P. DESIGN OF LIFTING AND TAILING LUGS
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LIST OF SYMBOLS

shackle dimension

width of lug plate

centroidal distance

lug plate width at the pin.

bott circle diameter

lift load at each lug

tailing lug load

vessel wall stress factor
dimensions of lug plate
number of bolts for the nozzle
dimensions of trunnion
lug thickness

lug plate thickness
collar plate thickness
thickness of vessel shell
weld size .
weight of vessel
section modulus

angle of vessel from horizontal

stress ratio, o, /o,

allowable bending stress

allowable bearing stress

allowable shear stress

allowable tensile stress

vessel stress

allowable stress in the weld

bending stress in lug plate due to angle
angle of lift cable from vert.
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4 A. PURPOSE

This design guide describes methods of selecting and designing different types of lifting
and tailing devices for use in the erection of pressure vessels.

B. ' CODES AND STANDARDS -

Since lifting or tailing lugs are non pressure retaining structural members, vesse! codes
or standards are not applicable in the design of these lugs. Good engineering practice
and the recommended procedures given in the AISC Steel Construction Manual are all

that are needed.

C. TIYPES OF LIFTING/TAILING LUGS

Besides slings and attachments improvised in the field, lifting lugs for towers, reactors and
other pressure vessels can be broadly classified into (1) the ear type, (2) trunnions, and
(3) the top nozzle blind type. See Fig. 1.

By far the most common are the ear type lifting lugs. These are usually installed at the
top of the vessel and can be used for most vessels, especially large towers. Because of
their location, interference with vessel appurtenances, such as platforms and ladders
below the top head is not very critical. See Section ~ 1.

When a tower is unusually tall, sc that lifting it will require a large crane and/or a long
boom, or will produce excessive bending stress in the vessel as a beam, the trunnion
type liting lugs may be more suitable. These are attached to the vessel shell some
distance down from the top head. In using this type of lugs, the interference of the lifting
cables with external ladders, platforms, nozzles, etc. attached to the vessel above the
lugs, from the lying down to the up-right position of the tower should be carefully checked
and avoided. See Section. 2. S '

Most heavy wall vessels have a large and strong nozzle located at the center of their top
head. With a special boited attachment, this nozzle can be used for the erection of the
vessel. This type of lifting blind is especially attractive when there are several vessels
with the same size and rating top nozzles, so that one such lifting blind can be used on
all of them. Even if the top nozzles were of different size, a special lifting blind can usually
be designed to adapt it to more than one nozzle size. The advantages of the top nozzle
liting blind are economy, little interference with vessel appurtenances, and elimination of
welding to the vessel which can cause stress risers that are undesirable in some critical

vessels. See Section;i 3.

In uprighting a vessel from the horizontal to its vertical position, a pivot point, which is
also capable of sliding toward the vessel foundation, is needed. This point can be
provided simply and relatively inexpensively by a tailing lug. The design of tailing lugs is
described in Section = 4.
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1. EAR TYPE LIFTING LUGS. (FIG. 2)

1.1 In designing a liting lug, the first thing to do is to determine the lift load. Normally

a vessel is lifted in the empty state, but in recent years, the trend has been to it it fully

dressed. That means the vessel will have insulation, some piping and all non-interfering

ladders and platforms installed on it during lifting. Whatever the méthod of erection,

determine the lift weight, W, multiply it by an impact factor, and then divide it by two to

~obtain the lift load, F, for each lug. The impact factor can vary from 1.25 to 2.0. The
commonly used value is 1.50. Thus:

(1)

F =0.75W

_1.50W
2

When the lift employs a tailing lug, the lift load is reduced in proportion to the relative
distances of the lifting and tailing points from the center of gravity of the vessel. However,
when the column is nearing its vertical position, the tailing device is going to be removed.
Then the litting load will be as calculated in Eg. (1). g
1.2 Inlifting, the field uses standard shackles with safe working load ratings determined
rom the minimum breaking loads with a safety factor of 5. Based on the lift load from
Eg. (1), choose a shackle size from Table 1.

1.3 The dimensions of the shackle selected will determine the lug pin diameter, d, the

_ lug thickness, T, at the pin joint, and the lug projection, L, to provide clearance between
the shackle and the vessel. The lug pin diameter can also be determined based on its

shearing strength as in 1.6 below.

1.4 Although the lug pin may be conservatively sized so that it can take some bending
as well as shearing, it is best to keep the difference between the shackle dimension, G,
and the lug thickness, T, to a minimum, usually from 3/32" to 3/16".

1.5 The width of the lug plate, D, at the pin is set equal to 3d minimum.
" 18 Lug Design (See Fig. 3 for different failure modes)

1.  Determine lug pin diameter from either the commercial shackle size | 1.3) or

2F , 2F
T $0g dz (1{03) (2)
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2. Determine lug plate thickness t from
©)
oo, ; taf
3dt 3do,

3. Find lug thickness. T = t + 2t, to suit the shackle .1.3) or from

(4)
‘—-P:-SU : I’z_ﬁ.

arT do »

4. “If collar plates are not used, t, = 0, then t = T, and the lug pin may have to be
checked for combined shearing and bending loads, especially where T< <G of the

shackle.

S. Tensile and shearing modes of failure of the lug are not governing (see Fig. 3)
uniess the allowable tensile and shearing stresses are much smaller than the

allowable bearing stress.
1.7 The minimum width, B at the lower end of the lug plate is given by

OR
FL SO, B | 8L

tB?/6 to, 5

1.8 The combined tensile and bending stress in the lug plate should be checked when
the vessel is lifted into a position where the axis is at an angle « from the horizontal.
(See Fig. 4). [f excessive, B should be increased to reduce this stress

Fsina L E8FLcosa ©)

Sl:
tB(Jt thgb

If o, is taken equal to A .o,, then

Fsina 6 FLcosa

<1
tBOt A thoc

Fsina , 6 FLcosa
. o o= 4 — sC
Combined stress, comb 5 p— ¢
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Teomp IS @ Maximum at a certain angle, e,,, such that

d F 6 FL _.

e i § T - =

da( comb) —5cosa 7 wzsz_na 0 _
Thus
) 6L .

sa~(—=)sina=0
cosa <A.B)
.1, AB

Therefore, a,=tan" (£=)

{

If og=0,,4 = 1.0 then e, = tE;n"(%-BZ)

(78)

If o0,=1.50, , A=1.5, then an-_:tan-‘(_z‘?z)

(7b)

1.8 In calculating the lift load, F, the eccentricity of the tailing load has to be
considered.

From Fig. 5

ope W(l,cosa+l,sina)
l,cosa+l,cose+l,sina

)

Fm=-§-’ (Impact factor)

1.10 Stress in the weld for direct load, F, is

F
<0 N Q
0.7 (B+2L,) ¢, ¥ )
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Centroidal distance, C, of the weld is

L?
2L,+B

Moment about the weld centroid = F (L + L, -C)

Replacing the U shape weld conservatively with an approximate rectangular shape weld,
where L, = 2C,

then: Polar moment of inertia= 1.4 t, BC (C+%B)

1.4t,,BC(C+%B)

Polar section modulus =
YyC*+B%/4
Stress due to moment (10)
F(L+L,-C){/C?*+B?/4 <o
w

1.4BC(C+B/2) ¢t,,

From the combination of stresses (3) & (10), the weld size t, can be determined.

If L, is made equal to B, the above expressions can be simpilified:

Moment =F(L+B~—§)=F(L+O.667B)
I=1.4(B) (-?) (—‘§+’_§) t,=0.389B%t,

0.389B3%¢t,
Z= =0.647B%t,,

YyB¢/9+B%/4
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F +I(L+0.667B) __F (1 5437.1.507B)

o= =
0.7 (B+2B)t, 0.647B%t, B3t,

Using an allowable stress for the weld o, = 13500 psi, we have:
. - (11)
t:,,z-fz- (0.114L+0.1128)10"

Table 2 shows weld size, t,, per 1000 Ib. of lift load, F, for various ratios of L/B.

TABLE 2 - WELD SIZE t, INCH PER 1000 LB. LIFT LOAD

L/B 3" 6 g" 12" 15" 18" 21" 24"
0.75 0.066 | 0.033 | 0.022 | 0.016 0.013 | 0.011 0.008 | 0.008
1.0 0.075 | 0.088 | 0.025 | 0.018 0.015 | 0.013 | 0.011 0.009
1.25 | 0.085 | 0042 | 0.028 | 0.021 0.017 | 0.014 | 0.012 |-0.011
1.5 0.084 | 0.047 | 0.031 0.024 | 0.019 | 0.016 | 0.013 | 0.012
1.75 0.104 | 0.052 | 0.035 | 0.026 0.021 | 0.017 | 0.015 | 0.013
2.0 0.113 | 0.057 | 0.038 | 0.028 0.023 | 0.019 | 0016 | 0.014
2.25 0.123 | 0.061 0.041 | 0.031 0.025 | 0.020 | 0.018 | 0.015
2.5 0.132 | 0.066 | 0.044 |0.033 |0.026 |0.022 | 0.019 | 0.017
2.75 0.142 | 0.071 | 0.047 | 0.035 0.028 | 0.024 | 0.020 | 0.018
3.0 0.151 0.076 | 0.050 0.038 |0.030 |0.025 |0.022 | 0.018

4 .

1.1 In order to keep the lifting cable vertical, a spreader bar is used. When the
spreader bar is not available or not to be used, then the cables will make an angle with
the axis of the vessel. This will produce out-of-plane bending of the lug plate. if the cable
angle is e*, the corresponding bending stress in the lug plate is

_6FLsin©1 (12)

aex Bt2

The maximum allowable angle to ensure o, < o, is

Btzab) . (13)

8 =sin’
a ( 6 FL

2135



To reduce this bending stress, a bracing plate may be used tying the lug plate to the
vessel head at a distance L, from the lug pin. The reduced bending stress is now

aez= (%) Oez (14)

The load on this bracing plate, F sin e, is rather small for small angles, e. Therefore its
thickness, t,, and the weld sizes usually are minimal. For very large angles of e, this plate
should be properly designed.

2. TRUNNIONS (Fig. 6)

Trunnions are used to erect vessels that are too tall to be lifted by lugs located at the top
head. There are generally 3 different types of trunnions. The most common is the fixed
pipe, fixed plate type. Sometimes, for clearance purposes, the lug plate has to be made
very long. In order to prevent the high twisting moment at the pipe-vessel attachment,
the lug plate is allowed to tum over the lug pipe. When the lug pipe projection has to be
large, again for clearance purposes, the bending moment at the vessel attachment may
be very high. This will produce excessive stress and distortion in the shell, especially in
large diameter, thin wall vessels. In this case, a turning axle type trunnion can be used.

2.1 As for the ear type lifting lug in Sectior .1, determine the lift load, shackle size, pin
diameter and lug plate thickness.

2.2 For the turmning plate trunnion, the dimension, s, is determined by

' 15)
F __F (
2st 0t or S=Zto,
2.3 The trunnion pipe size is determined by either its bending strength:

(16)

:—‘P—;SOb

or its torsional resiétance:

17
EL, an

22 ¢
or its shear resistance: 7 (18)

-z— S0,

where A, = cross-sectional area of the lug pipe

L3N

74

2/¢



In addition: FL F (19)

2.4 For the rotating axle type trunnion, the pipe diameter, P, is determined from:

F
e, % (20)

2.5 Weld size, t,, is determined from

F___0.455F (1)
0.7xPCt, Pt b
or from
FL - 0'91FLsa (22)
p2 P2t v
0.7t ,(m—) w
2
or from
FE 1.82F.
p? B P2t Esa"
1!(-—4—-) (0.7 tw) L4
(23)

0.455F+ 0.93..&""Ls
P, Pztw

O

2.6 Except in the case of the turning axle trunnion, the lift load on the trunnion
produces local stresses in the vessel shell. These need to be evaluated using WRC
Bulletin 107 or other similar methods. A simplified way to check the vessel stresses is:

(Fig. 7 Salid Lines).
24
fv(-f‘-? ) <a, @)
ts

In checking the stress of the vessel in the vertical position, when the load F represents
the entire vessel weight not reduced by any tailing load, use the stress factor given by the
dashed lines in Fig. 7.

When the vessel wall stress is excessive, use a reinforcing pad. The stress is dependent
on the combined vessel and pad thicknesses at the edge ofthe trunnion pipe and on the
vessel thickness at the edge of the pad.
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2.7 After a vessel has been erected, the trunnion lifting lugs are usually cut off. Inthe
case of the turning axle type, the lug is cut apart and the axle withdrawn. The openings
in the vessel are covered by welded plates or boited flanges.

3. TOP LIFTING BLINDS

Heavy wall vessels have sturdy nozzles. If there is a large central nozzle in the'top head,
it can usually be utilized to lift the vessel into place. A specially designed lifting blind is
bolted to the top nozzie, and lug plates are welded to the blind for attachment of the lifting
shackle. When there are several vessels with the same size top nozzles, one lifting blind
can be made to lift all of them. Even if the top nozzles are of different size and/or rating,
the liting blind can be designed with different sets of bolt holes to fit more than one size

of nozzles.

3.1 In liting, usually not all the bolts for the top nozzle are used. If only half of the
polts are used, the load on each bolt due to a moment is approximately 22% more than
if all the bolts are utilized. In checking the adequacy of the botls, the following conditions
have to be satisfied:

4.9F, (E+t , ¥

zlvz(J *E) Bolt capacity ‘in tension' (25)
B
2F, L
e Bolt capacity in shear (26)
2F, L .
s Bolt capacity in tension o (27)
Where F, = max. load on the lug when liting anglea = 0

(vessel in horizontai position)
lifting load when vessel is in the vertical position = W. impact factor.

)
1

E = distance from lug pin center line to blind flange back face. See Fig.8.

t, = thickness of blind flange.
N = total number of bolts for the nozzle.

3.2 Design of the lug plate, that is to be welded to the blind, follows the same
procedure as for the ear type lug.




3.3 A conservative way to determine the thickness of the blind is to design it for the
pressure equivalent to the max. moment acting on it at the initial lifting condition. This
moment equals F, (E+1) and the equivalent design pressure is:

_16F, (E+ty)

eq

i 3
"G -

where G, = gasket diameter of the flange.
-and the blind thickness is:

tb=Gk\J(0.:PwJ=Gk\J[4.8F1 (3E'+cb) )
b TGk Oy
By assuming an initial value of 2" for t, and using the boit circle diameter D; as G, we
have
(28)
\J( 1.5F, (E+2) )
£,=
Dyo b |

If the calculated t, is much different from 2", another iteration may be done. In any case,
do not use t, less than the lug plate thickness determined in 3.3.2 above. The equivalent
pressure due to the force F, on the lug is relatively insignificant.

‘3.4 Examples of one lifting blind fitting two sizes of nozzles are shown in Fig. 8.
4 - TAILING LUGS

In lifting a tall vessel, whether by lifting lugs attached near the top head, or by trunnions
located lower down the shell, a tailing lug is usually required to lift the entire column off
the ground in order to facilitate the uprighting of the vessel. Since most vertical vessels
have skirt supports, the tailing lug is usually attached to the bottom of the vessel to take

advantage of the stiffness of the base ring there. Unless the tailing load is unusually
large, only one lug is required. See Fig. 10.

V\‘4.1 Design of the lug plate again follows the same procedure as for the ear type.
4.2 Check stresses in the base ring-skirt section
Max. moment = .2387 FR

where F, = load on the tailing lug.

' .
.o
v,
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Generally the skirt plate is welded approximately to the middle of the base ring. It does
not therefore contribute much to the section modulus of the section. Thus the bending

stress in the base ring during the lift is

_ 1.44FR

AT IEY where t, and B, = thickness and width of the base ring.
bx b!

When this stress is too high, a strut can be welded diametrally between the tailing lug and
the other side of the skirt. The force on the strut is approximately half the tailing load,
and the moment in the base ring section will be reduced to about a third of that without
the strut. See the derivation in Appendix A.

In the case when the skirt plate is not centrally located on the base ring, a portion of the
skirt plate will act to resist the bending moment in the ring section, will increase the
section modulus of the base ring appreciably, and should therefore be taken into
consideration. If a second ring also exists, then the section modulus will be further
substantially increased. The length of the skirt plate that can be included in the base ring
section, varies with the skirt diameter and its thickness, but for simplicity, use
conservatively a length equal to 12 times its thickness. If a second ring exists, then this
length shall be taken beyond the second ring. . . ¥

. D. MATERIALS

Lifting and tailing lugs are structural elements that are used only for a short time during
the erection of vessels. For this reason, the most common structural steel A-36 is
adequate. However, parts of the lugs that are welded directly to vessels which are
constructed of alloy metals, such as Cr.Mo. steel, stainless steel, no-ferrous metal, etc.,
should preferably be of the same type of material as the vessel.

Forgings and pipes will also be carbon steel: A-105 and A-53-B respecti\-/ely, except as
noted above.

E. ALLOWABLE STRESSES

Uniess otherwise specified, use the following allowable stresses

A-36 Tensile - 20,000 psi
A-105 Bearing - 30,000 psi
A-53 Shear- 13,500
Bending - 22,000 psi
C.S. Welds: Full penetration - 20,000 psi

Shear - 13,500 psi

Vessel Stress: Membrane - 1.2S
Bending - 1.8S
where S = code allowable tensile design stress.

2720




" F. BECOMMENDED PROCEDURE

1 Determine from Construction, the type of lifting to be used: from the top of the
vesse! or lower down the shell; whether the vessel will be bare or insulated with platforms
and ladders installed; whether a spreader beam will be used; whether a large sturdy
nozzle will be available on the top head for liting, etc. Then choose the appropriate lugs
to be designed.

2  Calculate the lift load at each lifting lug, and if tailing lug is going to be used,
calculate the lift and tailing loads. See paragraph ~1.1.

3  Design the lugs per sections ,1. e 3,or 4

4  Forward the lug design to the fabricator of the vessel on which the lugs are to be
installed. :

S  When design of the liting and tailing lugs is the responsibility of the vessel
fabricator, use this Design Guide to check the latter's calculations.

6  After erection, remove the lugs from the vessel as necessary, and patch up the
openings where the rotating axie type trunnion has been used. i

G. REFERENCES
- Formulas for Stress and Strain by R. J. Roark

Local Stresses in Spherical and Cylindrical Shells due to External Loadings, WRC Builletin
107, by K. R. Wichman, A. G. Hopper and J. L. Mershon
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ANCHOR SHACKLES
(DROP FORGED STEEL, WELDLESS. BRIGHT, HEAT TREATED)
Siaxe Min. Safe Est.
inches Breaking Working Shackie Di s, Tolerance {a) Weight
Load, Tons Load, 1ba.
Tons
A G d H J K Langth | Width
k¥ ] .97 .3 k7 ) 21732 7718 1=7/18 31432 1-1/32 1/8 118 3
7/18 S.42 1,08 18 23732 172 1-11/18 1=1/16 | 1-5/32 18 1718 49
12 7.07 1.41 172 13718 s/3 1-7/8 1-51168 | 1-8/18 1/3 -1 s 74
/3 11.08 2.21 S/8 1=1/18 374 2-13132 1-8/1% 1-11/18 /8 1718 1.44
3/4 18.9 .18 /e 1=-1/4 778 1=-12/32 1-7/8 2 1/4 1718 2.1¢
18 21.82 4.32 178 1-7/18 1 3-5/18 2-1/8 2-9/18 174 118 3.37
1 28,27 5.88 1 1-11718 1-1/8 3-3/4 2-3/8 2-11118 1/4 1118 5.28
1-1/4 £1.25 ‘8.28 1-1/4 2-1/32 1-3/8 4~11718 3 3I-1/4 1/4 178 9.55
1-3/8 49.9 10 1-3/8 2-1/4 1=172 S-1/4 3-5/18 | 3-s3 174 18 12.57
1=1/2 50.35 11.87 1=-1/2 2-3/8 1-5/8 $~3/4 3-$/8 3-718 174 173 17.28
1-3/4 80.8 18.17 1-3/4 2-7/3 2 7 4-1/8 H 174 18 27.7%
2 105,55 21.2% 2 3-1/4 2-1/4 7-3/4 H $~3/4 174 13 41,12
2-1/4 138 27. 2-1/4 3-3/4 2-112 174 S$-1/4 &-1/2 3/4 13 58.50
2-1/2 189 338 2-172 4-1/3 2-3/4 10~172 [ 7-14 3/4 18 33.50
2-3/4 200 40.4 2-3/4 -2 3 11-1/2 8 T-1/4 e 178 118,
3 230 48.3 3 s 3-1/4 13 6172 7-718 3/4 s 145,
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FIGURE 1——LIFTING LUGS
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FIGURE 2——FEAR TYPE LIFTING LUG
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( 13=0)

FIGURE 5——LOCATION OF TAILING LUG
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LIFTING BLIND

FIGURE 8
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(16) 1%~"HOLES ON 39'4°B.C. FOR
30~ 300# FLANGE

(12) 15" HOLES ON 32°B.C. FOR
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FIGURE S——LIFTING BLIND
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G/Ven CoLermrr 6%0° 2D X/d&-& 7# /a/u.s V4 74 oA //74

WE wirh Fowo al sraselators ard /;/4// r1725
= /34 /4//05
Center ()7[(/:?//?// S0 H /d/f? baose.
Vesse/ 7hichpess: 25" ﬁ/o Thired , FB prscdhe
/’A/fz/ and 2%° éaﬁ’ém Phrrdd . SAir %"
Zf?é/aa//‘?‘“/ (A) peor Fhe /&/ Head
(8) $5-60° fcam base.
A {74//'/{(/‘? Z/}‘?/}yy /qy a/&s/}‘n
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(A) Ear Type Liting Lug
Moax. i#7 load [ vertrcal, /m/w; Sosad =0)
F=2x/35x15 = 10/ /f/;://u; ( 45 Tens/ fug)
//o//z L1775 Joad = /-— X/35X/ Sx 755 //2 4.5'K’/J//uj'
From Jable /, G 517¢ 3 onchor shackle /s /e’/&w/c’f/
o=34" /p/n)
G lgrp)= 3. o lhe Jug hick T = 278"
From ff‘ (3), /uj /:/af.f Fhschmess \

=L ___z10/
3¢  3x3.25x20

=0.52". Use 14 plefe
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Coller plate rhich. 1, =F(#5 1402181 lhe 1%~
Asserme dorrensiorn L =727

Then 74‘4/77 f; <), -
Widrh o lug plote =82 55 <1097 the s2”
Since U8 15 Faken 7o Be 22 ps/. ane/ U7=2045)
A=Cegz -,

o Meax. C&mé/bdz/ Jf/’.f..s.: //; fAd /A«f //ﬁ/& occors 7

=7, A8 - Y32 _ ¢

#EIIn104°, & 45x/2 cas /04
/' [ 25xs22

 Combrined stress = 7. 25x72 7/
=054 #1609 =/6.6 ksi < Lo 4s, e DK
Asseme o weld /enj-/é L3 =/2" ond b weld
size Lu=0"
from £g.(5) ,For vesse/ 1 Mhe horiz. //-a:///o/:

Shear s7vess m /af GH G 1o sire /S
= P07 (12¢2:02) r0.5] = 3.2 ks/

2

Centrosdal distance C-To5rz=4.9"
4 . Aloment cbow? wele/ cerstrord
jc =45(12112-2.9)= 950 1. k.
falar 1nem. oF inertsss o wel
=2 ;&/‘f,—'i—/fj 70.5x/4 /7—4.?)7*0~f XZx 4.9 2
+ 210.5x14 26 %4 "—“—,’542—3 = 1c/0 0.~
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_/f6lo

Folar sectorn modifus = V%9, =927 /0
. 72/5/'0/7&/ .J'/'/‘c’d.s e 7 2,77 = 7f‘/727 =/0.2 zéS/.
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(B) Trwrnior 7;//.-8. Lay (Gssume Foxed /az/be,) (55 '7%»: base)
Max. /i## Joad! (vertiial) = o1 £.
Max. /i## Joad (foriz )=0.5x/.5x /35« f}%—tj‘: 72 K.
As i exany:/e (A). 3" Shackle /5 rsz}é(/':
=3/ |, ?=14", t</%"
Assume  dymensions £ bnd L Fo meed clovrance
/efu'/'/cme/;f./s s £=28 , L=/5T
Fror Ef ), Z oFf //ar}n/én/o?'oa = 92xB/22 =33.5 ol
o/@.(/ﬁ, Z o Frnrier /;7( = 72’/%21/3.5)‘{/-//})3
Froms f; 8), Xsectonal cice o7 /%d “"/0_///3.5 =25
Try 12°XS pppe s A279.2 ' 23589 10
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. ' . F2x /5 72 i
Cormbired .5/(/// ¥ 7ersionc/ SHhess = 2x58.9 * 792 =/6.5 Kss

JA1s shess exceeds Us =/3.5 45, -
e e /27 XS pipes 22748 p1l | 42202 i1, Oioms =/t #5/
Chech pesse/ sFHoess c‘/J/.ﬂ; Ef 7.

=34 =5 Zrerr. Ditrrs = /“:
a 9-625 76, Vess. Dic s 72 “9/7
A= o0.053
' 0053292+ 8

Vesse/ Shess = oo < /60 Kss
,5/ z/J/}yj @ Z’-}"/{/c/ /1;4/, fy=a7j‘fd.o’zf=/.37.5'
Itress sround pipe =(0053x5258)/0375°= 15 5/
SHress Grownd 4. /az/a/ (G5Strme ressorch/e size)
will sAY be excessive.
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%

—'\—”E’ 1% I__Fg %
:

14°XS Pipe )

\ !
asafasadaa; I ]
L]

2
~
| SO—

7%7



