERS another roller 25 feet (7.62 meters) from

CRILLECH WITH &~ HOLES

the first. Additional rollers 25 feet (7.62
meters) apart can be placed if necessary.

2 Assemble a single-truss girder one half of
the total length of the bridge minus one
bay (not to exceed 12 bays).

3 Attach one raker per bay to the bottom
bracing-frame hole on the inner truss
anel chord. Lay rakers flat across the
ottom chords of the panels so they project

Launch single girder over plain rollers on
bank and rakers on bridge until it is in
position to be lowered. Attach outer tackle
to girder, remove rakers, and then lower
girder until top chord is below bottom
chord of the bridge. Attach inside tackle
below the bottom chord of the bridge to
the girder with a sling which passes
around the bottom chord of the inner
truss of the bridge (Figure 8-7).

beyond the side of the bridge and over the

gap. 6 Remove outer tackle and lift girder into
position under lower chord of bridge with
A 4 Place 3-by 6-inch (7.6 by 15.2 centimeters) Inner tackle.
3 packing timbers on top chord of bridge in

every fourth bay. Hold in place with
chord bolts through chord-bolt holes
— nearest female lugs. Place I-inch (2.54
centimeters) timber packing between gril-
lage and chord. Suspend double-or triple-
block and tackle from each timber, one at

7 Insert chord bolts and tighten to fix girder
into position.

8 Remove inner tackle and repeat procedure
for the rest of the trusses.

Figure 4.7 Porifigrring ungerelung vinglo-fruga
Lirgdar waing block and faskls
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CHAPTER 9
TRAFFIC CONTROL

To ensure that vehicle drivers recognize and
follow class and clearance restrictions, and
that vehicles come upon the bridge properly,
use traffic control measures.

BRIDGE SIGNS
Mark bridges and access roads with standard
North Atlantic Treaty Organization (NATO)
bridge and vehicle classification signs. These
signs state the class, the roadway width, and
the overhead clearance of the bridge. Details
on the proper posting of NATO bridge signs
are found in Field Manual 5-34.

BRIDGE GUIDES
Post traffic guides at each end of long bridges
or at one end of short bridges. The guides’
duties are to—

» Enforce traffic restrictions and bar unsafe
vehicles. The guide determines the proper
crossings of critical vehicles and bars all
vehicles having vehicle class numbers
exceeding the posted bridge class. The
guide permits caution and risk crossings
only when so authorized and in the
presence of higher authority. (This higher
authority must have theater or area
approval of caution and risk crossings.)

» Keep traffic moving to avoid congestion.

» Arrange for alternative flow of traffic
when needed to keep the bridge exit clear.

112

To avoid congestion, waiting vehicles are
directed to park off the road.

o Stop traffic when bridge is damaged.

o Keep vehicles spaced properly and within
speed limits specified for the type of
crossing authorized.

e Help drivers of wide vehicles by giving
instructions and signal guidance across
the bridge.

o Maintain markers in a clean and easily
recognizable condition. This is parti-
cularly necessary for the luminous

ainted panel verticals and roadway center-
ine when these are used.

Approach guides are stationed on approach
roads or at the intersection of an approach
road with the main traffic net. They control
the traffic on the approach roads. Normally,
units other than the bridge crew provide the
approach guides.

The two guides on long bridges should
communicate by telephone. The guides at the
bridge and the guides on the approach roads
should also be able to communicate directly.

BRIDGE MARKING _
Luminous tape for distinguishing the bridge
during blackout conditions is provided with

the bridge set. The tape is attached to the
approach posts and is not visible from the air.

hese markers help guide drivers to and
through the bridge and help to keep traffic
movmg steadily. They may be a_rran_?ed on
the bridge and at the approaches in different
ways, accordmg to the type of aPproach,
ength of the bridge, and amount of skylight.
shows a suggested arrangement of
plackout markers on the approach and on the
bridge. On the bridge, place tape level with
the top of the bottom story.

As a further aid in night driving and
particularly as a guide for very wide vehicles,
a 4-inch (10.1 centimeters) wide centerline in
the roadway should be painted with luminous
or white paint. Ribbands, end posts, panel
verticals, panel chords, and gusset plates
may also be painted with luminous or white
paint. These painted markings aid in wdmgi

wide vehicles.ir ttime as well as al
night traffic (Figure 9-3). Since luminous
paint mlght be seen from the air, use it only

when and where the tactical situation permits
its use.

ROAD SURFACE
To avoid shocks and possible displacement of
the bridge from the impact of vehicles striking
its end, build up the road surface to about an
inch (2.5 centimeters) above the decking of
the ramp.
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CHAPTER 10

TWO-LANE THROUGH-TYPE BRIDGE

The two-lane through-type Panel bridge is
used to provide two-way traffic where bridge
supports at a demolished bridge are too
narrow for two separate bridges (Figure 10-1).
This type of bridge is also useful where a
narrow launching site necessitates lateral
movement of separately launched bridges to
position them on their bearings. In this case,
It would be easier to build a two-lane bridge.

DESCRIPTION

The bridge consists of two independent outer
girders and a common middle girder, as-
sembled from standard panel-bridge parts.
The middle girder carries about half the total
load and must be about twice as strong as the
outer girders. Transoms overlap and occupy
alternate transom seatings on the middle
girde types of construction shown
In|Figures 10- -7|(pages 116 and 117
and listed in|Table 10-1 are used| Table 10-2
gives maximum spans that can be assembled
and launched with standard equipment.
Longer spans can be launched by using
greased timbers or other expedients.

CLASS
The class and maximum spans of two-lane
bridges are the same as those of single-lane

bridges, with the same truss assembly as the
outer girders|(Table 10-3, page 118).
LIMITATIONS

Two-lane through-type bridges have the fol-
lowing limitations:
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e The maximum span that can be launched
by standard launching methods is 160

e Launching and jacking down are more

t than for a sing?e-lane bridge.

NUMBER OF PARTS AND SPARES
Formulas for computing the number of parts
and spares required idge
and nose are given in Table A-8, Appendix A.
The percentage of spares used for single-lane
bridges is also used for two-lane bridges.

Figure 711! Tuwe—inne ponel dridge over demolished mosnnry arch bridge
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ASSEMBLY DETAILS

The assembly of two-lane bridges differs
from single-lane assembly in several ways.
The first of these concerns transom seating
in triple-single/triple-double bridges. The
spacing of trusses in the girders of this bridge
is normal with respect to one lane. With
respect to the other lane, however, the two
middle-girder trusses nearest that lane are
spaced at 8 1/2 inches &20.8 centimeters) instead
of 1 foot 6 inches (44.1 centimeters). Accord-
ingly, transoms from that lane do not fit on
seating pintles of the center truss; these

pintles must be removed or transoms drilled
(Figure 10-8, page 119).

Ramp clearance also differs. To provide clear-
ance between transoms and ramps at the
ends of sin?Ie-single/double-single and double-
single/double-double bridges, cut a 3 1/2- by
4 1/2-inch (86 by 11 centimeters) notch in tran-

soms seated onztrB fr_]d ﬁosts and offset thg
ramp transoms inc W entimeters
flrz%r)n the bridge centerline|(Figure 10-9, page

The number of bays and assembly of
launching noses is determined as follows:

+ For single -single/double-single and
double-single/ double-double bridges,
noses consist of three single-single
trusses. Assemble one completely braced
nose of the required length for one lane.
For the second lane, add a single truss
and connect it to the middle truss by
transoms overlzpcf)ing the transoms of
the first lane. Add rakers t
lane, but omit sway bracing [Figure 10-10,
page 121). '

= For triple- single/triple-double, triple-

FM 5-277
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single/quadruple-double, and double-
dou Ie/quadruple-double bridges, noses
normally consist of single-single outer
girde ingle-single middle gir-
ders|(Figure 10-11f page 121). However, all
irders in the last two nose bays of the
40-foot 343 meters?] double-double/
quadruple-double and the last three nose
bays of the 150- (46.2 meters? and 160-foot
84 .2 meters) double-double/quadruple-
ouble bridges are double-truss assembly.
In all cases, place transoms in alternate
seatings and brace the nose the same as
for normal assembly. Transoms connect
the nose girders of the triﬁle-single/tri le-
double bridge. However, the nose girders
of the triple-single/quadruple-doubleand
double-double/quadruple-double bridges
cannot be connected because transoms
are not long enough except in double-
single/quadruple-single nose bays.
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WORKING PARTIES
AND ASSEMBLY TIME
With the same party organization as for a
single-lane bridge, assembly time for a two-
lane bridge is slightly more than twice as
long. With a specially organized crew (Table
10-4), assembly time for a two-lane bridge is
slightly less than twice the assembly time for
a single-lane bridge. Unloading and security
ge(tjalls are the same as for a single-lane
ridge.

ROLLER LAYOUT

-21t0|10-7 show lateral spacing of
rocking rollers for various types of bridge
assembly. Roller loads for outer girders are
the same as for single-lane bridges. However,
since roller loads for the middle girder are
about double, use enough plain rollers under

this girder to prevent overloading them.
These plain rollers must be staggered t

ovide clearance between them (Figure 10
@). describes the method of using a
transom to position bearings for rocking
rollers. Rocking rollers are used on the far
bank for all bridges except single-single/
do%ble-single,where plain rollers may be
used.

ASSEMBLY AND LAUNCHING
Methods of assembling and launching the
two-lane bridge are the same for both the
single-lane assembly party and the organi-
zation given in Table 10-4.

Tadle 104 Suggewied organizatinn of atremiy parfies for lura-iane bridges
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~ Assembling _
Assemble a single-single/double-single, and
]g(iluble-single/ ouble-double bridge as
ollows:

1 Assemble one lane of launching nose
with sway bracing in every ba?/, using
launching links if necessary. Place one
transom behind forward upright of panel
in first bay and one transom on front of
rear upright of panel at each joint. Fix
rakers at each joint.

2 Add third truss for other lane, using
launching links if necessary.

3 Place one transom of panel in first bay
and one transom behind upright of panel
at each joint. Fix rakers at each joint.

4 Assemble bridge the same as for single-
lane bridge assembly, keeping panels in
one lane one bay ahead of panels in the
other lane. Attach all bracing frames as
for a single-lane bridge.

Assemble a triple-single/triple-double, a triple-
smgle/quadru le-double, and a double-
double/quadruple-double bridge the same as
for single-lane assembly, keeping panels in
one lane one bay ahead of panels in other
lane. For double- and triple-truss middle
girders, attach bracing frames, tie plates,
and rakers as in single-lane bridge assembly.
When middle girder is quadruple-truss as-
sembly, do not use tie plates between center
trusses; use_full number of bracing frames
and rakers |(Figures 10-2| to[ 10-7).
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Assemble a doubIe-tripIe/quadruBIe-tripIe
bridge the same as a double-double/quad-
ruple-double bridge. However, when using
overhead bracing supports in both lanes,
make sure female panel lugs in one lane face
in opposite direction to female lugs in other
lane. This prevents interference between over-
lapping transoms.

Launchin

| Table 10-3 gives the launc in%weight for
each type o assemblg. The lighter bridges
listed In the table can be launched by single-
lane launching methods. For heavier bridges,
use vehicles with winches to aid in launching.
To keep the balance point of bridge and nose
behind the near-shore rocking rollers, be
careful not to overload rollers. Spans longer
than those listed in[Table 10-2 can be
launched by—

# Skidding the bridge over greased timbers
to give more bearing along the lower
chord of the girders. The bridge load,
however, must not exceed the crushing
strength of the timber.

= | aunching the bridge in skeleton form so
the allowable load on the rollers is not
exceeded.

= Using a special rocking distributing beam
for mounting two rocking rollers in line
under each truss.

_ ~Jacking o
Jacking of a single-span two-lane bridge is
done the same as for a single-lape bridge. For

jacking bridges on piers, see[Chapter 16.
Table 10-5 (page 124) gives maximum lengths
of adjacent spans of continuous-span two-
lane bridges that can be jacked over inter-

mediate piers with jacks arranged as shown
in Figures 16-1§ and|16-19.
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REINFORCED TWO-LANE BRIDGES
Two-lane bridges are reinforced by adding
trusses or stones using the same methods as
for single-lane bridges. Normally, reinforce-
ment for only one lane is necessary. For
capacity greater than class 70, the deck
system must be reinforced by using four
transoms per bay instead of two and by
adding longitudinal wear treads) Table 10-
(p_a%e 125) gives the truss asssembly o
reinforced two-lane bridges. Stories can be
added to the top of the existing girders or they
can be underslung. However, when the middle
girder is reinforced to triple-story, the panels
must be underslung unless the reinforced
outer girder is also triple-story; otherwise,
overhead bracing cannot be installed.

Reinforcing one outer girder
One lane of a two-lane bridge can be rein-
forced by reinforcinig one outer girder. How-
ever, the reinforced lane has the capacity of a
single-lane bridge of the same assembly as
the reinforced outer girder only when the
normal lane is closed to traffic.

Reinforcing one outer girder
and middle girder
When both the outer and middle girders are
reinforced, the reinforced lane has the same
capacity as a single-lane bridge of the same
assf%mb y, without closing the normal lane to
traffic.
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CONVERSION OF SINGLE-LANE
BRIDGES TO TWO-LANE BRIDGES
A single-lane bridge can be converted to a
two-lane bridge without closing the bridge to
traffic for along period. If a two-lane bridge is
to be centered on an old bridge centerline,

proceed as follows

1 Remove approach ramps on each bank
and jack bridge up. Lay transom on three
plain rollers on each bank perpendicular
to bridge centerline, so raker lugs come
directly under space between girders of
end bays. Add extra bays to the bridge
where insufficient working space on bank
Is available, before placing transoms.
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2 Prepare new bank seats and position
thlllage. The center grlllagie must be twice
the width of the outer grillage.

3 Jack bridge down on the transoms resting
on the rollers, and move bridge sideways
to new position.

Note: Launching nose for triple-
single/triple-double, triple-single/quad-
ruple-double, and the remainder of double-
double/quadruple-doublebridges is sim-
ilar, with extra transom and two bays of

double-single/quadruple-single assembly
omitted.

4 Position bearings for bridge in its new
location. Bearings are placed under orig-
inal end span or extra span, depending on
bank conditions. Jack bridge onto
bearings.

5 Place ramps a ingle lane of
bridge to traffic [(Figure 10-13

6 Position rollers for third girder and launc

ingle-girder method|(Figure 10-13).

See[Chapter 19 for launching by sm%e
irders. The third girder can also be

aunched b%/ using a truck crane on deck
of existing bridge.
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7 Connect third girder to rest of bridge with

W THO OF RCIRMFQRCING Lo s LT HLIK: OHG LT ANL CabaTHESTION .
: transoms. If available, use a truck crane
EAISTING CRUTER HIACER MIDDKE GIRDER N o vnarr D BAIHLAMEROPEN  to place transoms. If a truck crane is not
ARIDGE I, . " 't
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plgries and cverhrad BASIng enprivead bdcing
DD-Q0 | Add dowblr-Irvzs hird stoey and Mdd dowbleruas 1k sy 08 M o If the existing bridge is to remain in position,
verhead Wt INE oveihedd biaing proceed as follows:

1 Jack bridge up and double grillage area
under center girder. Jack bridge down. If
bridge is to be lengthened, add extra bays
and locate bearings and grillage in new
position.

2 Proceed as for two-lane bridge.

Note: Single lane is open to traffic during
construction.

Figure 1005 Conperting single-fane bridgs to fuo-lane bridge, wing scaglegrder mothed faor Itanching
SUTeF gurder A secomd tane
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CHAPTER 11

EXTRA-WIDENED BAILEY BRIDGE M3

The introduction of wider vehicles prompted
the development of the extra-widened Bailey
bridge M3. The US Army does not stock the
M3 Bailey bridge. It is a standard bridge in
the United Kingdom. This bridge has a 13-
foot 11%-inch (4.3 meters) clear roadway and
a clear distance between trusses of 15 feet 81/2
inches (4.8 meters), as shown in|Eigure 11-1.
This added width requires certain new parts
that are not contained in the M2 bridge set.
The most important of these are a long
transom, more stringers, long chess, sway
braces, and bracing frames. The bridge nor-
mally is assembled for either class 30 or class
80 loads. The maximum spans for each type
of assembly at these classes are given in
Table 11-1. The weight, in short tons, per
typical bay for each type of assembly, class,
and span Is given in Table 11-2.
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TRANSOM
The transom is a 12-inch (29.4 centimeters)
I-beam, 19 feet 11 inches (6.1 meters) long,
tapered at the ends to 10 inches (24.5 centi-
meters) as shown in Figure 11-2. Two tran-
soms per bay are used for class 30 bridges and
four transoms per bay are used for class 80.

CHESS
The chess are 15 feet (4.6 meters) long, 8%
inches (21.4 centimeters) wide, and 3 5/8 inches
(8.9 centimeters) deep. Thirteen chess are
required for each bay of the bridge except the
head bay, which requires 14. The latter is for
class 80 only.

STRINGERS

The plain and button stringers are the same
as those used in the M2 bridge, except that
the length of the head bay for class 80 bridges
requires two long button stringers, M3, and
two plain stringers, M3. These stringers are
10 feet 11% inches (3.2 meters) long. They are
used in the class 80 bridge only and not in the
class 30 bridge.

TRANSOM CLAMP
The transom clamp is the same as that used
in the M2 bridge except that the width across
the top has been reduced slightly to prevent
the arm from interfering with the vertical
bracing frame used in the bottom story of
triple-truss bridges.

RIBBANDS
The ribbands are the same as those in the M2
bridge, except that two long ribbands, M3,
are required in the head bay of the class 80
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COMPONENT PARTS
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bridge. These are 10 feet 11% inches (3.4
meters) long.

END POSTS

The male and female end posts are the same
as those used in the M2 bridge except that in
tripe-truss bridges the male end posts for the
middle truss of both class 30 and class 80
bridges above the transom bracket removed.
This permits rakers to be connected between
the end posts on the inner trusses and the
transom. Use female end posts, M3, only on
the middle truss of the end bay of class 80
bridges.

HEADLESS PANEL PIN
Headless panel pins are used on triple-truss
assembly to connect the end posts, M3, to the
middle trusses. They enable the end posts to
be fitted after the launching nose has been
removed and allow damaged end posts to be
replaced. These panel pins, M3, are similar to
those in the M2 bridge except the head is
removed (Figure 11-3).

RAKER
A new type of raker, M3, has been developed
for use with the extra-widened Bailey bridge,

[ Figure 11-5]

=

Figure 111 Noadisis panst ping, M3

Figure 114 Rakw, M3

M3. It is a 3-inch (7.4 centimeters) channel, 3
feet 8 5/16 inches (1.1 meters) long, as shown in
Figure 11-4.

RIBBLT BOLT
A ribband bolt, M3, is used as shown in




SR

Figure 1.5 Rikband bolt, M3

Figure 1i-f fomp pedeniel, M3
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BRACING FRAME
The bracing frame, M3, has an additional
pair of dowels, as shown in Figure 11-6, to
accommodate the bracing bolts connecting it
to the middle truss of a triple-truss bridge.

SWAY BRACE
The sway brace, M3, is similar to that in the
M2 bridge, but is 18 feet 1/8 inches (5.3 meters)
between centers of eyes with the turnbuckle
screwed tight.

OVERHEAD SWAY-

BRACE EXTENSION
The overhead sway-brace extension has an
eye at one end and a jaw at the other. It is
connected to the sway brace, M3, for use in
the overhead bracing of intermediate bays of
triple-story bridges.

RAMP PEDESTAL
The ramp pedestal, M3, is used to support the
deeper (12-inch) (29.4 centlmeters?] portion of
the M3 transom. It is similar to the pedestal
used in the M2 bridge, but is deeper and has a
wider space for the transom (Figure 11-7).
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ASSEMBLY AND LAUNCHING OF SINGLE-STORY BRIDGES

METHOD

The method of assembling and launching
single-story M3 bridges is the same as that
for the M2 bridge except for roller layout,
Ialluncgén nﬁse tr1|_|%le -truss assembly, and
class eckin enu o- of parts re-
lgml:ed_p.er_ba;L?jglven in Tables A-9 and
A-10, Appendix

for class 30 and class 80

pridges.

ROLLER LAYOUT
The lateral s ﬁacing of rollers is shown in
Figure 11-8. The rollers must be staggered for
trlple -truss assembly. There is no suitable
bridge part to use as a distance gage, and the
roller templates must be positione by means
of steel tape or improvised gage.

For 30- and 40-foot (9.2 and 12.3 meters;
bridges, place a plain roller 15 feet (4.6 meters

from the rocking roller. On longer spans,

space plain rollers at 27 feet (8.3 meters) and
up, in increments of 25 feet (7.7 meters);

consequently, the longitudinal spacing of
plain rollers is normally at 27 feet (8.3 meters),

52 f}get El23.3 meters), 77 feet (23.7 meters), and
so forth,

LAUNCHING NOSE
Information on launching weights and
Iaunchlng nose assemblies for various types

of class 30 and class 80 bridges is given in
Tables 11-3 andlﬂlssl (page 134).

Note the following:

e The bridge is launched complete with
dk(]ecking and footwalks, except where
shown.
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= For the class 80 double- or triple-truss
bridge, two rocking rollers are needed
under each side, including the far bank
for the launching nose.

= Use launching links not more than 40 feet
behind the end of the single-single portion
of the nose, and not more than 20 feet
behind the end of the double-single portion
of the nose.

= Due to the greater width of the bridge, set
one transom with two rakers in each bay
of the nose, and also set sway braces in
each bay.
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TRIPLE-SINGLE ASSEMBLY
After assembly of the skeleton launching
nose, assemble the bridge trusses in echelon,
with each outer truss always having one
panel more than the adjacent truss. It Is not

o%sible to add a third truss to a double-truss
ridge.

Assemble the first bay of the bridge as
follows:

1 Connect the first two inner-truss panels
to the inner trusses of the launching nose,
driving the panel pins outward.
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2 Place a transom through these panels in
front of the center vertical, and connect
the long arms of the sway braces to the
front ends of the panels.

3 Assemble two panels for the middle
trusses, and connect them to the transom
clamps.

4 Assemble two panels for the outer trusses,
and connect them to the transom clamps.

5 Pass a second transom through all three
trusses of the first bay behind the front
vertical, and a third transom in front of
the rear vertical. Connect the panels to
the transom with transom clamps.

6 Connect the short arms of the sway braces
to the rear position, and fit bracing frames
in the first bay on the top chords.

7 Fit bracing frames in front of the front
verticals and behind the rear verticals.
The front bracing frames are removed
before the end posts are fitted.

8 Tighten transom clamps and sway braces.
Place stringers and decking.

Assemble the second bay of the bridge as
follows:

1 Place two panels for the outer trusses and
connect them with pins driven inward.
Drive outward all further pins on all
trusses.
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2 Place two panels for the outer trusses of

the third bay, and connect them with pins
driven outward.

3 Place two panels for the middle trusses in
the second bay, using headless panel
pins.

4 Connect two additional panels in bays
four, three, and two, driving the panel
pins outward.

5 IBit front end of sway brace in the second
ay.

6 Pass a transom through all trusses in the
second bay in front of the rear vertical,
and another in front of the center vertical.
Connect them with transom clamps.

7 Connect the sway braces to the rear
positions.

8 Fit the bracing frames on the top chords,
gnd behind the rear verticals of the second
ay.

9 Tighten transom clamps and sway braces.

For subsequent bays, the sequence of as-
sembly is similar to that described above.
Make sure that each truss in each outer bay
has one more panel than the truss in the next
inner bay.

For decking, the placing of stringers and

chess follows the same sequence as in the M2
bridge, except for the number of stringers in
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CLASS 80 DECKING _
The triple-single assembly procedure just
given is based on class 30 _decklnﬁ. For class
80 decking, the procedure is as follows:

1 Four transoms are required per bay. In
both double- and triple-truss bridges, add
the extra two transoms behind the center
and front verticals.

2 Fit transom clamps aIternateIP/ on the
center vertical. For example, clamp the
front transom to the panel in the second

truss, and the rear transom to the panels
in the first and third trusses.

3 Continue the stringers to the transoms on
the end posts at each end. This makes the
head bay of decking an n-foot bay. To do
this, lay the first bay of stringers with two
button stringers, M3, on the outside, then
two plain stringers, M2, inside these, and
two plain stringers, M3, inside again, and
one plain stringer, M2, in the center. In
the last bay use three plain stringers, M3.
In all other bays use plain and button
stringers, M2.
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4 In the first bay use 14 chess and ribbands,
M3. Use M2 ribbands and 13 chess in
other bays.

END OF BRIDGE
Place the end posts, bearings, and base plates
in the same way as the M2 bridge for single-
and double-truss bridges. Make the following
changes on triple-truss bridges:

e Place base plates as for double-truss
bridges. The outer bearing carries the end
posts of the second and third trusses on
the two seatings each side of the center
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seatin(};. The inner bearing carries the end
post of the inner truss on Its outer seating,
as shown in Figure 11-9.

e Fit end posts, M3, to each end of the
second truss, using headless panel pins.

¢ Fit rakers on inner end posts, and tie
plates between end posts on second truss.
It is not possible in the class 30 bridge to
fit rakers at the tail end of the bridge
because there is no transom on the end
pOsts.

ASSEMBLY AND LAUNCHING OF DOUBLE-STORY BRIDGES

METHOD
The method of assembling and Iaunchin? a
double-story M3 bridge is the same as that for
the M2 bridge, except for a few differences
and the need to assemble the lower story.

ROLLERS
In addition to the pair of plain rollers required
on each side of the bridge 50 feet (15.4 meters)
behind the launching rollers, a pair is re-
quired 75 feet (23.1 meters) behind them. For
bridges over 140 feet (43.1 meters), double
rollers are required at 125 feet (38.5 meters)
behind the launching rollers.

SECOND-STORY,

TRIPLE-TRUSS BRIDGE
For a second-story, triple-truss bridge, the
assembly is the same as that for the M2
bridge, but the sequence of adding panels
must be the same as in triple-singleassembly.
It is not necessary to use headless |Ioins,
provided the order of assembly is as follows:

Bay No. |—Outer panel
Bay No. 2—Outer panel

Bay No. I—Second panel
Bay No. 3—Outer panel

Bay No. 2—Second panel

Bay No. I—Inner panel

Bay No. 4—Outer panel

Bay No. 3—Second panel
Headless pins must be used on the end posts,
M3, where they are connected to the lower

chords of the second truss of the second story.
Tie plates are not required.
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ASSEMBLY AND LAUNCHING OF TRIPLE-STORY BRIDGES

METHOD
The method of assembling and launching a
triple-story bridge is the same as that for an
M2 bridge, except for several factors. For a
triple-triple bridge, the sequence of adding
panels in the top story must follow the order
given for a second-story, triple-truss bridge
except that assembly begins in the second
bay. There are no panels in the top story of
the first and last bays. Similarly, the sequence

GRILLAGES AND RAMP SUPPORTS

GRILLAGES
The same grillages as those for the M2 bridge
can be used. The maximum base plate re-
actions are given ir[ Table 11-5and the
maxjmum_ launching roller weights in Tables

11-3jand|11-4.

RAMP SUPPORTS
The end transoms of both class 30 and class
80 bridges must be supported at their mid-
point. For class 80 bridges, the ramps must be
supported as shown in Figure 11-10.
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for the lower story of a bridge with underslung
bottom story must be the same.

LAUNCHING
For all class 30 bridges, launch the bridge
with the top story in place. For the class 80
bridge with a span of 120 feet (36.9 meters{s it
is possible to launch the bridge as double
story and add the third story afterwards.

OVERHEAD BRACING

The only difference from the assembly of the
M2 bridge is that the overhead sway-brace
extensions are fitted to the sway braces before
they are connected to the overhead-bracing
supports, which are reversed so that the
sway-brace pinholes are on the outside of the
girders.
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CHAPTER 12

DECK-TYPE BRIDGES

Deck-type panel bridges are normally two-
lane, class 50 or hl%h_er bridges assembled to
replace single-lane bridges. A deck-type panel
bridge has the following advantages over a
through-type bridge

« Roadway can be wider for passage of
extra-wide vehicles.

* Deck-type assembly allows greater side
overhang of vehicles.

+ A lighter decking system can be used
when the roadway Is supported by trusses.

# With some sloping banks, the span be-
tween abutments is shorter than in a
through-type bridge, because bearings are
set 5 teet (1.5 meters) below road level.

» Demolished piers need not be built Up to
the level of the roadway.

+ There are no overhead restrictions.

A deck-type panel bridge has the following
disadvantages:

e Excavation at abutments may be neces-
sary because bearings are 5 feet (1.5
meters) below the roadway.

e It is more difficult to launch.
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e It must be lowered 5 feet (1.5 meters) onto
the bearings.

o Waterway clearance is decreased.

RECOMMENDED BRIDGE DESIGNS
Use the following guidance in designing
deck-type bridges:

» Group the trusses into three-truss girders,
and space girders evenly under the road
way. The trusses may be single-
story assembly, as shown in[Figure 12-1

= Use bracing frames staggered af opposite
ends of eacﬂ bay (see Figure 12-1) to tie the
trusses of each %irder together. Every two
bays are cross braced by angles welded
diagonallﬁ across the bottom chords of all
trusses. The decking system serves as top
lateral bracing.

Make the decking system from standard
panel-bridge parts (transom, stringers,
and chess) or timber.

= End Bosts attached to top-story panels
may be rested on standard panel-bridge
bearings. In multistory assembly, omit
the end panels of the lower stories to allow
room for the abutment. If end posts are
not used, rest the trusses on timber
blocking or a rocker bearing under the

joint between the first and second bay
from each end. If the spans are broken at
the pier, fit the two ends with end posts. If
the spans are continuous, use a distri-
puting beam and rocker bearing (see

Chapter 16).

CLASS

The capacity of the standard two-lane deck-
t%pe panel bridge varies with the span and
the number of traffic lanes loaded. The
bridges are given two class ratings, one for
one-way traffic and the other for two-way
traffic. Each of these ratings may be either a
single or a dual classification. For maximum
spans and classes of standar ign two-
Iarat)a deck-type bridges, see Table 12-1] (page
140).

STANDARD DESIGNS
Standard design deck-type panel bridges are
illustrated in[Figure 12-1. Material require-

ments of the standard-design deck-type
panel bridge can be found in[ Table A-11
Appendix Al

ASSEMBLY

The most practical load distribution is ob-
tained by spacing the trusses uniformly under
a relatively stiff deck. Use five three-truss
girders (15 trusses) under the bridge deck.
Space trusses in each girder 1 foot 6 inches
(44.1 centimeters) apart and tie together with
bracing frames.
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Bracing _

Use bracing frames as much as possible at
panelé'unctlons to space the trusses and to
provide lateral stability in each three-truss
girder. To brace and tie the five three-truss
girders together, weld 3-by 3-inch (7.4 by 7.4
centimeters) angles diagonally across the
bottom chords of each two bays. Welding
must be done carefully so the properties of the
high tensile steel in the panel-bridge parts
are not changed. Use mild steel bracing members,
and weld them in place before any loads are
applied to the bridge.

Decking
Before the timber decking is laid, weld 3-inch
(7.4 centimeters) angles transversely to the
top chords of the trusses at 5-foot (1.5 meters)
centers. These angles tie the trusses together
gnfl provide a brace for clamping the ribband
olts.

Laminate the timber decking or lay it in two
layers. Laminated decking [Eigure 12-2, page
141) is better than layered decking because
the nails cannot work out under traffic
vibration. This reduces maintenance. Lay
timbers on edge perpendicular to the long
axis of the bridge and nail together horizon-
tally. For ease of assembly, 2Y%.-foot (73.5
centimeters) sections of laminated deck can
be prefabricated before-hand and then two
sections laid between each pair of angles.
Notch the end timber of each section to fit
over the horizontal legs of the angles. Then
nail timber wear treads to the deck.
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For layered decking [Figure 12-3, page 142),
lay 3- by 12-inch (7.4 by 29.4 centimeters)
P\Ilanks across the trusses between the angles.

otch every fifth timber to fit over the
horizontal legs of the angles. Then nail timber
wear treads to the deck.

Bearinc?

When end posts are use page
143), place them at both ends of each truss
and seat them on standard bearings. Cutoff
the top lugs of the end posts flush with the
trusses so they do not interfere with the
decking.

When end posts are not used iFiéure 12-@),
support the span on timber blocking at the
first Eanel junction from each end. The timber
blocking must extend at least 1 foot (29.4
centimeters) on each side of the joint. An
alternative method is to use a distributing
beam on a rocker bearing similar to the
support over immediate piers. With this type
of bearing, the effective bridge length is 20
feet (15.2 meters) ?reater than the gap be-
tween bearings. Also add timber blocking
under the cantilevered end of the panel to
eliminate a reversal of stress in panels near
the end of the bridge as a vehicle moves onto
the bridge. Over intermediate piers, the
trusses can be continuous or broken. If they
are continuous, provide a rocker bearing
(Chapter 16). If they are broken, attach end
posts to the ends of the trusses and seat two
ends on separate bearings. If timber decking
is used, the gap between the ends of the
spans may require an intermediate trestle to
support the decking [Figure 12-5] page 143).
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With panel-bridge decking, the gap between
the ends of spans can be bridged by expedient
lﬁmer or steel stringers an chess

EXPEDIENT ASSEMBLY
For ease in launching, group trusses into two-
or three-truss girders tied together by bracing

frames. (Space these girders uniformly under
the deck.) If other spacings of the trusses are
used, expedient braces must be welded to the
end verticals of the panels in place of bracin
frames. Cross bracing must also be welde

across the bottom chords. Examples of ex-
I%ié&%ﬂembly are given in[Table A-12]
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LAUNCHING
Use the following %u_idelines when launching
a deck-type panel bridge:

» Each three-truss girder may be launched
separately, or the entire bridge may be
launched as a unit by welding added
bracing to tie the girders together.

+ Launch individual %i_rders of a single-

st_o(rjy bridge by pushing or pulling the
girder and launching nose out over the

ap, by launching from a high line, by
aunching with derrick and preventer
tackle, or by lifting directly into place
with one or two cranes. Over a water gap,
girders may be placed on rafts and floated
out into the gap and then lifted inta place
by a crane on a raft. See[Chapter 19 for

details of these launching methods.

= A single-story bridge may also be
launched as a unit by pushing or pulling
it on rollers out over the gap.

Use the following guidelines when launching
a double-story bridge as a unit

e Tie the girders together by transverse
channels welded across the tops of the
bottom and intermediate chords.

e The entire unit may be launched with a
launching nose and then jacked down
onto the bearings.

o If a temporary pier can be built in the

middle of the gap to support the canti-
levered end, the bridge can be launched as
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a single-story platform just below the
near-bank seat. This method reduces the
jacking height. It is similar to the method
for launching triple-story bridges with

Jung bottom story described in
Chapter 8.

LOWERING TO BEARINGS
A crane at each end of the bridge can be used
to lower the girders to the bearings. Jacks can
be used as an expedient, although the 5-foot
(1.5 meters) drop requires several lifts. During
jacking, blocking must be used under the
trusses to take the load in case the jacks fail.

l_EKEEDLENLD_IﬂI.G_N BRIDGES
Table A-12, Appendix A lists several typical

World War 11 deck-type panel bridges built in
the European theater of operations (ETO).
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CHAPTER 13
RAILWAY BRIDGES

Panel-bridge equipment can be used as an
expedient for the assembly of railway bridges.
However, use it only in special conditions
because there is much deflection. Spans
longer than 70 feet (21.5 meters? are normally
impractical because a quadruple-double truss
bridge is required (Table 13-1). Usually,
panel-bridge railway bridges are assembled
as single-track bridges.

Panel-bridge equipment has the following
advantages for use as railway bridging

e Equipment can be transported in trucks
to the bridge site. This permits bridge
assembly at the same time repairs are
being made on the approach tracks.

e Either through- or deck-type bridges can
be assembled.

Panel-bridge equipment has the following
disadvantages for use as railway bridging:

e Through-type bridges provide restricted
clearance.

» Traffic over bridge must be controlled to
eliminate excessive vibration and side
sway.

e Pin clearance allows more sag than is
found in a normal bridge.
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e Bridge requires more maintenance than a
standard bridge.

RAILWAY BRIDGE ASSEMBLY
Railway panel bridges are either through-
type or deck-type. Assemble the througih-type
railway bridge the same as the normal panel
bridge, but use ties and rails in place of chess.
Girders can be single-, double-, triple-, or
quadruple-truss and single- or double-story.

The trusses of double-story bridges infringe
US main line and Berne international clear-
ance gages but allow passage at slow speeds
(Figure 13-1). If decking of double-story
trusses is tp aced in the top story, the trusses
do not infringe standard clearance gages.

In the deck-type railway bridge, space the
trusses under the ties. The trusses are usually
single story. Tie them together laterally by
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Fugare 130 Railway ricararce disgrare for M2 through-Lype panel bridget

bracing frames, tie plates, expedient angle
cross bracing, and the ties.

CLASS

The standard designs described will carry
standard or modified Cooper’s E-72 loading.
See|Figure 13- ({)a e 146) for diagrams of
loadings. Table 13-2 gives the s

oments caused by these loadings.[Table 13
ﬁgives the assembly required for 10-to 100-
foot (3.1 to 30.1 meters) spans using two
standard designs.

ASSEMBLY OF
THROUGH-TYPE BRIDGE
Single-, double-, and triple-truss assembly
can be used as in normal panel-bridge as-
sembly. A quadruple truss can be assembled
by inserting a fourth truss between the inner
and second truss of a triple-truss assembly.
Use bracing frames and tie plates to tie the
four trusses together (Figure 13-3, page 147?.
Use transom clamps on all panel verticals
except the three verticals in each bay covered
by bracing frames. Modify transoms by
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cutting a hole in the flange and web at each
end to seat the pintle of the fourth truss. Since
the fourth truss interferes with the use of
rakers, double-stor?/ quadruple-truss bridges
are usually assembled with the decking in the
top story.

_ Decking system
For railway loads, always use double tran-
soms. Place stringers as in a normal panel
bridge. If 8- b%/ 10-inch (19.6 by 24.5 centi-
meters% by 14-foot (4.3 meters) ties are used,
place them directly on the stringers at 2-inch
(4.9 centimeters) spac k-bolted to
the button stringers (Figure 13-4 page 147).
To use standard ties (6 by 8 inches by 8 feet 6
inches) (14.7 by 19.6 centimeters by 2.6
meters), lay chess and ribbands in the normal
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Fugure 112 Diagres of alandord and modified Coopers -T2 lnodingw

manner and spike the ties to the chess End bearings

13-5). By building up timber treads oneac Use end posts and bearings as in a normal
side and between the rails, the bridge canbe  panel bridge. Grillage n ugh to
used for rail or highwa traffic Figure 13- carry the loads given in/Table 13-3. Ramp

To reduce impact, rail joints onthe brldge sections must be level with the bridge deck.
should be tight, with no allowance for
expansion.
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ASSEMBLY OF DECK-TYPE BRIDGE
Two deck-type as_semb(ljy designs are de-
scribed here. Type | is used for spans up to 90
feet (27.7 meters), type Il is used for spans up
to 100 feet (30.8 meters). Use the following
steps to assemble type | designs:

1 Arrange trusses side by side and connect
them by bracing frames and tie plates, as
shown in Figure 13-7. Bracing is supplied
by the ties, welded sway bracing, and
modified transoms. Seat the modified tran-
soms adjacent to the center vertical in the
top and bottom chord of every second and
third bay. To seat the upper transom,
invert every other truss. Cut the modified
transoms to the desired length and hole
them to seat the pintles on the panels.
Weld three-inch (7.4 centimeters) angle

sway bracing diagonally under the bot-

tom chords of every two bays.

2 Use four 6- by 12-inch (14.7 by 29.4
centimeters) ties in each bay for the deck
system. Chord bolt every other tie to the
trusses. Drill holes for the chord bolts as
shown in|Figure 13-8| (page 150). Spike a
6-by 6-inch (14.7 by 17.4 centimeters) curb
to the ties.

3 Use end posts at each end of each truss
and seat them on standard bearings.
Grillage under the bearings at each abut-
ment must be sufficient to support loads
given in[Table 13-3. Rocker bearings over

Intermediate piers e similar to
those described in|Chapter 16.
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Use the following steps to assemble type Il

made from three trusses braced by bracing
¥ p designs:
] " L] I

frames. A 1%-foot (44.1 centimeters) three-
truss girder is made by adding a third
truss between the trusses of the two-truss

1 Brace trusses by bracing frames and tie

it bl bt tebf b i i e

ELEYEN TRULE

plates into two-, three-, or four-truss
girders suitable for launching separately.
Group the girders together to form six-,
seven-, eight-, nine-, ten-, twelve- |
Ixteen-truss bridges as shown in|Figurg
(page 150). The two-truss girder i1s
made from two trusses braced at the end

verticals by bracing frames. A 3-foot (92.3
centimeters) wide three-truss girder is

girder and bracing it with tie plates to one
of the outer trusses. A four-truss girder is
made by adding another truss 8% inches
(21.6 centimeters) outside a 1%-foot (45.7
centimeters) three-truss girder and
bracing it with tie plates. Tie the girders
together in the bridge by the ties and two
modified transoms on the bottom chord of
each bay. Modify transoms by cutting
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holes in the flange to seat the pintles on
the panels. Weld raker lugs to the transom
so rakers can be used betweeen the
transom and the outside trusses.

2 Use the same deck system as that used in
the type I bridge.

3 Use bearings of the same type as those
used in the type I bridge.

et
IR

TOP VIEW

la“--! |-- ™ w127 a 110" TIMBEA TIE
fl—l'_":i_ e T
Ll L.l L

T’f“"f - 4 SIDE VIEW

Figure 134 Lhetails af railieay tie for cight=-fruta
bdridge, showing chord-bolt holes
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LAUNCHING _
Launch a through-tyﬁe bridge on rollers in
Ehedsame manner as that for a normal panel
ridge.

Use the following guidance when launching
a deck-type bridge:

o Type | bridges are designed to be launched
complete on rollers. They can be pushed
or pulled across by a winch line.

aunching noses can be used as shown in
Figure 13-1( (page 152). During launching,
USe extra bracing frames and tie plates on

the top chords.
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e Type Il bridges are launched, girder by  Welded vertical cross bracing at each
girder, by cantilevering out on rollers. Banel junction can be used instead of
Add decking and bracing between girders racing frames and tie plates. Four-inch
after girders are in place. For other (10.2 centimeters) channels welded across

methods of launching single girders, see the panel chords can be used in place of
Chapter 19 transoms.
EXPEDIENTS o If end posts are not used, the abutment

[Table A-13, Appendix A lists panel railway
bridges built in World War 11 in the European
theater of operations (ETO).|Figures 13-1
throudgh 3-11 (pages 153 and 154) Mustrate
expedient bridges. The following expedients
are available:

bearings can be made from a rigid distri-
buting beam on timber grillage. The beam

must support at least two panel-support
points 1F|gure 13-11)).
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e Each truss or two-truss girder can be
launched from a highline or lifted directly
into place by a crane.

+THUSE MDSE
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Figure ¢.3-10 Bridge-bay and laynching-nose combinariony far Tvpe § railtosy bridges
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CHAPTER 14

REINFORCED BRIDGES
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The critical design factor in most fixed-panel
bridges is bending moment. This factor varies
from a maximum at the center of the span to
zero at the sugports. Unit assembly of the
panel bridge, however, produces girders of
uniform section and strength throughout
their entire length. Therefore, only center
bays of most sgans are fuIIP/ stressed. The
greater part of the capacity of end bays is not
used. By reinforcing on Y the center bays
where bending moment load is greatest, a
more uniform distribution of stress is ob-
tained. Reinforced bridges carry more load
for bridge parts used in their assembly than
do standard brid?es. Short spans of single-
single, double-single, double-triple, and triple-
triple are limited in capacity by shear in end
bays. They cannot be strengthened by local
reinforcement of center bays and ar

included in capacity|Tables 14-1 and|14-2
(pages 156 and 157).

REINFORCEMENT WITH
PARTIAL STORY
Double-single, triple-single, double-double,
and triple-double bridges, not limited by end
shear, can be strengthened b?/ converting the
center portion to spans double-double, triple-
double, double-triple, and triple-triple, re-
spectively. The number of bays converted
depends on the increase in load class. Added
panels must be complete with bracin? frames
and tie plates; in triple-story assembly, over-

head bracing is also necessary.

Assembly and launching

Partial stories can be added before or after
launching. When added before launching,
use standard launching nose for complete
bridges of the heavier assembly if the length
of reinforcement is more than half the “span.
If the length of reinforcement is half the span
or less, use launching nose for standard
bridge of the lighter assembly.

Class
gives safe classes of bridges rein-
forced with partial stories. Length of reinforce-
ment and the class of each is also shown.

Note the following

e Caution classes are all 25 percent greater
than the safe values.

e Check grilladge to ensure it will carry
increased load.

e Build bridges with a normal rating over
class 70 with double transoms.

REINFORCEMENT WITH
SUPPLEMENTARY CHORDS
All tyﬁes of bridges except spans limited by
end shear can be reinforced with supple-
mentary chords cut from damaged panels.
Pin the supplementary chords together and
bolt to existing top and bottom chords with
chord bolts. Bracing frames, modified to clear

the chord bolts, must be used (Figure 14-1).
Overhead bracing supports cannot be used
with su%ﬂemen_tary chords unless bolts 4
inches (10.2 centimeters) longer than stand-
ard chord bolts are used. If overhead bracing
supports are not used, overhead transoms
can be clamped under the top chord or welded
on top of the supplementary chords.

_ SPECIAL PARTS
Special parts for reinforced bridges are—

e Supplementary chords (Figure 14-1, page
1585) cut from salvaged panels. These

chords must be straight and undamaged.
The web channels must be burned off and
ground smooth without damaging the
chord channels. Both upper and lower
chords must always be reinforced. To use
lower panel chords as top-chord reinforce-
ment on all types of bridge, transom seats
must also be carefully removed and
ground smooth. A supplementary chord
weighs about 200 pounds (90.9 kilos).

¢ Horizontal bracing frames on double-and
triple-truss bridges reinforced with supple-
mentary chords. These frames must be
modified to clear the f)rojecting chord
bolts (Figure 14-1). Weld a tube, 1% inch
§3.8_ centimeters) long and between
% inches (7 centimeters) and 3% inches
(9.5 centimeters) in internal diameter,
into each longitudinal angle 8 7/16 inches

155



FM 5-277

(21.5 centimeters) from the bolt holes at
one end of the frame. Use an improvised

jig to hold the bracing frame during
cutting and welding to maintain align-
ment of the bolt holes. This modification
1gloes not prevent normal use of the bracing
rame.

Assembly and launching
Supplementary chords cannot be added to
the lower chord before launching because
projecting chord bolts interfere with rollers.
They can be added to upper chords, however,
with no change in standard launching noses.
Bracing bolts for fastening horizontal
bracing frames must be inserted in supple-
mentary chords before the chords are bolted
to the truss. When chord bolts are tight,

remove nuts from. ng bolts, and add
bracing frames (Figure 14-1).

Class
Table 14-2 gives the maximum safe class of
bridges reinforced with supplementary
chords and the corresponding length of rein-
forcement required.

~—"

Note the following:

e Caution classes are 25 percent greater
than the safe values.

e Check grilladqe to ensure it will carry
increased load.

e Build bridges with a normal rating over
class 70 with double transoms.
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CHAPTER 15

CABLE REINFORCEMENT SET

FM 5-277

The cable reinforcement set for panel bridge
M2 (Bailey type) increases to class 60 wheel
and track the classification of triple-single
Bailey bridge for span lengths from 100 feet

PRINCIPLE OF OPERATION

The cable reinforcement set consists of a
system of cables attached to each end of the
bridge and offset from under the bridge by

osts. The cables are tensioned, causin% the

ridge to deflect upward. When a vehicle
crosses the bridge, the bridge deflects down-
W%rld, transferring most of the load into the
cables.

USE
To install the cable reinforcement set with a
panel bridge use the following procedure:

1 Sling from two to six cables under the

bridge (Table 15-1). Connect them to ends

of the bridge by cable-connection beams.

DESCRIPTION AND USE
COMPONENTS

159
167

INSTALLATION AND DISMANTLING 177

OPERATION UNDER UNUSUAL CONDITIONS

187

OPERATOR’S AND ORGANIZATIONAL MAINTENANCE

187

ISHIPMENT AND LIMITED STORAGE]| 189

to 170 feet (30.8 to 52.3 meters). For a span of
180 feet (55.4 meters) the class Is 50 wheel and
60 track. This system significantly reduces

DESCRIPTION AND USE

The standard Bailey end posts on each
truss must be replaced by standard span
junction posts in order to install the cable-
connection beams (Figure 15-1, page 161).
Hold cables away from bottom of bridge

by two or four, approximately 8-foot (2.5
meterszlvertical posts (Figure 15-2, page
161). The number and placement of these
ﬁ)ﬁ‘s depend on bridge span length

2 Pretension cables to cable tension given
in[Table 15-1. The cables are tensioned by
the cable-tensioning assembly, consistin
of double-action hydraulic cylinders an
a rg/dra_ullc power unit. Two types of
hydraulic power units are used: electric

the assembly time and equipment necessary
to cross class 60 traffic over spans of between
100 and 180 feet (30.8 and 55.4 meters).

and hand. The electric unit (Figure 15-3
page 162) is normally used for installation
of the system. Two are needed and require
one 10-kilowatt or two 5-kilowatt electric
generators.

3 Check cable tension, using a hand-driven
hydraulic pump (Figure 15-4, page 163).
Read cable tensions directly from a cable-
tension gage mounted on either hydraulic
Bower unit. Tension cables from near

ank only. The near-bank end of the
bridge is called the tensioning end. The
far end is called the dead end.

Six cables are provided with the set. Each
cable is 179 feet 6 inches (55.2 meters) long.
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On the tensioning end of the cable is a
threaded stud. On the dead end of the cable
are nine buttons spaced about 10 feet ?3.1
meters) apart starting 100 (30.8 meters) feet
from the stud end. This provides a connection
of the cable at the dead end, according to the
bridge span length.

TRANSPORTATION
The cable reinforcement set is transported in
three 5-ton dump trucks. One truck carri
he set assemblies and components |
15-9), the second carries the cables g
5-6), and the third carries the span junction
posts (Figure 15-?]).

_ CLASSIFICATION _
The classifications in Table 15-2 are obtained
with the cable reinforcement set.
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Figure 151 Bpan junelion poata repiocing slandped #nd post oo
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Fryure 152 Cable reinforcement aet perticad posts inglalivd on Bailey bridgre
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Figure 14-] Cahiy-Iumainning sraawmliy aith adctric hydraulic pivcar st
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1 LASHING
2 POST-COMKECTION FIXTURES
APOSTS ASSEMELY
4 CABLE RETAINERS, BRIDGE SEAT ROCKERS.
ADAPTERS. BOLTS. MUTS, AND JACKING LUGS
E TRANSUERSE BAACING
5 LONGITUHNAL BRACING
7 BRACING -CONNECTION FIXTURE
B FULL AQGS
3 HAKND PIIMF
10 CYLINDERS
11 HYDAALLIC PLIMPS
12 CABLE-CONNECTHON AEAMS

Figure {i-5 Set arsembiizg and componenis iesoluding rable reels, cable-reel supporis, rable.seel ahafts, and
Apast Junthion pod by wiecked o fody of any model of S-lor tactioe! dump frach
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d CABLE-REEL SHAFT
d CABLE.REEL SURRDRT

2CallE-REEL

1 LASHING

Fugrare 13 & {atle repde, coble-reel supports, and vable-reed shafis stocked on dody of any mede! of
B-lon favlical dump trusk
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Figure 157 Bpan juncliod posid stacked on body of any model of 3-foa facfival dode bruck
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_ DESCRIPTION
The following assemblies and components
comprise the cable reinforcement set. Descrip-
tion of these parts includes function and
location.

~ POST ASSEMBLY

The vertical-post assembly is a fabricated
structural steel member susEended directlf/
below a vertical member of the bridge panel.
A saddle welded on the lower end of the
vertical ;t))ost provides a seat for the cables,
and a cable retainer is bolted to the base to
support the cables before they are tensioned.
The post assembly is secured to the lower
panel chord of the M2 Bailey bridge by the
post-connection fixture (Figure 15-8). The post
assembly weighs 269 pounds (122.3 kilosg].

1 PAKEL LOWER CHOAG

1 HMEX MLT

3 GHOAG PLATE

d CHORD BOLT

% LONGITULER AL BRACE

& HIGH STRENGZTH BOLT

T RPOST ASSEMABLY

B POAT-CONMECTION FIMTURE
9 BRACE- CONNECTION FINTURE

Figure 158 Verticatl-posd, bracecomneciion
fixtures, and longifudistal braces reciered o
pansl lower chord of W3 penel bridgpe
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POST-CONNECTION FIXTURE
The post-connection fixture (Figure 15-9) con-
nects the post assemb |th the bridge panel
lower chord (F . Secure this fixture
to panel Iower chord by four bolts and hex
nuts. Use two chord plates on one side of
connection fixture to adapt bridge panel for
securing fixture. The fixture weighs 178
pounds %09 kilos).

BRACE-CONNECTION FIXTURE
Left-hand and right-hand brace-connection
flxtures (Figure 15-10) secure braces, which

OFort the post assembly, to lower chord of
br| e panel. Secure one brace-connection
flxture to panel lower chord by three bolts
and hex nuts. Secure the opposite brace
connection by the same hardware plus add-
ition of chord for securing this brace-
connection fixture. The fixture weighs 32
pounds (14.5 kilos).

BRACES _
There are two types of post braces, longitu-
dinal and transverse (Figure 15-11). The longi-
tudinal braces are flat steel bars bolted to the
brace-connection fixtures and the lower end
of the post assembly (Figure 15-8). They are 8
feet ¥ inch (2.5 meters) fong, 3 inches (7.6
centimeters) wide, 3/8 inch (1 centimeter) thick,
and weigh 32 pounds (14.5 kilos) each. Trans-
verse braces are steel angles which are placed
etween posts on each side of the bridge
‘) These braces are bolted to
welded plates on each end of the vertical post.
For convenience of storage and transpor-
tation, each transverse brace consists of two
parts: a 7-foot 4-inch (2.3 meters) brace an Ie

with a welded splice plate on one end, an

168

Figure 1510 Bracetonneciion fielure

10-foot (3.1 meters) brace angle bolted to the
splice plate of the shorter bracing. A high-
strength bolt and hex nut secure the two

transverse braces to%ethe nhe Cross
between post assemblies F|ure 15 12 The
total weight of one transverse brace is 88

pounds (40 kilos).

CHQRDPLA
The chord plate (Figure 15-13) is used to

adapt the bridge panel lower chord for

Figure 151} Longrituding! cad iransceree brocer

securing the brace-connection fixture and
post-connection fixture to the panel lower
chord.

CABLE ASSEMBLY
The cables are 1¥-inch (3.2 centimeters)
diameter high-strength wire ropes with
threaded stud on one end and nine buttons at
specific intervals along the cable length. The
first button is about 100 feet (30.8 meters)
from the stud end of the cable and the re-
maining eight buttons are spaced at approx-
imately 10-toot (3. 1 meters) intervals toward
the opposite end. Each button is marked with
the applicable Iength of the M2 panel bridge.

Screw stud end of cable into a rod-to-cable
coupling (Figure 15-14 1 , page 170) and secure
by a bolt- pe sefscrew. The rod to-cable

coupling a so has internal threads to retain
the pull rod. The cables are 179 feet 6 inches
55.2 meters) long and weigh 595 pounds
270.5 kilos). They are wound on wooden



1 LONG TRANSYERSE BRACE
2 HIGH.STAENGTH BCAT %™ [WAM
3 SHOAT TRANSYERSE AFACE WITH WELDED SPLUICE PLATE

Maure 1517 Transverse broces

CABLE REEL SUPPOR
The cable reel supports (Figure 15-15, page
171) are steel frames that support a cable reel
shaft on which three cable reels are retained.

cable reels for convenience of storage and
shipping. The reels weigh 180 pounds (81.8
klloss) each. Six cables come with the reinforce-
ment set.

FM 5-277

Figure 15-13 Chord plote

Secure cable reel shaft to each cable reel
support by a bolt inserted through each end
of the pipe shaft and secure bolt by a nut. The
cable reel support and cable reel shaft to-
gether weigh 287 pounds §130.5 kilos). The
shaft is 10 feet (3.1 meters) long.

CABLE-CONNECTION BEAM
Left-hand and right-hand cable-connection
beams (Figure 15-16, page 171) are steel
frames secured to each corner of the M2 panel
bridge for connection and tensioning of
cables. Pin these components to bottom of
span junction posts which reBIace end posts
of M2 panel bridge. Each cable-connection
beam is a frame, with provisions for three
cables with buttons or pull rods to pass
through it. The cable-connection beam weighs
315 pounds (143.2 kilos). These beams serve
two purposes:

e They serve as a dead-end cable-connection
beam. After inserting the cables, with
buttons, through the holes provided in the
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cable-conngcti lace half-cable
retainers (Figure 15-17) between the
bearing surface and the button to anchor
the cable 1Figure 15-JL8|D.

¢ They serve as a tensioning-end cable-
connection beam. After connection to the
rod-to-cable couplings, feed pull rods
through the cable-connection bt |
a|n them by serrated nuts (Figure 15-|
page 172).

A double-acting hydraulic cylinder, when
installed on each pull rod, bears against the
front surface of the cable-conpection bea
through the use of an adapter (Figure 15-20).

Use the double-acti aulic cylinders to
tension cables (Figure 15-21)).

1 PULL ®01D

i BoLT

3 BOLT-T¥PE SETSCREW

4 CABLE

5 BTUD END {F CABLE
ERCG.TO-CARLE COUPLING
T HE® RUT

==
\.

170

Figure 15 14 Cabie stud end and pull rod in rad-lo—cobie coapling,
apcyred &y bolil ond nuf ishawa 1t pras)
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1 CABLE-REEL SHAFT
Z CARLF-REEL SUFFURT
A CARLE ATSEMALY

4 CABLE REEL

Figure 1615 Cable assemblica inmtalled on cabis rexln, woith coble- reel sapyparts

Figure |5 18 Halfcenhly relainera placed
heiipwen Che coble-conneciion bewring surfods
aad the cable bations

Figure 516 Lafi-hand cableconnection wam
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JACKINGEND CABLE.CONNECTION BEAM

Figure 1519 Serraled cable-cvilinder nila

| CABLE ASSEMBLY 13 HOSE ASSEMBLY [LONGE MALE

T RAOLT-TYPE SET SCREW T4 HQSE ASSEMELY [LONG|, FEMALE
ARODD-TO-CABLE COUFLING 16 AlAPTER

4 BOLT. #" LONG 16 DOUELE-ACTING HYDRALNIC S LIMEHER
B HEX KT, % DlAM 17 PULL: R CHARY

& PLILL RO T8 GNCE-DESCONMELT COLBLING [RALE|
¥ BAIMGE. SEAT ROCKER (TENSIDMIMG END ONLYY 19 CYLINDER NUT

& HYDRAULIC POWER UNIT 20 HOEE ASSEMEBLY (SHOAT|, MALE

B AVEHING 21 QUICK-DISCOMNMECT COUELING (FEMALE)
10 DRAL-INMCATING CABLE-TENSMIN GaAGE 11 HOSE ASSEMBLY (SHOAT). FENLE
11 FLOW REGULATOR 23 CABLE COMNECTION BESM
12 90" ELBEOYW 24 BEARING SURFACE

Fuypure 15 20 Cylinders inatafled on pull rirela paaying fhnrugh cable-conraction Deson
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BRIDGE SEAT ROCKERS

Bridge seat rockers (Figure 15-22) are placed
between the bridge bearing and the cable-
I eam at the tensioning end only
, page 174). These rockers pro-

Ide Tor Tongitudinal displacement that oc-
curs while heavy traffic is crossing the bridge.
Each rocker weighs 15 pounds (6.8 kilos).

iFi?ure 15-23
v

Figure 152} Idoubleracting kydrawlic exlinders mounted on puil roda

PULL-ROD ASSEMBLY
The pull-rod assembly (Figure 15-24, page
174% consists of a 2%-inch (5.7 centimeters)
high-strength threaded rod, a rod-to-cable
coupling, and two serrated nuts. The as-
sembly provides for the connection of the
cable to the cable-connection beam on the
tensioning end and serves as a means to

FM 5-277

Figars 5 22 Bridgesaect rocker

tension the cables. Thread one end of pull rod
into one end of rod-to-cable coupling. Secure

pull rod and rod-to-cable coupling by bolt and
nut (Figure 15-14). When the cable is ten-

sioned, a serrated nut bears against the
bearing surface of the cable-connection beam
to take cable-tensioning loads. The second
serrated nut retains the double-acting h%/-
draulic cylinder when it is installed on the
pull rod. The two serrated nuts are identical.
The nut used to retain the cable is called the
cable nut and the nut used to retain the
double-acting hydraulic cylinder is called the
cylinder nut. The pull-rod assembly is 5 feet
10 inches (1.8 meters) long and weighs 60
pounds (27.3 kilos).
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Fegure L2 Heidge-weal rocipers jn place
tedecrerr standord beraring and cable-
condeciion boem flengioning end onfy

The bullrod et B TrToZ0) 1 12 feet (37
€ pull-roa ¢ ain (Figure lo- IS ee .

meters) long and is screwed Into the end of
the pull-rod assembly after installation of
pull rods in the cable-connection beam. This
Bull-rod chain helps to advance the cable nut
efore installation of hydraulic cylinders.

. ADAPTER _
An adapter (Figure 15-25) is used during the
cable-tensioning Procedure to take the cable-
tensioning load from the hydraulic cylinder
until the cable nut is tightened. Use one
adapter for each cable. The adapter weighs
20 pounds (9.1 kilos).

174

Frreer 1520 Poll-rod ansrmbily wirh rgd,
rod-ru-cablc coupling, tock dafi and acrec, wrd
warrabed nuia

CABLE-TENSIONING ASSEMBLY
The cable-tensioning assembly is used to
tension the cables. It has two basic com-
ponents: a hydraulic power unit asembly,
and double-acting hydraulic cylinders.

The hydraulic power unit assembly consists
of a hydraulic power unit gage, hose assem-
blies, quick-disconnect couplings, and a flow
requlator. The hydraulic power unit has a
filler/vent plug for adding or removing
hydraulic oil, an electric switch for con-
trolling the amount of fluid flow, and a valve
for controlling the direction of fluid flow. Two
hydraulic power units are required for a
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/

Fagure 15 23 Adapler apoinar imhich doplde-
groting Avarandic cylinders bagr during
Lenginning of Lthe cablea



Figurr (526 Balia in cebie reinforcemend set

bridge. Each Weighs 65 pounds (29.5 kilos).
They are powered by either one 10-kilowatt
generator or two 5-kilowatt generators.

One double-acting hydraulic cylinder mm
[15-21) is required for each cable. Ahole
through the center of the cylinder allows
installation of the cylinder on the pull rod.
The power unit is used to expand and retract
the cylinders. When the cylinder is pres-
surized to expand, it advances the pull rod
through the cable-connection beam, in-
creasing cable tension. Each cylinder weighs
65 pounds (29.5 kilos).

HYDRAULIC RAM PUMP _
The hand-driven hydraulic ram pump

is included in the kit to provide a means

for periodic checking and adjusting of cable
tension. It has an end dipstick/plug for
checking and adjusting fluid level, a gage
adapter, gage, hose assemblies with quick-
disconnect couplings, flow regulator, and a
control valve to direct fluid flow to and from
the cylinders.

N

Fa

Frguer (3 37 Sacking lugin
rable reinfurcerment set
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BOLTS
Three types of bolts (Fiﬂure 15-26) are used to
secure major parts of the cable reinforcement
set together and to the M2 panel bridge:
machine, chord, and high-strength bolts.
Machine bolts secure parts in assemblies
such as the cable reel shaft. Chord bolts
secure fixtures to the panel lower chord.
High-strength bolts secure bracings to the
post assemblies. High-strength bolts are
Ldegtified by radial lines embossed on the
ead.

JACKING LUG
Jacking lugs (Figure 15-27), when pinned to
end holes of the span junction posts, provide
a lifting surface for jacking up bridge.

I SdeAN fUNCTION POSTS -
Male and female span junction posts (Figure
15-28, Bage 176) from bridge cqnvers
No. 3, Bailey type, panel crib pier, fixed M2
are used in place of the standard end l|E>ost.
The male post weighs 194 pounds (88.2 kilos)

[
Enld She female post weighs 202 pounds (91.8
ilos).

BOX WRENCH
A special 2 */s-inch (14.3 centimeters) box
wrench (Figure 15-29, page 176?) with offset
head is used o |gi en the chord Dbolts inserted
through chord plates. After the nut is tight-
ened as much as possible by normal means,
use this wrench to tighten it another one-

fourth turn by striking the end of the wrench
with a sledgehammer.
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Figure 1620 Span junetlon pogis

Figure 1528 2%=inck 5ox wramoh mpmd to Hgtan
brwop-opmmaciion lotwres Lo ponel chords
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INSTALLATION AND DISMANTLING

SERVICE UPON RECEIPT
When new, used, or reconditioned material is
first received by the using organization, make
sure this material has been properly serviced
by the supplying organization, and that it is
in proper working condition. Keep records on
any missing assemblies or component parts
and equici)ment. Perform the following inspec-
tions and services for the cable reinforcement
set before any installation procedures:

e Remove any cushioning material or pro-
tective covers from packaged cable-
tensioning assemblies and pull-rod
assemblies.

e Perform preventive maintenance checks

and s required, in accordance
with [Table B-3, Appendix B.

e Inspect cable-tensioning assembly for any
leakage or damage which would limit
effective operation.

USE WITH NEW BRIDGE
The cable reinforcement set can be used with
both new and existing panel bridges. When
used with a new bridge, it should be installed
concurrently with assembly of the new bridge.

Placement of material
Install material before assembly of the bridge
as follows:

1 Unload contents of trucks which carry all
assemblies and component parts (except
the cables and cable reels) and stack them
in the vicinity of the end posts in the M2
panel bridge standard layout.

2 Place three cable reels with cables, which
are retained on the cable reel supports, on
each side of the roadway at rear of bridge
erection site. Remove cable reels from bed
of truck by using crane or gin poles.

To erect cable reel supports, place three un-
loaded cable reels side by side; insert cable
reel shaft through center hole of cable reels;
lift one end of cable reel shaft, close to cable
reel; and slide cable reel support on cable reel
shaft. Repeat for other end of cable reel shaft.

Post assembly
Attach post assemblies to the lower panel
chords of the bridge according to|Table 15-1,
chI)I install each vertical post, proceed as
ollows:

Caution: In order to install a post
assembly correctlg, the post-connec-
tion fixture must be installed directly
beneath the vertical member between
two panels (from now on referred to
as the panel point).

1 When panel point has sufficiently cleared
rocking roller, Bosmon post-connection
fixture directly beneath panel point.

2 Secure post-connection fixture to bridge-
panel lower chord using four 1%-inch (4.5
centimeters) diameter chord bolts and
hex nuts. Tighten bolts firmly. Place bolts
on one end of the post-connection fixture
in holes normally used for adding second-
or third-story tiers to Bailey bridge. Secure
the other end by placing two chord plates

FM 5-277

on top of lower chords, using two 1%-inch
(4.5 centimeters) bolts and hex nuts.

3 When a point approximately 4 feet (1.2
meters) behind the panel point has cleared
the rocking rollers, install brace-connec-
tion fixtures. Position large holes in
brace-connection fixtures about 3 feet 9
inches (1.2 meters) ahead of and behind
panel point. On one side, holes will lineup
with holes in lower chord used for multi-
story construction. Secure brace-connec-
tion fixture by placing chord bolts through
these holes and tightening hex nuts. On
the other side, use two chord plates and
bolt through the panel lower chords. Place
bolt with nut on top of chord plate. Tighten
nut enough to secure brace-connection
fixture but to allow for adjustment later.

4 When at least 8 feet (2.5 meters) of
clearance is available below panel point,
install vertical post. Remove cable re-
tainer from vertical post and lower post
over side of bridge using %-inch (1.9 centi-
meters) hemp rope. Secure vertical post to
post-connection fixture, using four %-inch
(1.9 centimeters) diameter high-strength
bolts and hex nuts.

WARNING: All personnel who are lowered
over the side of the bridge in a boatwain's
chair must also wear a safety belt connected

to a lashing which, in turn, is secured to the
side of the bridge.
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5 Secure one longitudinal brace to plate
weldment of brace-connection fixture with
two ¥-inch (1.9 centimeters) diameter
high-strength bolts and hex nuts. Bolt
opposite end of longitudinal brace to plate
weldment on bottom end of vertical post,
using_two high-strength bolts and hex
nuts (Figure 15-8).

6 Secure second longitudinal brace to plate
on brace-connection fixture which is
secured with chord plates, with two ¥-
inch (1.9 centimeters) diameter high-
strength bolts and hex nuts. Attach
opposite end of brace to plate weldment
on lower end of vertical post using the
same hardware. A small adjustment in
position of this longitudinal brace-
connection fixture may be necessary to
complete installation of the second longi-
tudinal brace. Once brace-connection
fixture is ﬁosmoned, tighten chord bolts
through chord plates using 2 °/s-inch #6.7
centimeters) box wrench having offset
head. Turn nut on bolt threads one-fourth
turn, from point where a person can no
longer tighten bolt by applying hand
pressure to wrench, by striking wrench
with sledgehammer (Figure 15-30) to
complete installation of longitudinal
braces.

7 Connect long transverse brace to short
transverse brace, which has a welded
splice plate, with four %-inch (1.9 centi-
meters) diameter high-strength bolts and
hex nuts to form full-length transverse
brace. Repeat this procedure to form all
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1 SLELGEHAMMER AFFLIED T TURN MUIT W TLIRN
2 2%~ BN WRENCH WITH OFFSET HEAD
3 CHORD PLATE

4 HEX NUT
O BRACE COrMNELTION FIXTURE
| BRICGE-PAREL LOWER CHORD

Figfure 1547 Slvdgeliammer appiied 0 end of offsct-Aoad box wrensk fo tighten mur 4 furn

full-length transverse braces. Connect two
transverse braces to plates on each end of
vertical posts to form X-type bracing.
Secure each end of transverse braces to
vertical post weldment plates by two
Ya-inch él.9 centimeters) high-strength
bolts and hex nuts. Bolt the two transverse
braces together where they cross by
installin%a Y-inch (1.9 centimeters)
diameter high-strength bolt and hex nut

through the hole provided in the braces
Figure 15-12|D.

Caution: This bolt provides a stabi-
lizing function for the transverse
braces. Do not forget to install it.
Omission of this bolt could result in
damage to the equipment.
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Figure 1557 Lawinding cabie from cable reel and installing rope laahings

Position of cables

The total numbeyof cables used depends on
the bridge span;[Table 15- giives the number

ace the required
cables in a preliminary position on the bridge

needed for various spans. P

structure before launching the bridge, using
the following procedure:

1 Unwind one cable at a time from cable
reels, button end first.

2 Loop 16-foot (4.9 meters) length of %-inch
(1.9 centimeters) diameter hemp rope to
cable at 2-foot (61.1 centimeters) intervals.
Make a loop at each end of rope to facili-
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tate carrying and lashing of cable (Figure
15-31). Using these ropes to support cable,
carry cable onto bridge.

3 When cable button number 180 is at the
panel which will be the end panel on far
shore, lash cable to panels.

4 Repeat the three steps above for each
cable on each side of bridge. If three
cables are installed on each side of bridge,
lash cable to be installed in inner slot of
vertical-post saddle to lower part of bridge
panels. Lash cable for center saddle slot
to middle of panels and lash outside cable
to top part of panels.

Span junction posts _
Just before final positioning of the bridge,
install female span junction Fosts on one side
of the bridge. Then do as follows:

1 Insert a transom through holes in female
span junction posts and push through
hole until flange of transom hits side of
female span junction posts.

2 Install female span junction posts on the
other side.

3 Position the transom properly on studs of
the six female span junction posts.
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panel pin, through bottom of span junc- =

tion post, measures 4 inches (10.2 centi- , i {_u_—_ = _ET—-I
g_ra]s I [ -------.-___., ----E‘--{j

meters) to centerline of outer rocking
roller. g

L_‘?‘lﬂﬂ W

 Bridge bearing plate '
To position the bridge bearing plate, do as P,
follows: =i "
.. . R . |@ . (LR . . ) . . "
1 Position bridge so that centerline of first N .
| e s .
==y

2 Place the back inside edge of the base

Blate about 18 inches (45.8 centimeters) [
ehind centerline of first panel pin. I[ |
.. . . H l 1 RAILROAD JACK B PFANEL BRIDGE M2
3 0n tensioning end of bridge, place special * JACK SHOE 9 ROCKING ROLLER TEMPLATE
bridge seat rocker (Figure 15-22) over . N 3 BMIDGE BEARING 10 ADCKING AOLLER
each bearintg to allow Tongitudinal dis- 5 4 BASE PLATE 11 PANEL
placement of bridge under Toad. P R RS T
Note: When bridge is jacked down, bearing =~ ~% ’! JJ 7 APIOGE SEAT ROCKER (TENSIGMING END oMLY
shoe on bottom of installed cable-connec- il (e 1 —_—
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Jacking up of bridge N inis ke Cithy, Dol MRS
Jack up the bridge as follows: wfﬁﬁﬂf' =S
1 Install two jacking lugs (Figure 15-27) at \\4 .

each bridge corner, one on end hole of
outside span junction post and one on the
end hole of inside span junction post,
using panel pins (Figure 15-32).

2 Install railroad jacks and jack up end of
bridge to ease installation of cable- i *
connection beams.

Fogure 15023 ofae RELE Hp m.-df af Mz panrl bridge to fmafell cable-connection beam
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3 Use normal bridge installation procedure
for removal of rocking rollers and tem-
plates, and we cribbing under the lower
ph?(rd for safety in case bridge slips off
jacks.

~ Cable-connection beam
To install cable-connection beam, do as
follows:

1 Position cable-connection beams on
bridge seat rockers (tensioning end only)
or bearings (dead end) under raised span
junction posts.

2 Using normal jacking procedure, lower
bridge onto cable-connection beams until
holes in beam lugs align with lower center
holes in span junction posts (Figure 15-33).

3 Secure the cable-connection beams to
span junction posts using a set of standard
panel pins, and secure panel pins with
retainer clips.

4 Complete jacking bridge down onto the
bearings (Figure 15-34, page 182) and
continue with normal procedure for stand-
ard installation of the bridge.

181



FM 5-277

Caution: It is essential that both near-
and far-shore abutment cribbings be
level transversely with each other in
order to eliminate eccentric loading
causing bridge elements to be stressed
beyond their capacity. It should also
be noted that the bridge seat rockers
will cause the tensioning end to be
higher by the installed height of the
rockers.

Installation of cable

After the bridge has been decked, install all
cables. Use the following procedure for each

cable

1 Remove lashing ropes from side panels of
bridge but not from cable.

2 Using the ropes to support the cable,
thread button number 180 and the fol-
lowing cable through dead-end cable-
connection beam. If only two cables are
used, one on each side, thread each cable
through center hole of cable-connection
beam. If four cables are used, two on each
side, no cable is threaded through center
hole. Continue threading operation until
cable button stamped with number cor-
responding to span length in feet has
passed through cable-connection beam.

3 Place two half-cable retainers between
button and cable-connection beam
bearing surface (Figure 15-18) to prevent
button from being pulled through cable-
connection beam during cable tensioning.

4 At tensioning end of the bridge, remove
cable and cylinder nuts from pull rod and
thread pull rod into rod-to-cable coupling.
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Continue turning pull rod until it bottoms
in rod-to-cable coupling. Turn pull rod
back one-half turn or more to align hole
through pull rod and rod-to-cable
coupling. Insert a '/2-inch entimeters)
diameter bolt (inset,|Figure 15-14) through
the rod-to-cable coupling and pull rod.

Install hex nut on end of bolt. Thread
coupling onto stud end of cable until it

bottoms. Insert a '/2-inch (1.3 centimeters)
diameter setscrew.

5 Feed pull rod through proper hole in
cable-connection beam and retain with
cable nut (Figure 15-35). Then advance
cable nut so that pull rod extends beyond
cable-connection beam at least 21 inches
(53.4 centimeters). This may be done by
threading the eyebolt on the 12-foot (3.7
meters) pull-rod chain into pull rod and
pulling, advancing the cable nut as pull
rod advances; by advancing pull rod using
hemp rope tied to cable at or near rod-to-
cable coupling; or by advancing cable nut
using chord-bolt wrench.

6 Position cable below vertical posts and
remove all rope lashings from cable.

Caution: The cable must be guided
into the correct slot of the vertical-
post saddle by bridge personnel while
the cables are being tensioned.

7 Repeat the six steps above to install all
cables on bridge. After cables are installed
on both sides of bridge, secure each cable
retainer to vertical-post saddle with four
‘/2-inch (1.3 centimeters) diameter bolts
and hex nuts.

USE WITH EXISTING BRIDGE
The procedures for installing the cable rein-
forcement set on an existing panel bridge,
M2, are similar to those for a new bridge.
Place the contents of the trucks carrying all

FM 5-277

assemblies and component parts on each side
of the bridge as close to the area of installation
as possible. Next, remove the cable reels from
the trucks on the near shore and install on
cable reel supports on each side of the
roadway, close to the bridge.

Cable-supporting structures
Install the post-connection fixture, post cable
assembly, brace-connection fixtures, and lon-
gitudinal and transverse braces like the
Installation for a new bridge and as follows:

1 Using r(gae, lower post-connection fixtures
over side. Pull up into position using
ropes placed through the two openings
between the three panels. Note that
bearing plate on top of post-connection
fixture must be placed under center panel.

2 Remove cable retainer from vertical post
by removing four '/2-inch (1.3 centimeters)
lameter bolts and hex nuts. Install ver-
tical post using a rope over outside of
bridge. Attach two ropes to the top of
vertical post and pull it into position with
ropes through the two openings between
the three panels. Note that fixtures on
vertical post for transverse braces must
be on inside.

3 Attach brace-connection fixtures in a
similar manner. Note that bolts on the
brace-connection fixture not using the
slotted holes in the bridge panel should
not be tightened yet, to allow for lateral
Enovement when fitting longitudinal

race.
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4 Attach longitudinal and transverse
braces, using a boatswain's chair.

WARNING: All personnel who are lowered
over the side of the bridge in a boatswain's
chair must also wear a safety belt connected

to lashings, which, in turn, are secured to
the side of the bridge.

Span junction posts
To install span junction posts and cable-
connection beams, jack up end of bridge
enough to place cribbing under lower panel
chords near end posts to temporarily support
bridge. Remove jacks from end of bridge.

Note: Ignore any reference to rocking
rollers, since these items have been pre-
viously removed from under bridge.

Remove standard end posts from bridge and
install span junction posts. Install cable-
connection beams.

Cable assemblies

To install cable assemblies, do the prelimi-
nary procedure to prepare cables for instal-
lation on the bridge. Carry the cable across
the bridge and install button end of cable
through cable-connection beam on far shore.
Then complete installation of cables as
described earlier.

CABLE TENSIONING
Before tensioning the cables, set up a level
reference so the deflection of a point on the
bridge at midspan, relative to a point at the
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support, can be measured. The purpose of
measuring deflections is to provide a check
during cable tensioning. Tension all cables
simultaneously.

Note: One 10-kilowatt or two 5-kilowatt,
60-cycle alternating current #ac) generators
are required for operation of the hydraulic
power unit.

To tension each cable, install an adapter and
a double-acting hydraulic cylinder on each
pull-rod assembly; connect the hydraulic hose
to the cylinders and the hydraulic power unit;
and install and tighten cylinder nut on each

pull rod to retain adapter_and cylinder of
cable-tensioning assembly (Figure 15-20).
The hydraulic power unit is operated as
follows:

~—

1 Loosen filler plug to vent reservoir.

2 Place control-valve lever in advance posi-

tion (inset, [Figure 15-36)).
3 Turn switch to RUN position.

4 Turn switch to OFF Position when any
cylinder has reached tull stroke. The JOG
position on switch may be used to run
power unit in short bursts.

5 Pressure may be slowly released by
moving control-valve lever toward center
position.

The cable-tension ga?e Figure 15-36|D IS
located on the hydraulic power unit of the
cable-tensioning assembly and the hand-
driven hydraulic ram pump. The gage is 3'/2
inches (8.9 centimeters) in diameter and has
I-ton (.9 metric ton) graduations on the dial
throughout a 60-ton %54.6 metric tons) scale.
Cable tensions for the various bridge spans
are given in[Table 15-1.

Note: Loads should be read while ten-
sioning cables. Readings during deten-
sioning are inaccurate due to gage lag.

The retract position is used to return cylinders
to normal operating position, after cable nuts
have been tightened during tensioning
procedures.

Operate the hydraulic power unit of the cable-
tensioning assembly to cause one complete
stroke of the cylinder at a time to tension the
cables. Cable tensioning is accomplished in
increments of cylinder strokes, as tollows:

1 As cylinder advances, tighten cable nut
by hand against bearing surface of the
cable-connection beam. At the end of each
cylinder stroke, release pressure, retract
cylinder, and hand tighten cylinder nut
back to retracted cylinder.

Note: If cable nut cannot be hand tightened
because thread on pull rod is damaged or
burred, use a Bailey structural wrench, as
shown in|Figure 15-37| (page 186) to pry
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cable nut free of damaged area. Hand
tightening of cable nut can then be con-
tinued. Cylinder nut can also be turned
through damaged or burred threads, using

a chord-bolt wrench.

2 Repeat the last two steps until load, as
indicated on gage of cable-tensionin

assembly (Figure 15-38| page 186), is equa
to 2 tons 1.823)r more than
value listed in[Table 15-1| Then slowly
release pressure in hydraulic cylinder by
slightly opening valve on hydraulic power

unit until gage indicates a tension value 4
tons (3.64 metric tons) less than that
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Figure 15-36 Cable-braslon gags

listed in[Table 15-1. Repressurize to appro-
priate value in[Table 15-1. This must be

done with the cylinders near midstroke.

Note: This procedure eliminates friction
between the cable and vertical post.

3 Tighten cable nut a%ainst bearing surface
of cable-connection beam. Release all pres-

sure in cable-tensioning assembl?]/ b%l/
an

opening valve on power unit. Then
tighten cylinder nut against cylinder.

Note: Cylinders must be fully retracted
before disconnecting hydraulic power unit.

4 Measure deflection of bridge at midspan,

relative to end of bridge. Colmparﬁ the
to values shown

miii“iil ii|ue obtaine

in[Table 15-1. If the deflection measure-
ss than the values listed in
Table 15-1, refer to maintenance pro-
cedures later in this chapter for trouble-
shooting tips to correct conditions. As
part of regular maintenance, check cable
tension using manual hydraulic-pump

assembly by pressurizing cylinders just
enough to free cable nuts, and comparing

age reading with cable-tension value in
| I aéle 15-1.
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Figure 1537 Daing Balley atrusturnd wrench o
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DISMANTLING OF SET
The sequence for dismantling the cable
reinforcement set must be closely followed in
order to prevent damage to equipment or
possible injury to personnel.

_ Cable tension
To relieve cable tension, unload tension on all
cables simultaneously, as follows:

1 Move cylinder nuts away from cylinders
to '/4inch (.6 centimeter) lees than full
cylinder stroke. By pumping, increase
load on each cable until cable nut turns
freely.

2 Keep cable nut free of cable-connection
beam bearing surface while carefully
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opening valve on the power unit, per-
mitting cylinder to slowly collapse.

3 Ti%hten cable nut against bearing surface
when cylinder is almost completely col-
lapsed. Cylinder should not be completely
collapsed because tension in cable pre-
vents hand loosening of cylinder nut.

4 Repeat the three steps above until tension
in cables is relieved and cables are free of
vertical-post saddles.

5 With cable nut against bearing surface of
cable-connection beam, remove cylinder
nut, cylinder, and adapter from pull rod.

1 [MAL-IMCHCATING CABLE-TEMSHDM GAGE GF
CABLE- TEMSIONMNG ASSEMBLY AND MANU AL
HYDAALUC- PUMP ASSEMELY

Z 18- TON LOAD REGUIRED FOR PACHFER CASLE
TEMSICHWNG CF A0-FHOT PANEL BRIDNGE M- 2
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Cable removal
To retrieve the cable, the following procedure
for cable removal must be used for all cables
installed on the M2 panel bridge

1 Reinstall lashing ropes 20 feet (6.2 meters)
apart, along entire length of the cables.
Make certain that cables are fully sup-
ported by lashings before continuing with
removal operations.

2 Remove cable retainer from each vertical-
post saddle by removing bolts and hex
nuts.

3 On near-shore tensioning end of the
bridge, continue retrieval as follows:
unscrew cable nut from pull rod; pull pull
rod out of cable-connection rod; remove
bolt and hex nut which retain pull rod on
rod-to-cable coupling, unthread pull rod
from rod-to-cable coupling; and reinstall
cagle and cylinder nuts on threads of pull
rod.

4 On the far shore, pull cable from dead-end
cable-connection beam far enough to
remove half-cable retainers. Then pull
cable back through dead-end cable-
connection beam.




5 Lift cable up and over panels of bridge.
Carry cable to cable reel. Wind cable on
cable reel, removing lashing ropes as
cable wraps on reel.

Caution: During winding of cable on
cable reel, be careful to prevent cable
buttons from snagging on structure,
and cable from wearing against any-
thing which could fray or break the
wire.

Cable-connection beams and
span junction posts
To remove cable-connection beams and span
junction posts correctly, do as follows:

1 Remove retainer clips from ends of panel

pins (Figure 15-33).

2 Place safety cribbing under lower panel
chords.

3 Install jacking lugs and railroad jacks,
and jack up end of bridge enough to
unload panel pins connecting span junc-
tion posts to connection beams.

4 Continue jacking up end of bridge until
cable-connection beam is clear of span
junction posts.

5 Install rocking rollers as when dis-
?ntllng normal Bailey bridge (Chapter,

6 Jack bridge down onto rocking rollers.
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7 Remove jacks, jack shoes, jacking lugs,
span junction posts, and cable-connection
beams.

Posts and bracing
To remove braces, post assemblies, and
connection fixtures do the reverse of instal-
lation procedures outlined earlier in this
chapter. After removing post assemblies from
bridge, reinstall cable retainer on vertical-
post saddle with four '/2-inch (1.3 centimeters)
diameter bolts and hex nuts. To complete

dismantling, continue removal of the bridge
as outlined in|Chapter 21.

OPERATION UNDER UNUSUAL CONDITIONS

TEMPERATURE EXTREMES
The cable-reinforcement set can be installed
and used in all extremes of temperature
without a change_of existing components.
Cable tensions in|Table 15-1 are higher than
required under normal conditions, to com-
pensate for extremes of temperature.

SPECIAL ENVIRONMENTS
When operating in dusty, sandy, tropical, or
salty areas, do as follows:

e Lubricate cable, bridge set rockers,
threaded surfaces, and slots in vertical-
post saddles.

o Paint surfaces of parts which are subject
to rust and corrosion, in accordance with
TM 43-0139, if surfaces indicate absence
of paint or excessive weathering. Do not
paint cable.

OPERATOR’S AND ORGANIZATIONAL MAINTENANCE

BASIC TOOLS
Tools and equipment normally issued to the
panel bridge company and those issued with
the cable reinforcement set are adequate for
maintaining this set. All maintenance will be

performed by the using organization. Basic
Issue tools and supplies issued with or au-

t_horiz_edable reinforcement set are
listed in [Table B-1, and shown inFigure B-1,

Appendix B. There are no special tools
required to perform operator’s and organi-
zational maintenance on the cable reinforce
ment set.
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LUBRICATION
Lubrication of parts and equipment is an
essential part of maintenance. Lubrication
procedures are as follows:

o Keep all lubricants in closed containers
and store in a clean dry place away from
external heat. Allow no dust, dirt, water,
or other foreign material of any kind to
mix with lubricants. Keep all lubrication
equipment clean and ready to use.

« Service lubrication points at proper
intervals.

o Keep all external parts not requiring lubri-
cation clean of lubricants.

« Before lubricating equipment, wipe all
lubrication points free of dirt and grease.

o Clean all lubrication points after lubri-
cating to prevent accumulation of foreign
matter.

PREVENTIVE MAINTENANCE

To ensure that the cable reinforcement set is
ready for operation at all times, inspect it
systematically to discover and correct defects
before they cause serious damage or failure.
Note defects found during operation of the
unit and correct them immediately. Stop
operation at once if a defect is noted which
would damage the equipment were operation
continued. Every organization equipped with
the cable reinforcement set must train its
personnel to effectively maintain it.
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Preventive maintenance c services
are listed and described in[Table B-3, Appen-
dix B. The item list indicates the sequence of
minimum inspection requirements.

MAINTENANCE PROCEDURES
Perform maintenance procedures as follows:

o Service the cable-tensioning and manual
hydraulic-pump assemblies by checking
the level of the hydraulic oil in the
reservoir of the pumping unit and filling
or draining this component. This includes
replacing the gage, quick-disconnect
couplings, or hose assemblies when inspec-
tion reveals a need for this.

Note: Always use the following standard
rocedures when disassembling a
ydraulic component

1 Make certain all pressure has been relieved
before opening any part of a hydraulic
component.

2 Provide a container to catch any
draining fluid.

3 Cover any exposed openings to prevent
foreign matter from entering the hy-
draulic system.

4 APpIy a small amount of pipe dope to
all threaded connections to assure a
tight connection.

WARNING: Do not permit open flames in

immediate area because hydraulic fluid is
flammable.

e Service the pumping reservoirs as shown
in[Figures B-2 and [B-3, Appendix B.

o When inspection reveals the need, replace
the following parts of the cable-tensioning
assembly and manual hydraulic-pump

as illystrated and described in

Figures B-4and Appendix B, respec-

tively: cable-tension gage; hose assem-

blies and quick-disconnect couplings;
gage adapter (hand pump onlyg); and cyl-

Inders (cable-tensioning assembly only).

TROUBLESHOOTING
Malfunctions which may occur in the cable
reinforcement set and 1ts components are
listed in[Table B-4, Appendix B. Each mal-
function is followed by a list of probable
causes of the trouble and the corrective action
recommended to remedy it. Malfunction may
occur while the cable reinforcement set is
being used in the field where supplies and
repalr parts are not available and normal
corrective action cannot be done. When this

occurs, follow the expedient remedies also
listed in[Table B-4, Appendix B.

_ REPAIR PARTS
Repair parts needed to malntal
reinforcement set are listed in|Table B-5

Appendix B. A-number of these par
illustrated in through B-12
Appendix B.




SHIPMENT AND LIMITED STORAGE

PREPARING FOR SHIPMENT
Prepare the cable reinforcement set for do-
mestic shipment as follows

1 Inspect entire unit for unusual conditions
such as damage, rusting, and theft. Do
preventive maintenance services outlined
earlier in this chapter.

2 Remove all contamination from unit b
an approved method. Approved methods
of cleaning and drying, types of pre-
servatives, and methods of application
are described in TM 38-230-1.

3 Repaint all surfaces where paint has been
rert?loved or damaged. DO NOT paint the
cables.

4 Complete properly annotated DA Form
2258 (Depreservation Guide for Vehicles
and Equipment), concurrently with pre-
servation for each item of mechanical
equipment, and outline unusual needs in

blank space on form. Put completed guide
in waterproof envelope marked "Depre
servation Guide," and fasten it in a con-
spicuous place. Before using equipment,
and before inspection, do depreservation
of the item as outlined in the guide.

5 Coat exposed machined surfaces with
preservative (P-6), conforming to speci-
fication MIL-C-11796, class 3. If pre-
servatives is not available, GGP-GREASE,
General Purpose, may be used.

LOADING EQUIPMENT

To load the equipment for shippin?, use a
lifting device of suitable capacity to lift heavy
components. The cable reinforcement set ma
be transported in three M51 trucks. One truc
transports cables, reels, and supports,
another transports the span junction post,
and the third truck transports the remaining
parts of the cable reinforcement set
15-5][15-6] and[15-7).
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Caution: Attach a guide rope when
lifting the equipment to avoid
swinging and damaging the cable rein-
forcemnent set.

Securely block and lash the cable rein-
forcement set in M51 trucks. The cable-
tensioning assembly is contained in its own
box with protective Wrappin% Also, the pull
rods can be stored in cardboard tubes to
protect the threads from dirt or other foreign
matter. This set may also be stored in a
shelter or motor pool. If stored in the open,
make sure components are placed on cribbing
to reduce rust and corrosion.
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CHAPTER 16
BRIDGES ON PIERS

Long simple spans become increasingly un-
economical because of excessive dead weight
and reduced class. Generally, intermediate
piers should be used to avoid assembly of
class 50 continuous spans longer than 150

DESCRIPTION
Broken-span bridges are multispan structures
with the top chord broken and the bottom
chord either broken or pinned at the piers.
The two adjacent spans act independently
under load. One advantage of broken-span
over continuous-span assembly is that the
reaction on intermediate piers Is less. Also,
Bier settlement will not result in reduced
ridge capacity, adjacent spans may be of
any length, and seating operations are simpli-
fied. Existing piers of demolished structures
(Figure 16-1), panel crib piers, framed bents
or cribs [Figure 16-2), pile piers, or combi-
nations of these[(Figure 16-3, page 192) are

used for intermediate supports.

ASSEMBLY
Independent spans can be single-, double-, or
triple-truss and single- or double-story as-
sembly. If truss assembly is changed over the
pier when using conversion set No. 3
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BROKEN-SPAN BRIDGES 190

CONTINUOUS-SPAN BRIDGES 198

CANTILEVER-SPAN BRIDGES 206

feet (46.2 metersg or class 75 continuous spans
longer than 120 feet (36.9 meters). Bridges
supported by piers may be either broken (at
each pier) into separate spans or continuous
for their entire length. For efficient assembly,

BROKEN-SPAN BRIDGES

, the heavier assembly should be continued

or two bays into the lighter assembly to
stabilize the junction link. For example, if a
double-single bridge is joined to a triple-
single or double-double bridge, the triple-
single or double-double should be continued
for two bays past the junction into the lighter
truss types. Keep transom clamps in these
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the time required to assemble one span and
prepare it for launching should be as nearly
equal as possible to the time required to
assemble and place one pier.

bays tight. If a triple-truss panel crib pier
supports a double-truss bridge, distribute the
load to all trusses in the pier by triple-truss
assembly, and use three transoms over the
pier and in three adjacent bays of each span.

Piers _
Any type of supporting crib or pier capable of
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taking the end reactions of the spans can be
used. Baile&/-type panel crib piers for sup-

' ken-span bridges are described in
Chapter 17, It is desirable to make the top of
all piers in the same plane as the abutments,
but a change in slope between spans may be
used if needed. Guy tall, narrow piers to
prevent lateral movement.

Bridge seatings

With panel crib pier parts (conversion set No.
3?_, take special care that piers are exactly
aligned and spaced so that the ends of two
adjacent spans are on a common junction-
link bearing. Attach span junction posts to
the end of each span, and pin the posts to the
junction links fitting in junction-link

earings. Bridge gap between two spans with

junction chess. The use of standard con-
version set No. 3 severely limits the bridge
pier reaction.

If the panel crib pier parts are unavailable,
attach the end posts to the ends of adjacen

s and seat on separate bearings

-4 page 192). Use any of the following three

methods to bridge the gap between spans:

e If junction chess are used, seat an extra
transom in the end posts of one span and
space the bearings 213 inchesﬁ_

entimeters) apart center to center (Figurg

[ 16-4).

e If junction chess are unavailable, use
seventeen 4- by 4-inch (10.2 by 10.2

FM 5-277

centimeters) timber stringers decked with

two chess. |f b e butted against
each other -5, page 192), the
stringers must be 2 feet (61.1 centimeters)

long.

e Standard stringers cut to desired length
can be used to bridge the gap between
spans.

e If bearings are spaced 4 feet 6 '/sinches
(1.4 meters) center to center, bridge the
gap by setting standard panel-bridge
stringers_back 5 feet (1.5 meters) along
bridge (Figure 16-6} page 192). Use extra
panels t0 supﬁo_rt overhanging stringers
at one end of bridge.

If end posts are not used, fasten steel plates to
pier cap for truss bearings. Pin only the lower
chords of spans. Omit top pin at junction so
two spans can act independently.

If timber trestle or pile bents are used as

intermediate_pi | the top of the bent as
shown in[Figures 16-7|through( 16-11| (paﬁe
193). If end posts are not used, reinforce the

capsill with a steel bearingbplate under each
line of trusses. On single bents, use corbels
with knee braces to provide a jacking plat-
form for light bridges|(Figure 16-8? If double
bents are used with end posts and standard
bearings, lay timbers across caps to provide a
plat] or seating bearings|(Figures 16-10]
and|16-11)). Group timbers together under
each line of trusses.
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CLASS
Normal spans, spans without end posts, and
piers each have their own class designation,
as follows:

e Since spans of a broken-span bridge act
independently, each span has the same
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class when fitted with end posts or span
junction posts as a simple-span bridge of
the same span length and type of
assembly.

o If end posts or span junction posts are not
used, the class of spans is limited. For
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classes of Bailey bridges without end
posts, see| Table 22-3.

e Inaseries of broken spans, the class of
the weakest span is the class of th

r classes of panel crib piers, see Chapter|
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The load on a pier from two adjacent in-
dependently supported spans can be com-
puted. The formula is based on a vehicle
spacing of 100 feet (30.8 meters). Allowing 15
percent of the live load for impact, and a
coefficient of 1.13 for eccentricity, the total
factor is 1.3. The formula is—

R =13P+/2W,

R = load in tons on pier.

P = maximum live-load shear in
tons.

W,  =total dead weight in tons of
the two spans.

The following example illustrates how to find
the pier reaction of a broken-span bridge:

Given:
Spans of 130 and 80 feet (40 and 24.6
meters) on each side of an intermediate
pier.

Broken-span panel bridge to span these gaps
must carry class 50 load in normal crossing.

Required:
Determine bridge assembly needed.

Determine load on pier.

Solution;
From([Table A-7, Appendix A, the 130-foot
(40 meters) span will require triple-double
truss assembly and the 80-foot (24.6 meters)
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span double-single truss assembly. The
triple-double construction must be con-
tinued for two bays of the double-single
construction to stabilize the junction link.

Using the formula given, P is determined
from| Figure 16-17 b?/ entering the bottom
of the graph at 210 feet (64.6 meters) (total
of the two spans), reading up to the class 50
curve ang _thgn to the left margin. In tqis
instance P is determine fons. To
determine W,, refer toﬁgﬁﬁ which
shows that one bay of triple-double bridlqe
wei?hs 5.88 tons and one bay of double-
single weighs 3.41 tons. The heavier con-
struction must be continued two bays into
the lighter construction. This results in 15
bays of triple-double and 6 bays of double-
single construction. By multiplication we
and W, is 108.66 tons. Load on pier is
then—

R

=13P+ ' /2W,
=13(74) = 1/2(31)08.66)
=96.2 + 54.33
=150.53 tons

METHODS OF LAUNCHING
Broken-span bridges are launched by canti-
levering the entire bridge with launchin
nose over the gap as a continuous bridge an
breaking it, by launching each span by single
girders, or by floating each span into position.

LAUNCHING AS A
CONTINUOUS BRIDGE
Normally, an entire single- or double-story
bridge with nose is launched over interme-

diate piers and then broken at the piers.
Long, heavy single- or double-story bridges
can be launched incomplete to make the
launching easier. Connect the spans directly
or by span Aunc_tlon posts and launching
links. Push the bridge across the gap or pull it
across by winch line. In general, launch a

continuous bridge as follows:

1 Place rocking rollers on each pier and on
abutments in the same horizontal plane.
Spike or lash rocking-roller bearings, base
plates, or templates to piers to prevent
shifting during launching. When span
junction posts are not used and the bridge
IS to be cut over the pier, the pier top must
be wide enough to allow placing of two
rocking rollers end to end under each
truss.

Note: The number of rocking rollers on a
pier must be equal to the number required
on the near shore.

2 Use a launching nose in the same manner
as for a normal bridge. The length of the
launching nose should be the same as
required for a single span bridge of the
same length as the longest span in the
broken-span brid%e. Use launching-nose
links in bottom chords of nose to com-
pensate for sag. When estimating sai; in
nose to determine position of links, allow
an extra 6 inches (15.3 centimeters) of sag
for safety.

3 During launching, guy piers to offset
longitudinal thrust of the bridge. When
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completely launched, pull bridge back
slightly to relieve stress in guy lines.

4 Jacking down over intermediate piers
requires jacking beams similar to those
described later In this chapter.

SPANS WITH SPAN JUNCTION POSTS
ON JUNCTION-LINK BEARINGS
Launch spans with span junction posts on

junction-link bearings as follows:

1 Fit span junction posts to ends of spans
and ﬁln bottom jaws of adjacent posts
together. Three methods of making junc-
tions are-

e If spans are all the same length, begin
with first junction and fit alternate
junctions with launching links between
tops of span junction posts. This makes
bridge continuous at these points.
These junctions are called locked junc-
tions. Do not connect top chords at
other junctions.

e If spans are not all the same length,
make first length of continuous bridge
lus launching nose twice the length of
ongest span. This counterweights the
nose over the gap.

o In double-story assembly, place span
junction posts in each story. Pin the
ottom jaws of posts in lower story
together and use MK Il launching-nose
links to connect top of posts in top
story. Do not make a pin connection
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between ?osts at top of lower story and
bottom of top story.

2 Remove launching-nose links from to
chords at locked junctions by the fol-
lowing two methods:

e For bridges with several long heavy
spans, remove launching-nose links at
point of contraflexure. In a continuous
girder, there is a point near each sup-
port where the girder changes from a
downward sag in the gap to an upward
bend over the pier. At this point (point
of contraflexure), there is no bending
moment in girder, no stress in links in
top chord, and panel pins are easy to
remove. If the pins are heavily greased,
they can be pulled by hand. To find
point of contraflexure in span, station
personnel at each link to test pins for
slackness as soon as links are one-third
s?]an length from far pier. Push bridge
ahead slowly and continue to test pins.
When pins are loose, remove links.
After removing links, continue
launching until bridge is in final posi-
tion over piers. Then jack down bridge
simultaneously at alternate supports.

e For short light bridges of two or three
spans, remove launching-nose links
over piers. Launch bridge completely
before attempting to remove links. After
launching, jack up ends of bridge and
substitute cribbing at same height as
rocking rollers at abutments. Then
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remove rollers and cribbing at each
center [i)(ier and jack bridge down slowly.
As jacks at center pier are lowered,
tension in top chord decreases. When
tension is zero, remove pins in MK Il
links. Then jack bridge down on center
pier. Repeat this procgdubre at adjacgnt
piers waorking toward abutments. See
Table 16- fogr maximum lengths of
bridge anddjacking arrangements,
based on dead weight of two spans over
the intermediate pier. When using this
table, note the following:

O For heavier bridges, use jacks at the
pier also.

o_With jacks arranged as in[Figure 16

(page 205), and two jacks under
trusses at each side of bridge, jack
strength (15 tons) limits this arrange-
ment to a capacity of 56 tons. With
four jacks used instead of two under
trusses, jack strength limits this
arrangement to a capacity of 111
tons.

0 With jacks arranged as in[Figure 16!

(page 205?], and 6 jacks under

trusses at each side of bridge, jack

strength limits this arrangement to

a capacity of 85 tons (jack strength

on toe is 7.5 tons). With 12 jacks used

instead of 6 under trusses, jack

strength limits this arrangement to

a capacity of 168 tons, and two ramps
on each side of bridge are needed.

o Whether 2, 4, 6, or 12 jacks are used,
truss spacing causes eccentric load
on jacking beam.

SPANS WITH END JUNCTION POSTS
ON STANDARD BEARINGS
Launch spans with end posts on standard

bearings as follows:

1 Launch as a continuous bridge until far
span is in position.

2 Disconnect far span from rest of bridge,
and pull bridge back until next span is in
position. To remove ﬁlns, bridge may be
Jacged up slightly either at junction or at
end.

3 Repeat procedure until all spans are dis-
connected over their piers.

4 Pin end posts to ends of spans, and jack
spans down on bearings.

LAUNCHING WITHOUT END POSTS
Launch spans without end posts as follows:

o If bottom chords of all spans are to be
Binned together and only top chords
roken at piers, make junctions, launch
bridge, and remove pins in same manner
as for spans with span junction posts.

e If both top and bottom chords are to be
broken at piers, launch bridge in same
manner as for bridge with end posts.
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LAUNCHING BY SINGLE GIRDERS
To launch by single girders, assemble bridge
b%/ launching girders of each span from deck
of previously completed spans. Add transoms
and decking after girders are in place. For
detailed procedure, see|Chapter 19

LAUNCHING BY FLOTATION
To launch by flotation, assemble span on
rollers on shore, launch onto pontons or
crafts, and float into positipn_between piers.
For detailed procedure, seq Chapter 18

JACKING ON PIERS _

Where it is necessary to jack on intermediate
piers, the distance through which the bridge
Is raised or lowered should be kept to the
minimum by adjusting the levels of the
intermediate rollers. In the case of flat cribs,
the jacking problem is considerably eased,
since the Jacks can be readllﬁ/ positioned
under the inner trusses of the bridge. A
satisfactory method of jacking the bridge off
the intermediate rollers and positioning the
distributing beams is as follows:

1

Place jacks beneath panel verticals or
diagonals of inner trusses on each side of
bridge with handles toward the center,
and remove sway braces. Lift bridge clear
of rocking rollers, and remove rollers and
cribbing. Place temporary cribbing under
inner trusses, and position base plate
with bridge bearing placed centrally.

Place distributing beams on bridge
bearings under middle and outer trusses.
Jack down to within 3 inches (7.6 centi-
meters) of final position. Place cribbing
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between bottom chords of bridge and top
of distributing beams and lower bridge on
the cribbing. Remove jacks from under
inner truss.

3 Put distributin(_:Lbeams centrally under
inner truss so that crib bearing is over
bridge bearing.

ADVANTAGES
A continuous-span bridge is one in which
both upper and lower chords are continuous
over intermediate piers between abutments.
Advantages of continuous-span bridges are
that siting of piers is not limited to 10-foot
increments or to exact longitudinal alignment
by panel junction, as in broken-span bridges.
Assembly is faster and class is increased for
most types of assembly. Classes for contin-
uous spans over piers are found in Table 16-2.

ASSEMBLY
The number of spans is limited by the effect
of harmonious vibration setup by loads and
b?/ the difficulty of keeping long bridges in
alignment during launching. Normally, con-
tinuous-span bridges are limited to four spans
or 500 feet (153.8 meters).

The maximum span of a continuous-span
bridge to carry a specified load is given in
Tables 16-2 and The short span must be
at least 60 percent of the length of the longer

adjacent span. If the short span is less than
60 percent, a heavy load on the long span
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4 Place jacks beneath distributing beam
under inner truss of brid(ﬁe, jack up,
remove packing from middle and outer
trusses, and lower onto bearings.

5 Weld guide plates to end stiffeners of
distributing beams, with lug on top of
plate between middle and inner trusses.

6 Secure bridge bearing in position in base
plate with timber.

MAINTENANCE
Check periodically to record any sinking of
piers. Prevent lateral shifting of the bridge by
timber blocking on each side of bearings and
lateral guy lines on high piers.

CONTINUOUS-SPAN BRIDGES
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raises the end of the short span off its bearingi.
If spans less than 60 percent are essential,
break the bridge at the pier to make the short
span independent.

Change of assembly over a pier
Avoid changes in truss assembly whenever
possible. If changes must be made, change
number of stories rather than number of
trusses to give better redistribution of stresses
between adjacent spans. If one pier is used,
the construction of bath si f the pier
should be the same. Use Table 16-2 for equal-
length spans and Table 16-3 for unequal-
length spans. For both types of span, bridges
with a normal rating over class 70 must be
built with double transoms.

If two or more piers are used in the assembly
of continuous spans (for example, 120 feet
[36.9 meters], 120 feet, and 70 feet [21.5
meters]), the assembly may change over the
last bay of the bridge. To eter
a change is permissible, check| Tables 16-2
and 16-3 to see if the lighter construction will
give a sufficient class. Extend heavier
assembly of longer span beyond intermediate
pier a distance equal to 25 percent of shorter
span. Make only the following changes of
assembly between spans: single-single to
double-single, double-single to double-double,
triple-single to triple-double, and double-
double to double-trif)le. Whenever double-
double or double-triple truss types are used,
they must be reinforced to triple-double and
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triple-triple respectively over a pier for
two bays on each side of the pier-bridge
connection.

Construction of piers
Use any type of supporting crib or pier
capable of takinﬁ the reactions of the spans.
Piers are normally built before the bridge is
launched over them. Where piers are inaccess-
ible from the ground because of extreme
height or a rapid stream, a high line can be
used in construction or the soldiers and
materials can be lowered from the end of the
' Iaunchint); nose of the bridge.

|Fi§ure 16-13| (page 200) illustrates how this

as been done. On two-span bridges, the
bridge may be launched across the gap and
pier parts lowered from the bridge. Be sure to
check the capacity of the bridge over the
combined gap to ensure that it will carry the
pier construction crew and materials. Gu
tall, narrow piers to prevent latera
movement.

Construction of bridge seating
Some form of rocker bearing must be used at
the intermediate pier to allow for deflection of
girders under load. Normally, a rocker
bearing for the bridge is placed at the top of
the pier. If a rocker is placed at the base of the
pier, the bridge can be fastened rigidly to the
pier |(Chapter 17). Various types of rockers at
top of pier are described below. The distri-
buting beam on the rocker bearing must be
strong enough to prevent excessive
pending in the bottom panel chord| Table
(page 200) gives the number of panel-
support points (points under panel verticals
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and gunc_tions of panel diagonals) that must
be effectively supported by the distributing
beam to prevent excessive bending stress in
the bottom chord. The procedures for pro-
viding rocker support to panel-support points
are as follows:

e When rocker must support two panel-
support points, use a crib capsill, crib

bearing, and standard bearing fr
| crib pier set as shown in Figure
16-141 Because of the flexibility of the cri

200

capsill, this rocker gives full support to
only two panel-support points. Pier reac-
tion with this arrangement is limited to
17 tons (15.5 metric tons) per truss.

¢ When rocker must support three panel-
support points, use a crib capsill, an
inverted junction-link bearing, and a
junction lin el crib pier set
as shown in Figure 16-15| Pier reaction
with this arrangement 1s limited to 25
tons (22.3 metric tons) per truss.

Tadle 164 Pier reactions end pane-suppot pointa
for ondinuons-pane! bridge, Bailey type M2

L I'TPE OF COMSIEMETRER
(RLA] = DE 13 151} 1l ['}) T
L) L
Bl
W& [
I
50 R FAT L%
pl 1
[ ] & |49 L7
Ll i t
] A |5 L D
R ?
TN R
0| i t] 3
9 A | Bl Ln? 1n
.| b | b | k|
W A& Ll [ 1% i
] ] T k| 3
110 & Iy | 148 ] 205 | 2T
1] 2 3 1
10 A [F [ 12r | 200 | IBE
B r) 2] 3] 3
1M A CREF R
[ $| 2t 3] 1
16l & Ik | 127 I 258 | 325
2 1] @ E 1 [
141 A 171 ITh | 24 | 38
B _i] 1 ] i
16 A 122 | 16k | 2oz | 318 | 11F
'] 2 K | b | i &
17 A Tl IE I ETRED
] J 1 1 |
1K ] I&L | 197 | T | 420
L] 1 ) ! 4
18 4 TR IERES
J L | [ ! 4
k41 1] ] 3l
] [
.

L

A P i || o prikas W by bl A (T M i A o el
o v o rach leiphil e v e L i -

W - Bl o poplefd ] it |1 i by e B,



1 CAIE BEARING
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e When rocker must support five panel-
support points, reinforce the crib capsill
in Figure 16-14 with an 8-foot 4-inch (2.6

meters) section of transom as shown in

Figure 16-16 (page 202). Weld capsill,

transom, and crib bearing together and

pin by chord clamps to panel chord. Weld
small channels across bottom of transom
sections at each side of bridge to give
lateral stability to each rocker. Weld more
diaphrams and an end plate to the rocker
bearln?. The crib capsill may be omitted
if a 10-foot (3.1 meters) section of transom

Is used, but end plates must be recessed to

Br_event lateral movement of the trusses

eing supported.

Anchoring of bridge
Allowance must be made for slight long-
itudinal movement of the bridge due to
deflection under loads, and for expansion
and contraction due to temperature changes.
With temperature changes of 60 degrees
Fahrenheit (15.6 degrees Centigrade), a move-
ment of 1/2 inch (1.3 centimeters) per 100 feet
(30.8 meters) of bridge can be expected. To
allow for this movement, grease base plates
so bearings can move longitudinally on them.
Restrain the bearings laterally with timber
guides. If sloping bridges are erected, alter-
nate expansion and contraction makes the
bridge creep downbhill. To offset this, keep
slopes under 1 in 30 and fix the uEhiII end of
bridge to prevent creeping. At the end of a
bridge with a short end span, lash or clamp
end posts to bearings so posts cannot jump
their seatings if end of bridge lifts when a
heavy load Is on the second span.
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Levelin% supports _
The bottom chord of the bridge must be in the
same plane over all the intermediate supports.
Normally, this plane is level, but a slight
inclination is permissible. If any pier setiles
more than 6 inches (15.3 centimeters) below
the bridge plane, then the rockers must be
cribbed up. Without the cribbing, the super-
structure will fail.

PIER REACTION

The class of continuous-span bridges varies
with span lengths. For shorter spans, it may
be less than that of broken-span Qi
because shear at the piers is greater.| Table
and[16-3 give the capacities of continuous-
span bridges. Note that in most cases, the
class is greater than it i for corresponding
simple spans| Table 16-4|gives pier reactions
and the number of panel points (points under
panel verticals and junctions of panel diag-
onals) that must be supported by the rocker-
bearing distributing beam to distribute
stresses in bridge panels over the pier. The
rocker bearing shown in{Figure 16-16 has a
distributing beam long and stiff enough to

support five panel-support points and suitable
for any of the spans in the tables.

The following example illustrates how to use
this table:

Given:
Spans of 130 and 80 feet (40 and 24.6
meters) respectively on each side of an
intermediate pier.
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Continuous-span bridge to span these gaps
must carry class 50 loads in normal
crossing.

Required: _
Determine bridge assembly needed.

Determine type of rocker bearing to use.
Determine load on pier.

Solution:
Table 16-3 shows that double-double truss

construction will provide desired class
loading.

Q

RN
N
N
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Table 16-4|shows three panel-support
poiNts are required for two equal spans of 4 2
130 feet (40 meters) using double-double o2\
construction. Since the 80-foot (24.6 meters)

double-double span is not given, the 100-

foot (30.8 meters) double-double span is

used because this is the maximum reaction '
that can be generated on a double-double

truss. The panel-support points required 2
are again three; therefore, truss of the

girder must be supported under three

P oints (use bearing shown | CHANNEL WELGED TO TRANSOM SECTION LUNDER 4 TRANSM SECTION WELDED T CAIB CAPSILL
In_Figure 16-19). EACH TRUSS B CHORL: CLAMP
2 CAIB BEARING WELDED TO TRANSOM B CHIE CAPSILL

Table 16-4 shows the pier reaction is 194 4 FTANDARD BEARING
tons (176.5 metric tons) for two equal spans

of 130 feet (40 meters) using double-double

construction. Again, since the 80-foot (246 Fipuee [8.00 Roeker bearidg 00 sppart (e panel aupport pointe mode from coeh ool
meters) double-double span is not shown, traasm sechion. and creh edreng

the length is taken as the worst condition,

in this case 100-foot (30.8 meters) double-

double construction. The reaction under
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two such spans is given as 226 tons (205.7
metric ton?. The average of these two
spans is used to determine the pier loading,
which in this instance is 210 tons (191.1
metric tons).

Note: One advantage of continuous-span
brid%es over broken-span bridges is shown
by the example problem for finding pier
reaction of a broken-span bridge given
earlier in this chapter. Span lengths and
class requirements are identical; however,
in broken-span construction a total of 15
bays of triple-double and 6 bays of double-
single construction are required to obtain
class 50/55. In continuous-span construc-
tion, a total of 21 bays of double-double
construction will suffice and provide class
60/65. Assuming panels are a critical item,
the continuous-span bridge is more eco-
nomical since it requires only 168 panels,
whereas the broken-span bridge requires
204 panels.

Another example of the use of| Table 16-4 is as

follows:

Given:
Spans of 80 and 120 feet (24.6 and 36.9
meters) respectively on each side of an
intermediate pier with triple-single truss
assembly and class 30 overall.

Required: _
Determine type of rocker bearing.

Determine load on pier.

Solution:

Thr nel-support points must he used
!%Tég e 16-5). Use bearing shown i

to support pier load.

Load on pier from two 80-foot (24.6 meters)
triple-single bridges is 167 tons (152 metric
tons) and load on pier from two 120-foot
(36.9 meters) triple-single bridges is 127
tons (115.6 metric tons). The average of the
two is 147 tons (133.8 metric tons).

METHODS OF LAUNCHING
Continuous-span bridges are launched b
cantilevering the entire bridge wit
launching nose over the gap or by floating
intermediate spans into position and then
pinning.

When launching with launching nose (Figure
16-17), the length of launching nose required
Is the same as for a simple-span bridge of the
same length as the longest span in the
continuous-span bridge. Use launching links
to compensate for sag. When estimating sag
in nose to determine position of links, allow
an extra 6 inches (15.3 centimeters) of sag for
1§,a|1|=ety. The launching procedures are as
ollows:

e Use plain rollers as in a single-span
bridge. Place rocking rollers at each
abutment and on top of each intermediate
pier.

Note: The quantity of rocking rollers on
top of each intermediate pier is equal to the
near-shore requirement.
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auer intermudiote supprrts tofth litching nosn

Place rollers on intermediate piers in the
same plane as near- and far-shore rollers,
and spike or lash them to piers. Check
level and alignment of rollers before
starting bridge assembly.

¢ For long bridges, mechanical power may
be needed to launch the bridge. Use
methods described i In addi-
tion, or as an alternative, use winch on far
shore to pull bridge across gap. Careful
alignment of bridge during early stages
of launching is important.
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e Long, heavy bridges can be launched
incompletely to make the launching
easier. Add extra trusses and decking
needed to complete bridge after it is
launched.

¢ During launching, use guy lines to
counteract forward thrust of launching.
When brid?e is completely launched, pull
back slightly to relieve stress in guy lines
if necessary.

When launching by flotation, float interme-

diate spans into position, as described in
Chapter 18 Lower and then pin to adjacent

Spans.

METHODS OF JACKING

Jack down shore ends of bridges with jacks
under end posts, as described inChapter 6] At
intermediate piers, use expedient jackin
methods. Jacking load on toe of each jac
must not exceed 7'/2tons 26.8 metric tons;;
jacking load on top, 15 tons (13.6 metric tons
Also, Jacks operated_in unison must be of the
same manufacture.[Figures 16-1§ and[16-19
show two methods of jacking at intermediate
piers|Table 16-1 gives lengths of adjacent
spans Of continuous-span bridges that can be
jacked with these arrangements. The two
methods are as follows:

204

o Use two jacks, one on each side of trusses,
under a section of transom un
chords of lower story [Figure 16-18
metal plate between jac
som eliminates danger of jack head
slipping. Place transom section close to
verticals of panels. Block under jacks to
rﬁliscz| transom sections to level of top
chord.

¢ Arrange six jacks under ramp section

laced acras§ underside of bottom chords
Figure 16-19).

SAMPLE PROBLEM

Given:
Spans of 80 and 120 feet (24.6 and 36.9
meters) over an intermediate pier with
triple-single truss assembly.

Required:
etermine number of jacks required to
jack down bridge.

Solution:
First select method QVer pier.
The method used in|Figure 16-18 is the best
one because it makes maximum use of
mechanical advantage of jack.

[Table 16-1 indicates four jacks are required
under trusses at each side of bridge.

Total number of jacks required for the pier
is4 + 4 =8 jacks.

~  MAINTENANCE _

Pier sinking causes increased stress in the
bridge and must be checked immediately by
blocking or wedging under bridge bearings.
Check ends of short sPans for any tenc_lenc¥
to lift off bearings. It end posts do lift off
bearings, lash posts to bearings or break
short end span at pier. Check anchorage to
keep bridge from creeping under traffic.
Maintain blocking to prevent lateral move-
ment on piers.
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JACKING BEAR
MADE FROM
TRAAMSOM SECTION

SOFT METAL
FLATE

RATCHET
JACK

SECTION &-5

Figure (6. 18 Jocking aper jafermeialn pier—iie qocke, ooy ol rarh sigde of
Herder, paal un eom oodier fap cfeora of loer afary

1 RAMP
2 AATCHET JACK

Figury [8.10 Jocking over iniermadiate pler—ux raichel focks arranged
wrler ramp aechion ueder ot chord of Preeeen
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USES

It is possible to use cantilever construction to
produce clear span lengths greater than those
obtained with conventional through-type
construction. A clear span of 400 feet (123.1
meters) can be obtained using cantilever
construction, but this span requires the use of
20 trusses, which is excessive and which
would become too cumbersome. The design
data and information contained in this sec-
tion are based on cantilever construction, as
shown in Figure 16-20.

DESIGN
The following design features are assumed:

e Tables 16-5,(16-6| and[16-7|(page 208) are
based on a class 60 live load on a single
lane, with a 14-foot (4.3 meters) roadvyaK.
The dead load is based on a panel weight
with bracing of 600 pounds (272.7 kilos)
and an 8-inch (20.4 centimeters) wooden
flooring weighing 400 pounds (181.8 kilos)
per foot. A single-story truss was assumed
capable of resisting 380 foot-tons, a double-
story truss 700 foot-tons, and a triple-
story truss 1,310 foot-tons.

CANTILEVER-SPAN BRIDGES

e An impact equal to 15 percent of the live
load was used.

e The minimum number of trusses in both
the simple span and the cantilever span
was set at four. If less than four trusses
are used, the allowable capacities must be
decreased due to excessive concentration
of wheel loads on a truss, and the type of
floor must be changed.

e The maximum number of trusses was
taken at 10.

e The single-axle load equivalents (SALE)
Cha&t? forhmoment and shear havr(]a b(laeg
used for those spansonwhich wheele
vehicles governed| Appendix C|describes
in detail the use of SALE charts in deter-
mining moment and shear. For spans of
120 feet (36.9 meters) and above, the
critical vehicle is the 60-ton (54.6 metric
tons) tracked vehicle. A spacing of 100
feet (30.8 meters) from front to rear of a
convoy of tanks moving across the spans
gives a center of gravity of the loads at

SFEN 1

SPaM 2

SFON 3

Figure [EH Canpilever conetruction
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114 feet (35.1 meters) center to center,and e Table 16-6 gives the various spans which

this was the maximum load used. can be built-using cantilever-type construc-
o tion. The combination shown is the most

¢ A minimum safety factor of 1.15 was used economical based on the number of panels
against overturning of the cantilever span required for the center-to-center pier spans
(©). (L) using the minimum length of anchor
arm. It is important to note that there is

The following tables should be used b(f)th aﬁnaximur?ﬁnd a minimulm Ienr%]tk}
of anchor arm. The minimum length o

o[ Table 16-5 gives the required number of anchor span (A) provides the necgssary
triple-, double-, and single-story trusses counterweight for the cantilever arm, and
which were used for the simple suspended the bridge is stable if built in this way.
span (S). However, the positive resisting moment
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of the counterweight span is not being
used to its full capacity. The maximum
span length shown provides for this use
but, if this length is exceeded, even with
proper loading, the section may fail.

e| Table 16-1 gives combinations with the

same number of trusses in both the
cantilever and the suspended spans.
These combinations are not as economical
as those in Table 16-6.

The following is a design example:

Step 1. Design of suspended span(S)|(Figure
i)

Assume S = 190 ft
SALE =66.7 tons
MLL = PL/4
= 66.7 x 190/4
= 3,170 ft-tons
M, +M=3170x 1.15
= 3,650 ft-tons

Estimated triple-story trusses = 5
M, = [5%.09%+ 2] 1902/8
930 ft-tons
M., = 6,580 ft-tons _
Actual number of trusses required=
6,580/1,310 =5
Th%refore, 5 triple-story trusses will be
used.
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Talde 6.7 NMumber of trusees Foguired in tuspimnded ond caniiliver spanr—uwing squed geember n balh—

Figare 16200
- TRUSSES INSPANZ  TRUSSES W SPANS 3.3 .
L+ | :89%% 15 (84) L 5 AUMBLR " :m luullf.itl ';'rrlt C AR Min WiN
DL she_ar = 6§Oﬁons TR ST '"i’:f.ifs”
Shear,,, = 96.6+ 61.7 100 » 4 $ " I B o | 1
=158.3 tons 140 o0 5 3 5 % 1t N "0 135
e | : 5 . 5 10 100 » 168
’f: Design of cantilever span (C) e | e : ; 3 : i o e s
6-20). 150 | 10 g b 3 s 10 %0 %0 o
W | L B D 5 5 W Up % M
Assume single-story construction with 6 1M 150 g B £ £ 1 ns 9% *0
trusses 1 lag 1 1 L [ it 1ak L 192
Try 10-ft span: 130 156 1 [ : b i 130 120 M
Resisting moment = 6 x 380 ;ﬂ fﬁ : : : " ﬂ i:: :;E :},:
= 2,280 ft-tons 20 180 5 1 5 0 M 140 13 470
M= [0 211072 mlel sl b ElE o8
tons
End shear (on hinge) possible: piodll B : ! : : ooowoqom s
P(].O) - 21280-19 i 15 b ] ] I M i 150 L 0Tk
= 2,261 ft-tons N m § § 3 t #l e 150 11
P =2,261/10 b o r 1 ¥ T ift T4 150 Ll
= 226.1 tons. b 124 i H H T A i = 1A
Therefore, this construction and span He oy e ] ! 3 T pil B 16 L 701
length is suitable to carry end shear of Mm‘_.¥__”"_._l,_iﬁ__
St 3 D f ) ®) (R,assumed= 0) Re5|st‘|{|=g moment about R,
ep 3: Design of minimum anchor span W
(Figure 16-20). A= 2,%8&))6 2/.38 T T
= 1 ) 2
W = 6(03) + 2 A = 1095 ft (try 100 ft)  S8(1007
= .38 ton/ft
wAT Overturning moment about R2 = 1,900 ft-tons
—— = 2280 ft-tons wC2
2 +PC Safety factor = 1,192%/ 1,602
=19 + 158.3(10) (within 1.15 assumed allowable)
= 1,602 ft-tons Therefore, minimum A = 100 ft (30.48m)
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Step 4: Design of maximum anchor span (A)
(Figure 16-21).

Maximum resisting positive moment
= 2,280 ft-tons
Assume span = 110 ft

SALE + SALE,
=58 X 1.15
=66.7 tons
R,=66.7(55) - (61.7 X 10)+

{38 x 110 x05)- (36x 10X 5)

110
= 48.4 tons

Moment at center
= (48.4 x 55) - [.38 x (564)]
2
= 2,087 ft-tons
Therefore, maximum A = 110 ft (33.53m)

Therefore, the total maximum length of

bridge for this combination is:

S+2(C)+ 2(A) = 190+20+220
= 430 ft (131.06m)

The pier-to-pier span length:

L = S+2(C)
= 190+20
=210 ft

(64.0lm)|(Table 16-7)

Note: Althougfh six single-story trusses
would be able to carry more than the
maximum end shear of 158.3 tons (144.1
metric tons) on a cantilevered 10-foot span,
an examination of steps 3 and 4 shows
they are needed for even the minimum
length of anchor span required.

FM 5-277
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CHAPTER 17

PANEL CRIB PIERS AND TOWERS

Panel crib piers are made of trusses with
panels set horizontally or vertically and are
normally braced with transoms, sway
bracing, rakers, bracing frames, and tie plates
in a panel bridge.

Panel crib piers assembled from parts of the
Bailey bridge set can be used as—

e Intermediate supports for through- and
deck-type fixed bridges. The piers can be
set on timber grillage, piles (Figure 17-1),
masonry footings [Figure 17-2), or par-
tially demolished piers.

e Piers in barge bridges.

e Intermediate landing-bay piers in floating
panel bridges with double landing bays.

« Expedient towers for suspension bridges,
lift bridges, gantries, and floating-bridge
anchor-cable systems.

e Expedient marine piers.

CHARACTERISTICS OF CRIBS
Types of panel crib piers have their own
d|stinguishin%characteristics. Panel crib
piers are described by the number of trusses
(single, double, triple, and so on, as in a panel
bridge); the number of stories (number of
panels along the vertical axis in one bay, as
In the pane brldgeR; the number of bays
(number of panels along the horizontal axis

210

in a given story); and the position I
each story (horizontal or vertical)] Table 17-1
80399 212) lists the abbreviations used to

escribe typical panel crib piers. Panel cribs
have from one to four trusses on each side,
depending on the desired capacity. There
must always be at least as many trusses in
the crib as In the bridge it supports.

Panels in a panel crib pier are horizontal

(Figure T7-3, page 212) or vertical u:m!m]_n
g{ page 213). Horizontal panels provide a 5-
TR T o Ty WL

foot 1-inch (.16 meter) increment in pier
height. They are, however, weak laterally
and are used one above the other when
expedient bracing is added. When ultimate
capacity piers are used, any horizontal stories
are weaker than vertical ones. Vertical panels
ﬁrowde 10-foot (3.1 meters) increments in pier

eight. They can be used one above the other
in piers up to 70 feet (21.5 meters) high
supporting continuous spans and up to 110
feet (33.8 meters) supporting broken spans.
In high piers, exceeding three vertical stories,

Figure 17+ Towg contineour-panct bridges it panel crib piers an pife piers
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Figure 178 Cantinuous-pane! bridge with ponel orih piers on conerets foaiings

the pier base must be doubled for at least half
its height or the lower story must be imbedded
in concrete for % of its height.

To assemble 15-, 25-, 35-, 45-, 55-, and 65-foot
(4.6, 9.1, 10.8, 13.8, 16.9, and 20 meters) piers,
vertical stories are used with only one 5-foot
(1.5 meters) horizontal story placed at the top
of the crib.

TYPES OF BRIDGE SEATING
Seating for a continuous bridge is different
than that for a broken-span bridge. Con-
tinuous-bridge seating includes the following
features:

o Deflection of a span under load tends to
change the slope of the bridge at the piers.
To prevent large stresses in the bridge
and pier, allow some rocking movement
at intermediate supports of continuous
bridges.

A rocker at top of the crib can be built of
crib bearings on standard bearings, in-
verted junction-link bearings on junction
links, or one or two I-beams at right
angles to the bridge axis. With this type of
bridge seating, bottom chords of the
bridge over the seating are normally
reinforced by a steel beam to distribute
the load and prevent failure of the panel
chords due to local bending. These rockers
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are described and illustrated i

o If the crib is fastened rigidly to the bridge,
it must rock with the bridge as the girders
deflect under load. A rocker at the base of
the crib can be built of crib bearings on
standard bearings or inverted junction-
link bearings on junction links. This type
of pier construction may prove useful on
piers less than 10 feet (3.1 meters) wide
along the axis of the bridge. It must be
built from the bridge downward and the
bridge must be capable of holding itself,
the pier, and the work crews while resting
on rollers for both span lengths until the
pier is in position. Heavy bearing plates
are needed beneath the crib-bearing so
that the entire bridge-pier reaction may
be distributed to the pier base.

» As an expedient when rocker bearings
cannot be improvised, seat bridge on
timber on top of the piers.

Broken-span bridge seating includes the
following features:

¢ In broken-span assembly, the adjacent
ends of the two spans are seated on the

junction-link bearings by use ﬁf ig
E\l%tion posts and junction links|(Figurg
-5l page 214).

o As an expedient, the adjacent ends of the
two spans can be pinned to the vertical
panels in the pier, or the two ends can rest
on separate bearings.
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SPECIAL PARTS FOR
PANEL CRIB PIERS
The bridge conversion set No. 3, Bailey type,
panel crib pier, contains parts that are used
with equipment from the basic bridge set to
build panel crib piers. The major items in the
conversion set are listed in Table 17-2.

SPAN JUNCTION POSTS
Span junction posts are special end posts for
connecting adjacent ends of two spans and
supporting them on the same bearing.

There are two t?/pes of span junction posts,
male and female, which have lugs that are
pinned to female and male ends, respectively,
of standard panels. At the junction, each post
has two other connecting lugs, a male and
female lug at the top according to type, and a
universal jaw at the base. Irrespective of
type, two posts can be connected at the base
by a normal panel pin. Always use a bridge
pin retainer on the panel pin at this joint. An
Intermediate pin hole and recess in the base
of each post is for the junction link.

During launching, connect the top lugs of the
P_osts b?/ a launching-nose link Mk I1. The
link will fit only between one female span
junction post and one male span junction
post, so take care when constructing the two
spans to keep all the male lugs on the panels
faced the same way. After the bridge is jacked
down and posts are pinned to the junction
link, remove the link; leave in the pin joining
the two posts at their base. Then the gap
between the two lugs of the posts allows an
quard slope of 1t0 6.7 or a downward slope
of 1 to 5 in one span when the other is level.
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The female span junction post weighs 202
pounds (91.8 kilos) and the male span junction
post weighs 194 pounds (88.2 kilos).

M2 JUNCTION CHESS
Junction chess (Figure 17-6) span the gap in
the bridge deck between the ends of the two
spans connected by span junction posts. Four
junction chess are used at each span junction.

The junction chess consists of two 6-foot 10 %-
inch (2.1 meters) timbers fastened to nine
steel I-beams 11% inches (29.3 centimeters)
long. The junction chess weighs 149 pounds
(67. kI|OS$.

JUNCTION LINK
The junction link [Fiﬁure 17-7 page 216)
transfers the end reaction from two-span
junction posts to a junction-link bearing. Its
use limits truss reaction to 25 tons (22.8

SR/

Frpurs 176 MP junclion chesd

R NS
B
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The junction link is a triangular-shaped steel
assembly with two projecting male lugs on its
top side spaced to pin with panel pins to the
two-span junction posts. Both holes are
elongated to permit some play in the joint. A
bridge pin retainer must always be used on
the panel pins at this joint. The bottom of the
junction link tapers down to a nose with a
tubular bearing which seats in the curved
bearing plate of the junction-link bearing.
'kl'_rlle junction link weighs 36 pounds (16.4
ilos).

JUNCTION-LINK BEARING
The junction-link bearing (Figure 17-8) is
used under the junction link which supports
the ends of the bridge. It can be used in the
following ways:

« \When supported by a vertical panel, if
male lugs of panel are uppermost, pin
jaws of the junction-link bearings to the
panel lugs. If female lugs are uppermost,

rest jaws of #unction-link bearing on top
of lugs and fasten them by chord clamps.

= When supported by a crib capsill[(Figure
17-5), secure it to t¥1e capsill with chord
clamps.

« When supported by a crib bearing, pin
bearing to two center holes of junction-
link bearing with panel pins.

+ When used under female end of vertical
panel, rest female lugs of panel on jaws of
junction-link bearing and secure them by
chord clamps.

216

e When supported by timber, lay junction-
link bearing directly on a timber support.

The junction-link bearing is made of two 8-
inch (20.4 centimeters) channels welded back
to back with the same spacing as between
channels in the chords of the panel. It is 5 feet
1 inch (1.6 meters) long and has female jaws
at each end. The distance between panel-pin
holes in the female jaws is 4 feet 9 inches (1.5
meters), the same as vertical distance between
pin holes in the pane). Between the webs of
the channels in the center of the junction-link
bearing is a curved bearing plate on which
the junction link bears. There is a hole
through the webs of the channels just above
the curved bearing plate for a captive pin
which locks the junction link in place. There
are two panel-pin holes in the webs of the
channels beneath the curved bearing plate.
They are used to pin the crib bearing which
fits in the recess between the channels. A
il(J_nction-Iink bearing weighs 217 pounds (99.3
ilos). Its maximum capacity is 25 tons (22.8
metric tons)|(Table A-14, Appendix A).

CHAl 1P _
The chord clamp|(Figure 17-9) is used to pin—

e Crib capsill to panel chord iFiéure 17-1%).
Chord clamps are pinned to any of the
holes in the capsill.

e Crib capsill to female jaw of panel.

e Crib capsill to junction-link bearing
(Figure 17-5).

Ve

o

Figure i7-F danclion fink

Figure 17 4 dunéiion-link beariig

e Junction-link bearing to female jaw of
panel.

The chord clamp is in effect a double-length
male lug with two panel-pin holes and a T-
head. Slip the clamp between chord channels
of a panel until the head bears on the channel
flanges, then pin the clamp to a crib capsill or
other female joint with a panel pin. If the
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Figpre {78 Choed elamp

chord clamp is slipped through two adjacent
female jaws, pin it to each by panel pins
through both holes in the chord clamp. The
chord clamp weighs 11 pounds (5 kilos).

FM 5-277
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CRIB CAPSILL

The crib capsill (Figure 17-11) distributes the
load from the bridge to the main chords of
vertical panels or to the three verticals of
horizontal panels in a crib. It has unrein-
forced holes used to take the vertical load.
Before panel pins can be inserted in reinforced
holes, the holes must be reamed or filed
slightly. The reinforced holes are used to pin
the capsill to the following:

o Male lugs of single vertical panels.
e Male lugs of two adjacent vertical panels.
o Crib bearing (Figure 17-12).

The crib capsill is made of two 4-inch (10.2
centimeters) channels welded back to back to
sEacer lugs with the same spacing between

annels as in the chord of the standard
panel. It is 10 feet 2 inches (3.1 meters% long,
and has female jaws at each end. Holes are
spaced along the webs of the channels. Six
pairs of panel-pin holes are reinforced with
steel blocks and spaced so male lugs of two
adjacentéoanels or of a single panel can be
connected to the crib capsill with panel pins.
Additional unreinforced holes for chord
clamps are spaced generally at 6-inch (15.3
centimeters) centers between reinforced holes.
Before ﬁanel pins can be inserted through the
holes they must be reamed or filed slightly.
I_rlle)crlb capsill weighs 251 pounds (114.1

ilos).
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CRIB RIN
The crib bearing Flure 17 13)isused as a

base of panel cribs and can be pinned with
panel pins to the following:

¢ _One female jaw of vertical panel (Figure
17-14).

of adjacent vertical

F|ure 17 14).

e Two central holes of a crib capsill (Figure
17-12).

e Two central holes of a junction-link
bearing.

Figure {302 Crih Bvgning under orib capeid!
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CRIB REARING

TIMEER 31LL

Frgore 17 14 Erih braringa pinned o ne and
f turn adfocent female fajon or Dertirad preds,
Akl dpideed io iirsber mill doprocide fizved boaring

Figure I7-43 Crib bearimg wvaed coidh sfonded
broring l'nprm.lidr riachker hearing

The crib bearing can be spiked to a timber sill
(Figure 17-14) to provide a rigid base or set on
a standard bearin% (Figure 17-15) to provide a
rocker bearing. The bearing area of the pin is
1.875 inches by 3 inches, or 5.625 square
inches (36.4 square centimeters).

The crib bearing is in effect a double-length
male lug welded horizontally to a base block.
One of the pin holes is elongated to make
pinning easier when both holes are used. If
only one hole is needed, the circular one is
used. Holes are provided in the base block of
the crib bearing for spiking to a timber sill.
The underside of the base block has a semi-
circular bearin% to seat on a standard
bearing. The crib bearing weighs 37 pounds
(16.8 kilos).

CRIB LOAD AND CAPACITY
The amount of load on and the capacity of a
crib must be determined| ChaEter 16/describes
a method for determining the approximate

FM 5-277

load transmitted to the crib by the ends of two

independent spans. Continuous-span
assembly over the pier transmits greateiyial_ql
Table

e pier. These reactions are listed in|
16-4.|

| Figures 17-16 and[17-21] (pages 220 and 222)

show standard assembly of piers built with
special panel-crib parts. Capacities are given
in all cases. Single-truss cribs can take 50
percent of the loads given for double-truss
cribs with only the inner truss loaded. Use
single-truss cribs only for light loads on low
cribs. The capacity of panel crib piers is
usually limited by the strength of the junction

link, junction-link bearing, and crib capsill
[(Table A-14, Appendix A).

If special panel-crib parts are not used, the
load is carried by the top members of vertical
panels in the crib. Lay timber on top members
of each panel to concentrate load at three
points: at the center, and near each end
adjacent to the panel chords. With the load
applied in this manner, the top member of
one vertical panel will carry about 14 tons

(12.7 metric tons), and piers with this type of
bearing will have the same capacity as piers

of corresponding assembly built with special
parts [Table 17-3] page 222).

[ Table A-14, Appendix A gives the strength of
the individual panel-crib parts for use in

es_tgmating the capacity of expedient panel
cribs.

~—
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BILLS OF MATERIAL

[Table A-15, Appendix A lists the number of
parts required to build the standard crib piers
Hlustrated in[Eigures 17-16 through 17-21,
and the number of unit truck loads required
to supply these parts. Panel-bridge conver-
sion set No. 3, panel crib pier, supplies the
special panel-crib parts to build a 31-foot 7-
inch triple-triple pier with the addition of
standard panel-bridge parts. Tt i
lon set No. 3 are listed in[Table A-4
%ﬁ The conversion set No. 3 makes
two crib-pier loads, each carried by a 5-ton
dump truck. These truck loads are described
inf Chapter 2, The number of crib-pier loads

and standard unit truck Ioa_\d]s_Leqm—Led_Lc
build each pier are given in[Table A-15

When using this table, note the following

e Plain bearings and base plates are not
supplied in loads needed to build a pier.
(Use extras from bridge construction.)

e Launching links Mk II are used for
launching only. Remove them after bridge
Is in place.

e Panel pins listed do not include pins for
launching links Mk 11.

STANDARD ASSEMBLY OF
TRUSSES AND BRACES
The trusses in standard panel crib piers are
parallel to trusses in the bridge. The crib
must have at least the same number of
trusses as the bridge it is to carry. More



Figure I2.22 Lloar-up nirt of brasing (n.a
v ruple-tiusm cril pier

Jsses can be added fo,%eased strength
17-21)

(Figures 17-16/through| . Single-truss
assembly can be used only for low cribs
carrying |?ht loads. The number of bays in
the pier will normally be enough to make the
length of the base one third or more as much
as the height of the pier [Figure 17-21). All
possible bracing frames and tie plates tie
trusses together at each side of the crib. In a
quadruple-truss pier, bracing frames and tie
plates overlap. Brace the entire crib by tran-
soms and sway bracing (Figure 17-22).

In cribs with vertical panels, space transoms
at 10-feet (3.1 meters) intervals in piers up to
30 feet (9.2 metersl). In cribs only one ba
long, invert panels of inner trusses wit
respect to panels in outer trusses so transoms
can be attached to both chords. Sway bracing
Is on the same side of the crib throughout its
height. In cribs with two bays of vertical
Banels, place panels so transoms and sway
racing are either at the center of the crib or
at its sides. In cribs with four bays of vertical

anels,-add extra sway bracing in the outer
ays [Figure 17-21).

In cribs with horizontal panels, half the
ﬁanels may be right side up, and the other

alf inverted so transoms are at both top and
bottom. Vertical-plane cross bracing may be

rovided by sway braces pinned to the sway-

race slot of the inverted second truss and
fastened to the transom at the other end, or
the sway bracing may be used as described
later in this chapter.

In cribs under two-lane panel bridges, stagger
transoms at the center panels (Figure 17-23).
When panels are vertical, transoms in one
half under one lane are all on top of panel
verticals; in the other half, under panel
verticals. At the t0||o and bottom of the crib,
transoms can be placed only on the side of
panel verticals. Therefore, angles must be
welded to the panel chords to take the place of
alternate transoms|(Figure 17-23, page 224).
When the panels are horizontal, angles are
also used to replace alternate transoms. Guy
high piers to provide greater lateral stability.
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BRIDGE SEATING

If the bridge is broken over the pier so the two
spans act independently, use span junction
Eosts, junction | unction-link

earings to seat it . If the crib is
pivoted at its base so the bridge is fastened
directly to the crib, slip chord clamps between
the channels of the bridge and pin

them to the crib capsill (Figure 17-16).
Figure 17-15]illustrates rocker bearings using

panel-crib parts. This type of rocker bearing
rests on abase plate on top of the pier. A wide
Flatform on the top of the Bier, to allow some
eeway in positioning the baseplates, may be
built from transoms and ramps welded in
place (as described in the following para-
graphs). An expedient rocker bearing may be
made from one or two tranverse beams set on
the top of the pier. The bearing must be under
a panel vertical or the junction of panel
diagonals.|Figure 16-15 illustrates another
expedient bearing.

CRIB BASE
There are several ways of setting panels onto
a crib. With a fixed base, if panels in the first
story of the pier are horizontal they may be
set directly on a timber or masonry pier
foundation (Figure 17-17). If panels in the
first story are vertical, pin the female jaws of
the panels to crib bearings which are set on
timber or steel footings (Figure 17-20).
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With a rocker base, tdhe rocker rr:jay O(ltobnsist of
F_mb_hear_mg' ing seated_on a standard bearin
(Figures 17-19 and [17-16) or an inverte
junction-link bearing set on an inverted

junction link [Figure 17-16). The procedure is
as follows:

o |f panels in lower story of pier are hori-
zontal, fasten crib capsill by chord clamps
to bottom chord. Then pin this crib capsill
directly to crib bearing |(Figure 17-15), or
by chord inverted junction-link
bearing [Figure 17-16)

e If there is one bay of vertical panels with
female ends down in the pier, connect
female jaws by chord clamps to top of a
junction-link bearing pinned to a crib
bearing.

o If there are two bays of vertical panels,
pin the two adjacent center female jaws to

a crib bearing which is on a standard
bearing| (Figurs 17-19)

224
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EXPEDIENT ASSEMBLY
(STANDARD TRUSSES)
If no special panel-crib parts are available,
the following expedient parts can be impro-
vised for standard truss arrangement:

e Panel chords or any pair of 4-inch (10.2
centimeters) or larger channels with holes
drilled at the desired spacing can be used
for improvised crib capsills.

e Angles or lugs with pin holes in their
upright parts can be fastened to the crib
foundation and panels pinned to them.
Another expedient is to have panel pins
in female jaws of vertical panel bear on
top of an I-beam or rail (Figure 17-24). A
load of 742 tons (6.8 metric tons) per panel
ﬁln_ is allowed on unstiffened beams

aving a web thickness of % to */1sinch (.6
to .8 centimeters). Greater loads are per-
mitted if web is stiffened or if web thick-
ness exceeds */sinch (.1 centimeter).

e Other special panel-crib parts are not
readily improvised.
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Bridge seating centimeters) movement of the bearings but it is allowed a slight longitudinal
Bridge seating assembI?/ W|thout panel-crib on the base plate and a 2-inch (5.1 centi- movement.
parts can be done as follow: meters) movement of the baseplate on the

pier top[Figure 17-26 (page 227) illustrates e The pier can also be pinned to the bridge

e Figure 17-25 shows the use of transoms the vertical dimensions and capacities of by pinning male lugs of the two inside
and ramp sections to provide a flat top on iers with flat top and rocker ridge posts of the pier to the lower bridge chord
the crib for the base plates under the earing. and inserting the outer posts in the space
rocker bearing. With this type of pier cap, between channels of the lower chord.
the bridge may be as much as 6% inches e The bridge seatln%may consist of timber These outer posts just miss the center
(16.5 centimeters) off the center of the laid laterally on the end-panel member, vertical in the bridge panels. If the outer

pier. This is made up from a 4%-inch (11.5
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post shoulders are cut down enough to
permit deflection in the span, this con-
nection can be used with a I’Igld pier base.
The top chord of the bridge Is left un-
p|rt1|ne so the two spans act independ-
ently.

» Another method of bridge seating is to
insert the male Iu(]]s of the pier posts into
recesses in the Tower bridge chords.
Clamps made from two tie plates and
ribband bolts anchor the bridge to the
yier. This and the last two methods are

imited hecause there is only ong pier

position in which the lugs fit without
interfering with the bridge chord spacers.

. Crib base .
To make a crib base without special panel-
crib parts, set the crib on timber and have the
cribbing bear on the bottom panel member.

Panel connections,
To connect horizontal and vertical panels,
cut away the reinforcing plate at the bracing-
bolt hole and slip the male lugs of the vertical
panel between the channels of the horizontal
chord. Tie panels together by an expedient

from tie é)lates and ribband bolts
[Figure 17-21, page 228).
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EXPEDIENT ASSEMBLY
éNONSTANDARD TRUSSES)
Expedient assembly of trusses and bfacing
can also be built “for nonstandard truss
arrangements.

Expadiont panel cripecas b built wit
xpedient panel cribs can be built wijth pane
; ersepto the bridge axis, as m

This type of construction IS USETU
when the pier'is skewed_or when the pier
foundations” are restricted. Two panels pinned
end to endgive a20-foat &6.2 centimeters) pier
width. In|Fiqure 17--2 trusses are braced
together bg oracm$ frames in every possible
position, Bracing frames are overlapped at
each end and 5-inch- (12.7 centimeters) long
holts replace standard bracing bolts. In
lighter one-stary piers, the two panels are
connected by tie” plates.

The crib may be built in the form of two

cellular coly r each side of the

bridge, as in (page 230). Each

column is made of four vertical panels
S

e
arranged In a square offset 45 degrees from
the axis of the bridge. Weld chords ‘of adjacent
panels to angles. Cap panels with improvised
capsills, and lay timber. cribbing across
capsills. The crib base is similarly con-
structed. Tie the two columns together by tie
reds welded between them.

Bracing .
More than one story of horizontal panels can
be used if more rtical cross
bracing is added. (pa?e 231
Ehov,vs swa tg)rlacets in the \{ertlca p||'a?1?
racin ouble-story pier to carry i
Ioags. %o?t tie plates toyorﬁ)e en(? of th% sv%ay

228
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braces on an extension. Bolt lengthened sway
braces diagonally between the lower bracing,
frame hole'in thé end vertical of one truss and
the _upPer bracing frame hole of the end
vertical on the opposite truss. As an alter-
native, vertical sway braces can be used in
each story.

Pin the braces to the bottom chord of the
second panel, bend them up, and weld them

to the underside of_the top chord in the
opposite inner truss [Figure 17-33, page 231).
For heavier loads, channel sections welded

across each end of the crib give a more rigid
cross brace (Figure 17-31).
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ASSEMBLY OF CRIB PIER
Use the following sequence of procedures
when building crib piers by manpower alone:

1 Lay out and accurately level pier foun-
dation. Mark panel positions accurately.
Posoitlon crib bearings where these are
used.

2 Carry up panels for trusses on each side of
crib and lay flat on base with female jaws
pointing to bearings. Lift up panels and
pin to bearings.

3 Fasten transoms, rakers, bracing frames,
and sway braces in the first story. Check
that panels are vertical and square to the
centerline.

4 Construct a working platform of transoms
and chess in the first story. Haul panels
up singly and lay them flat on the plat-
form with the female jaws opposite the
top lugs of the first story. Lift each panel
in‘turn and pin it into position.

5 Fasten transoms and bracing in the
second story and again check that the
crib is vertical and square to the
centerline.

6 Repeat for the number of stories required.
An improvised ?ln pole or davit may be
used to lift panels and transoms to upper
stones.
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END 'WIEw

1 TIE-PLATE EXTEMSHDN TO SwWAY BHACE
£ SWWAY BRALE iN VERTICAL FLANE

J HORIZCGHTAL FANELS

Fugwre [T 20 Sway-brace crces brocing
En fprc=nlnry panel ol gisr

Use the following procedures when building
piers with mechanical equipment:

o If site conditions permit, a truck-mounted
crane can be used to erect 20-foot- (6.2
meters) high crib piers and the two lower
stories of high piers. Assemble bays on
the ground nearby, and lift the assembly
into place b?/ crane. For erecting higher
piers, use a long-boomed crane.

o If pier construction is between existin
high banks or piers, use cranes and hig

I CHAMMEL CROSS BRACING
Z BASE OF FIER 3ET IW CUMTRETE
3 Swway BRACES |

& HCHAMAL Sy BRACING
o oWwarY BRALCE IN VERTICAL PLANE

'WELD WERTICAL SWAT BRALE T( UWDERGIDE OF
CHOR

Eigyre 17 5] Expediant croes brocing in three-story paned crlb pier

lines with winches on banks or existing
piers to lift panels into place.

o :If the bridge without the pier will carry
the erection equipment, the pier can be
constructed from the bridge. Use a truck
crane or r%loe tackle to lower the panel
over the side of the bridge into place on
the pier. When all panels In the pier are in
place, jack up the bridge over the pier to
eliminate sag and allow placing of bridge
seating. This last step can be eliminated
by leaving the bridge on rollers at each

abutment until after the pier is completed.
Rollers must be blocked up enough to keep
the bottom chord above the level of the top
of the finished pier.

e For a continuous-span bridge, the pier

can be built by working from the end of a
cantilever span.
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LAUNCHING OF BRIDGE

Place rockin% rollers on cribbing on top of the
piers before launching the bridge (Figure 17-
32). Push the bridge out over these rollers
until the entire bridge is over all the spans.
Jack up the bridge, remove rollers and
cribbing, and then jack down the bridge onto
its seatings on piers {Figure 17-33). A tem-
Bo_rar%/ working platform may ha

uilt for operating the jacks (Eigu
page 234). If the bridge is to have independent
spans, disconnect the girders at each pier.

JACKING DOWN OF

CONTINUOUS SPANS
Where the distance through which the bridge
has to be raised or lowered is more than a few
inches, jacking has to take place on more
than one pier at the same time. Since in this
type of construction the whole girder is con-
tinuous, lifting through any distance pro-
gressively increases the length of bridge lifted
and, thereby, increases the weight to be
raised. This soon exceeds the capabilities of
the jacks that can be brought into use on one
pier. Where these conditions apply, a se-
quence of jacking on three piers at the same
time, as described below, is the easiest
method. This consists of raising the bridge
through a smaller distance on each of the
piers adjacent to the one on which the dis-
tributing beams are being fitted.
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The ends of the bridPe are first jacked up and
lowered onto suitable cribbing slightly above
final level. Three complete jacking parties
are then required for the intermediate piers,
working from the near bank and in the
following steps:

1 The first party, working on the first pier,
lifts the bridge clear, removes the rollers
and lowers the bridge onto the cribbing,
the height of cribbing being the same as
that used at the end of the bridge.

2 The second party does the same on the
second pier while the first party jacks up
on the first pier, fits distributing beams,
and lowers the bridge to the original level
(level of top of cribbing).

3 The third party completes step 1 on the
third Bler and the second party then fits
distributing beams on the second pier.
The first party then lowers the bridge
onto the bearings of the first pier.

4 The first party completes step 1 on the
fourth pier, the third party then fits dis-
tributing beams on the third pier, after
which the second party lowers the bridge
onto the bearings on the second pier.
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This sequence of steps is continued through-
out the length of the bridge. By this means,
the bridge is raised by a slightly smaller
amount on the two Eier_s adjacent to the one
on which the distributing beams are being
fitted. Strict control of the jacking parties is
essential, however, to enable the distributing
beams to be fitted on the center pier.

In the case of long bridges, it may be expe-
dient to begin jacking on the center pier and
work outwards toward the ends of the bridge.
For this method, it is best to employ six
jacking parties, three working toward each

ank in the sequence of steps described above.

Where the distance through which the bridge
has to be lowered is such that it cannot be
achieved in three stages, increase the number
of jacking parties.
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CHAPTER 18

SPECIAL LAUNCHING METHODS
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Special launching methods are needed when
a restricted site prevents normal roller layout
and launching by the standard skeleton launching-
nose method. Space on either bank may be
restricted in length or width by obstructions
such as buildings, existing bridge girders,
trees, and earthwork or by sloping banks and
canal dikes. Limited backspace or length of
assembly area on the near bank is the most
common restriction. Backspace is measured
from the near-bank rocking rollers to the
limiting obstruction. Far-bank conditions are
a less common restriction because standard
launching tables allow progressive dis-
mantling of all launching noses and this
requires a minimum clear distance of onI?/ 12
feet (3.7 meters) beyond the far-bank rollers

Several methods included in this chapter,
however, reduce far-bank requirements even
more by landing directly on bearings and by
inverting the nose assembly to clear low
obstructions such as existing girders.

USE OF COUNTERWEIGHTS
Restricted sites require the launching of
Bailey bridges using fixed and movable
counterweights. These can be used with
standard launching-nose assembly for a site
with limited backspace on the near bank.
Several bridge bays are omitted during
launching. Counterbalance of the span is
maintained by placing a counterweight in
the last bridge bay equivalent to the missing
bays.

These counterweights can also be used with
launching-tail assembly for sites with far-
bank limitations preventing use of launching
nose or far-bank rollers. Use counterweight
tail instead of standard skeleton nose to keep
balance point behind near-bank rockin%
rollers during launching. Launch bridge wit
end posts mounted on leading end and land it
directly on far-bank bearings.

Types of counterweights

Any available material of known weight,
such as spare bridge parts, sandbags, or
vehicles can be used as a fixed counterweight.
Add this counterweight to the end ba% of the
bridge or tail just before final launching to
the far bank. When launching with a movable
counterweight, add it earlier in the bridge
assembly and roll it back onto successive end
bays to counterbalance progressive
launching stages. The two types of rolling
counterweights are vehicles and rolling plat-
forms. Trucks, trailers, tanks, tractors, and
bulldozers mounted on the bridge deck are
pushed, or moved back under their own power,
as assembly progresses. Vehicles can be
loaded to weights shown in launching tables
or shifted slightly in position on the deck of
the end bay to Provide correct counterbalance.
Backspace is often increased by requirements
for ramps and space to maneuver and mount
the vehicle on the deck.

(Ioage 236) shows two movable
platforms rolling on inverted plain rollers.

Add more counterweight in the form of spare
bridge parts, sandbags, or any available
material of known weight. Platforms can be
used singly or together with either a skeleton
launching nose or launching tail. Special
?elzltails in assembly and launching are as
ollows:

e Four plain rollers are required for all
lower platforms and for all upper plat-
forms on single-single bridges. Upper
Blatforms on double-and triple-truss

ridges require eight rollers. In triple-
truss assembly, upper-platform rollers
must not bear on the outer trusses. Rollers
need not be fastened to the stringer
framework.

o Platforms are moved by block and tackle
on both trusses.

e Horizontal bracing frames on the top
bridge chord are added after the bays
have passed under upper platform rollers.

??:kspace and limitations

Table 18-1 Spage 236) shows the backspace
required to launch fixed-panel bridges by the
standard launching-nose method without the
use of counterwei?hts. The center of gravity
or balance point of the bridge is always kept
at least 2 feet (61.1 centimeters) behind the
near-bank rocking rollers. Distances in the
table include 12 feet (3.73 meters) to add the
last bay of bridge or tail. All backspaces
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Figure 1& | Rolling pletform copnteryaighin

include 2 feet between the center of %ravity of
the bridge and near-bank rocking rollers and
12_|feet to build the last bay of the bridge or
tail.

All counterweight methods increase
launching weights. Maximum spans
launched by these methods are therefore
shorter than those launched by the standard
launching-nose method because of the re-
sulting increase in combined stress in the
lower chord over the launching rollers.

LAUNCHING NOSE AND
COUNTERWEIGHT (ROLLING)
The length of launching nose, composition of
nose and bridge bays, and organization of
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working parties are the same as in standard-
launching method (Chapter 6). However, use
of a counterweightinstead of end bays as
counterbalance for cantilever launch to far
bank requires several changes. On double-
single assembly, use plain rollers in pairs
(one under each truss) instead of singly as in
the standard method. All launching noses
can be moved forward from 12 to 17 feet, after
the assembly of the first bridge bay, to allow
mounting of rolling counterweight on deck. If
more space is needed, add temporary fixed
counterweight to the bridge or adjacent nose
bay and launch nose further over gap.
Assemble all brid(I;(e bays complete for final
launch to far-bank rollers except for triple-
single and double-double bridges, which are
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double-single assembly in end bay. To speed
assembly after landing on far bank, add
remaining bridge bays, complete launch, and
remove nose. Install far-bank end posts, jack
down, and install ramps. Move rolling counter-
weight to far-bank end of bridge, install near-
bank end posts, and jack down. Position
near-bank ramps and remove counterweights.
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Table 18-2 gives assembly for all bridges that
can be launched with an appreciable re-
duction in backspace over the standard
method using either fixed or rolling counter-
weights of the amount shown. Data are based
on the following assumptions:

= All counterweight is centered in end bay
of bridge.

= Minimum backspace for any bridge is
that required to assemble the launching
nose and first bay of bridge without
counterweight.

= Length of bridge for launching with
rolling counterweight of amount shown
in Table 18-2 requires about the same
backspace as required to assemble nose
and first bay.

» All bridge bays are decked and complete
at critical launching stage except that
end bays of triple-single and double-
double bridges are double-single con-
struction. Bridges are launched without
footwalks.

= Fixed counterweight is added to end bay
for final launching only.

+ Rolling counterweight is added on first

bridge bays and rolled back onto suc-
cessive end bays.
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LAUNCHING TAIL AND
COUNTERWEIGHT (FIXED)

The launching-tail method differs from the
standard nose and counterweight method in
several ways. The tail is of exactly the same
assembly as bridge bays (Figure 18-2). All
bridges are launched without deck and
stringers, except the end bay of the tail when
using fixed counterweight. End posts
mounted on leading end of the bridge and
landing directly on bearings eliminate rollers
and jacking down on far bank. The length of
bridge required is 2 feet 6 inches %76.4
centimeters) longer than launching span or
ap, instead of 5 feet (1.5 meters) as for the
aunching-nose method (Figure 18-2). Since
there is no nose into which launching links
can be inserted, allow for sag made b
difference in elevation between near-ban
rocking rollers and far-bank bearings, unless
site conditions allow cantilever end of a
manually launched bridge to be raised by
bearing down on tail at end posts near
bearings.

Table 18-3 gives necessary data for launching
with tail and counterweight. Tails shown are
of minimum allowable length to maintain
chord stresses over rocking rollers within
allowable limits. Where the site permits the
use of longer tails, corresponding lighter
counterweights can be calculated by taking
moments about the near-bank rocking rollers.
When using rolling counterweight (upper
platform, Flzgure 18-1), values shown in the
table mustbe increased 1.5 tons (1.4 metric
tons) in place of end-bay deck and stringers.
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Data in[Table 18-3 are based on the following

assumptions:
e The bridge is launched without footwalks,
deck, and stringers, but with far-bank end
pOsts.

e Tail construction is same as bridge.

o Counterweight is 5 feet from end of bridge.

e Sags are approximate (add 6 inches for
end-post projection).

e TWo bays of the second story are omitted
at leading end of bridge.
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o Five bays of the second story are omitted
at leading end of bridge.

INVERTED LAUNCHING NOSE
Far-bank sites with low obstructions and
limited clearance widths, such as low side-
walls or existing girders on narrow piers,
which interfere with launching-nose tran-
soms, can often be cleared with inverted
launching noses. Assembly is the same as in
standard launching tables except that nose
panels are inverted and transoms, rakers,
and sway braces are in the upper instead of
the lower chord. Vertical clearance beneath
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transoms is increased 3 feet 6 inches (1.1
meters). Launching links are placed in the
lower chord as in the standard nose.

LAUNCHING PLATFORMS
When a launching site is sharply sloped,
launching platforms may be built as follows:

e In launching from sloping banks or over
canal dikes (Figure 18-3, page 240), rollers
can be supported on panel crib piers

(Chapter 11) to provide a level launching

SIte.

o Panel bridges can be assembled in place
or launched without nose or tail over
continuous timber or panel falsework or
cribs 25 feet (7.6 meters) on centers across
the gap. With rollers spaced 25 feet (7.6
meters) apart, sag requires jacking of
leading end as it reaches roller position.
For a double-single bridge, the sag of the
leading end will be 2 to 3 inches (5.1 to 7.6
centimeters) with a 25-foot (7.6 meters)
overhang.

END-ON ASSEMBLY

End-on assembly of a panel bridge is the
successive addition of bays on the cantilever
end over the gap. Use no rollers. Support the
bridge during assembly on a packing of
timber and transoms under the bottom chord.
Provide counterbalance either by the simul-
taneous addition of tail of the same length
and assembly as the bridge or by a shorter
tail and heavy counterweight. Position panels
with improvised davits and rope tackle or
cranes.
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This method can be used on all types of
restricted sites, being particularly adapted to
building from the top of canal dikes. Using
the short tail and counterweight, it requires
the least backspace of any launching method.

Forward packing at the edge of the gap must
distribute the weight of the bridge over at
least 3 feet (91.4 centimeters) of the bottom
chord to prevent buckling. Rear packing
supporting the tail must be low enough to
give sufficient initial slope to counteract sa
and bring the end posts over the far-ban
bearings.

A timber 8 inches by 8 inches by 20 feet (20.4
centimeters by 20.4 centimeters by 6.1 meters)
and a four-way block and tackle with ¥s-inch
(1.9 centimeters) diameter rope can be used as
an improvised davit. Braced at a 45-degree
angle (in double-story and triple-story as-
sembly, against a transom at the lower end)
so the upper end of the timber extends about 5
feet (1.5 meters?]above and beyond the end of
the trusses, each new panel can be accurately
placed with the block and tackle suspended
from the upper end of the timber.

Tail and counterweight are kept to a mini-
mum by installing only such decking on the
cantilever over the gap as required to operate
the davits.

SWINGING ACROSS CANALS
Panel bridges can be swung across diked
canals by assembling complete with
launching nose or tail on top and parallel to

the near-shore dike, and pivoting the bridge
ablcl)ut its balance point on improvised pipe
rollers.

LAUNCHING WITHOUT ROLLERS
Single-single bridges up to 40 feet (12.2
meters) long can be launched by soldiers
without rollers by skidding on greased beams.
Place greased timbers or greased stringers at
the edge of the %ap and 20 feet (6.1 meters)
back under each line of trusses. Assemble the
bridge on the skids with one transom per bay
and no stringers or chess. Add three bays of
tail with two transoms per bay and stringers
in the last bay as a counterweight. Then push
the bridge out over the gap with the aid of

inchbars and levers. Soldiers on the far

ank lift the front end onto blocking. Remove
the tail, add end posts, and jack down the
bridge onto bearings. Complete the bridge by
adding a second transom in each bay and
laying decking and rarElos. If end posts and

bearings are not available, support the ends
of the bridge as described inéhapter 22].

LAUNCHING BY FLOTATION
There are several advantages of launching
by flotation. With this method a large as-
sembly site is not needed and it can be away
from the centerline of the bridge. Also, a
Iaudnc(:jhing nose or cantilever tail is not
needed.

The disadvantages of launching l:%y flotation
are that the Eap must be water-filled with
sufficient unobstructed depth to float a loaded
ponton. In a stream current over 3 feet (91.4
centimeters) per second, it is hard to maneu-
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ver the rafts. This method also takes longer
than normal launching procedures.

Multiple spans
For launching intermediate spans by flo-
tation, use pontons of suitable capacity under
each end of the span to float it into position.
Place cribbing on pontons to raise the bridge
so the lower chord clears the top of the piers.
Make sure the bridge overhangs pontons at
each end; this provides clearance for ma-
neuvering between piers when floating the
span into position. Normally, launch the
span on ponton rafts just downstream from
the bridge site. The launching sequence for a

ypical 90-foot triple-single span on pontons
Figure 18-4, page 242) is as follows:

1 Assemble far-shore raft with two pontons
and enough cribbin% to keep end of bridge
above pier. Assemble bridge on rollers on
shore. Place launching rollers slightly
higher than cribbing on raft.

2 Push bridge on rollers until it rests on
far-shore raft with enough overhang to
ensure clearance between raft and pier
when span is in position over pier. Con-
tinue to push bridge and far-shore raft
until end of bridge is near rocking rollers.

3 Assemble near-shore raft with four pon-
tons and cribbing. Pump water into near-
shore raft until it can be floated under
shore end of bridge. If near-shore raft
cannot be brought close inshore, place
ro]gking rollers on cribbing on near-shore
raft.
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4 When raft is in position under bridge,

pump water out until lower chord of span
Is supported by cribbing or rocking rollers
(whichever is used) on raft. Continue

umping until span is raised clear of
aunching rollers on shore. If rocking
rollers are used on raft cribbing, roll span
into position and insert picket through
lower chord of span and rocking roller to
hold span in position.

5 Maneuver raft into position between piers.

6 Pump water into pontons until span is

supported on piers. Remove rafts.

Note: Instead of pumping water into and
out of the pontons to raise and lower the
bridge, use jacks on top of each raft. To
raise the bridge, jack it up and insert more
cribbing. To lower the bridge, jack it up,
remove cribbing, and jack the bridge down.

For a shore span with assembly on and off
centerline, the launching sequences are as
follows:

e For assembly on centerline, launch the
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shore span from rollers on the abutment
along the bridge centerline. Place the
front of the bridge on a raft and float out
to seating on bent. Then jack up tail end,
remove rollers, and jack bridge down on
bearings. If end posts are not used and
end panels of adjacent spans are con-
nected by panel pins over the bent,
cribbing may raise shore end of span too
high and only top panel pins can be

| STAGES

L STAGE G

Figure T84 Stages of lounching imfermediate npan B3 flofofiay
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inserted. Then remove top pins and jack
down shore span to bearings on abutment.

¢ For assembly off centerline, assemble
and launch the shore span in the same
manner as the intermediate sgan, floatin
it into position between the abutment an
first pier.

Single spans
For single spans launched by flotation with
the assembly either on or off centerline, the
launching sequences are as follows:

e For assembly on centerline, float front
end of bridge on raft across gap as bays of
bridge are added at tail which 1s on rollers
on near shore. Use enough cribbing on
raft to keep front end of bridge above far-
bank abutment. Launching links and a
short upturned nose ahead of raft can be
used to raise the end high enough to clear
the far-bank abutment.

e For assembly off centerline, assemble
span off centerline of bridge and launch
on rafts. Float span into position between
abutments and lower into place. Cribbing
on rafts must keep bridge above abut-
ments and overhang must be enough to
prevent grounding of rafts.
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CHAPTER 19

LAUNCHING BY SINGLE GIRDERS

It may be advisable to launch a panel bridge
one girder at a time. This method is advan-
tageous when launching from an existing
bridge where piers are wide enough to take
the ends of a new span, but the existing
bridge is not wide enough to launch the new
span complete. Such launching is recom-
mended when there is—

o An existing through-type panel bridge
(Figure 19-1).

» An existing through-type civilian bridge
where the width between side walls or
trusses is less than 20 feet 8 ¥ inches (6.32
meters) (Figure 19-2).

» An existing deck-type bridge where width
of deck is less than 20 feet 8 % inches (6.32
meters) (Figure 19-2).

e A launching of span of panel bridge to a
point much lower or of varying height, as

to intermediate landing bay of a floating
bridge in tidal water (Figure 19-3).

e

Figure 00 Drameged apan of mullispen padel Brigdye (mees ore pidy erough (o lake ooy of Ao seea St
CEL g bradge ir R 3ede Frough o fauRch BEL spaR ramplete
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CIILLeM THROUGH-TYPE BRIDE
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TYPES OF GIRDERS

A single girder may be made up of a singt!e
truss or of two or more trusses connected by
bracing frames and tie plates. Five trusses
are the maxim that can be han-
dled practicablyl] Figure 19-4 (page 246) shows
?irders with various combinations of two to
Ive trusses. Single, double-, and triple-truss
girders are used for through-type panel

ridges. Any of the girders may be used for a
deck-type panel bridge.

To save launching time, the wider girders are
Preferred to many narrow bridges. Four- and
ive-truss girders usually are used for mul-
tilane deck-type bridges.

Assembly sequence
The assembly sequence for launching by
single girders is as follows:

1 Assemble girder on deck of existing
bridges and then launch over gap.

2 Lower or slide it into position and then
launch next girder.

3 To complete the bridge, add standard
sway braces, transoms, stringers, and
decking, or expedient bracing and
flooring.

Methods of launching _
Single-truss girders may be launched with
gin poles or high line. Multitruss girders may

e launched by any one of the following
methods:

o Counterweight.

e Launching nose.

¢ Gin pole and snubbing tackle.
e High line.

Working parties

The size of workin? parties varies with size of
girder. To assemble girders, divide soldiers
Into panel parties, pin parties, and bracing
parties. Combine them to launch the girders.
After the girders are in place, divide the
soldiers into bracing and decking parties to
complete the bridge.
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Limitations
There are limitations of this kind of
launching. Launching by single girders takes
longer than the normal method of launching
panel bridges.

A girder is always launched as a single-story

irder; other trusses or stones are added after
the girder has been launched. Bracing frames
between trusses prevent overturning and give
the girder rigidit%. (However, when launching
long girders in the wind with counterweight
or launching nose, the end is subject to
considerable whipping.) And plain rollers
must be placed under every truss to support
the girder evenly and prevent twisting.

. LAYOUT OF ROLLERS
Plain rollers are used in sets under the girder,
S0 each truss rests on a roller. In some cases,

plain rollers must be staggered
Interference between rollers.|Figure 19-
shows the arrangement of plain rollers in

sets under the girder.

Rocking rollers cannot be staggered. When
trusses are spaced 1 foot 6 inches (5.3 centi-
meters) on center, rocking rollers are placed
under every truss. The two outer trusses are
spaced 8% inches (21.6 centimeters) on centers

by tie plates and a single rocking roller is
ple r the inner of the two trusses
Figure 19-5, page 247). Remove the outer

guide roller. Wedge shims between tie plate
and chord-channel flanges to prevent outside
truss from slipping down. Under the four-
truss (2-foot 21%-inch) (67.4 centimeter% girder,

the rocking rollers gre placed under the outer
trusses [(Figure 19-6, page 247).
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The procedure for laying out sets is—

e Use rocking rollers at the ed%e of the gap
and place plain rollers at about 25-foot
6-meter) intervals back along the girder
(Figure 19-7, page 248). With double-truss
girders, plain rollers can be used instead
of rocking rollers at the edge of the gap.

o When using a counterweight [Figure 19-8
page 249? or launching nose [Figure 19-9
page 250), assemble and launch the girder
on the side of the existing bridge nearest
its final position. Assemble a second
girder simultaneously at the other side of
the deck of the existing bridge. Lay out
rollers accordingly.

- -

LHDCKIHG
ROLLER

.'ir -
GUIDE ACLLER
REMOYED

Fgnee M5 Arrargemient of reching raallinrn
srbdE E aripne frus s eiraer

k-3
x

=A:

3

"1.":'
il

.
=

e When using a gin pole and snubbing
tackle, two gin poles, or a high line, lay
out the rollers so as to assemble and
launch the girder along the centerline of
the bridge.

L

. s

-

o When launching from an existing panel
bridge, place all plain rollers directly over

] , volid overstressin% stringers
. , Figure 19- j?) Set rocking rollers pre-
erably on cribbing directly on the pier. If

it is necessary to place the rocking rollers

on the deck of the existing panel bridge,

place them directly over the end transom.
If the total launching weight on rocking

Fugure i8-8 Arrongermeri of focttity roffvrs
wreder @ four (raa sy grrder
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rollers is more than 14 tons (12.7 metric
tons), use two transoms under the rollers;
if the launching weight is more than 28
tons (25.5 metric tons?], wedge the cribbing
under the center of the end transoms.

_ ASSEMhBLYfOF GIRDEfRS
Ne_glrder may have from two to five trusses
Figure 13-10).
Connect trusses of multitruss girders at every
possible place by bracing frames and tie
plates across the top chords and ends of
panels. All tie-plate bolts must be tight and
shims must be used to prevent the outer truss
from slipping down when the end of the
girder is over the gap (Figure 19-5). In girders
with outer trusses spaced 8 Y2 inches (21.6
centimeters), insert panel pins connecting
the nose to the main girder from the inside so
the nose can be disconnected after launching.
In both the main girder and the nose, always
insert the pins from the outside toward the
centerline of the girder.

Place end posts on the front end of all trusses
before launching, except when using a
launching nose, in which case place the front
end posts after the girder has been launched.
Place the rear-end posts Wh%r is in
position for jacking down| Table 19-1 (page
250) lists the parts required to assemble eac
type of girder.
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1 AOCKING ROLLERS

2 MER

3 GAP

¥ SKIDDNMG BEAM

5 THIADL AQLLER STAGGERED

5 EXISTING BRIDGE

TROLLEA PLACED DIRECTLY OvEA THANSLIM

Figure 187 Layout of launching roliers for isanching a triple-truar girder from existing pane! bridge
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I 5IK-BAY DOUBLE-TRUSS GIADER
i EKIDDING BEAM

JGAF

& PLAIN ROLLERS

5 EXI5TING BRIDGE

6 2-TOM COUNTE AWEHGHT

F FOUR-BAY TAlL

1 SIK-BAY FOR-TAUSS GIADER 12711°)
3 FRE-BaY DOUBLE-TAUSS LAUNCHIMG MOSE
3 GAF

4 SKADDHG BEAM

S EnpSTIMG BRIDGE

Figure 139 Laynching & fosr-truay pirelyr wcith a Iﬂn.r.‘l.l'n‘nnlli
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LAUNCHING OF GIRDERS
There are several methods of launching by
single girders. These are the counterwelght,
launching-nose, gin-pole and snubbing-
tackle, direct-lift, and high-line methods.

Counterweight method
]Ic_alllunch a single girder by counterweight as
ollows:

o Add the counterweight to the rear end of
the girder to balance the front end of the
irder as it is pushed on rollers out over
the gap. Long girders may be kept in line
by using side gugs and a pull winch from
the far pier. When across the gap, the
front end lands on rollers at the far bank
or pier, or on landing-bay pier of a floating
bridge. Then disconnect the counter-
weight, attach the rear end posts, remove
the rollers at each end, and jack down the
girder onto a skidding beam.

o Girders may be counterweighted either
by adding weights to the last bay of a
short tail on the girder or by making the

irder of the same assembly and twice as
ong as the span so the tail alone will
counterbalance the span.| Table 19-2 lists
weights needed on short tails to counter-
weight various spans of multitruss
?ir ers. (Longer spans cannot be
aunched by this method because of insuf-
ficient lateral stability.) If the long tail is
used, it may be disconnected after the
first girder Is launched, and used for a
second girder.
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The counterweight method is useful when
site conditions at the far side prevent use,
removal, or disposal of a launching nose, or
erection of a gin pole or high line. When
launching long girders of a deck-type bridge,
a counterweight permits tipping the far end
directly onto the pier without jacking down.

Launching-nose method
Launch a sm?le girder by the launching-nose
method as follows:

o Attach a lightweight launching nose to
the front end of the girder, and push the
girder with nose on rollers out over the
gap. To compensate for sag, launching-
nose links may be used In the same
manner as when launching the normal
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lc_)anel bridge. Long girders may be kept in
ine by using side guys and a pull winch.
When across the gap, the nose lands on
rollers on the far bank. Then disconnect
nose, attach front end posts, remove
rollers at each end, and jack down the
girder onto skidding beams.

o[ Table 19-3|(page 253) lists the tgpes and
lengths of noses needed to launch multi—

truss girders. Single-truss girders cannot
be launched by this method. Brace
launching noses the same as the girder.
When launching the triple-truss girder
with an eccentric double-truss nose, the
nose must be dismantled bay by bay as it
passes over the landing rollers. Otherwise,
the nose beyond the Iandin? rollers twists
the girder, and may cause failure.



¢ The launching-nose method is used for
longer girders, where sag is appreciable.
It can also be used for girders too heavy
for a gin pole or high line. Launching by
this method is easier than with a counter-
weight, because the girder with nose is
lighter than the girder with counter-
weight.

Gin-pole and snubbing-tackle method

Launch a single girder
snubbing-tackle method
252) as follows:

v the Qin-po

e and

Figure 19-10

, page

e Erecta gin pole at the far bank or pier. Rig
tackle from the gin pole to the front end of
the girder with the fall line running to the
winch of a truck on the bridge or bank.
When a truck-mounted crane or tractor is
used at the tail of the girder, lead the fall
line around it by a snatch block at the side
of the bridge. For long, heavy girders,
attach guy lines near the center of the

FM 5-277

girder on each side and control by winches
on trucks to each side of bridge. The
girder rides on rollers on the near bank.
Brake it by snubbing tackle attached to
the rear end of the girder to keep it upright
and to lift it onto the bearings. Power
applied to the hauling winch pulls the
girder across the gap. Move a truck-
mounted crane forward with the girder,
keeping the snubbing line taut to prevent
too rapid movement. When the girder has
passed its balance point, let it dip about
one-tenth of its length to lessen stress in

Tadde [4.7 Beguirad copnirrgeight for rarious spans of multitruss girders
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the tackle. After the girder is across the
?apz the gin pole and truck-mounted crane
Ift 1t directly onto the bearings.

e When a truck-mounted crane is not avail-

able, two gin poles may be used, one on
each bank. Attach both gin-pole lines to
the front end of the girder, which is pulled
over the gap b?/ taking up on the far gin-
pole line and slacking off on the near gin-
pole line. When the front end of the girder
Is over the far bank, change the line from
the near gin pole from the front to the rear
of the girder. Then lower the girder onto
its bearings.

e This method is better for short spans,

since long girders are heavy and difficult
to handle. It also saves bridge equipment,
because it eliminates the need for either a
launching nose or counterweight. In
addition to handling girders, the gin pole
and truck-mounted crane can be used to
teilegraph transoms and decking into
place.

Direct-lift method

Launch a single girder by the direct-lift
method as follows:

262

Assemble the girder on ground beside the
piers. Use two cranes or gin poles to lift
the girder into place on the piers. In case
of a water gap, the girder may be floated
out to the piers and lifted into place by
cranes on rafts or on the piers. Cranes are

1 MAdn RGLLERS 5 SWATCH ALGCE, HUSKED TO A SI0E OF EXSTING
i DOUBLE-TRUSS GWHDER BRIDGEE
154G POLE T WIKNCH O FRONT OF TRLICK
i Fall LINE A TR K -mOLUNTED CAANE
& SHUEING UME
[ S S 3

#r—.._—l—]’_—_J_..l—l_ - e g e

LSsrr iRy & fnl = {uls Firaet wilh o gim pois and anybbing fackis

not needed if the piers are low enough so o The length of girder that can be launched

the girder can be floated into place and b¥ this method is limited by the capacity
lowered onto the piers by pumping water of the cranes. If the girders are short and
into the raft pontons. light, a single crane can be used.
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High-line method
Launch a single girder by the high-line
method (Figure 19-11) as follows:

e Rig a high line of suitable capacity across
the gap along the centerline of the bridge.
Susloend the girder from the high line,
pull it over the gap, and lower it onto
skidding beams. Attach the trolleys on
the high line to slings on the girder near
the quarter points. Roll the girder on the
approach span to its balance point on the
first roller before it is carried by the hl%h
line. Use tag lines at both ends of the
girder to control it during launching.

e This method is useful for launching deck-
type bridges where the girder has to be
lowered a considerable distance to the

skidding beams. In addition to handling 1 HIGH LINE 4 AOCK NG ROLLLRS
the girders, the high line can be used to 2 GIRDEH 4 TAG LikE
carry out the transoms and decking, and

where trestle-approach spans are used, it
can be USEd tO Carry Out bl’ldge partS fOI‘ Figeure [ ) Lowrcking o single-iruna girder wilh o high fine
the approach spans. This method also
eliminates the need for either a launching
nose or counterwei?ht. The capacity of

Tahle 124 Welght, in fons, of pingle-druss onsd mulliirass girders

high lines is usually limited to short HUMBER SPACING 34 - EEAN 1)
single or double-truss girders. Table 19-4 BF IRUSSES OUTERTRUSSES W W M B M M W W 10 I
lists the weight, in tons, of various lengths fios B8 1 1z § 15 1 iA L 11l ozad zeEl gl 3: 0 14
of girders. Twe IE" Loy |oes Loaz [ x| aa| sa| s &4 1o | 7%
Thre el 1 | ar | ak | s | es | o7a | oma| a3 |2 |l
JACKING DOWN Thiea I B¢ | ax (43 [ 57| k7| e | Mg 45| s [ 11a
: H H i Four ExrL ER 14 b.2 T4 ir 9 1.1 LA 13k 13
Jack down the girders either with a jack four - A B Bl BT IS B Il IR dl Bl g
under each end post or with jacks under an Four i i | osLopoed | 27| oee | wes | oes | o1zE | 1 | 154
equalizing beam supporting the underside of Fiwg T 43 F ez | 7B {93 | w3 |5 f o | s |1t | aET
the girder (Figure 19-12). Work the jacks in
unison so the girder is Towered evenly. During .

the lowering, guy the girders to prevent o s
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Frgure 13 [ Jicla wider four-{roas girder uiiing
an squiiting heam

overturrlling. To Ilqwerbthe girdotlar in its t1.‘linac;
stage, place equalizer beam under top chor

as ?n Figure 16-18, Place cribbing under the
bottom chords or equalizer beam to prevent
the girder from dropping if it slips off the
jacks. If the distance to be lowered is great,
lower the girder by successive stages. When
truck-mounted cranes or %in poles are avail-

able at each end of the bridge, lower the
girders directly on the bearings.

FINCH AR

GAEAGED HEAMS

|

GIRDER

Figure {813 Shidding x girder inte plgce by prying with pinchbars

SKIDDING AND SQUARING UP
After launching, move the girder into position
by truck cranes, or skid it into position on
greased skidding beams by prying with panel
levers or pinchbars (Figure 19-13). Panel-
bridge stringers are preferred for skidding
beaéns, but I-beams or timber beams may be
used.

After the first girder is lined up with the
existing bridge, square up the second girder
with the first. If the trusses cannot be moved
in a longitudinal direction without rollers,
reinsert rollers after skidding.
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COMPLETION OF BRIDGE
For normal through-type assembly, complete
the bridge bay bY bay, working out from the
near shore as follows:

1 Insert sway braces of first bay with
adjusting collars on the same side of
bridge. Use two lashings from centers of
bottom brace to hold center of sway braces
up until ends are pinned in place. Do not
tighten.

2 Place transoms in first bay. A truck-
mounted crane with gin pole on far bank
may be used to telegraph transoms into
place, or they may be placed by hand. In
the telegraph method, attach to the tran-
som both a line from the gin pole on the
far bank and a line from the crane on the
near bank. Then pick up the transom and
place it by taking up the gin-pole line and
slacking off on the crane line. Use a tag
line on the transom to guide it. When
handling it manually, push the transom
out from the bank and swing it into
position with the aid of ropes attached to
the top chords. The transoms are difficult

256

to fit at first, but this becomes easier as
more bays are completed.

3 Place stringers in first bay.

4 Remove vertical bracing frames and in-
sert rakers. Do not tighten.

5 Repeat above procedure to install sway
braces, transoms, stringers, and rakers in
second bay.

6 After bracing members are inserted in

second bay, tighten all bracing in first
bay and lay chess and ribbands in first

bay.

7 Add remainder of decking in the same
manner.

8 Install ramps.

Deck-type bridges take either standard panel-
bridge decking or expedient timber[%eh&akb%
For details of deck-type bridges, see

[ and 13
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CHAPTER 20
BRIDGES ON BARGES

The panel bridge on barges consists of a 1 i 3= N
standard panel bridge supported on floating

piers made from river or coastal barges of

suitable type and capacity. Special spans or %

Earts are used to provide hinged joints =
etween floating bays (Figure 20-1). \i

_ _ PIERS _ | N T
Piers consist of barges or vessels suitably b 10 # 8 7
prepared to support the panel-bridge super- STEER RANK {NQ GROUNDED PIEAS]

structure. The several kinds of piers are—

e Floating-bay piers, which suEport the
floating bays in the interior of the bridge.

e Landing-bay piers, which support the
shore end of the floatin?1 bay and the
riverward end of either the fixed-slope
Ibandlng bay or the variable-slope landing

ay.

e Intermediate landing-bay piers, which
support the shore end of the fixed-slope
landing bay and the riverward end of the

variable-slope landing bay. The inter- GRADUAL SLOPING BANK (WITH GROUNDED PIERS)

mediate landing-bay pier is not used e 1o o0 £ TRuss WiTH DECKING =™ DOUBLE TRUSE WITH DECKING
without the fixed-slope landing bay. L]
1 vARIABLE-ELOPE LANDING BAY & DRAW SPAN 11 LANDING BaY PIER INTERMEDIATE)
2 FrxEG-SLGPE LAaNMING BaY T QW WATERLIME 12 LHALY HMGT
JEMD FLOAT-NG DAY B GTREAM GOTTCM 13 LT S5PAN
4 FIATING Bay 8 FLOATING BAY PIER 14 COMKFCTING SPAN
5 PANEL TOWER 10 LN DI EAY PIER 15 FLOATING-BAY PIEA  GROLNDED

Fegure 210 Wonmenclotures of pareel Sridge off bergvs
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BAYS
The span between two articulating points
supported by two floating piers or between
the shore and a floating pier is called a bay
(Figure 20-2). The several-kinds of bays are-

e Floating bays, which are the interior of
the bridge from the end floating bay on
the near shore to the end floating bay on
the far shore. They are supported near
each end by floating-bay piers.

o End-floating bays, which form the con-
tinuation of the bridge between the
floating bays and the landing bays. They
are supported by a landing-bay pier and a
floating-bay pier.

¢ Landing bays, which form the connection
between the end floating bay and the
bank. There are two types of landing
bays: the variable-slope Iandinqbba ,
which spans the gap between the ban
seat and the landing-bay pier (or the
intermediate landing-bay pier if a fixed
slope landing bay is used); and the fixed-
slope landing bay, which, spans the gap
between, the intermediate landing-bay
pier and the landing-bay pier.

SPECIAL SPANS
Special spans include connecting spans, lift
spans; and draw spans. Connecting spans
connect two adjacent floatin% bays where
barges are grounded. They each provide two

articulating points to compensate for the

Figure 202 Floailing bayr
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changes in slope between the floating bays.
Lift spans (Figure 20-3) connect two adjacent
floating bays. They can be lifted vertically by
use of block and tackle or chain hoists to
allow passage of water traffic through the
bridge. Draw spans provide a wider gap
between adjacent floating bays for passage
of river traffic. They can be split in the middle
and each half pivoted up.

DESIGN AND
CAPACITIES OF BARGES
Coastal and river barges differ widely in
construction and capacity throughout the
world. In Europe and the Americas, barges

are generally flatbottomed. Barges with
round or semiround Kkeels are als L
European canals and rivers [Figure 20-4).

Figure #.3 Panet-bridge (ift apan
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Asiatic barges have less capacity than
European or American barges. Generally,
European and American barges have a
capacity of from 80 to 600 tons (73 to 546
metric tons). The general condition of the
barge has a direct effect on its use in a bridge.

Ribs
Structural ribs of barges are designed for
bending stresses induced by water pressure
on the outside of the hull. They are normally
bulb-angled steel sections 5% to 7 inches (14
to 17.8 centimeters) deep, closelg spaced, and
curved rather than straight. Ribs should not
be loaded as struts unless they are braced and
load is distributed. To distribute the load,
timber cribbing can be used along the gun-
wale directI%/ over the ribs. If the rib is not
curved and the length of rib from deck to keel
does not exceed 10 feet (3.1 meters), each rib

will support approximately 5 tons (4.6 metric
tons).

Decks

Barge decks are designed for distributed
loads. A wide variation of deck design exists
and care must be taken in estimating their
capacity. European flat-bottomed barges
normally use transverse beams of Z section, 6
to 7 inches (15.3 to 17.8 centimeters) deep,
carrying light channels or 1-beams fore and
aft to support a timber deck. A deck of this
type can carry a bearing pressure of 0.5 ton
(.45 metric ton) per square foot.

DESIGN OF SUPERSTRUCTURE
The superstructure of a bridge on barges may
be assembled either by normal or by special
means. Superstructures of normal bays con-
sist of double-single, triple-single, double-

FM 5-277

double, or triple-double assembly of standard
Pan_el-brldge equipment. Normally, a

loating-bay superstructure is a single-story
assemblg and a Iandin%-bay superstructure
Is a double-story assembly.

Decking for a superstructure of normal bays
consists of standard chess with 3-inch (7.6
centimeters) wear treads laid diagonally over
the chess. Add angle irons to deck on landing
bay to increase traction. When connecting
posts are used to connect floating bays,
transoms and junction chess cannot be used
to fill gap between bays. Place cut stringers
on the two transoms at the end of each bay,
gndsglgce two thickn)essles okf 3-b 1dZ-inch 7.6

y 30.5 centimeters) planks spiked together
on top of the cut stringers page
260). Wire planks in place to prevent shifting.
When sFan junction posts are used to connect
bays, fill gap between bays in normal manner,
using transoms and junction chess. Where
maximum road width is desired, ribbands
can be eliminated by a 2- by 24-inch (5.1 by
61.1 centimeters) hub guard installed 6 inches
(15.2 centimeters) above deck to protect
panels.

Use special connecting pasts t bays
and provide articulation| EFléure 20-5, page
260). These special connecting posts provide
ample strength and allow development of full
capacity of superstructure. Equal articulation
above and below connecting pin provides
unrestricted space for movement in the
connection. Such connectors do not require
restrictive linkages, guides, or maintenance.
Combination special connecting posts can be
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used in place of normal posts and also to
connect two male or two female ends of
panels.

Use special spans when barges are grounded
or when passage of water traffic through the
bridge is necessary. The capacities of the
special spans are the same as the normal
spans. However, their full capacity cannot be

eveloped unless the suspending connection
at each end is made stron? enough. In addi-
tion, the weight of the lift span and draw
span is limited by the lifting power and
strength of the hoists, thus affecting the type
of construction that can be used in these
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spans. The three types of special spans used
are connecting spans, lift spans, and draw
spans. They are used as follows:

e Use the connecting span when barges are
grounded or when special connecting
posts are not used. It is a short span of
single-single or double-single assembly
suspended between two floating bays by
span junction posts (Figure 20-7).

e Use the lift span only in short bridges
where current is slow and there are no
longitudinal forces in the bridge. When
current is swift, pier heights can be
increased to arch the bridge enough to
pass water traffic under one of the center
spans without use of a lift span. The lift
span is single-single or double-single

assembly 20 or 30 feet (6.1 or 9.4 meters)
long. It Is raised horizontally by block
and tackle attached to span and to panel
towers in adjacent bays.

e Use and restrictions of the draw span are
the same as for the lift span. The draw
span is a single-single or double-single

lally 20 feet (6.1 meters) long

re 20-8| page 262). Hinge and sus-
pend it to adjacent bays by span junction
posts. Raise it at one end by block and
tackle attached to span and a panel tower
in one of the adjacent bays. If resulting

ap is insufficient, use span of 40 feet

?12.2 meters) and make cut at center of

span. Then use towers with block and

tackle at both ends and lift each half
separately.

DESIGN OF BAYS
The barges and the superstructure together
form sections called bays. These are designed
as either floating or landing bays.

Floating bays are normally double-single
assembly. However, for loads of 100 tons (9.1
metric tons) or more, unsupported span
lengths are limited to 60 feet (18.3 meters) and
assembly must be triple-sin?Ie. The class is
limited by type of assemb 3/ by the span
between centers of barges, and by the method
used to support the superstructure on the
barges. The class of floating bays is given in

oie 20-1 (page 263). Normally, a barge near
each end of a bay supports the superstructure.
The superstructure must not overhang the
barge at each end more than 15 feet (4.6

&
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meters) from the centerline of the barge.
However, a single barge can be used if it has
ample width and capacity and the bay is
stable under the load.

The type of assembly used in landing bays
depends on length of span and on loads to be
carried. A triple-doubleassembly is the
heaviest type used. Maximum slope of the
bay is 1 to 10 with adequate traction devices
provided; without traction devices, slope is 1
to 21. Length of landing bay depends on
conditions near shore. Use double landing
bays where considerable change in water
level is expected or when high banks are
encountered. Assemble landing bays the
same as normal panel bridges and use the
same type of end support.

ADVANTAGES AND
DISADVANTAGES
The panel bridge on barges has the following
advantages:

e It does not use standard floats and
pontons which may be needed at other
sites.

e It allows long landing floating bays for
gse li(n tidal estuaries or rivers with high
anks.

e It has large capacity barges which allow
greater bridge capacity than standard
military floating supports.

e |t provides a stable bridge in swift cur-
rents.
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o It minimizes hazards of floating debris
and ice.

The bridge has the following disadvantages:

e |t uses barges which may be hard to
obtain.

e |t can be used only in navigable streams
or waterways used by barges or vessels of
the type and size necessary for use in the
piers.

e |t is not adaptable in combat areas

because of equipment, material, labor,
and time requirements.

262

DETAIL &

14

DETAILE DETARIL &

Figwre @b Fanel-bridge drau span




Taldr 201 (faws of boys and apanas in panaf bridpe on berges

x
=
.-,;::;‘3:1- E-E— LERGTH OF Ba) DR SPAK |I1) .
-2
IwTwlwlwlale ao | o0 [Lod [l 2o [iae e |1
LARDING AT | 5% ao| % | an| 26| 22] 18| 13} 10
05 0] #1] W] 7] e4| 5] 4 s 23] wfer| 1o
s Wrfloo| af| ma| er} 52| o] |z ikl 7 F | Length '
oo [ %] Bl el wlalilm] | |
1D we| w1 ] | m] s gl 40 J'_\:: “- T
ar LB | 91 | M0 | 62| &4
1l ILIR L
ENDI P LOATING |55 ] M 2] 22| i3] 18] 1L Lennh
BAY PR w0 | 1| se| 2| ] B 7w el ] i Lt
Is M B 0 B E S E ) e —
TIOALING BAY | 55 an | 2] 8| %] 28] 17| ¢ ] IO [ -
03 i fwlalelalalalnn] ] e
TS 13 faon ]| | =l w50 ] 40| 5
e o e il e LT e
3 BH I ﬂ’i{ﬁjﬁ
LIFY SPAM r_!;; i; :: | ;!.Lulnp‘njq:g |
15 |LL] |10d = o
FALE SFAN L2 el L =115 |-e-lenpifim 1§ o
D5 | 300 &7 57 ' |
TS J113 1) b

BARGE EQUIPMENT

Barges must be processed and their required
equipment determined. Procure barges locally
and then examine and rate them for capacity;
determine the best point for use in the bridge;
establish the the of barge loading (described
later in this chapter) to be used; and sketch
the construction needed to bring the bearings
to exactly the elevation established for super-
structure bearings.

After determining the type of barge loading.
prepare a material estimate and an an equip-
ment requirement list for each barge. Nor-
mally, steel beams, timber, blocking, wire
rope, and miscellaneous holts and fittings are
needed. See[Chapter 17| for equipment re-
quired if panel crib piers are used as supports
on the barges.
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PARTS FOR SUPERSTRUCTURE
Normal_spans use fixed-span panel-bridge
parts [Chapter 1). Connections between spans
are made with special connecting posts that
must be fabricated in the field (Figure 20-§) or
by connecting spans using span junction
afa pplied in the panel crib pier set

-

Special fittings to guide both the lift span and
the draw span during raising and lowering
must be made in the field. Block and tackle
required are supplied in the freed-panel bridge
set. Counterweights to aid in _raisin%an_d
lowering the span can be improvised. The lift
span or the draw span, and the floating bays,
are connected by span junction posts from
the panel crib pier set.

The normal erection equipment supplied in
the fixed-panel bridge set is sufficient to
assemble the superstructure. Truck cranes
aid the erection of the superstructure and the
preparation of the barges. Acetylene torches,
arc welders, chain falls, power and hand
winches, diving equipment, and sea mules or
Pow_er tugs with enough power to move

loating bays into position should be avail-
able at the site.

SITE SELECTION
Tactical requirements determine the general
area within which a site must be selected. The
following factors should be carefully con-
sidered in choosing the site:

o There should be a road net close to the site
over which equipment can be moved.
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Roads and approaches should require as
little preparation and construction as
ossible and should be straight and level
or at least 150 feet (45.7 meters) before
reaching the stream bank.

Near-shore area should afford suitable
sites along the shore for barge preparation
and bay assembly.

Banks should be reasonably steep and
firm so that water gap will not change
materially with water level. Banks high
enough to allow launching of superstruc-
ture to barge piers are desirable.

The site should be on a straight reach of
the stream or estuary and free from cross
currents that would exert a longitudinal
force on the bridge. Water at bridge site
should be deep enough to float barges at
low water if no barges are to be grounded.
Water at assembly sites should be deep
enough to allow preparation of barges
close to shore and launching of super-
structure directly to barges. It barges can
be grounded at low water, the stream
bottom should be reasonably smooth and
level. The stream should be free of
obstruction at the assembly sites and
bridge site.

SITE RECONNAISSANCE
After the general area has been determined,

make a study of aerial and terrain maps to
determine possible bridge sites along the
stream within the specified area.

Direct aerial reconnaissance generally gives
the following information on these bridge
sites:

= Site relation to existing road net, with
estimate of road construction required.

= Alignment of river at site and channel
obstruction in the vicinity.

= Approximate height of banks to decide
%uitability for approaches and landing
ays.

+ Approximate width, shore to shore, of
river, and length of bridge required.

« Location, relative to bridge site, of
material storage, equipment, and work
areas, and of barge site next to near shore
for floating-bay assembly.

+ Location of barges large enough to be
examined later in detail by ground recon-
naissance.

« Nature of open water route from barges to
bridge site, noting and locating obstruc-
tions to navigation.

» Routes over existing road nets for trans-
portation of bridge materials from dump
or other sources to bridge site.

o Location of adjacent quarries and aggre-
gate supplies.

Ground reconnaissance gives the following
data:

« Width of river from bank to bank.
» Profile of approaches and streambed.

= Character of soil in approaches, banks,
and streambed.

+ Profiles of possible routes of approach
and linking roads to existing road nets.

« Current velocity.

« High and low water data indicated on
profile and rate of flood and ebb of tide, if
possible.

» Sketch showing location and description
of suitable material storage and work
areas, downstream assembly area with
profiles at possible shore barge prepara-
tion sites, and floating-span erection sites.

# Sketch of barges located in aerial recon-
naissance.

. Routingbon open water from assembly
sites to ridge site, with description and
location of obstacles and estimate of work
necessary to clear passage.

+ Information on location, quality, and
quantity of nearest aggregate source.



SITE LAYOUT AND PREPARATION
Before actual construction, alignment and
grade of roads and ?ﬂjroaches must be
determined. Plan and locate storage and
assembly areas so as to ensure uninterrupted
Erogressmn of work and avoid unnecessary

andling. After determining location and
layout of site, complete road work and
approaches to expedite delivery of bridge
material. At the same time, prepare landing-
bay and floating-bay assembly areas.

WORKING PARTIES
To build bridges of 500 feet (152.4 meters) or
more, assign an engineer combat or construc-
tion group of three battalions, two panel
bridge companies, one light equipment
compang, and one harbor craft company. For
shorter bridges, reductions in personnel can
be made. Table 20-2 presents a suggested
breakdown of tasks and troops required for
constructing an 810-foot (246.9 meters) class
70 bridge in a moderate current. Approach
[joad construction will need five company
ays.

Tehle ror.2 Toaken: brechdown of perecnnel boilding
an 8IG-foor (E4E5 meteriy claes 74 bridge

ThSES FERSONNEY
RELLAEAT praBdr Rl 1 platesn
Laading. buy assrmhly | platgon
Hoahia) by Midamiy 1 pateon
Movedsent 309 <Nk 0F bart d glabeoh: per Bank
limksadung ot equipment I plaLoons per uite
nLhorags L platoan

An example of how to distribute work parties
is—

Assume bridge will consist of the following
bays, proceeding from near to far bank:
One 100-foot ?30.4 meters) double-double
variable-slope landing bay.
One 100-foot r30.4_ meters) double-double
fixed-slope landing bay.
One 80-foot (24.4 meters) triple-single
end floating bay.
One 40-foot ?12.2 meters) double-single
draw span. o
Three 100-foot (30.4 meters) triple-single
floating bays.
One 90-foot (27.4 meters) triple-single
end floating bay.
One 100-foot (30.4 meters) double-double
landing bay.

Assume an engineer group of:
3 battalions.
2 Panel bridge companies.
1 light equipment company.
1 harbor craft company.

One possible assignment of units to con-
struct this bridge 1s as follows:

One battalion to construct:

One 100-foot 130.4 meters) double-
double variable-slope Iandinc? baP/.

One 100-foot (30.4 meters) double-
double fixed-slope landing bay.

One 80-foot (24.4 meters) triple-single
end floating bay.

One 100-foot ?30.4 meters) triple-single
floating bay.
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One battalion to construct:

One 100-foot (30.4 meters) double-
double landing bay.

One 90-foot (27.4 meters) triple-single
end floating bay.

One 40-foot (12.2 meters) double-single
draw span.

Two 100-foot (30.4 meters) triple-single
floating bays.

One battalion to:
Prepare approach roads.
Unload equipment.
Prepare anchorages.

Two panel bridge companies to:
Haul bridge equipment.

One harbor craft company to:
Assist in maneuvering barges and
bays.

One light equipment company to:
Supply construction equipment with
operators.

Time required for completion is approxi-
mately 6 days of daylight construction.

BARGE SELECTION
Before starting to build the bridge, barges
must be chosen and positioned with care. In
selecting barges, structural condition, capac-
ity, shape, freeboard, type, and location of
barge must all be considered. Examine and
rate barges located on the reconnaissance.
Barges which meet the requirements should
be assigned a position in the bridge. Working
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sketches and a plan of preparation for each
barge are necessary to adapt it for use as a
floating pier. Clear nonusable, easily un-
loaded material from the selected barges to
help towing to barge preparation sites.

METHODS OF LOADING
Bar% s are adapted for use as piers by three
methods. The method employed depends on
the type of barge, flat-bottomed or keeled, and :
?roundlng conditions. The three methods of / A
oading are gunwale loading, crib loading,
and grillage loading.

-]

Gunwale loading

As few barges are designed for gunwale
loading, determine the strength of the barge
ribs before using this method. Barges are
normally built with a narrow deck running
full length along each side of the hold. This
deck space can be used for gunwale loading if
the ribs and the deck are strong enough and
the load is applied as nearly as possible over
the ribs. Gunwale loading must not be applied
to barges that will ground at low water unless
the barge and the bay will remain level. If
keel-type barges are used, the site of
grounding should be in soft mud. Flat- —_— -
bottomed barges should ground on flat sandy SECTION AA
bed free from obstructions. — -

Use packing between the gunwale and the 1 SPECIAL TIE TO BE USED 1k HIMS AHE CUHVED DR HAVE A PRONDUNCED CANT CUTWARD
:‘ Hﬁnu.ﬂ.l nﬂnlﬁl:'-‘- CaMARF I OanFET LIPTO S Tﬂl-': PER RIA

superstructure to distribute the load. The Pt AT DR RLAMER LIS
detk is normally cantilevered from the ribs BT U TRt R WOGD LRI

and considerable load is placed on the ribs
when the deck is loaded. The deck will
probably have to be supported by struts from

the barge floor to the edge of the deck or by Figure M9 Adapting horges for gunuele ioading
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packing the gunwales. The load on the gun-
wale can also be reduced by using a rein-
forcing bent built up from the floor in the
center of the barge. Barges with curved ribs
must be braced by rods between the g

struts from the reinforcing bent | Figuresl

-9 and 20-10). If ribs are not curved and the
Ien?th of rib from deck to keel does not exceed
10 feet, reinforcing of ribs is unnecessary.

Crib loading
Cribs made of panel-crib parts (Chapter 17)
can be used to support the superstructure on
the barge if the barge is unsuitable for gun-
wale loading or uneven grounding occurs

Barge floors are designed to carry distributed
loads, and grillage must be used under the
cribs to ensure adequate distribution of the
load. Crib loading requires more time for
construction than gunwale IoadinP but crib
loading distributes the load to the floor of the
barge, which is able to carry more load than
the gunwales. Take special care to observe
the behavior of cribs when the bridge is first
loaded and during tidal changes. Mark the
Bosmon of bearings so that movements can

e determined. If careful observations are
made, adjustments can be made in time to
prevent serious movements and avoid the
difficulty of repositioning barges and cor-
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recting misalignment of superstructurs. Se-
cure anchorage of cribs prevents most of this
difficulty.

There are two types of cribs: fixed, and
rocking. Fixed cribs are used in both flat-
bottomed and keeled barges that do not
Eround during low water. Use them also in
eeled barges that ground during low water
to prevent the barge from tipping. Connect
fixed cribs rigidly to both the superstructure
and the barge floor and guy both laterall
and longitudinally to the gunwale. Details o
assembly and methods of attaching the cribs
to the superstructure an floor are
similar to those given in|Chapter 17, Rocking
cribs are used in flat-bottomed barges when
ungven ghrogndlfng Oﬁqurs. Eetailsl( of assembly
and methods of making the rocking connec-
tions are given in[Chapter 17] Clearance
between the crib and the gunwale must be
enough to permit the full articulation re-
uired. Determine the required clearance from
the slope of the stream bottom where the
grounding occurs. Guy rocking cribs fore and
aft on the centerline of the barge as an added
safeguard against movement. An expedient
rocking crib is shown in[Figures 20-11 and
20-12)(page 268). The crib is made to rock b
removing one of the panel pins in the cri
bearing before the barge has grounded.

~ Grillage loading _
Use grillage loading when the barge is
unsuitable for gunwale loading and the panel
crib pier parts are unavailable. Build up

grillages from the flc arge with steel
or timber beams |(Figure 20-13). When using
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grillage loading, take care in bracing and

al_pm_ of grillage and in ensurln(]t; adequate

b|str| ution of the load on the floor of the
arge.

PREPARATION OF PIERS

Both types of landing-hay pier are prep

in a similar manner [Eigures 20-14 and

15). Since the intermediate Ianpling_—baY pier
acts as a compensator in ramping, it always
has a higher elevation than the landing-bay
pier. Build up piers to the required elevation
using I-beams, bolted down or welded to
prevent sliding. When special connecting
posts are not used to connect landing bays,




Fegure 20-1.0 Seelion of imbar grillage in barpe

weld base plates to the piers, and standard
bearings to the plates, to support end posts.

Floating-bay piers are prepared similar to the
landing-bay piers. Pair barges so those used
in any pier have about the same freeboard.
When the barges in the floating-bay piers
have different freeboards, crib up the super-
structure seats to the elevation of the super-
structure seat on the barge with the greatest
freeboard.

LANDING-BAY ASSEMBLY
AND LAUNCHING
Use normal assembly methods given in
for assembling landing bays. Long
spans are normally launched undecked.

Where the piers can be moved close to the
bank, launch landing bays over rollers on the

pier. Use the skeleton tail method
Chapter 18) where bank conditions prevent
moving barges in close.

Eigure 20 4 Preperation of ntermediofe
fandirg-hay pley

Where double landing bays are required,
launch them as a continuous span, sepa-
rately, or by use of construction barges, as
follows:

» Assemble the two bays as a continuous
sBan on the centerline of the bridge
abutment. Launch this span over rollers
placed on intermediate landing-bay pier
onto cribbing on the landing-bay pier.
Break the top chord over the intermediate
pier by removing pins, and then jack the
river end into final position. Remove
bottom pins and pull back the variable-
slope bay to permit installation of end
fittings on the intermediate pier for both
bays. Place abutment fittings in usual
manner.

» When launching separately, launch the
flxed-sI0||oe bay as described earlier, but
place rollers on the intermediate pier
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Figure 215 Bearirg vader speciol sannecting
poul of parindbe fonding hay

instead of on the bank. Then launch the
variable-slope bay.

e The fixed-slope bay can be assembled off
site and launched to position on the
intermediate floating-bay pier and a
construction barge. Float the bay thus
formed into position and connect to the
end floating bay. Remove the construction
Barge. Then launch the variable-slope

ay.

FLOATING-BAY ASSEMBLY
AND LAU
Use methods given in Chaéter é for assem-
bling floating bays. Several methods of
launching floating bays are as follows:

e Where barges can be placed close to the
bank, launch the span over rollers on the
bank to the off-bank barge. Then push out
barge, permitting in-bank barge to be
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positioned, and jack down the span into
place on the in-bank barge. A construction
barge can be placed adjacent to shore to
use jacks on. This should have a lower
freeboard than other barges.

¢ Where bank conditions permit, moor both
barges side by side and launch the span
over rollers on the in-bank barge to a
position on the off-bank barge. Then jack
down the span into position on the in-
bank barge.

e When bar?es have wide beams, assemble
sections of the bridge on each barge and
then join to form bays; for long bays,
partly flood surplus barges and float from
under the superstructure.

e Cranes can place bridge equipment on
barges, where it can be assembled on
rollers. Spread barges to obtain proper
bay length as superstructure is assembled.

CONNECTING BRIDGE SECTIONS
Bridge sections are linked by landing and
floating bays. Landing bays have either
special connecting posts or standard end
posts, as follows:

e Special connecting posts are desirable for

connecting all bays. The articulation
provided i1s normally ample under all
conditions. When both a fixed-slope
landing bay and variable-slope landing
bay are required, the special connecting
post on the river end of the variable-
slope landing bays have bearing blocks

270

welded to the bottom. The posts are seated
on bearings welded to base plates which
are welded to the intermediate landing-
bay pier grillage.

Fix the shore end of the variable-slope
landing bay with standard end posts
mounted on bearings welded to base
plates. The base plates restan rollers set
In an expedient box plate (Figure 20-16).
This provides for lengthening and con-
traction of the bridge during changes in
water level. The river and shore ends of
the fixed-slope landing bay are suspended
by treadway pins in the special connecting
post.

Where special connecting posts are not
available for connecting landing bays,
the bays can be seated on standard end
posts on bearings. Rest the end posts on
adjacent ends of variable-slope and fixed-
slope landing bays on bearings welded to
base plates mounted on the intermediate
landing-bay pier grillage. Seat the river
end of the fixed-slope landing bay on
standard end-post bearings resting on
base plates welded to the end floating-bay
pier. Mount the shore end of the variable-
slope landing bay as described for special
connection posts.

Details of floating bay connection are as
follows:

o Connection of floating bays is made easier

by carefully constructing each bay to the
same elevation. A ballast of water can be

loaded for adjusting freeboard of the bay.
A vehicle on the bay to be connected can
be moved to aid in aligning connecting
pinholes.

Considerable tug Bower IS required to
move and handle bays into connecting
position. Use both towing and Fusher
tugs to provide adequate control of the
bays and prevent damage. Floating bays
over 100 feet (30.5 meters% long are hard to
tow and control.

In connecting bays fitted with special

connecting posts, It may be necessary to

Jack truss into place to get enough pin-
ole alignment for treadway pin.

Carefully estimate maximum articulation
and movement of junctions between bays
during grounding. Too much articulation
will cause undesirable changes of slope in
the decking and may cause tilting or
lifting of stringers or chess. If such a
condition develops at grounding, mini-
mize junction articulation by use of a
connecting span between bays.

CONNECTING SPANS

Connecting spans are normally 20 to 30 feet

(6.1 to 9.1 meters) long. Assemble each con-
necting span directly on a single construction
barge at a correct elevation for connection in
the bridge. Install proper male and female
connecting posts at span ends to connect and
suspend the span to girders of the adjacent
bays in the bridge.
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SECTION ALA
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LIFT SPANS
The lift span [Figures 20-3 and 20-17] pages

258 and 272) is normally assembled on a
construction barge at a correct elevation for
connection in the bridge. Determine length
and lift of span by the beam and clearance of
vessels to be passed through the bridge. To
lift the span, build panel towers on the ends of
adjacent floating bays. Install suitable con-
nectors, guides, and lifting and counter-
balancing devices on the towers for control
and lifting of the lift span; install girders of
adjacent floating bays for connection when
span is lowered and in position to receive
vehicular bridge traffic. Floating bays sup-

Figure 2018 Shore wliding base plate in ploce

porting the lift span must be designed to
ensure a level bridge.

DRAW SPANS
The length of the span is determined by the
beam of the vessels to be passed. Build towers
on adjacent floating bays similar to lift span
towers. Methods ot building draw spans are
as follows:

e Draw spans can be assembled on a
construction barge to the correct eleva-
tion, and then moved and connected into
the bridge.

e One-half the draw span can be added to
each adjacent floating bay after tower
erection at the bay-assembly site. The two
floating bays can then be connected into
the bridge, and the draw-span halves can
then be connected.

e Draw spans can be built bK assembly of
single girders on the deck of adjacent
spans. These girders can be launched by
using tackle from towers to support free

ends. Pin girders to bays and then deck
them.
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CONNECTING SPECIAL SPANS
When used to connect grounded bridge bays
with special connecting posts, no special
devices or maintenance is required after a
connecting span is connected and suspended
from girders of adjacent bay ends.

Connect a lift span to supporting adjacent
bays by special connecting posts or span
junction posts when positioned and pinned
for vehicular bridge traffic. Provide a vertical
guide system on the tower to control longi-
tudinal movement of span during lifting of
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span to ensure proper pinhole alignment for
reinsertion of connecting pins upon lowering
(Figure 20-18).

Use the following procedure to connect a
draw span:

1 Connect draw span to its adjacent floating
girders with a susPension link or hinge
mechanism. The link consists of span
junction posts.
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2 Arrange the decking to allow for move-
ment ac junctigns. Cut stringers as
shown in Figure 20-8 with one end lashed
down to the end transom of draw span.

3 Install a pair of span junction posts at the
center of the draw span to ease procedure.

The pins are readily removed when the
weight of the draw span is taken on the
tower tackles. In lifting draw span halves,
raise one side until jaws are clear. Then
lever panels sideways, if required, to allow
simultaneous raising of the span halves
without fouling.
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ANCHORS AND ANCHOR LINES
The bridge is secured by anchors and guy
lines (Figures 20-19 throughl 20-21,, page 274)
against the effects of wind and current.

To determine needed types of anchors, exa-
mine the stream bottom and compute the
expected pull on anchor lines due to these
conditions. Barges loaded with stone or metal
can be sunk upstream of bridge to serve as
anchors.

Anchor line pull equals the sum of pull due to
effect of current on submerged portion of
barge and effect of wind on exposed portion
of bar?e and superstructure. The foII_owinP
formulas may be used to determine this pull:

Pull due to current:
Where

P, = AV:/P,
pull in pounds

A = vertival eross section area below
waterlite at bram of barge in square
feet

v o= welocity of current i Eect
per serund

Pull due to wind:
On barge:

Whare
P, A, AT

pu]r in pounds
vertical cross geclion ared above
waterline at beam of barge i sgugre
[l

A

a
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Fugure 20.20 Supgealed anchor ond guy-line g vitems madifued furdrow apamn Figure 30.2! Suggesied anchor ond guy-iine systeme modified for fifl span
P~ pressure (pounda per sguare L = length in feet of superstruciure Winches should be placed on barges to adjust
foot) for appropriate wind of & patticular type {Table B0-3) tension in anchor lines.
veloeily in P~ pressure {lone per 10-foot length) for
a particuler type superatructure, at
On superstructure: an appropriate wind velocity
(Table 20-3)
Where ]
P, = 2000 The pull due to current and wind is computed
0L, L} based on maximum expected conditions.
P, = pullinpou L‘:h Anchor lines should pull parallel to current.
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_ GUY LINES _

Use guy lines to anchor landing-bay piers to
the riverbank. Place these lines at about a
45-degree angle to the bridge centerline.
Longitudinal tie cables from stern to stern
and bow to bow of each barge help to keep
bridge aligned and to prevent longitudinal
movement of parts of the bridge.

Special spans need modificatiot

and guy system, as shown in|Eigures 20-2

and|20-21. In the lift span and draw span, the
longitudinal tie cables must be broken to
allow passage of river traffic. In lift spans,
extra cables can be strung over the top of the
towers to tie the bridge together over the gap.
In draw spans, extra anchor barges may be
sunk at each side of the gap to prevent the
bridge from shifting when the span is open.

ANCHORAGE OF
GROUNDING BARGES
Grounding barges may slide downhill, which
can cause the landing bay to slide and dis-
lodge the base plate and 1ts bearings. Such

slides can be avoided as follows:

e A barge which tends to slide down the
bank when grounded must be suitably
anchored to shore. Cables fastened to the
bank can be passed under the barge to a
connection on the off-bank gunwale of the
barge. Use ;})]acklngs to prevent damage to
the barge chines by the cables.

e When a bar_?e_slides on grounding, the
resulting shift in the superstructure may
cause the Iandin? bay to slide beyond the
limits allowed for bearings in the base
plates. Rig tackle to prevent further
movement until the bearings and base
plates are reinstalled and secured in
proper position.

MAINTENANCE DETAIL
Bridges on barges require round-the-clock
maintenance arrangements. A detail of about
one engineer combat company is needed to
maintain an 800-foot (243.8 meters) panel
bridge on a 24-hour-a-day basis. Normally,
two squads each shift are enough to tighten
bolts, check anchor cables, repair decking,
and maintain adequate bridge signs. This
leaves three squads to maintain approach
roads, perform an%/ major repairs, and man
fireboat and standby tugs.
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A duty officer should be at the bridge 24 hours
a day. The officer must ensure that the
following regulations are in force at all times:

« Communication is maintained between
the ends of the bridge.

= A wrecker is on call to remove disabled
vehicles from the bridge.

= Guides having thorough knowledge of
standard hand signals are available to
guide minimum-clearance vehicles across
the bridge.

= Alignment of the bridge is constantly
maintained.

= Tension in all anchor cables is kept uni-
form.

+ Buffers are maintained between all
anchlor and guy cables that rub against
metal.

» All cable connections are inspected every
12 hours.

+ All pins, bolts, and clamps are inspected
every 24 hours.

« All barges are inspected and bailed at
least once every 24 hours.

= All base plates are inspected once every
24 hours.
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e A source of electrical power is available
for operation of trouble lights and tools.

e Immediate approach roads are main-
tained.

e All signs in the vicinity of the bridge are
maintained.

e Traction strips and decking are main-
tained. All nailheads must be kept flush
with surface.

e Tugs are stationed upstream and down-
stream at the bridge.

o A fireboat is available.

USE OF RAFTS
Multiple-lane rafts can be assembled from
anel-brid%e equipment supported on barges.
ecause of their ample freeboard and sta-
bility, such rafts can be used either as trail or
as free ferries in swift currents and rough
water.

Assembly
Normally, the raft superstructure is double-
single or triple-single assembly. Details of
assembly and launching, and of barge prepa-
ration, are given elsewhere in this chapter.
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A typics used successfully is
shown in Figure 20-22. This raft has a three-
carriageway superstructure of four double-

single girders 90 feet (27.4 meters) long on
two 100-ton (91 metric tons) capacity Thames-
type barges. This raft accommodates 12
vehicles having a combined weight of 120
tons (109.2 metric tons).

Inset position of barges in the raft as shown
in_Figure 20-22| is necessary, except in cases
where the raft will be used in smooth water;
otherwise, if the barges are placed near the
ends of the raft in rough water, there is
excessive stress in the connections between
the barges and superstructure.

When the raft is towed in heavy seas, the
decks may become awash, causing complete
bays of decking to lift off the barges. To
prevent this, use stringer clamps.

The superstructure must be secured to the
barges to prevent fore-and-aft movement.
Sway braces can be used for this purpose b
fixing one end of the brace to a barge dec
bollard or cleat and attaching the other end
to a deck transom by means of two tie plates.
The brace can then be tightened in the normal
manner.

Use quays or docks to facilitate assembly and
operation of a raft. It is preferable to operate
between quays or docks of proper height for
convenience in loading and unloading the
raft. Where such site conditions exist, the
height of the raft deck can be adjusted, within
limits, by packing the superstructure girders
up on cribs or by building a deck-type rather
than a through-type raft. If quays or docks
are unavailable, build ramps.

Operation
For continuous use of the raft as a ferry,
install an upstream cable. Run bridle lines to
winches mounted on the barges, allowing the
raft to be swung at suitable angles to the
current, and operate as a trail ferry.

When the raft is being grounded, the barges
may assume different angles of slope. To
relieve the superstructure of stresses, remove
either all top or all bottom pins at the center-
panel connections of the raft. This allows the
two halves of the raft to articulate and
conform to the lay of each barge. Close
observation is required as the tide falls to
determine whether the top or bottom pins are
to be removed, and also the proper time to
remove them.
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CHAPTER 21

BRIDGE MAINTENANCE AND REPAIR

This chapter tells how to handle and store
panel-bridge parts and equipment. It also
tells how to repair damaged Bailey bridges,
ahs well as how to dismantle and to replace
them.

CARE OF PARTS AND EQUIPMENT
When storing and transporting panel-bridge

elllrts, keep them clean and handle them as
ollows:

e For panels, grease jaws and inside of all
holes. Panels are easily distorted by
improper storage and handling. When-
ever possible, store them in upright posi-
tion resting on the long side. If it is
necessary to store them horizontally for
stability, do not stack more than 10 on a
flat base. Stack on timber cribbing rather
than on the ground.

» For bracing frame, rakers, and tie plates,
grease conical dowels.

For end posts, grease curved bearing
surfaces and pinholes.

For bearings, grease bar segments.

For panel pins, grease shanks.

For sway braces, grease threads and pins.

For bolts, grease entire bolt.
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Protect pieces of erection equipment, such as
rollers, jacks, panel levers, ﬁin extractors,
and wrenches, by keeping them clean and
lubricated to prevent rust.

Before launching abridge, lubricate bearings
of plain and rocking rollers through grease
fittings at both ends of shafts. Lubricate
plain rollers as follows:

rease and dirt around
of both rollers.

1 Clean out old
shaft at each en

2 Wedge rollers tight against outer bearings
where grease fittings are located.

3 Add grease until it is forced out around
shaft at inner bearings.

4 If no grease appears at inner bearing of
either roller, disassemble and clean entire
unit.

5 After reassembling the roller, repeat the
second and third steps above.

BRIDGE MAINTENANCE DETAIL
For important bridges subject to enemy
action, the maintenance party usually con-
sists of the entire assembly crew. For routine

repair work, however, the detail consists of

only six soldiers. In rear areas, one travelin
crew maintains all bridges in an assigne
area or route. The maintenance detail—

= Checks bridge thoroughly after first 30
minutes of use and periodically thereafter
for tightness of bracing bolts, chord bolts,
transom clamps, and sway braces.

= Examines base plates and grillages
periodically for uneven settlement and
adds grill age when necessary.

= Checks tightness of cribbing under end
transoms and ramps.

= Makes sure all panel-bridge pin retainers
are in place.

= Lubricates all exposed threads and occa-
sionally pours a small quantity of oil over
each panel joint if the bridge Is to remain
in place for a long period or if it is to be
dismantled in freezing weather.

= Repairs wearing surface on deck and
(rjan?(ps, and keeps stone and gravel off
eck.

» Maintains immediate approaches and
ditches.

» During heavy rainstorms, checks closely
for erosion of bank seats, abutments,
approaches, and drainage ditches.

a Replaces damaged end-post guards.
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Tools for routine maintenance work are listed
in Table 21-1.

SPARE BRIDGE PARTS
Bridge supplies include about 10 to 25 percent
spares for all bridge and nose parts except
bearings, ramp pedestals, pickets, base
plates, ramps, and ribbands. For replacing
damaged parts of bridges subject to enemy
fire, the spare parts in the bridge supply and
additional parts covering the above excep-
tions are dispersed about the bridge site after
completion of the bridge. Depending on the
tactical situation, the spares may be in-
creased up to 50 percent for forward-area
bridges. Rear-area bridges require only
enough spare deck parts and wear-tread
Blankmg to replace those worn or damaged
y normal use.

For bridges subject to enemy action, complete
eﬁectl_on equipment must be kept available at
the site.

ASSESSMENT OF DAMAGE

The class of damaged bridge is found by
comparing the residual strength of a
damaged member with the actual maximum
stress It must take according to its position in
the bridge. Unit assembly of the panel brid%e
produces girders of uniform section through-
out their entire length. Many individual panel
members are therefore not stressed to full
capacity when the bridge is under maximum
load. Only chords of the center bays and
vertical and diagonal members of the end
bays are fully stressed. Any damage to these
members decreases the bridge class in direct
proportion. Lightly stressed verticals and
diagonals of the center bays, and chords of
the end bays, can sustain considerable
damage without affecting the bridge class.

Since they can easily be replaced, the effect of

damage to deck, transoms, sway braces,

Lakers, and bracing frames is not considered
ere.

RESIDUAL STRENGTH OF
DAMAGED PANEL MEMBERS
Table 21-2 (page 280) gives the residual
strength of panel vertical and diagonal
members expressed as percent maximum
capacity of the complete cross section. The
figures apply to both tension and compression

members.

Residual strength of damaged panel chords
Is given in| Table 21-3 g)age 268). The two
channels of a panel chord act as one member.
Damage to one channel is indicated in the left
column of the table and damage to the other

channel is shown in the top row. Combined
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result of damage to the two channels ex-
pressed as a percentage of the strength of the
undamaged chord is found at the intefsectio
e appropriate column and row. In_Tables
21-2|and)| 21-3| darkened portion indicates
damage. When length of damage exceeds 15
inches, values must be reduced to 0.

SHEAR AND MOMENT

DISTRIBUTION
To simplify calculations, shear and moment
in single-story bridges are assumed to be
taken equally by all trusses. Shear in a
double-story bridge is taken equally by both
stories except in end bays, where the bottom
story takes 60 percent of the total shear. Top
and bottom chords of double-story bridges
provide all resistance to bending. Damage to
Intermediate chords can be disregarded if it
does not reduce shear capacity of web-member
connections.

Shear in a triple-story bridge is taken equally
Ifo;l/I all three stories except in end bays, as
ollows:

e Only bottom and middle stories resist
shear when deck is in the bottom story.

¢ Only middle and top stories resist shear
when deck is in the middle story.

Stress in top and bottom chords of triple-
story bridges is about three times that in
intermediate chords. However, to simplify
calculations, it can be assumed that top and
bottom chords provide all bending resistance.
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Table A-16, Appendix A, gives maximum

shear and bending moment in each bay of all
spans of fixed-panel bridges expressed as
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oad shear and moment values (DL) show
percentage of shear and moment capacity of
each bay required to support dead weight of
the bridge itself. Live-load values (LL) show
percentage of shear and moment capacity of
each bay required to support a tank load of
the weight class of the bridge. Tank loads are
placed at maximum eccentricity against one
curb, increased 10 percent for impact, and
moved along bridge to point of maximum
effect for each bay.
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EVALUATION OF DAMAGE
The two main girders of a bridge are inde-
pendent of each other and each must be
capable of taking at least half the total bridge
loads. If one girder is damaged it cannot be
helped by any reserve capacity of the other.

Chords

The members at a given section of a bridge
which have an identical function and act
together must be considered as a unit. For
example, each main girder of atriple-double
bridge consists of three trusses. If a chord of
one truss is completely severed, the remaining
undamaged construction of that girder is
double-double and capacity of the bridge is
that of a double-double bridge of the same
span. Moreover, if the damaged truss is
incapable of supporting itself, the double-
double capacity must be further reduced by
half the Weg;ht in tons of the damaged truss.
If the chord in one panel of a single-single
bridge is completely severed, the capacity of
the girder and bridge is reduced to zero.

Web members
Effects of damage to diagonals and verticals
depend partly on the condition of adjacent
members. When both diagonals at a vertical
section of a ﬁanel are seriously damaged,
shear strength of the panel at that section is
reduced to 30 percent because shear is resisted
Onlﬁ by bending in the chords. Any damage
to the chords or other diagonals in the same
half of the panel reduces the shear strength to
zero. When one of the diagonals at a vertical
section is completely severed, panel shear
strength at the section is reduced to 50 per-
cent. Each diagonal takes half the shear, one

in compression and the other in tension.
Residual shear capacities of panels with
damaged verticals in percent of undamaged
capacity are shown in Table 21-4.
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Deformed members
When a member struck by flying metal is
deformed and not severed, it must be watched
as loads pass over the bridge. If further
deformation takes place, it must be treated as
if it were severed.

EXAMPLE:

Given:
A 90-foot (27.4 meters) span, class 40
double-single bridge damaged as follows:

Case 1. In the third bay from one end, a
flange of one channel in the bottom
chord of one truss is missing.

Case 2. In the second bay from the end, a
flange of one diagonal channel is
severed.

Case 3. In the end bay, the center vertical
of one panel is completely severed.

Required:
What is the load class of the damaged
bridge without repair or reinforcement?

Solution:

Case 1. From|Table 21-3} the residual
strength of the damaged chord is 60
percent. As there are two trusses, the
residual strength of the girder is—

1IH) + Bd)
2

= B} peroent
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From Table A-16, Appendix A, bending
stresses In the third bay are-

Dead toad = 22
Live load =67

Total:  BY percent

The damaged girder section is capable
of taking on 80 percent of its original
capacity. Therefore, the rated bridge
capacity must be lowered to reduce
stresses at this section from 89 to 80
percent. Dead load remains the same.
Therefore, live load must be reduced by 9
percent.

Live lcad = 67 - 9
= B8 percent

Reduction in live load is approximately
plroportlonal to the lowering of the load
class.

Mew loed claag = -'I-D:E

67
= E'I.E

Case 2. From[Table 21-2f residual strength
of the diagonal with one flange severed
IS 25 percent.

Reaidual strength in panel
= 25+ 100

2
= §2.0 percent
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Rewidual gtrength in truss
= GZ.5 pareent

Residuel etrength in grrder
= 62.5 percent + 1)

2
= 8] parcent

[From Table A-16, Appendix Al total

shear in the second bay is 67 percent of
maximum capacity, so this damage has
no effect on the bridge class.

Case 3. The center vertical of one panel
being completely severed reduces shear
capacity in that panel to zero (Table 21
with one truss carrying zero percent
shear and the other 100 percent shear.

Therefore, the g;_dmhga.ua.pagmqj
50 percent. From|Table A-16, Appendi

[Al, shear in the end bay Ts—

Dead load = 21
Live load = iﬁ_
Towal: 79 percent

Total load must therefore be reduced 29
percent to the girder shear capacity of 50
percent. With dead load remaining con-
stant, allowable live load becomes—

B8 - 29 = 79 percent,

Load clags = E: 40

o8
=20

Load class of the bridge is therefore
determined by this damage to a center
vertical in an end bay and must be
lowered to class 20.

EXAMPLE:

Given:
The 90-foot, US class 40 double-single
bridge of the example above has the chord
of one truss in the third bay from one end
completely severed.

Required:
What is the load class of the damaged
bridge without repair or reinforcement If—

Case 1. The damaged truss is capable of
supporting its own weight?

Case 2. The damaged truss is not capable
of supporting its own weight?

Solution:
Case 1. We know from above that capacity
Is reduced to that of a single-single
bridge of the same span or class 12.

Case 2. We also know from it that capacity
of the corresponding single-single bridge

must be further reduced by half the
weight of the damaged truss.|Table 1-2
shows the difference in weight of the two
types of bridge bay as—

double-gingle=3.41 tone (3.1 metric tana)
ringle-xingle = 3. Th tone (2.6 metric tong)

Drifference: 0.65 tona {(0.59 matric Lon)



The damaged truss, therefore, weighs—

% baya x 065 ton = 293 tone
2

Capacity of the 90-foot single-single
must be reduced by half this weight.

New claea = 12 - 146
= 10.54 (class 10}

REPAIR METHODS
Damaged deck and bracing parts can be
easily replaced with spares. However, re-
placing damaged panels is almost impossible
without first relaunching bridge, which is
difficult and time-consuming. If panel
damage results in greater loss of capacity
than can be tolerated, the bridge can be
repaired by reinforcement or welding. Rein-
forcement is preferred because welding can
cause serious added damage unless it is done
in favorable conditions by experienced
personnel.

REINFORCEMENT _
Damaged panels and chords are reinforced in
several ways.

Shear capacity lost by damage to panel
vertical and diagonal members is restored by
adding complete trusses or partial stories or
by replacing damaged bays, as follows:

e Repair damaged single-single bridges by
adding complete trusses.

» Use a complete truss when damage ex-
tends through several bays of double-
truss bridges.

# Add a partial story when damage is con-
fined to one or two bays on long spans.
The partial story must extend two bays
beyond both ends of damaged panels. In
case of damage to first or second end
ba%s, the partial storg extends from end
of bridge to two bays beyond the damaged
panels.

« |f the end bay of double or triple-story
bridges is seriously damaged it must be
replaced. Jack the bridge onto launching
rollers and build a new bay at the un-
damaged end of bridgie. Roll the new bay
over the gap, dismantle the damaged bay,
and lower the bridge onto its original
bearings.

» |f chord and web damage occur together,
make repairs according to the above rules.
Damage to exterior chords alone can be
repaired with supplementary chords ex-
tending two bays on both sides of
damaged panel. Modified bracing frames
must be used with supplementary chord
splices of top chords of double- and triple-
truss bridges to maintain a continuous
bracing system.

CLASS
The ﬂosted class of the bridge must be reduced
by the dead weight of the partial story or
supplementary chord.
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The capacity of a girder reinforced with a
complete truss is determined by the method
for assessment of damage in terms of reduc-
tion of load class.

WELDING
All panel-bridge parts can be repaired by
welding. Damaged parts which can be re-
moved, however, preferably are replaced with
spares. Repair work must be carefully done to
prevent distortion and ensure proper fit of all
parts.

Splice plates secured by fillet welds are more
reliable than butt welding alone. Splice
material should be mild steel plate about 50
percent greater in cross-sectional area than
the damaged section of the member being
repaired. Splice plates should be arranged to
match as closely as possible the shape and
position of the damaged section they replace.
The minimum length, in inches, of a Y+-inch
(.64 centimeters) fillet weld required on each
end of a splice plate is 10 times the cross-

ectional area of the plate in square inches
(Figure 21-1} page 284).

L-1nch wald:

L {inchem) = LT x A (sqeare inches)

IM %-inch fillet welds are uaed, the factor is 7
itebend of 2.

H-inch weld:
L (inchkes) = 7 x A {square inches)
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SPLICE PFLATE [CAGSS SECTIOMAL AREA Aj

Figure Z1- Effectioe length of wpfd oa
eaek and of spiee plate

Before making welded repairs, clear the area
around the fracture by cutting all jagged
edges. Always do straightening cold.

Both mild- and high-tensile low-alloy steels
of American parts can be repaired by either
electric-arc or oxyacetylene welding. For
electric-arc welding, the heavy-coated mild-
steel shielded-arc electrode (Lincoln Fleetweld
No. 5 or equal), included in the electric arc-
welding set No. 1, is the most satisfactory. If
welding is done by the oxyacetylene process,
use a copper-coated mild-steel rod.

Cases of tyﬂical chord damage with correct
repair are shown ir| Figure 21-2|Figure 21-3
shows typical damage repair of panel-web
members. It is possible to use a standard set
of strips in many cases, the more useful sizes
being 3% bj Ya kéyllz inches (8.9 by .64 bf/ 305

centimeters), and 1 % by % by 12 inches (3.8 by
.61 by 30.5 centimeters). The choice of strip
sizes is determined by the requirement of
using downhand welding wherever possible.
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Removable parts can be repaired using the
same general procedure as for panel members.
Splice plates on transoms must not interfere
with stringers or with positioning the tran-
som seats on the girders. Welding of the
lighter parts must be done carefully to prevent
distortion and loss of interchangeability.

DISMANTLING OF BRIDGE
Panel bridges are temporary structures and
should be replaced as soon as possible with
semipermanent bridges. A panel bridge is
dismantled in reverse of the order in which it
was assembled. After dismantling, the panel-
bridge parts are returned to the depot for
reuse at another site.

The proper sequence of operations in dis-
mantling a panel bridge is—

1 Take up ramps, jack up bridge, and place
rocking rollers under each end and plain
rollers on near-bank assembly site.

2 Remove end posts and assemble
launching nose or counterweighted tail.

3 Pull bridge back on near-bank plain
rollers.

4 Dismantle bridge and nose parts.

~ REPLACING OF BRIDGE

While the new bridge is being constructed,
some provision must be made to allow traffic
to cross the gap. This can be done by building
a bypass, by building the new bridge directly
under the panel bridge, or by building the
new bridge alongside the panel bridge and
relocating the approaches.

Traffic can be diverted over a nearby bypass,
such as a temporary bridge or culvert, while
the panel bridge is elnP dismantled and the
new bridge is being built.

When a new two-lane bridge is being built,
one lane is completed before the panel bridge
is removed. This com|i)Ieted lane carries the
traffic while the panel bridge is dismantled
and the second lane is built.

When the new bridge is built directly under
the panel bridge, traffic is interrupted only
for a short time while the panel bridge is
dismantled and the finishing touches are
added to the new bridge deck and agproaches.
The new bridge can be either a timber trestle
or a culvert with solid fill.

Timber trestle bridges can usually be con-
structed beneath the panel bridge and can be
used as a working platform for driving piles
or erecting trestle. Culverts can be constructed
directly underneath the panel bridge and an
earth fill built up to the underside of the panel
bridge. This fill is compacted, if onIY a shallow
fill, and surfaced after the panel bridge is
removed.
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CHAPTER 22

EXPEDIENT USES OF PANEL-BRIDGE EQUIPMENT

286

Panel bridge parts are often used in the field
to build improvised structures. To aid in their
proper use, the capacities of the parts are
given here. In all cases, allowance must be
made for impact and load-distribution fac-

tors| Table 22-1|(page 287) gives |

of panel-bridge parts, and|Table 22-2
(page 289) gives the strength of panel-bridge
erection equipment.

EXPEDIENT DECKING
FOR PANEL BRIDGE
If stringers and chess are not available, an
expedient deck can be laid on the transoms of
a panel bridge. Timber or steel stringers with
awood floor can be used, or steel treadways
can be laid on the transom.

EXPEDIENT WIDENING

OF PANEL BRIDGE
The normal panel-bridge roadway width is
150 inches (381.8 centimeters). The roadway
can be widened to accommodate wider ve-
hicles. Some wide vehicles will have very
little roadway clearance and require caution
in entering the bridge; however, it has been
found that the ribbands should be retained
on the bridge for these wide vehicles. The
ribbands help guide the vehicles across the
bridge and prevent damage to the bridge
trusses.

Certain non-US vehicles are more than 150
inches (381.8 centimeters) wide. By removing
the ribbands, a roadway width of 165 inches
(419.1 centimeters) may be obtained. Normal
chess, used for a guard rail, should be bolted
to the panels just below the top chord of the
bottom story as protection against damaging
the truss panels. To secure the chess to the
panels, use carriage bolts with washers, with
either steel plates or an added plank behind
the truss to bolt through. Limiting the wear
tread to the normal width between curbs will
allow the curbs to be replaced promptly after
the wide vehicles have crossed. Prompt
replacement of these curbs is necessary to
ensure the bridge’s normal operating
capacity. (A few crossings by tanks ma

quickly loosen the nails so that the treads
must frequently be renailed. The guard rails
may be left on the truss panels either with the
widened roadway or with the normal bridge.)

The capacity of the widened bridge may vary
some from the standard bridge due to the
increased eccentricity possible in the widened
bridge. Use normal capacities under caution
restrictions at all times when the curbs are
removed.
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SPANS WITHOUT END POSTS
Single-story bridges can be built without end
posts or bearings, the bridge resting on timber
cribbing under the end vertical member of the
end panels. However, this method of construc-
tion is not recommended unless absolutely
necessary. When this is done, the transoms
supporting the ends of the last bay of
stringers must be supported by one of the
following methods:

o When the end transom is not supported
by trusses, place it outside the verticals of
the panels and on grillage. Place an extra
transom in the seating just inside the

verticals of the end panel. Wedge blocking
between these two transoms and lash
them together. The ends of the stringers
and ramps rest on and engage with the
lugs of the end transom. Bolt bracing
frames between the trusses at the end of
the bridge. Table 22-3 lists the maximum
spans that can be built with ends of the
bridge supported in this way.

When the end transom is supported by
trusses, add an extra panel to the inner
truss on each side of the bridge, and place
a transom in this panel on the seating
nearest the bridge proper. This transom

FM 5-277
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supports the ends of the stringers and
ramps. Place rakers on this transom and
bracing frames between the trusses at the
end of the bridge proper. Extend grillage
under the end vertical 2 feet (61.1 centi-
meters) on each side of the panel joint. A
bridge of this assembly can carry the
same load as a corresponding bridge with
its end transom not supported by trusses.
If the extra panel is added to all the
trusses, the bridge can carry the same
load as a corresponding bridge with end
posts. In both cases, place cribbing under
the center of the end transom when loads
are over 30 tons (27.3 metric tons).
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CAUSEWAYS

Panel-bridge decking can be used to build an
expedient causeway over the soft mud of a
tidal riverbed. The causeway described here
(Figure 22-1) has a capacity of 45 tons (41
metric tons) and can be used at all stages of
tide to load heavy vehicles such as medium
tanks on rafts. Its roadway can have a slope
up to 1in 5 and is not affected by heavy
tracked vehicles that would normally cause a
roadway of landing mats on corduroy mate-
rial to break up. Use of panel bridge equip-
ment or causeways is expensive in equipment,
however, and should be controlled carefully
to prevent a shortage of panel-bridge parts.

Preliminary work

The causeway consists of a normal panel-
bridge deck of chess, ribband, and stringers
supported on transoms set in ramp pedestals.
To prevent scour and to distribute the load,
rest the pedestals on a foundation of landing
mats and sapling mats (chess paling or
similar material). Place two pedestals under
each transom and space the transoms 5 feet
(1.5 meters) center to center. Use precut 4- by
3-inch (10.2 by 7.62 centimeters) timber
spacers, or rakers with timber wedges, be-
tween the pedestals to take longitudinal
thrust. Thread sway bracing through the
outside holes in the transom webs and hold in
place by bolts. Wire the button stringers to
the transoms to prevent the decking from
being lifted by the tide. Provide a nonskid
surface by nailing down landing mat to the
chess or wear treads. Use steel ribbands for
curbing. Use holdfasts at each side of the
clauseway to anchor bays having a steep
slope.
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Erection
About 100 man-hours are required to erect
100 feet (30.8 meters) of this causeway. If the
precut timber spacers are used instead of
rakers with wedges, erection time can be
reduced 25 percent. Place spacers at the same
time as the pedestals, before transoms are
laid. Do not tighten sway braces until
stringers have been placed.

The maintenance party keeps wedges, sway
braces, and anchor lines tight.

Operation

At low tide, and at high tide during construc-
tion of the causeway, vehicles generally can
be loaded and unloaded at the end of the
causeway. The overhanging deck or adjust;
able ramp of the raft rests on the end bay of
the causewaK so vehicles pass directly from
the raft deck to the causeway. Where the
causeway is begun at high tide, bays can be
added at the rate of one bay in about 20
minutes as the tide lowers.

At high tide, the lower end of the completed
causeway is submerged and rafts are loaded
and unloaded at the higher bays. Use an
adjustable landing ramp hinged to the raft to

bridge the ?ap between the causeway and
shore end of the raft. The shoreward ponton
can be grounded on the submerged causeway,
but care must be taken to position the raft so
the water is deep enou%h to permit maximum
displacement when the shoreward ponton
grounds.

PANEL BOX ANCHORS

An expedient heavy rubble box anchor can be
made from four panels welded into a box with
heavY wire net and filled with rock. Com-
pletely filled with rock, the anchor weighs
about 10 tons. Heavy anchors of this type are
used to anchor heavy floating bridges in
swift currents and in streambeds in which
the standard anchor will not hold.

OTHER EXPEDIENT USES
Panel-bridge parts can be used to build
antries (Figure 22-2), anchor-cable towers,
igh-line towers, towers for suspension
bridges (Figure 22-3), truck-loading traps,
and other structures when building materials
are not available. Angles and I-beams can be
salvaged from damaged panel-bridge parts

to be used for expedient construction.
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CHAPTER 23

DEMOLITION OF BRIDGE AND PARTS

The success of these demolition methods
depends on the use of a uniform procedure by
all units in the theater. All ranks must be
impressed with the importance of following
the principles stated in this chapter. The
destruction must prevent both enemy use of
the bridge as a unit and use of its parts for
normal or improvised construction.

ORDER AND METHODS
OF DESTRUCTION

To prevent use of existing bridge, cut tresses
so bridge drops into gap, and destroy abut-
ments. To prevent reconstruction of a com-
plete bridge, destroy one essential component
not easily replaced or improvised. This com-
ponent must be the same throughout the
theater so replacements cannot be obtained
from other sectors. The panel is the only
component fulfilling these conditions.
Always destroy all panels first. To make a

anel useless, remove or distort female lug in
ower or tension chord. Destruction of both
female lugs is unnecessary.

Also destroy certain other comf)onents, such
as transoms and decking, useful to the enemy
for improvised bridging. Destroy components
such as stringers, ramps, jacks, rollers, and
erection tools only if time allows and explo-
sives are available. Because the relative
importance of these components varies con-
siderably, follow the order of destruction
given just below.
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After the bridge is collapsed and the abut-
ments destroyed, and if time permits, destroy
individual components in the order used for
destroying stacked equipment female lugs in
lower chard of all panels; transoms and
panels (Figures 23-4 and[23-3, pages 295 and
296); chess; stringers and ramps; jacks,
rollers, and erection tools; and remaining
small parts.

DESTRUCTION OF BRIDGE
Cut bridge in one or more places by cutting
Banels_on each side of the bridge and sway
races in the same bay (Figure 23-1). Stagger
the line of cut through the panels (inset,
Figure 23-1). Otherwise the top chords may

jam and prevent the bridge from dropping. In

double or triple-story bridges, increase the
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charges on the chords at the junction line of
the stories.

e
For further destruction, Ololace charges on
component parts of the bridge, such as panels,
transoms, and stringers (Figures 23-2 and
23-3). Stack and bum decking.

Charges and methods of placing various
explosives are given in[Table 23-1 (page 294).
Wedge all charges in place. Use methods and

charges described in FM 5-25 for destroying
abutments.
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DESTRUCTION OF
STACKED EQUIPMENT
Destroy panels and transoms in stacks. To
dispose of stringers, ramps, jacks, rollers,
small parts, and erection tools, dump them
over large areas in places such as the sea,
rivers, or woods. Bum decking. Methqds of
destructiqn_are described inlTable 23-4, and
shown in|Figures 23-4 and|23-5 (page 296).

Tamp all charges.
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DESTRUCTION OF CABLE
REINFORCEMENT SET
When capture or abandonment of the cable
reinforcement set is imminent, the respon-
sible unit commander must make the decision
either to destroy the equipment or to make it
inoperative. Based on this decision, that
commander orders how much should be
destroyed. Whatever method of demolition
used, it is essential to destroy the same vital

parts of all cable reinforcement sets and all
corresponding repair parts.

For demolition by mechanical means, use
sledgehammers, crowbars, picks, axes, or
any other heavy tool available to destroy the
post assemblies, fixtures, and braces; the
cable-connection beams and span junction
posts; the cable assemblies; and the cable-
tensioning or manual hydraulic-pump assem-
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larbh gl Ut oF wkbL dad Lonperdion [4 belmwagn
1ap llanga: 1 Ik sl 1B p te
Lrinh it hanzams
Tramsoamp {rot stached) Gn weh JUa wdging TMr 1l 1l pu
L ompccilen L4 1l 1l of [F-] ]
TM!-!- Spread sut, thorowghly soak wril
parHar OF DHeal DI, INg e
ignele by Enptodomg tws a1 (e
strands ol primacord wrsppad
MoUnd @ Che ol [IEHIM
FTaacgars, ramps, LBHNGT, KL TCATUH 1 L8, ArrerY. woad, 2
ralbars. and nictien 10015 pYer a lagr area

1-LE COMPOINTION 4

blies. For demolition by explosives, place as
many charges as the situation permits.
Detonate charges simultaneously with deto-
nating cord and suitable detonator. Place at
least one %2-pound (.2 kilo) charge on each
cable and each cable-connection beam
assembly. For demolition by weapons, fire on
the cable-connection beams and vertical posts
with the heaviest suitable weapons available.

Figure 254 Dpnlruction of siacked ponels, urith
placemert af charger betneen twer femate luge of
atternale ond #nd pandls

All operators should be thoroughly trained in
the destruction of the cable reinforcement set.
Simulated destruction, using all methods
listed above, should be included in the
operator training ﬁrogram. It must be empha-
sized in training that demolition preparations
are usually made in critical situations with
little time available for destruction. For this
reason, operators must be fully familiar with
all methods of destruction of equipment and
be able to carry out demolition instructions
without reference to this or any other manual.
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LIFTING CHARGE—1-LE
COMPOSITION C4 EALH

CUTTING CHARGE—THT BLOCKS
LAID END.TQEND ATROSS
TOF FLAMGE OF TRAKSDIM

Fegure 230 Dhestruction uf stected franaome,
with plocement uf lifling charge Betacen
alterrade drancoms, and rulfing shorge asroas far
flengew of Ireaeume
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See pocket envelope inside back cover for
uneven-numbered pages 297.1 through 321.
Even-numbered pages 298 through 322 are blank.
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APPENDIX B

CABLE REINFORCEMENT SET

Tadle &1 Basic jiiue iEtma
|

Tables B-1 and B-2 of this appendix list items GUAN.  ILLUSFRA
which accompany the cable reinforcement Y TN
set for installation or crew maintenance, as ACCESEORILS PER  MIGURE ITEM

well as swwed for initial operation \DESCTPTION ot
of the setFigure B-l((page 324) shows the five

Chanr. b Do wril bTuby belt, FLIG" L] €-) . 1
hasic issue .%slisted In Table B-1] Figurey  Bax. Immin's boal. rewmd %
throughlB-5/(pages 325 through 328) an Gatn, cabia-bensiod. dudl indicalaag 60

ab ﬁﬂ(page 329) and[B-4 ?page 330), ooy e el
show maintenance and troubleshooting Pro-  was sty kg P T
e() he set, as described in[Chapter]  ops, masain 1206 eait. 2* cure 1 | B
15/ Table B-5 (page 331) lists the repair parts ~ ench. bor: viesl slugpng-type. 12
needed fo_maintain the set, whiIe,F|§ures B-é pL 2w Aop ks
through| B-lj (pages 332 through 336) show a

number of these parts separately.

Tatle B Maintenenece and oprreting anpplizy

COMFORERT APPLICAIION QESCRIFTION FIRR INMIIAL  FOR E-HR NO1ES
AFERATION  QFERALIGM
IR Y Lhi. labeicai ing, 5-pal can al AR Fird Spe Wy L-24 L
Threaded partd 4nd unpuinied sarfaces Eregya. pangral purposr AR ARk MIL-G *XH%
Lable temsicming Bl labeicad ing. b-pal can AR AR Wil .1 105795

QUANTITY QUAKEN¥
REQUIREL  REQUIREQD
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| CHAIR. EOATSYWAIN WITH SAFETY BELT"
¥ GAGE. CABLE-TENSION'

3 HOSE ASSEMEALY-

4 ADPE, MANILA"

L WRENCH, BOX. STEEL SLUGGING TyPL-

FDH LPECH K UETARE u

Fiyure H-7 Baeic innue [irma
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1 DEAL-INDICATING CAGLE-TEMSIOHN LAGE
2 HOGE ASSEMELY

FFILL PLUG

4 MYDHALLIE FOAWER LMIT

&TEF Y

REMOYE FILLER FLUG FAGM TOP OF POMANG UNIT
RESERADIR; Qul SHOLLD BE 3 BELOW TOF SURFACE OF
RESERYOIR

ATEFr 2

ACHD (it DRARN HY CEALLIC AL COMF DR G TO SFECIFl-
CATION MIL.L- 10285, LDBAICATION Ql., QES 10. {13 NOT
CwERFILL

ETER 3
REINGTALL FILLER PLUG IN TOP OF PUMPMNG UNIT
RESERYDIR

Figure B2 Servicing kydraidic poower whll reseremie
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RTEF 1
FLACE PUMPMNG LINITINVEATICAL POSITION WiTH HOSE
EMD GO

ETEPF 2

REMCIVE FILLER PLEIG KD GASKET FROM LIFPER EMD
OF PURPING URIT RESERWVOIA . QIk SHOLILD BE WISIBLE
QM FLAT #FART {OF DIPETICK

FTEF 2}

AL TR FRAINHAYDAALILIC QIL GONFORMING TOSFECIFI-
CATIQN MIL-H- 10255, LMBRICATICH DIL, GES 100 OH)
HNOT DYERFILL

ETEF A

FEINDTALL DLERET AND FiLLEA-PLLIG ARSERAGELY in
END OF PUMPING LNIT HESERW]IM, THEN RETUHM
FLUMPING UsIT 10 MOREDKTAL ROEITION
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T UPPER END OF AELFRVINR & CAENFT
2 FILLER-FLUG A5 SEMBLY 5 RESERYQIR
I LIRETICN E HAND-ORIVE R HTDRAULIC RAM PLUKF

Frgurr B-J Barericing Aand-driven Aydroulic rem pump reservoly




1 OUCK- DISCONNECT COUPLIRG 4 CONTROL WALYE
Z0OUBALE.ALTING MYDRAULIC CYLIMOER L HOSE ASSEMELY
S DAL ANHCATING CABLE. . TENSION GAGE 8 HYRFRALLIC RESERVDIA

Figure 84 Replorement of goge, Avae easembly, end/or quick-disconneed coupling
af coble-te o g arsam iy
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ETEF A

1T UNSCREW CAGE FACKM FLORT

2WNETALL TEMPORARY PLUG TO PREVEST ENTRY OF FOREIGH MATTER & HYDAALILIL FLLAIR
3 REMDVE PLUG AND INSTALL REW GaGE 1K FOAT

STEF @
1 DISCOk&ECT OUCK-DISCONNECT COUFLINGS FROM CYLINDER
2 THE EOLLOAWING PACLEOUAE 1S LSED TO REPLACE HOSES ALl FITFINGS
le* FUMP HOSES
M1 UNSCREW MALE QUICE-DISCOMMNEDT COUFLIMG HALF OR FLOWy AEGLLATOR AND LINSCREY HOSE FRGM
wALVE FITNING
121 UNSCAEW PIPE FETTINGS FREM YALWE
11 UNSCAEYY FLOV AEGLILATOA FROM FIFE HIPPLE
191 NS CHEW PFIFE IPALE FROPA FEMALE QUICK-DISTONMECT COHIPLING
15 INSTALL TEMPORARY PLUGS N ALL PARTS
(6] DWSCORO DEFECTIVE FART AND ASSEMEBCLE I REVEHRE QRDER. ENSUAING THAT FLOW REGULATOR 15
WWETALLEDR PROPEALY
(bl CYLINDER HOGE
(4] UNSCRESW QUACK [USTONNEST COUPLING HALF FAGM ENDQF AGEE AND U GCREW AQEE FADM CYLINDER
(2 ILSTALL TEMPORSRY PLLUGS
{3 ISTALL MNEW FRATS Ik AEWVERSE JRCER
FAECOMNNECT QUICK-DISCOMMECT COUPLINGS T CYLINGER

STEF C

1 UNSCAEW QUICK-DISCONNEDT COuPLIMG HALF FROM PIPE bIFPLE
ZUNSCHEWY PIFE RIPPLE FROM CYLLNDER

FWNETALL TEMPOAARY PLLTL IN CYLINGER

4N ETALL MEW FARTS IN REYERSE ORDER

NOTE: FOLLOWING &MY REPLACERENT PROCEDLRES. REFEA T FIGLIRE 45-57 FOR CHECEIMG FLUID LEVEL OF
HrdRayLIC SrSTEM. ADL QR AEMOWE HYDIRAULIC FLUID TO MAINTAIN PROPER FLLND LEWVEL FOHR EFFICIENT
CFERATION DF CABLE- TEMSIQHING ASSEMEBLY
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1 FEMALE QUICK-DISCONNELT COLIPLIMNG END
2 RESERVDIA

3 HOEE ASSEMBLY

3 FLOW REGLILATOR

& GALGE ALUAPTER
KA INDS AT IR —

AL-INDCATING CA

TCOMTROL WALYL
£ MALE QUICK - DISCORNECT COLPLING END

= AU

328

Figure 5 Replocement of goge, bone apnembiy, quickedissorttaer coupling, oidSur gage adapter af
manusd Aydraulic=puntp agacm bly

STEF A

1 KSLREYY GAGE FHOM PORT OF GAGE ARAPTER

2ANETALL TEMPORAA Y PLULG TO FREYENT ENTEY OF FOREIGHN MATIER IN HYOAAULIE FLLID
A REMOVE PLUG AMHD INSTALL NCw GAGE IN FORT O GAGE A0AFTER

STER 3

VUNSLREW MALE CGUICK -DISCONNED ] COUPLING FROB ONE HOSE A0 LINSCAEY HOSE FROM SN G AT wALYE
DISCOMNECT FLOYVY ALGULATOR FROM OTHE K HOSE AND UNSCRAEW HOSE EACK BUSHING AT 5 AGE ADARTEA

d UMSCREWY BUSHINL FAOM YaLwD AND GAGE ADAPTEH

I UNSCAFW GAGE ADaPTEH FROM WALYE

4 NS REW FLOW REGULATOR FADN PIFE M IPPLE

5 LNSCRE WY FIPE MIPPLE FROM FEMALL AUICE . SCONKECT COLPLIRG

G IRSTALL TEMPOHAKTY PLLAGS IN ALL PAATS

FDIRCARD DEFECTIVE PARTS AND REASSEMBELF HEW PARTS N HEWZRSE DROUER OF BISASSEMELY. MAKE CEATAIN
THAT FLOwy REGULATDA IS INSTALLED PROPEALY

NOTE FOLLOWING BNY REFLACEMENT SAQCEDURES. HEFER [0 FISLAT 15 &G
HYDRAULIL SYSTEM. ADD OH REMOVE HYOALLL ELLID TEE M ke
CFEHATION OF HAND- DAMMEN HYRRALLAD ok FLIMF

g



Tabls #3 £oble reinforcement rel—preventioe mainlenance checks ond services

ITEd INTERYRL
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Tabds 4 Froubleshonting

"~~~ e
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apaaifet] (Tl 151 krw of w0 prasum en hpdrsleg Cfjaieghrs o Mty componants or msombly amih mer pars

b. Dalrctive cabsda-bampiom age
L Callapsa e vartegal port

. SArippad theasd oo putl red
Collap e o cabla
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E. Imspect lon pceir perbiiean GF il -cate sebiunes of MolEn swey; inpo3IEN 403 ourd hall cabi
it a b Feplitd L3t n idambly i brohen woes ane deyng; Sebenstn cIbe b oo
|l Talde 15-1
A Raplbce calibe oy iy

b. Eytension cabid s sccovdined bk Takir 15-1
% Bealaze il rod

FIELD ERPECIEN] REFAIKS

MALHUNCIHION

EXFEQEEWT R{WLDY

L.+l cof enlet G- TS g 3 S ek bbbt mang bty mry g e 10 anEion (el it & (Bt Tiebiscn Chbbel on oma sibt b 5 Ions. thei BPALioE B
il side b 5 lony; Conlinms aliomaling ot S-lon secr ity 10 (lm (nntion indicaied im Table 1501, RodlCMIRE L4100 (NrE chaplar,
“enlly Trompupmaing” pacteon,

1. Owlnciive cid-mell - mief, 3kt inirtion gagr Tenzion i End Sdien wpad dellacison of the tey coatinmpyrly; e wprlicsd Srlleciupid [0 produce regued calibe Loagion 30y
Amwm (o Faoh 151,

330



QUK.

ALCELS0AIES iry

LOELERIBTION) PER:
LN

RApEr. Meydamus Oyl nedar

Beedmm, cbrhi-commstista LH

Bewm. cablecommectson, KH

Rekol. bewdpa-1aat: 51vd

Sorew, chp: Maz W bl c8d pfd W
dugm E&7 [p, VOLVME: XA

Sotwm. chp; Mg b FEeH. Ced pHY, W
Ao, 7497 | IUIMC-20

Sprem, cap: ber bd, theed, cad phd, T
dabm 49 IR DBUNE-2R

Baln: wex . 2bkrl 1% dul. 77
W, SLINE- TR

Baack_ [cdegitmdinal: K 47 g

Bace trsmvnepe; TAw" Ip

Buace, tramivnie: 10" iy

Tabide amdl 1ol 334y

Sorew. cap: bz M, shpd, crd pHd, 5"
dasae I L 1TUNC-ZN

(e ITHE" Iy

Cowpl ag, eod-to-cable

Fiature. bnca-conmaction. KH: 34 g

Feriwry, Indte-codmttion, LH: H° ¢

Fiature. papt-{anencign;
T a M ox I

N1, plaise: bax, %" drim,
[EYI] b B

Nul. ey bz, 0 e
I1{HJNC- ¥B 1k

Nul. plwim: b, stenh, 14" diam, cpd pnd,
5 LINC-TB 1l

Tobler 45 Rapair parte ot
“
L USTEN QUAN ILLIFSTRA QL IL1l05TER
iy ACCESANRIES Try TION ACCESEQRIES Tint Ndan
FRBURE 11(M (DESCRIFTION- FEE FIGU&E 13EM IDESCREIFINLN] PER FiGuddl kil
LNl LINT1
[ L i PLake. chord: atmd. -2 2 4" 85 2 Hobh ird compling atiy. [dmabi Y dam 3 1 | 814
I a-1 1 RiLawi . chbda, il kil B E-1 X 1 by, with <° MPFTF Pemaly ouoach-
x a-% 1 Foest, wprtecal: plesd, F 1" g | b5 9 discomsncl couplmgt esch and
E | &0 4 HuLiemi_ ca08 1 o5 17 Herid and] coupding B35y mal. " e 1 1 a-14
a-5 [ [u] Sioewm, cap. ha b diled, £4d pABL % dlam) 1B B-g 1] 10 W wakh %7 WPTF mbbd gmlieh-
2 AT | 13" I TTUNG- 2R chal dizcomscl conplingt erch and
I§ | b4 ! Mt gl bz, S0 o pltd. % diam. 1§ a-& 7 Seipport, cabde-rmal; el 487 5 42 L M0 + | 811
L3 NC-25 Ll Msptn._ HFE 23 4 1 % z %" WFTF 2 1-1F
11 2 I, cabln: 59° deam 1 24 35" e, S 5 E-11 ] Goupling, male hadlf {quick-disognnect]|, [y [ &)
I | &3 [} cAmar haM L b
10 i * K, pall. L1l 707 1§ § B9 I Compl N, Tamit RH (g k- il [F3 (.8 |
Wt sonated. cabbes b cplioer; T dum. 1 |83 1 " MY
i a-5 1 =" LIN- }H Elbsrar. 30°: ' NPT ? [ B
i | &7 | Chga, pll-reell; 3001 I | e-3 & Yavy, Iydagulx, 1k contred; b MFTE T | &3
4+ | BT t Hoeh, masnila, 2 pare 3 1700 Iy 1 Bushimg: ' MPFLF 2 2 WRETE + | BY
§ B-1l 1 Shytt, cable-resl: 37 dom, LIF Iy pige ) k-1 1 Loy, s king: 1l 1
& | B3 m Hozr s cowpling 235y, Iemaly: Conling, ampbr ball [queck-tpe puaact, ] i
Vo i o T Ip, walk Yo WPTF Tl & | B9 i v" WPl
& a-1 | quxch-tixommbecl comingt each Compl g (mindbl RiH {guack-clidotimacl), 1 A1
LI B 1 horr sl coyplimg axgy, mpdy v e s 4 g 1 NPT
L) [ 2] L ¥ e w5 AFEF muk geath- Taorn. Mydrmlus, Do -Contral: v WPl 1 N-1{
4 B 13 descondact coa Mings sich end 1908-2-2.0
t | 84 | hopr aad Coupliag sy, lamaly: %" dipm 2 » a9 3 Nippha: b3, %" NFTF ] B 10k
L0 35 wiER %7 APTF Ml quich- Hushing pipe Warapon; %" WPTF 2 %~ AFTF Z | vt
1a B-3 17 duacimisec] complingy ath end Fimrkt unil, Medisuls 2 a3
Bl 1 Mo s coppling 31y, mphy " o'um s 2 (87 | g, cably-temsioa, dul-indseating N
-5 [ | L0 b wein % MFEF e el Cylimaigr, Wydrpdlic. Spuble-seling [} [ B]
32 K7 1 dunc ibencl £oomplings el end Pl Wirdrdalic dim, hinvkd-te'imih 1 B-1D
w | Bs 1 Gagm, cabiby: benzion, deal-imgeeating i]8te
Past. spmn penction. fumaly ) k12
1

| Fodl, 3pmh pefilicn. mukr B-bZ

FM 5-277

[T T ]

1
L2
1%

i

15
nn
7
¥
7

331



FM 5-277

T POST-COMNECTICHN FIX TURE
i CHOAD fLATE
THEX MNUT, 14W"-0h&M
4 CHORD B0LT, T-LG
5 BRACE-COMNMEL TEDM FIXTLIAE, AH
G LONGITUIMAL BRACE
FHIGH-STRENGTH BOLL 24" -5
BEHEN MUT, 4. tHaK
B WERTICAL FOST
10 HIGH-STREWNGTH BOLT 1w LG
L MACHINE BOLT, 157G
12 CABLE AETAIMNER
1IBRAACE-CONNECTION FIXTURE. LH
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Frgure 5 & Posf-astembly connection fistyres, brweew, and refaled parts
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1 SHOAT TRANLVERSE BRACE | CABLE CONNECTION BEAM
2 LONG TRLMEYERAE BRALCE 2 HEARING SUAFACE
A HALF CABRLE AETAINER

4 BRIDGE SEAT ROCKER [TENSICIMING. END GHLY)

FEOLT. 1% LG
i HEX MUT, 4~ DAk

Fuguere B.7 Transoerae broces Figors B 5 Coble-copasction bram and reloaled
pania
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1 CABLE AHD CYLINDER WUTS
2 HOSE ASSEMBLY (SHOA T FEMALE
AFEMALE GLICK . MSCOHMNERT COLPLIMG
4 HOSE ASSEMEBLY (SHDRAT| MALE
T MALE QUICK-INSCONNECT COUPLING
& PULL-REOD CHAIN
¥ DOUBLE-ACTIMG HYDRALLIE CFLINDER
B ADAPTER
S HOZE ASSEMBLY LONG FEMALE
1D HOSE ASSEMALY LG kAALE
11 84° ELAh
12 FLOM REGLULATOA
13 (5AGE, DAL-INOICATIRG CAMLE.-TEMS|ONM
14 BUSHING
15 PO'WER UMIT, H¥DEALLIC
16 PLFLL BOID
17T HEX HUT. - D1aRA
TR BOLT, 4%~ LG
B ROO-TO.CABLE COUFLING
20 BOLT-TYPE SET SCAEW
i1 CABLE
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Figure 58 Cable, puil rod, end hydrovlis -cylinder arscmbiics il refaten parie
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1 1 FEMALE OUICK . (HSEONMECT COUPLING
2 WALE GIHCK-QISCOMMEDT COUPLING

3 HOSE ASSEMBLY. FEMALE

4 HOSE ASSEMBLY, MALE

5 HIPPLE. PIFE. HEXRAGON

B LAGE ADAPTER

DAL IMOICATING CABLE- TENEION GAGE
8 FLRW REGLILATIA

B HAND-DRAYEN HYDRALILIC FRAM PUMF

Figure 80§ Monual Aydraulic-pump assemdly

1 CABLE-AEEL SHAFT
IROLT, A%TLG

I HEX MUT. 7 DIAM

4 CABLE REEL

& CABLE HEEL SUPPOAT

Fugure I Il Cabis reed and redoted paria
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Figure 512 Span junciion posts
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APPENDIX C

USE OF SALE CHARTS

FM 5-277

IN DETERMINING MOMENT AND SHEAR

When a simple horizontal beam is loaded, it
deflects, or bends downward, and the hori-
zontal fibers in the lower part of the beam are
lengthened (tension) and those in the upper
part are shortened (compression). The exter-
nal forces act to produce a bending moment.
The moment of the internal forces (stresses)
resisting this bending is called the resisting
moment. In Fi%ure C-1, in that part of the
beam to the right of section C, the counter-
clockwise bending moment produced by the
external force P and Rr is resisted by the
clockwise resisting moment produced by the
tensile and compressive stresses in the beam
at section C. Within the strength of the
material, the resisting moment at any section
is equal to the betiding moment at that
section. When abeam is designed, the dimen-
sions must be such that the maximum
resisting moment that the beam can develop
is at least equal to the greatest bending
moment that may be imposed on it by the
external loads.

BENDING MOMENT
The following procedures, formulas, and
other data are relevant to the determination
of maximum allowable bending moment:

e The bending moment at any section
(point) of a beam for an external load in a
specific position is found as follows:

1 Determine reactions caused by load in
this position.

SELTION CD

je

NUINONEO
S
IG nTn

j S

L HESISTING MORMENT GF INTERHAL FORCES ISTRESSESI
Z RESISTIN G MAQMEMNT 15 ECUAL IH MAGHNITUDL AND QFPCOSITE DIRECDIGM T BEMDIMG MOMENT

J COMPRESSDN STRESS

A TETH E ETRESCS
S ORI AT Py o

5 BENDING MOMENT CALSED BY EXTEAMAL FORCE

Figure O ! Hending
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B0 LA

e [ 1 U E— )

1200040 LB

4. 000 LB

13 1o

_‘E &

R -
2.040 LA

!

““=
11,001 LA

Figure (.2 Proflem in bending

2 Take either reaction and multiply it by
distance of that reaction from section
under consideration.

3 From this product, subtract product of
each load applied to beam between
reaction and section times the distance
from that load to section.

# In Figure C-2, external bending moment
at C equals M= (R x 20) - (8,000 x 10) =
260,000 - 80,000 = 180,000 foot-pounds, or
M= 18,000 x 12 = 2,160,000 inch-pounds.
This may also be found by taking forces
from the right end.

= The bending moment at any point in a
beam due to a moving load varies with the
position of the load. For design, it is
necessary to know the maximum moment
that is caused by the load as it moves
across the bridge.

= Maximum bending moment caused by a
single concentrated axle load occurs at

338

center of span when load is at center of
span.

» Maximum bending moment produced by
a uniformly distributed load occurs at
center of span when distributed load
covers entire span.

» |f distributed load is shorter than span,
maximum bending moment occurs at
center of span when center of load is at
center of span.

= The following formulas are useful in
determining maximum bending moments
caused by single loads on simple beams:

= FL - (Concentrated center load P)
4

_ W1« (Total load W uniformly distri-

M= -2 buted over span 1)

M = w1’(Load w per linear foot distri-
buted over span 1)

21 -y (Load W partially distri-

bt =W buted over span 1)
Where
M= Moment in inch-pounds at
center of beam
P=" Concentrated load in
pounds
W= Total distributed load in
pounds

W= Distributed load per linear
foot in pounds

1= Span ininches

b= Length of load in inches

EXAMPLES: What is the maximum
bending moment produced in a 20-foot
span by a single concentrated axle load
of 30 tons? By a total load of 5 tons
uniformly distributed over the span
idead load)? By a 30-ton tank that has

47 inches of track?

SOLUTIONS:

For a single concentrated axle load of
30 tons:

_p1 Where
M=="" P=130tons (60,000 pounds)

1 =20 feet (240 inches)

M = BRRO X240 _ 3 600 000 inch-
1 pounds



For a uniformly distributed load of 5
tons:

np- W1 _ 10,000 x 240

B B

= 300,00 inch-
pounds

For a 30-ton tank:

M - W21 - by GO.HKD (2 x 2401 - 14T

B B
= 2,497,500 inch-pounds

¢ For a series of axle loads on a span,
maximum moment may occur under the
heaviest load when that load is at the
center of the span, or it may occur under
one of the heavier loads when that load
and the center of gravity of all the loads
on the span are equidistant from the
center of the span.

e Further details on computing maximum
bending moment produced by two or more
loads on a span can be found in engi-
neering handbooks.

e For the design of military bridges the
computation of maximum bending pro-
duced by a series of axle loads or that
Broduced tg/ a uniformly partially distri-

uted load, such as a tank, has been
simplified by the use of single-axle load
equivalents (SALE). The SALE is that
single-axle load that, when placed at
midspan, will cause the same maximum
moment as the maximum moment caused

by the actual vehicle. From the formula
above for a concentrated center load P,
and substituting SALE, we have

M < [EM;E} L

RESISTING MOMENT
Maximum allowable resisting moment that a
beam can develop is the #)ro uct of maximum
allowable fiber stress for the material and
section modulus of the beam, which is a
measure of the capacity of the cross section of
the beam to resist bending. Where M is the
maximum allowable resisting moment that a
beam can develop; f, the allowable extreme
fiber stress for the material; and S, the section
modulus, their relationship is expressed by
the formula M = fS.S depends solely on shape
and size of the cross section and f on the
material of the beam. For rectangular beams,
such as timber stringers,

g bd* , where b and d are the breadih and
S depth of 2 ection.

For a round Loy,

5= T s where d ia the diameler.

S for I-bems and other structural steel
shapes may be found in tables in standard
engineering handbooks. Values of S for
selected I-beams and WF (wide flange) beams
are given in Tables C-1 and[C-2 (page 340).
The stress f is ordinarily expressed in pounds
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per square inch, and band din inches, ([:1iving
M in inch-pounds. Values of f will vary
according to type of stress and type of
material. For this text and the majority of
field design, values as given in the next
section are used. For example, if the extreme
allowable fiber stress (f) in bending of the
wood in a rectangular beam 6 by 12 inches is
2,400 pounds per square inch, then the
maximum allowable bending moment that
beam can resist is:

f had? _ L2400 (6] (12 {12)
& L=3]

= 345,600 inch-pounds.

M=F5-=
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SHEAR AND SHEARING STRESS

Any load applied to a beam induces shearing
stresses. There is a tendency for the beam to
fail by dropping down between the supports
(Figure C- (A)?.

There is also a tendency for the fibers of the
beam to slide past each other in a horizontal
direction (Figure C-3 (B)). The name given to
this is horizontal shear.

This is called vertical shear.

The following procedures, formulas, and
other data are relevant to the determination
of maximum allowable shearing stress:

e For beams supported at both ends, the

shear at any section (point on the beam) is
equal to the reaction at one end of the
beam minus all the loads between that
end and the section in question. To cal-
culate maximum shear, it is necessary to
find the position of the loads that produces
the greatest end reaction. This usually
occurs when the heaviest load is over one
support.

In timber we find that because of the layer
effect of the grain, the stringers are
weaker horizontally along the member.
But the stress numerically equal to the
horizontal direction is numerically equal
to the vertical direction, so design is on
the basis of the stress in the vertical
direction. In military bridge design a
shear check must be made if the span
length in inches is less than 13 times the
depth of the stringer.

The average intensity of shear stress
(horizontal and vertical) in a beam is
obtained by dividing maximum external
shear by cross-sectional area of the beam.
However, shear is not evenly distributed
throughout the beam from top to bottom,
so maximum shear intensity is greater
than the average. Maximum shear inten-
sity occurs at the midpoint of the vertical
section.



e For a rectangular section, maximum
horizontal shear intensity equals 3/2
times average intensity, or—$, = 3V .

2bd
Where

S,= maximum shear intensity
(unit shear stress) induced in
the beam, in pounds per
square inch

V' = maximum shear, in pounds

g = breadth of beam, in inches

depth of beam, in inches

o Over short spans where shear rather than
bending may control, beams warrant
special means of analysis. In computing
maximum horizontal shear intensity, use
the formula given above. In determining
V for use in this formula, neglect all loads
within a distance equal to or less than the
beam height from either support, and
place the design moving load at a distance
three times the height of the beam from
the support.

e For a circular section, maximum horizon-

tal shear intensity equals 4/3 times
average intensity, or—S, =17 V.

d2

Where
d = s diameter of beam, in inches

CLASSIFICATION OF
VEHICLES AND BRIDGES

The purpose of this paragraph is to outline
office and field procedures for classifying
vehicles and bridges in accordance with the
vehicle and brid?e classification system and
to explain the field design of simple bridges.
It explains vehicle and bridge classification
procedures in sufficient detail to enable engi-
neers who are familiar with the classification
system to determine the proper classification
of vehicles and bridges. It also explains how
to select stringers for simple-span bridges
and to design the substructure using timber
trestle intermediate supports.

STANDARD CLASSES

A group of 16 standard classes ranging from
4 to 150 has been established at the intervals
shown in Figure C-4{ (pages 343 and 344). For
each of the standard classes two hypothetical
vehicles are assumed: a tracked vehicle whose
weight in short tons is the standard class
number, and a wheeled vehicle of greater
weight which induces about the same maxi-
mum stresses in a given span. For example,
in standard class 4 the tracked vehicle weighs
4 tons, the wheeled vehicle 4.5 tons; in class 8,
8 tons and 9 tons, respectively. The hypo-
thetical vehi their characteristics are
shown inLFigu . Although these vehicles
are h)gaothetlcal, they approximate actual
Urp]i_t? States and United Kingdom army
vehicles.

For each standard class both a moment class
curve and a shear class curve are drawn.
These curves are determined by computing
the maximum moment and maximum shear
induced in simple spans by the two hypo-
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thetical vehicles for each standard class,
converting these values to single-axle-load
equivalents (SALE), in short tons, and plot-
ting the SALE against the simple-beam span
in Teet. The envelope curve Is then drawn
through the maximum moment shear
values as shown in[Figures C-5 an (page
345). The standard class curves are shown in
through[C-12] (pages 345 through
348). In computing maximum moment and
shear, space the vehicles at normal convoy
spacing, with an interval of 30 yards from the

tail of one vehicle to the front of the next
vehicle.

SPECIFICATIONS
The basic assumptions and specifications
used here for design and capacity estimation
data are as follows:

* As regards bending stress: steel—27,000
pounds per square inch; timber—2,400
pounds per square inch.

= As regards shear stress: structural steel
sections—16,500 pounds per square inch;
steel pins and rivets—20,000 pounds per
square inch; timber—150 pounds per
square inch.

* As regards impact: steel—15 percent of
live load moment; timber—none.

+ As regards the lateral distribution factor
theoretically, two stringers are twice as
strong as one, four are twice as strong as
two, and so on; actually, this is true only if

341
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each stringer carries an equal share of the
total load. A stringer directly under a
wheel load is more highly stressed and
carries a greater portion of the load than
those farther to the side. Because of this
nonuniform lateral distribution of a wheel
load among stringers, the total width (or
numbe? of stringers required to carry a
particular load is greater than the total

width (or number) that would be required
if all stringers carried an equal share of
the load. This requires an increase in
stringer width (or number of stringers)
and Is expressed as a ratio called lateral
distribution factor. For design of two-lane
military bridges with vehicles on the
centerline of each lane, the factor is 1.5.

¢ Asregards roadway widths: a minimum
clear width between curbs of 13 feet 6
inches for single-lane bridges and 22 feet
for two-lane bridges.

342

o As regards the distance between road
1gontacts of vehicles following in line: 100
eet.

OFFICE DETERMINATION
Use the following method to determine ve-
hicle class number in the office:

1 Compute the maximum moment produced
b%/ the vehicle in at least six simple spans
of different length.

2 Convert maximum moment to SALE
using the formula, SALE - 4M

L,
in which M = maximum moment in foot-
tons, and L = span length in feet.

3 Plot SALE against corresponding span
length.

4 Draw curve through the points plotted.
Thr:_s I|s the moment class curve for the
vehicle.

5 Superimpose the curve over the standard
class curves for moment [Figures C-7] C-8]
and[C-9).

6 Determine the class of the vehicle by the
position of the vehicle class curve with
respect to the standard class curves.
Round off any fraction to the next larger
whole number.

Repeat the last three steps for maximum
shear, using the formula, SALE = shear.

The class of the vehicle is the maximum class
determined from either the moment or shear
curve. In most cases, moment will govern.
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EXAMPLES:

Single vehicle

Figure C-13 shows the moment curve for a
2 1/2-ton, 6x6 dump truck superimposed on
the standard class curves. From the figure
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it is seen that the curve for this vehicle lies
between the class 4 and the class 8 curves
and from its position with respect to these
curves the vehicle is class 8.

ination yehicle over class 40
Figure C-14 shows the moment curve for a
MZ26A1 tractor with transporter M15A1,
loaded, superimposed on the standard
class curves. From the figure it is seen
that at a span length of 100 feet the
superimposed curve crosses the standard
class 70 curve and begins to level off. It
does not cross the class 80 curve. From its
position with respect to the standard class
1rves, the class of the vehicle is 77.
Figure C-14|shows that the vehicle has
ower classes at shorter span lengths. At
a span length of 70 feet, for example, the
vehicle’s class curve crosses the standard
class 60 curve, and for this span the class
of the vehicle is 60. The other classes of
the vehicle for shorter span lengths are

similarly determined by inspection of the
curves, and this information is placed on
a cab plate. The section of the cab plate
for this vehicle, loaded, shows the class
restrictions for the various spans, listed
in| Table C-3

FIELD DETERMINATION

If time, information, or a qualified engineer is
unavailable, and the office methods cannot
be used, substitute one of the following
methods:

e Compare characteristics such as dimen-

sir?ns, axle loads, and gross V\aeig_ht Ivvith
characteristics of the hypothetical ve-
hicles shown in|Figure C-4

EXAMPLE: _
An unclassified wheeled vehicle has a

gross weight of 27 tons and a length of
|%ut 27 feet. By interpolation |n
, it is class 23. If, however, because 0
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axle spacing and weight distribution the
maximum single-axle load for this vehicle
Is 12,5 tons (greater than Figure C-4/shows
as allowable for class 23), the maximum
single-axle load is used as the classifying
criterion. By interpolation in the maxi-
mum single-axle load column

[4), the vehicle is then class 26.

e Compare the characteristics of an un-
classified vehicle with those of a similar
classified vehicle.

EXAMPLE:

An unclassified single vehicle has three
axles, is about 166 inches long, and weighs
about 8 1/2 tons. By comparison with a
standard 2 1/2-ton truck 6x6-LWB, which
weighs 8.85 tons, it is class 8.

Compare the ground-contact area of an
unclassified tracked vehicle with that of a
classified tracked vehicle. Tracked ve-
hicles can be assumed to be designed with
about the same ground pressure.
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EXAMPLE:

An unclassified tracked vehicle has a
ground contact area of about 5,500 square
Inches. By comparison with an M4 tank,
which has a ground contact area of 5,444
square inches, it is class 36.

Compare the deflection in a long steal
span caused by an unclassified vehicle
with the deflections caused by classified
vehicles. In this method the span must be
at least twice as long as the vehicles and
the vehicles must be placed for maximum
deflection. Measuring apparatus must be
accpraﬁe to at least one thirty-second of
an inch.

EXAMPLE:

Select two vehicles of known class which
are estimated to bracket the unknown
vehicle class. Measure the deflections of a
long steel span when loaded individuall
by each of the three vehicles. Move eac
vehicle on the span three times and read
the deflection. Then average the three
readings.
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_ Deflection
Vehicle  Class (average of three loadings g
A 62 2 13/32 in, or 2.406in
B 42 111/16in, or 1.688 in

C  unknown 23/321n,0or 2.094 in

Class is considered proportional to deflection
S0—

Unknown class = lower class +
(Upper class-lower class) x
detlection of unknown class
minus deflection of lower class

Deflection of upper class
minus deflection of lower class

€ 42*[2'!} (3094 L5848 )]
2,406 - 1 580

= 4%+ [m (muﬁ )]
0.718

=42+ 11.31 =53.31, or class 53
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ACRONYMS AND ABBREVIATIONS

anchor span
as required
assembly
bridge
base plate
British standard spegification
cantilever span, caution
center to center’
cadmium plated
circular
centerline
centimeter(s)
distance from center of gravity
to tail of pridge
double-double
diameter
dead load
doubIe %uadruple
ou e
double-triple
double- f|ve stories _
European theater of operations
far shore
foot, feet
%allon(s)
orizontal
hexagonal (head)
hour
’Pr/]draullc

eng{h )of bridge
ength of span of bridge
pound(s)

eftgnanded
engt nitial
Ive load

ift re[%uwed
maxi

measure
minimum

GLOSSARY

Mk
MOPP
mph

N
NATO
no
NPT

Z
v
—
M

oz
1717

& ACHEL R @ V3=00
—-h — - 2
m =h

=
e,

Mark (mode
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mission- oner?ted protection posture

miles per hour
normal, n

North Atlantlc Treaty Organization

number

natjonal pipe thread
national pipe thread fine
near shore

p|eces

pane

|Ouadruple double
uadruple-single
uadruple-triple
uantlt%/
risk, rocking roller
reference
relnforced
right-handed
rocking-roller template
simp Ie suspended span
sm? e-axle-load equivalent(s)
SOl algganng capacity
squ
sgfety setback single-single
tracked-load" class
tons pers uare foot
tnp e-clouble
thread
tr| le- smqle
tr| le-tri
trip Ie f|ve stories
tnPIe SIX stories
tical
wheeled-load cIass wide-flange
beam (formerly W
with
without
weight

yard(s)
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Angle of repose

Backspace
Bailey bridge Ml
Bailey bridge M2

Bailey bridge M3
Bay

Bays

Beam, distributing

Blocking
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DEFINITIONS

For field design, assumed to be an angle of 45 degrees from the horizontal. The base of this
angle starts at the toe of slope and proceeds upward to ground level. Placement of any load in
front (toward the gap) of this angle would probably result in bank failure.

The amount of space available for construction of the bridge.
The original US design of the British prefabricated Bailey bridge.

The revised US design of the Bailey bridge MI, with a greater roadway width of 121/2 feet. Also
called the Panel Bridge.

The revised, wider, British desigr] of the Bailey bridge M2. It is often referred to as the
extra-widened Bailey bridge and is not stocked by the US Army.

One complete section of a Bailey bridge, equivalent to the length of one panel 10 feet (3.04
meters) wide. The term bay is used regardless of the truss type.

Floating: Interior bays of a floating bridge that are located between the near- and far-bank
end floating bays. _ _
IIEnddl_:Ioatging: Those which form the continuation of the bridge between the floating and the
anding bays.

Landing: Those which form the connection between the end floating bay and the bank. There
are two types: _ _ _
Variable-slope - these span the gap between the bank and the landing bay, or the intermediate
landing bay if a fixed-slope landing bay is used. .
Fixed-slope - these span the gap between the intermediate landing bay and the landing bay.

Rigid: A steel beam securely attached to the top of a pier or abutment which is designed to
spread the weight applied to it over a large area. _ _ _
Rocking-bearing: A steel beam attached to the bottom chord of Bailey bridge panels. It is
used to prevent excessive local bending of the bottom chord.

Timber used to support thed'unction of the first and second bays of bridge when building
deck-type bridges without end posts. Also, any timber used under girders during jacking down
of deck-type bridges.



Bridge

Chords
Cribbing

Decking

Grillage

Harmonious vibration
Node points
Packing

Panel bridge

Panel points
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Through-type truss: A brid%e with a roadway between the main load-carrying girders.
Deck-type: A bridge with the roadway on top of the main load-carrying girders.
Broken-span: A multispan bridge with the top chord broken and the bottom chord either
broken or pinned at the piers.

Continuous-span: A bridge of which both upper and lower chords are continuous over
intermediate piers between abutments.

The upper and lower horizontal members of a Bailey panel.

Grill%ge ﬁlaced in alternating layers under the roller templates and bridge baseplates to
prc%\f/_l ke_t e correct horizontal plane on which the bridge is built, launched, and positioned for
trafficking.

Laminated: Timbers laid on edge and nailed together horizontally, and then positioned on
top of Bailey panels to form a type of roadway for deck-type bridges.

Layered: Roadway on deck-type bridges comprised of timbers laid across the trusses
perpendicular to the bridge centerline. The second layer is placed diagonally to the first, and a

thi?lj layer (optional wear tread) is placed parallel to centerline. Sometimes referred to as deck,
or flooring.

Standard: Square-cut timber positioned under the Bailey bridge to spread the weight of the
ridge over a large area. The Bailey grillage set has a fixed number of two sizes of standard

grillage. _ . . i

Non-standard: Timber other than that supplied in the Bailey set. This timber must be at least
as large as standard Bailey grillage.

Vibration in a bridge caused by the loads crossing it.

Critical-load centering points used for exact alignment of components bearing on each other.

T_imbaer used during raising and lowering, which the bridge rests on while jacks are reposi-
tioned.

See Bailey bridge M2.

Points under panel verticals and junctions of diagonals that must be supported by a rocker-
bearing distributing beam.
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Pier

Placement control lines

Point of contraflexure
Roller clearance

Safety setback
Skidding
Spacing

Span

Supplementary chords
Temporary launching pier
Toe of slope

Underslung story

Wear tread
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Floating-bay: Supports the floating bay in the interior of the Bailey bridge.
Landing-bay: Supports the shore end of the floating bay and riverward end of either the
fixed-slope or the variable-slope landing bay.

Intermediate landing-bay: Supports the shore end of the fixed-slope landing bay and the
riverward end of the variable-slope landing bay.
Used to ensure that the rollers are placed and leveled accurately.

The point where the downward sag of a girder changes to an upward bend as it approaches an
intermediate support.

The distance between the center of the rocking rollers and the center of the bearing on which
the bridge end posts will rest.

The minimum distance that a rocking roller is placed from the edge of the gap.
Moving the bridge or a single girder over greased timbers or steel beams.

Lateral: Spacing of the rollers in rows across the centerline of the bridge. _
Longitudinal: Spacing of the rollers in a line parallel to the centerline of the bridge.

Lift: Connects two adjacent floating bays and provides a span that can be lifted vertically to
allow passage of water traffic.

Draw: Connects two adjacent floating bays and provides a span that can be split in the
middle and the two parts pivoted upward to allow passage of water traffic.
Connecting: Connects two adjacent floating bays where barges are grounded.

Upper or lower chords used to reinforce a Bailey bridge.

A pier used during the building of bridges with an underslung story.

The point in the gap considered to be the base of the bank.

One story of a through-type truss bridge that is below the level of the roadway.

Lumber laid across the chess of the Bailey bridge to prevent damage by vehicles crossing it.
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REQUIRED PUBLICATIONS
These are sources that users must read in order to understand or comply with this publication.

Department of the Army Pamphlet (DA Pamphlet
P Y P 7356-750 phiet)

Field Manuals (FMs)
5-34
5-134

Tables of Organization and Equipment (TOEs)
05077H200
05077J200

Technical Manuals (TMs) 319
9-2320-260-10
9-2320272-10
9-2330-287-14&P
740-90-1
750-244-3

The Army Maintenance Management System (TAMMY)

Engineer Field Data
Pile Construction

Engineer Panel Bridge Company
Engineer Panel Bridge Company

Military Fixed Bridges i _

Operators Manual for Truck, 5-Ton, 6 x 6, M809 Series (Diesel

Operators Manual for Truck, 5-Ton, 6 x 6, M939 Series (Diesel )
Operator’s, Qrganizational, Direct Support and General Support Maintenance
Administrative Storage of Equipmen

Procedures for Destruction of Equipment to Prevent Enemy use

RELATED PUBLICATIONS
These are sources of additional information. They are not required in order to understand this publication.

Department of the Army Form (D,Az\zggrm)

Federal Supply Group (FSG
pply p (FSG) 9100
Field Manuals (FMs) -
5-25
5-36
55450-1
101-5-1
Lubrication Order (LO)
9-2320-260-12
Technical Manuals (TMs)
5-210
5-232
36-230-1
43-0139

Depreservation Guide for Vehicles and Equipment
Identification List (IL): FSG 9100, Fuels, Lubricant, Oils, and Waxes

Engineer Troop Organizations and Operations
Explosives and Demolitions

Route Reconnaissance and Classification
Army HeIico_Pter External Load Operations
Operational Terms and Symbols

Truck Chassis 5-ton, 6 x 6, M809
Military Floating Bridge Equipment
Elements of Surveying

Packaging of Materiel: Preservation (Vol I)
Painting Instructions for Field Use
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Mote: CRE = Cable minlorcemient st

o et L i
Cmpacity, 91
Condibion, 38
Excavation of {for dech-tyme bridga, 138
Freparsd, 36
Unprapered, 3837
Atcaad routas (1o bridgs), 31
Adupier (CRSE), 174
Anchor line pall, 175175
Anchorage, I3
Anchors, See Anchoruge
Apprioach guidys, 112
Approsch rosds, 31 B3-S
Aspembly pariy. See Work parties
Asnembly witen, 3132
Assamblr tineen, 35
Bl wpaerw, 255237
Bailoy bridge MI, 2
Babley bridge NZ
Adlvenlegen, I
Dacoage wikdwcieny, 2o
lamage evaianlicn, 261-283
[pbraciion, Hh ¥
DHactanlding, 4
Expedieos widening, 26
Hintory, 2
Munteoance detail, ITE
Paris compoaition, 2
Eaplacipy, D54
Storve added, 2

Hatlny brldygs M3, See Exirn-widensd Bailey bridge M3

Hunk(s}
Coadibrs of, 31
Heighuel, 4, 37
roplities oaeded, 31, DEd
Slops, 44
Barges, See oiso Hrudges oo hargea
Apnchering, 7%
Cupncity, $h8-Ha 259
Deaign, 258459
Equipment, 163
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Leading methesdy, 26350
Ki b, 258, 2556
Selpclion and processing, D3, 265 268
Dass platas)
Bridgs etid» po, #7
Deacripton, 12
Huight. 58
Location, £, 12
Posiboming of (landing bay} 270
Baoller layout end, 135
Single-story M3 bridge aod, 136
Use (geoernl), 12
Bay load, &
Beturings
Canvaring single o twodnoe bridge, F24-125
Criky, 211
Lsek-iype bridge rocker, 138, 1431141
Ceacmiption, 2, 12
Landingbay, 0
Looniiem, 2
il way-brvdge rocher, 149, 15>
Liogleslory bridge jutking, 47
Storage and tramspart, 27T
Upe (penacald, 12
Bivousr wilé, 31
Blackont condijioan See Bight driving
Block and lackle
End-oo ausrmbly, 24l
Movable pluiforme and, X5
dpetial spans prd, w1, D6
Undarmlung story mdded with, 111
Eecrlla (CREBY, 176
Erave-connection fluores (GRS}
Descriplion, 168
Inmkabiption, 77078, 143
T E
Use, 16K
Bracew {CRB). See Poal braces {CRE)
Bruciog belt
Deacriplion, 10
Tlasty, S 1, 625, 164

Breciog detadl, 34

Hracing frumes
Oraming kol and, 5
Bridgs minloposeaant with, 164- 156
Convarting sngle-slory bridge, 51, 53100
Coonterweighta, 235
Dwck typn bridpe aresmbled =k, 1351349

Deck-type bridge expedirot amsembled with,

1dd
Thagrrip b, 5
LT bridge misembled with, 107
Extri-widensd bridge ssmembled with, 131,
133134
Fraoel erilts paers, 10, 30, 227228
Bmitway bridge arsembbad with, §4d-145,
147148
Bailway bndpe launcbed with, 151
Lingle girder launched with, 245, 747

Singlentory bridge aseembled with, 7173, 83

Sworage nod transport, $78
T brid gy aaseobled with, 48
Twolane brrdge assembled with, 122
Une {genvarnl), 2, 9
Bridge, Moatiog, 4
Bridyge bonring place (CES), 180
EBridgre lrmgih. Sr+ Lengih of bridgs
Bridgs locaticn, 3L
Bridge markers. See Murkamn
Hridge paria Ser Parts
Pridga-peal rockers (CRE), 173, 181
Bridge-set comiparnenia, 15, 35
Hridge altn, reconnpinanncy of . Sre Sitr
PP i L AL T
Bridge slte, seleciion of., See Sile peleclion
Bridyes oo burges
Advantages and divadvantages, 551-352
dochorage, TTFZTE
Barge sebection, 265-265
Conptructon, spesipl, EZM-ETS
Dhewi g mid chpacibaee, 2B0-250
Floating piere {auppartng), 257



Bridgew on bacggems = cfedraars’
Wamden ateee debas], 275206
Hafw, #76
Nite lwyowk, Bhd
Sike pecon naisaanee, 4
Hate e leclosn. SEF2ES
Superratracioey, 25506
Supepalruciore paebn, 264
Wk parles. B50, 414

Bridgesnn piers, e Bn:l::n-u'p-ur: bridges:, Cuolalever
beid gew; Continooon.apan hridgrs

Hrukto-ipun brad ges
Advunioges, 1M
Anchoping, 201
Descriptaon. 191
LnLermediale supporis of, L340

Buticn siriogera, Uik L3, Ser alse StAngern

CUable reinforcement el
tClammiification), 160
Componenta, 167170, LTRLTE
Liemgliaae, 209
[hemzapdinn. 154
[hemuantling, |45 17
[mpiullutinm, 159, 1THIES
Lebrrcation, 167-145
Maintenance LAT-154
Shipmend, LES
Tenvroniag, 184- 15
Tranupartataon, 16
Trgpubleshoading, P&

Use in spociab epvisenmenes, LT

Ueble-conbeclivh besim (CRS)
(Tohle and, LE2-184
Tperiplian, L4
Lnatal labion. TH-1HL. Li+
Hemawval, 1HY
Lleoes, 1RY-L70, 173

Cable-reel sbaft (CRS)
Dencripiion, 169
[Iwe. 16% L7T

Cable-iendlon gars (CRS)
1eneriplion, 154
Lascation, L339, LE4
U, 1B4- LG

{ able tenaionhog (C K], 155, 1B L 56

Cable-tenuicning ssaembly ({CHA)
lleacmption, 1549
Barty replacemens, 152

Cables U RHS)
[Descriplion, 159 160, LBK
Lupcatiacean . bF2- |4
Mumber af, L0
" normentof, 179
Re1rievpl, 185 1R7
Siutage 6 nd placement. JE4
Troaianing, EHY, J&- 156

Cantilever brldgen, 248209

Capuill (impriy] sed), 234

areying bar, L6

Careving Longs, LE17

Caune w iy s 5o B3 ped iemt #tcucluces

['mullon crossings, 56, 112

Cheag
Endges un o rgen. i
Broken-rpen bnid e assembied with, [l
Crech-1vpe bridge pspambled with. |40
Ibracription, 2, 10
T#T herdg boay maarmn bled with, 107
E rpeeidient uae of, 384
Eslromwidened bridge wssembled wilh, 1AL 10491305
Extrp-widensd bridge by nasembled with, 133
Extra-wiulened bndge lsunched with 132, 4
Junrtioo, 131, £15, 2549
Muribwe per bay of, 10
Hailway bndee arsernbled with, 145
Bomp-end mapport, G55
Rein farced gascmblica jover chann Ty, 21, 20
sungle gieder lapoched wish, 256
Bingle story brdge buy nasembled with. T2, 83
Singlo-alory bridge launched with, 8T
Singlevbary bradge ramp. 48

Chordin]
Mupryiption, 5
Heudoring danmeped, Tl
Welding dem ayred, 253264
Supplomentary, 155, ¥51

Chorde oliseh
Canverting US o DY badge. -100
Tiraqripdicn, 10
Reilway brvdge aasembled with, 144
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Chord clampa, 206217, Fid-38d
Chord fack. Ser Jackin)
Chord glute (CHA), 1658
L Imesiificeiion]
Rnkin-ppmn bridge, 153
Cunbifuowe-Aatn bidge on paer, E-200
[ K= and TS bridyre, §159-160
Tiamaged brdge after resn fomeme e, S01-2R3
Viech-type hridiges. 138
Exiwtng, 56
Extrawidened bradge, 128
|nerepsed By addel ptarnen. ]
NATU migne shawinyg, 112
Railway bridge, 145
Bmafirced bradge, 150106
Twwr lane bndyre. 114
Clcarsnce gagea, Lid
Clearaficed. vortical. Ser Vertenl clearances
Cunoecting o, 258-360, 261, I, 273
UCnonecling spena. Se Spantsk
Constroeiion rollers, 51, 5755, 65
Conkdnuoys-apan heidgans
Adwaniayen. 198
Ansembly, 154-201
JTarking, 204
Launchang, 2K
Muintenunce, SH
Fiar reaction, 201
Conversion set Mo &, papel erib pier M
HBridpes wo targes, 26T
Broken.apan bridge nasemmbled with, 150 191
Poris, L9 215005
Tranapuriof. 1Y
Limen igenerall, 19, 215, 2k
Conper's F-48 kading, 140
Counlerbelaoce See Counterweightin)
Counterweigpht{s)
Cownterbalunee and, 254
Lk boidge launched with, 94
End-on nrsrmbly and, 2349, 241
Fixcd and maovable ol ling), F15
Lagnéhing A And. 236-235
[.aunching ri:ngl-r girder with, 2R, 247, 240
Launching tail apd, 245
Laundchiog with rud mallers, $41
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Counterweighbel — conimbed
Fpabricted nitew and, 235250
Ginplesory bridge |gund bl with, 45
Hpetial spmnk liunched with, 273
L ranay
Hridges on barges, 953, I
Emplacing detk-iype bridge girders, 141- 142
Emplacing riilway bridge girders, 152
Endwn wppembly with, &35
Pacul erib pier adembled writh, 231
Hingle girder lupoched with, 261267 245246
“Tripk-stary bridge pespmbled with, 102, 107, 1140
Uploading Iy loads wilh, 18
Criy b, 227
Crib bpnring, 216 H4
Crib capaill
Chtwd damp and, 21621 T
Crits rocker bass snd, 724
Deprripbion, 214
Improviesd, T
T, 218
Cridbing. Ser aiap Grillage
Banh-slope differencos a0d, 145
Erctenspan bridge convemwion mod, 1540151
End:ragam suppart, 54
Grilege wied ae, X3
Jackiog down, B7-83, I
Pigr, 260
Fonion, 241-242
Ramp midepan support, 52
Crib lpading. Se Barges, londing muthody
Cribe on harges, 167
Cross braving
[rack bypw bridgs yxpediant aygambly apd, 140
Railwpey bridgs expedisnt aseembly and, 161
Crossing resbrlclions, 56, 112
Colverts, 154
DA Form 2258 (Depreasrvation Gulde Tor YVahiclen
aiod Eguipooeut), 188
Dumugsd bridges
dppepmeni of dacoage T8
Class after reinforcement, 2812483
Evalustian of dempge, 251
Esinlorcament, 263
Rewidual awengih of dameged panel membemw, 275
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Shewr and moment distribution, 275280
Wabdipg, 281284
Deching
Barge, 255
Chehe- Ly pe bridgs, 1148, 256G
Dderiplicon, &
[hecail, 34
Expediapl congiruction, T8, X0
Lamo umied, 139
Layrred, 135140
Lol -ty p bridgpsin}
Advantages and dicadvepiages, 138
Asstmbly melbods {espediant), 140
Assambly melthods (recommendsd), E3E-140
Class, 138
Desagn (rxpedienth, 134
Dasign (recoonmended), 142
Launchipg, 141-142
Eramic ook
Bridyge, 202200
Dbk gk, 042585
Mathodm, 292
Crder ol 282
Siahed wquipment, T
Dislraciion of bridgs, parts, and squipment, See
[remali bom
Detrimily of workiiog) partiee Ser Work prrtiss
Diked caniale, 41
Diameniling
Bridge wilh cable met, 166 )BT
Standad herid gs, 204
Ivatriboting besw (rocker-beadngh
Coptingowsapar bridge on pisr, 195311
Dok irp Dridige aasembly, 140
Paitwey bodge nasembly mxpedient, 151
Twelane bridge [munched with, 1E)
Conble-ecilon hydraulic o¥linder (CRS}
Cable-tenmioning assambly apd, 158, 1 T4
Dearripton, 175
Dipnssenbly, 188
lostallatin, 154
Cperption, 164 LAE
Batauved om pull cod. 173
| noa, 170-1M

Drouble-story bridge
Apprmbly meihods, G4
Converting [KS Lo, D5 104}
Lioubbs-traas, 455
Eatra-widensd bridge assembly And
lawpehing, 135
dachiog down, 99
Launching, T, G-I
Laupching. rms £ompassiton, 37
Rewnfoveas g, 34
Triple-Luas, 5758
Draw apane 5o Span(a)
Eod padia
Brokao-span bridge apan Inunched with, 156
Coypoterweight Lail apd, Z36, 58
Dhasc k- Eypen Bcbdare s bled weith, 140
{ieacription, 2, 11
Diemanslling, 284
Doubleskory bridee lawnched walh, 38
End-on assembly with, 241
Extra-widaned hridge assrmnbled with, |30, 133136
Jaching 12
Laoding teyw kod, 270
Lanonching withoot rpllers anad, 241
Locntion, 2
Male wid female, 11
Figr preparsd with, 280
Railway bridge ppsemnbled wich, 145, 148
Siople wivder launchod with, Z47, 260
Singlewtory smsernbly wilh, T2 B3
Singlestory convaramn 2rd, 9152
Siomlesbory launching with, §7, 24T, 250
Sworage and anaport, 278
Bappeart, 39
Uer i geeraly, 11
Eed-gn nsaembly, 234, 241
Eoginser equipmeont park. Se¢ Equipment park
Equipmuit, pansl-beidge
Adventeges sod disadvaoiages frailway bridgiog),
114
Expedisor aunctures, 3
Expedien! uses, 188, 2808-341
Speriml plyusinre, 3
Llsed (poreoelp, 4



Equipmenl park, $1-32

Erociion pletform, 94

ETH{Eurcpoan thoater of operationeh 142, 151
Expedientd sbeuciuies

CRusewd ya, 230201

Decking, E9E

Gantnes 3

Lasding hoppers, <f

Pare] bns anchom, 290

Tawers. 3, 210 291
Exlrp-wide vehiclen, L38, 285
Extru-wl|dened Eniloy hridgs M2

Clewn, LS

1keacripticn, 128

Iwubleeninry bridgn seermbly &and lounching, 1S

Lroillage. 135

Drigin, 2, 124

Farta, LI

Ramp suppores, 1345

Finglenwry bridge assembly and launchiog, L3E1345

Speciel pans, 130-11)

Triple-vtory bridge aecnbly and |aenching, 1%
Fietd demign procedure, 3637, 45-46, 48450
Fixed plors. Srr Ficea
Flontiag bayieh 59-2T0
Floating bridge. Xre Bodge, [oatiog
Floating pievinl. Hon Piern), Noatng
Feorwalkis

Haarer, 13-4

Meprpiption, I, 13

Exwa-widened bridpe launched wikh, 132

Foat, 14, 73

Singlestary bridge, 74, 91.92

Workang plasform, 24
Framod banla, 1
Gup

Mepsuremant, 34

Wadth, 31, 1049
GLP-GREANE, General Porpose, 155
Gagtrien. Frr Exprdiont sbruectunes
Gin poles

DY bridge assembled with,

Zingte girder lpunched with, 245, 247, 2500858, 256

Triple-story bridge sewenbrled with,
Girdern, I

Grillags
Bemring plutes and, 29
[hepcriplion, 349, 45
Exwa-widenal bridps asaemibbed with, 136
Finul bridge leogih and, 4647
imding, 265. 8
Katwtendend, $5
Panel ik pier sl oo, 210
Kpilwoy bridgn assembled with, 1S
R foroed bradge. 91-3%, 1156
Raller clearance wnd, 37, 4445
REaller layoul and, 58
Helecting. M, 36, §5
Sinygle triwalane bridge coovermion, 124-126
Snil choracier ged, 45
Culdes, See Trall: guides;, Approach guiden
Currwle loading, 264 364
Loy lines, 2753
Herponious wibratlon. 194
Headlewm pabel plog 13 134135
High linr
Bajlway brydge lmunching expedisnd, L52
Ciogle prter lounehked with, 246, 247, 244
Zinglentory deck-1ypr bridge launched =th, 41
Hydraull: power unhl sepsmbly (CRS)
Cable-teosvmog sdsembly aod, 164, 174
Dul:':ipl:iuu. 175175
Trigpaanenbly of, 184
Crperabion. 1645
Feris ceplacement, 146
Fowerad by LG, 1T, 138
Typea, 168
lodependent spans. See Spanint
l-bemmme, 211, 254 T30, J6E, 91
lartallatlon staps (M2, 35
Intermedinte piers. See Fien.
loverisd lpupching nowe, S Laspnrhing noss
Jaching
Cherd, 18
Digektypa bridga pasnmbly cnpaedient, 142
Deacriplion, 15
[T firatl bay assembled with, 107
Flotption beupchiog with, 242
Nymber paeded 26 61, 55
Fritch of Leeth, 16, 87
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Foaton ing. 61
Shoe, 15
Single Lo bwoelene bridge convaraion, 124-123
Singlentary bridye comvemiaon, 91-32F
Swogleniory bridge launching, #6-84
T bridge teunching, 0%
Traphe-secry brvdge, 11D
Twolane bridge assembled wilb, 123
Jucking
lirgken-apan hrdge on pier, 157 1453, 204
CHRS installanon and remaoval. L&k1891, 157
limmnged bridge, 287
Diek-Lyrpe bridge pasambly_ 143
riwoe nelinegg Lndge, 2654
Lipublestory ridge mesembly, 85
Dopble-stpry dech-type bridge launching, 141
Flatatcon lonmthung, 248243
Fioiation-buy lauwochiog, 2602274
Lapding bay lsanching, BEd
[adnching platforem, L33
Luunching without rullems, 241
Fapal orib pier, B31.231
Precautions, 84, 5%
Singleginder lnunching, 250, &54-255
Sipglealnry hridge manpqmbly, B8
Trpdeseory bridgs papeBly, 1110
Twolane bodge wesembly, 20
Junctionn chens. Ser Chesa
Junction lHnkin)
Lescriplicn, ZI6
Funel crib septing, 211, 215
Junction-|lok bearloge
Crib recker bose, 254
Description, #B&
Faarel orib paey anpembled wth, 216
Panel tob seatiog, 211
Landipg bay(uh, 264570
Landiog-bey plers, 210
Luterul movement prevention
Bridges an bwrgea, 273
Broken-spen bridpes. 1281959, 204
Cunupaous-span bridges, 501
Daubbe story bridge ansembly, 58
Twolens bridge over crib piar, 122
Longiladinal soavenwnt preyveation, 200, I'e
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Lanpching
Erolen-span bridgs, 154197
E;r aiogle girder, 245, 247, 250-25F, I5d4 250
Coptinwons-spam bridge, 195, 201204
Cogntarmaghls aod, Ei5238
Drack-iype bridge, 141-143
Do Ble-ntory bridgs, 3859
End-on sssembly, 235241
Extra-widanad bridge, 132135
Floaling bay, 3345
Flotation, 41
lavertsd lnunthing nose, 233
Landing-bay, 38
Fanel bridgs, 43, 232
Kailway bridge, 151
Hingheslory brid gy, S6-E7
Specia] medhods, 236235, 241-243
Hacdad 235
Bwinging, 241
Triph=atory bhridge, 12, 107111
WiLthpot raltlers. 24]
Larnchlog noss
LCounmreeight and, 295232
[reck-type bridge, 14l
Dz ripLipn, 5%
DaEning, b&
Ismeoling, 284
Doublesbary brdgs, 57
Tovectsd, 238
Launching {acemal; with, 439
Onelene bridge &4
Raioforeing bridge with, 155
Singlestory bridgs, B5
Sipgle girder myurchod with, MG, 247, i)
Triphestocy bodge, 104
Twaolane bridge, 115, 234
Lannching-noss fink MkII
Deseripaoo, 13
Ezuwm-widened hridge lannched with, 133
Fomilicning, 454]
Single girder lsunched with, 250
Two lnnee hridge eppembled with, | 22
Tipen igennrall, 19, 45
Launchliag pler, temporary. See aler Undemlung
bottom wlory

360

Recking rollers weed with, 105

TD bridge 1aupched with, 1081140

T bndge launched with, 107
Luunching platforma See Fladforney, |punching
Lawochiog-tail aasembly, 5225, 138
Lannchiog walght, |23
Layoukt ¥er Hile Layout
Leapnb of bridge

Compabing, 3739, 4547

Grillmge type and, L5

Racznn misamror tepod and, 51

Rolber thearinoe aod, 45

Truss type and, 43
Lift spepe, Ser Spanin
Load dlatributhon

BEwrgea, 258, 254

Canpeway, El

D li-ty e brudige, 138

End-on assembiy, 24|

Fanel crib piag. 216

Eqft noil mnd, 2
Loading hoppers. Sev Expodiacl alraciurm
Loreation af biridge. See Bridgs Iocation
Mpxjmem pllowsblie slops (of ank), Ser Slops
Marksrs, 152
Miksion-orisnted profection porture (WOFP), 34
Kaobilo bridges, §
MOFPP. Sre Mispiontriented protection powlare
Moventnl, lalerul, 3¢ Lateral movement prevention
MNATI bridge wad vehicle classiflention vigne, 112
Mighrdrivipg, 34, 112
Overbesd bracing

Expedient, 108

Reipfpreed bradge, 155

Topieslory bridge, 103
Ovaorhead -bracing apppart

Deacription. L4

Exlrm-widened bridge nssembled with, 138

Supplementary chonde mnd, LSS

Triph-atoTy bridge seaenbled »uh, 1]

TwirJane bndge assembled with, 123

Ulse igenernl;, 2
Cwerbend clearapes (etated oo NATO alpae, 112
Orerhedd mwny-brice extonsios (M3}, 131, 136
Frpol box mochare. S Expedinnt srpctores

Fanel bridge convergion sl Moo 3, See Conversion
Mo 3, pene] orib pier
Faonsl bridge, Balley M2, See Bailzy bridgs M2
Fanel chorda. Sre Chords
Papsl crib plera Ser Fiers, pand enb
Fanel delall, 3%
Paoclpio. See clse Hepdleas panat pin: Short panasl pin
[epcription, &7
Dublestory bodge sssambled with, 85, 37
DT bridge bay sasembled with, 107
Extra-widened bridgs asaembled with, 13314
Pavel crib pier duerni bled wilh, 216, 216, 225
Single girder launched with, 247
Singlestary bridge bay asaembled with, T1-T2, 83
Haagle-alary bridge convarted wath, B1-92, B-f3
Single-slary bridge [sunched with, 38
Finghewtory bridge lanpchung noes aadarmbied wih,
L]
Seormge and transport, 278
Pansl levar, 16 21
FPuonls
Careving, 6. 6
[haacripkion, 2.6
Exntra-widaned TS bridgs apacmiblod wilh, 133135
Fanel crb pir. 21211, 216
feinforing damaged, 283
Single-niory bridge wasermhlod with, 7]1-7, &3
Finglenlory bridge convartsd will, 9133
Singlestory bridge Ingoching nose assembled with,
ES
Storage and tranaport of, ITE
Furi
Baaig bridge sed, 4
CRS. 187170, 17317
Trewiruetion of, 20 T
Enppdient use of damoaged, T3
Eatra-widened bridge, 150-131
Maintenaoce, 278
Panat orit pierm mod towery (apeein|h 216-2]1%
Aailway - bridge. 148-1 0
Reiofonced brvdge, 155
Raplocement {CRS), LS
Tpare, £
Ltorage und raosport, 276
Picketn [whend), B8



Fiera
Alignmeni and npacng of, i
Hurge bl‘:lii:tl A, 2L

B TR T o Ty NEIY]

lI'FIJI.'ElI. -F-II IH I.I.I.a_‘:l Lkl I.m-"l.ﬂ'l
Coqrputardon of Teod om, 154, 202205
Combun wise-apmn Bridges on, 159
Crintang wader, 200, 204
Fixed, 104
Intermediale, L9141, 210
T beidie launched onty, 109
Plars, Noeling
Have aupprapted by, 258
Hridgea oo barges aod, 257
Fraparslion of, BEE-26D
TD bridga lnunched with, 103
Types al, 257
Piara, panal crib
Assnm bly {enpedient) of, 226228
Ansarnidy {mtandacds of, BEL-Fld
Bills of materind for, &322
Bridgs sealing ob, 210
Broken-span bridges supported by, 150
Comprmwtits of, ZI0
Cnib charactenstcs of, E10-211

| miymnhime heides oois 231
LrilwlFulb bl VI AR T S L, aada

Lasnching platsrms and, 235

Tnad smd |1'rll.r|. ¥o !' 213

Eat, 262
Specinl parts. B16-E1%
Trpk-stary bridgs on, L0110
Trosm itanderd assembly of, o224
Ty pen o, Z10-21]
Usew, 210
Flar reaction, Sev Meohao-span boidge
File bnia, 191
Fin sxtructor, 18
Fuch of leath. Ser dackoa)
Plpcymant control lines, 5859
Flals rollers, See alap Constiction mllemm; Raller
Inyoee; Bollers
Cwnmwm:ht woured by, Bd-85, 234-235
J..lﬂcnp'n.m: i5 57
Tliwmanlling of, 284

N2 ks darr v Adamabinm toTY ned 11
A LM MLET SWILTE NN FESLY “H, 4L

s
Extrawidened bridge assembled with, 132

Jopstaiar Clcwtiaeng 13U 51,07
layout ijorotiong i35 (4810
Lanul albewn bl n, 1%

| I P N s
LA III.IUI 1 din. L I I.'F

Mwmberr needed of, Sl
Himglhe girder lounched with, 245, 247
Trmplaten, 15, 57
Two-lane bridye pasembled with, L2
Elain slringers. o Htrngem
Pluiforme, \eunching, 355, &0
Foint af contrefleapre, 196
Fonlponme. Ser ales Rofts
Lauserway, 23]
FloLadian Isuocheng an, 1141
Sangle punder launched wlh, #5¢
Tl bridge lmanched with, 109
Post—conaelion fxuure (CRE), L6165, LTT, 163, 157
Fost braces (RS, LEH. L7TH, L4134, 14T
Prepared abotmesite, S Abuolments
Full-rod sasembiy {CRS), 173
Puii-red chain (URE), 173, LB3
Full rodw (CRSY, 170, 173, THE-183, 168
Ralts, Loy alps Prntope
Bodeer vn Burger and. Z75

IMepeswmue mnd 7
oElArE T EY=R =00, Lo

[heci-ypee bridge gunder Ootalion an. 141
{wilm, L4L, |46

Rl.ilwn:r bridg=s
Advacuages and dinadvantages, 144
Anpermnbly mothod {denk.Lype), 148150
Azpeenbly methood [through-Lypes), 145147
Llenn of, 185
Dot viplio, 144-143
FExpedienia lor, 15115
Launching of, 141

Hmibwey tiea, 104-145, L44-149

Aeakare
Canverling ijnu;i:-lt-urj bridge wath, 92
Lescripbion (M2), #9
Diewcrnpuon (M), 130
Estra widened hri.-d;]\t manembled wi.l:h. LEE, 15
lnered |uﬁ|1cn:mi Odule & r|.u b+
Fanel crib puer bracing wath, 210, 2259

Hrnilanmay keidas anarrmbhind uibth |[£0
Al I3 T WIIUEYT OOOY LeU'WdT8 = bW, Lans

Single gitder launched with, 256
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Sangrle-prary brdge aopeenbled with, B3, 7172, &3

ernme = o

T o M aTu
vIRLICME L SN Il.lll'.ﬂ.lll.l.ll LFﬂ

T} bridge panpmbted wikh_ 98
Tl hejdos seanm hled with 130 15

U'ndaralung atory Imunched with, L1
Uae igenerad), 2,3
Hamp perdeatal
[rcpcaplion (B2, L2, 5
Descripon (B3, L1
Llasn (M2, 5, Hod
Unea (M3}, L31]
Rampa
Button, 12
Lemcriplicn, 2, 12
[hammntling of, 204
Fluin, 12
ailway-beidge, 146
Singlestory bodge, B4
Shopw of, 2, 0d, 50, B8
Soppors for {MIr, 52, 08

[ [ i T - YR -]
w1 FREFTL JUH 1 Faf, Lo

Through-trpet bridga, 266

Twiutine bindge elea e s and, 115
Ulga [ganeral), ©

Ulnr ms ny nylunl. [arlal L.} ph_'r cap EvE

L=l Lot L] = or

Weight op, B2
Demcnnalsaces oificer (bridge sita) Ser Site
TR LR O
Reconnalssancs repert, Ser Sity recononisepm s
Ralnforcing
Dpmwpgad panyl and chords, 3
Drowbleatory bridgss, 849
Singleviory bridgpsa, 91
Two-lane bridgea, 123
Rapiricisd wite, ZIE
Bolrmctablas bridges, 3
Elhbanda
Descnipieon (M, LD
eacription (M3}, 133
Doubleslory bridme o ehed with, G600
Entra-wideoosd brdge mesembled with, 100, 135

Einerle medfnor Inmcnnhed werbh 205
AFIUEIT JdIUTE HEUL iy e, land

Usas {genearnt} 10, 146
Hibhand bolts

TR L AR WL EwE

[reek-bype Bridge dacking with, 124
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Ribband ballg = contihues’
Liencripuon, 10
Expediant pmoel crib pier wussmind with, 727
Tl (M2 LG
Llwe (M35, 50
Risk cromsing, 58, 112
Risk loade, i
Roadwiy wkiih
Dech-type bridge, 138
Stwied pry HATO wigna, 113
Rocker boaciogs, 223
Rocking Tolbers. S afue Orilloge 1*loin rellers;
Hoching-toller vemoplatiz. Raller
I5rid e Inwnched over crib pier wath, 232
LCable Tospfarcenncpt npd, 1AL, 187
Conunwrud-apan bndge ol peer launched with,
L4320
LCounlrweight secured wach, 3586
Uounlerweighl sl and. 21, 234
LH) bridge naseohled wilh, 34
DescTiptien, 15
Niamonilng, &84
Fhoating badge lavnehed wich, B89-T0
Fiotation lauochiog wath, 241241
landing hay launched wilh, 269
| aunching platiopms ¢n, 349
Lesd allvweile o, L3
Mt bridge launched wilh, 15, 39, &1
Mugnber peeded of | 51
Safely peilback and, 37, 3T
Hingle girder lownched an, &4, 247, 25
Sangle-plory brdge launehed on, B, AAT
Apaang of IM5, L3
TT bridge lownched oo, LO7- 106
Twy-lans badge azsem bled and ipupehed om, 182 185
Hochers
Bridgeon pier, LS9 2005
Foane| ceite e 311,324
Kuocking-roller Lemplakes
Lnble reinlorcement with, 1E]
[enemplaci, 18, 47
Extra-wikeoed bodge aeseoybled oo, 152
Limem {genpral), 39, 57
Rod-La—cable conpling (RS, 188, LTE, Lp2- 183, 158
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BEoller
Clantpnere, 3710, 4546
Haighes, A8 98
Layout, 35, 57-53, 245, 247
Rollers. Srs Plumio ro|jem; Rockiog rollers
Fmfoty patback, 37, 47
B, eXcasuive
Converting of IS to 1M} bridga and, 55 300
DD hridgs sppambly s, S50
BALE [#iogle-ante load sguivalentap, 206207
Shear
Bridge dpmuge affecd om, H1
Marimum mocenl and, 380
Mument distribution aod, 73280
Fhort pansl pin, 7
Gingle-axle load squivalant(s). See 34 1LE
Single girders. See Lagoching
Fingle-story bridges
Appemhly methods, T1-72
Copverdiog single W@ douwble-trass, 9
Coovertiog doubls to tipletruss, 52
Extra-widened, 132,135
dochipg af, AT4S
Lauoching of, 65, 36-4T
Launching noss compoaition far, f4
Rampa op, BS
Eeeimionei mE. #1
Azsrmbly of triple truss, BT
Eite lnyont
Eirid e o0 bargrs And, 255
Clenring a, 32
CHE oagemblien pad parts gnd, 157, 183
Location of, 31
Stachn arranged an, 3%
Width of, 52
Sitw location. See Sue layoul
Site preparnticn
Hridges nn barges and, B0
Rl mubd - nte repunrt 8 od, 31
Stepa, 35
Time nppdedt Tor, 14
Slle reconnalirance
Bridges on bargas amnd, 264
Offger, 30

Freliminary data far, 31
Raporl, 31.32
Sive sebection, 265-264. See afsc Assambly sike;
Heatricted vitan
Skidding byame, 247, 200, 254204
Slope
Bunk, 45
Bndge. 11
Ramp.
Sn hlﬂ'n‘ tackle, S, 247, 250-252
Soil-benring capac|ty {BBC). Sep Bail chasacter
Scdl characiar
Grilimge [ype aned, 30, 45
Hamp end wpd, 52
Hpfe beaning presdoe and, 45
Sunl-beanng capacity (850 mod, 45, 5353
Hpan jooction paste
Eridges an barge assemided wath, 258, 351, 253,
e
Broben-apan bridges spsembbed with, 211-215
Erchan-span soabinge and, L{0, 223
Brokenapan span |aunched with, 15136
Spen junciion poate (CHE)
Cabletwonection beams and, 18], 184
LheacTiplion, 175
Tnetallation, 179 L4+
Inxiallatino of CES with, L53
Kemaval af, 187
Tae (ganaraly, 170
Spaoiu)
Conoecting, ¥7
[raw, 371473, 154
Independent, 190
Life, 2702700, 275
Withowt end ponks, 288
Spare parts, S Farts
Specinl lanoching malhody, See Launching mathads
Hienl plekets, Ser Pickela {abeel)
Sidngers
Bridges oo bargen aqsambled with, 293, 271
EBpokan-span bridges aestmbled wilh, 191
[hck-t¥pee bradg= asembled writh, Ldd
Deacription, 10
Extro.widsrism] TS indge bay assembled wilh,
13314



SLringers — confraesd

Launching withaat mollers and v of 241

Muamber per hay of, 10
Flmin, W L4k
Kailway bridge masambled with, 143
Fingle girder lnuoched wikth, 255-206
Singlestary heidge sesambled with, 13314
Supplemontary choardy. Ser Chords
Hway bracas
Thewa:ri ptior (M2ZE 8
[reacriptoan (MEL 131
Extru-widsrned bridges supernbled wich, 138
Extra-widened bndge bay aodeo thed bk, #1000 223,
2D
loverted lauacharg noke wnd, 234
Panel crib paer sesrmbbed wth, 210, 2283, E20-2E5
Rpilway bridge sasambled with, L48
Single girder Inuoched with, 2546

Singlestory bridgo paarmbipd with, &5
Bingleatory brdge bay assembled wath, 71-T#, &3
Sttt and branwpord of, TR

Tengoning, J.'!

Tnpieiiosy bndge amEembled sith, T 183
Twolunr bridge ansemleled wilh, 15

Eluca d s oo iy 0 W
USCEiyCoircionf, 4, 0

Sway-brace tornbuckle, 7173

Tankln Les Hhobk ool dusrhla
Frokln Sor Sluck apod dushis

‘Temptutan, See Flain rollers; Rocking-roller trmplates

Ti= n'l mlem

JEiEs

l_'.‘{mvtﬂ.ing aingle atnry hridge with, 02
Dipwistiption, 9
Expedienl punel crib pier oasembled wath, 227136

Extra-widened singlestery heidge panembled with,

135
Fanel ol braeing wilkh, 2140, 223
HKuilway bridge assembled with, 144-145, 146-149
FeanForcing bridge wilk, 155
Sungle girder launched wilh, 245247
RBinglentury bridyes bay asrembled with, 71 93
Sinrage and Lrannpart nf, 278
Tripletruns bridge asasmbled with, 2, 9
Turi-lope bridge arsembled wath, 182
LUlasw |genernl), &

Tiaw, See Builway Lick
Timber hlocking, 140

Timbkrer cribbing, 1, 5

M pppas imersvisd canaills T3

Enpedient wee of, IRE
Cin harran Hi

mEEe EEE

Fanel crib povrw mnd. 215

Timber decking (wxpsdleni]
Rridge om crib pier with, 211, 2%
Lrech-type bridge nasembled with, 175140, 205
Hpthwpy hrid ge asssmbled with, 145, L31
I'ee jgemermbp, B85

Ticber prillags, 73 4%

Timbar packing,
Ernd-on araembly and, E39, 241
Underslung seory sdded with, 111

Timkar viringers
Broken-2pan bridge aapembled with, 191
E‘Ipﬂd.i.tl'l.l: decking, 285

Timber trestles, 1591 H4

Turnbuckisa. Ser Sway brece turnbuckisa

Tor of slaps, 337

‘Towesra Spr Expedisnt siruciures

Tralflc

Lrikwrdiren 170
LA EWAEL, B

Tranesom £1amps

Crnyvamtimo singlesram brides with Ol
Lonvaring SInQie-rory bnaga walh 31

Iiracmiphion (M2), A

Tl prptann § R, 1A

IrT bridge nesembled with,_ 107
Extre-widened bridge sasembled wuth, 133134
Rmlway bridee sasembled wilk, 1457
Singlestory bondge assembled warh, 71, B2

Singlestnry bndge launching nosc assembbed with,

BS
Trav oo decall, 4+
Tranpom rollar 15 L6
Transome
Carrying B LA
Lan verling singlewtory bodge wath, 51-4%2
Dby paom (M2, T4, 57
Descriplion (MGE), L0
Diouble. 155156
Eapodient punei orib pier cap, EiF, U
Invered lmunchiog ness and, 235
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Mumbar per bay of tM2), B, 23
Mumber ner hau of /M3 130

FEEER Fe RS RRAATR RS

Pana) cob pikr braeing and, 20 2ol

Macing, &

Foamaoning (M2, ¥

Powitigning (M3E 133104

Emil=ay bridge assembled =ith, 145, 148150

Single peder Laynched with, 456

Single-story bridge aasembled with, T2-74, 5T

Singlealury bndge lawnched =ith, BT

Single-atory bridge Inanchin g nose masnmbled with,
BS

Spaning, E

Sparcing rocking rallera with, 57

Spans withoul end posts nod, B4

Supportiog ramps with, B2

Supports for, 5455

Llse (gemernlp, 2, T

'l-'r.ipiu--til:m biw 'lrrHIE llllrl:.'hl_'r. 4 -
TH,pIH‘th hridn uunhl._'r llﬂ}.
J'n.plz- l:l.nlj.-r n-'nn,lz l.llzuuu- |n.1p 1
Triple-story bridgea

[ ' T N '||'H'I.'|
TN UL, 1UL, 1T L

Axsembly and inunching{M3 o

dmmarmm bl mnd snd ]
[=

Agzembly and ap

|
n

]
1

5;%-

L34
.ﬁium'h'lu af dpnhletrous IOT

R Lo ]

Exica- wndau-.ld L6
Jarking, 10%

Lauaching, 107108
Lypunching: nuss compontion and, 103
Owerhend hraging an, 154
Walh underslung sbere, 104
Truck losds
Basic bndge s=t, 13
Crib pior, 19, 2%
CHS, 160, EBa
Movernenl of, A
Truse hridge. Ser Huiley bridge M2
Trusees
Ltmas determioation of, 39
Needed by pe of, 36
Fapel crib piae, E.E]
Type o, 51
Turnacound aren, 3043,
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Two-lans through-Lyps bridge
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Appeinbly of 115, 1EE-123
Arsembly Lime of, L2

i lnma al, 114

[Tonverting onelane Lo, 184.1284
[Ceenpiption, 114

dachitg of, 1243
Launchiog of, 123
Limilalisoe of, 114

Facta pnd mpare 114
Renbormag 143

Raller layoul, 122

Use, 114

Work parties, 172

Undeealung holeam suey
Dowbile-vinry Uridge with, L1111
Trnplestury bridge with, 109, Lag
Twa-leoe bridgr reinforced wilh, 121
Unlopding party. 50¢ Work parcies
Unprepared shutments, See Abutroanls
VYerlical cloarances, 103, 59
VYertical poat assrmbly OB, WET, 17T, 153, 1BT
Wear Leopde
Cha- ey beidge Layersd-decking, 130
Ihepth of. Gl
Instaltalivn of, 34-35
Heinforcing deching with, 91, 99, 259
Width of itha) gap Ser Gap

Winch line
Huilway Lbrodge lmanched woith. 13E
Twor-lwoe brdge laonched with. 143
Work(ing] delniln. S0 Work paciies
Work partics
Asarmbly of, 340
Bodgme un-banes, 265 575
Launching with connterseight and, 256
(Ins-imns brdge aapsmbly and, 3253
SinglegErder launching and, 243
Two-lane bodge arsembly and. 122
Uoloading mnd, 52, 35
Wrooches
Pagic bridge sed, L6
CRS, 1T
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