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where a = F,,/Fy
F,,, = minimum specified yield strength of web, ksi
F,; = minimum specified yield strength of flange, ksi
B = ratio of web area to tension-flange area
¢ = ratio of distance, in, between outer edge of tension flange and neutral

axis (of the transformed section for composite girders) to depth, in,
of steel section

In computation of maximum permissible depth-thickness ratios for a web, f;
should be taken as the calculated bending stress, ksi, in the compression flange
divided by R.

In design of bearing stiffeners at interior supports of continuous hybrid girders
for which a < 0.7, no part of the web should be assumed to act in bearing.

Flanges. In composite girders, the bending stress in the concrete slab should not
exceed the allowable stress for the concrete multiplied by R.

In computation of maximum permissible width-thickness ratios of a compression
flange, f;, should be taken as the calculated bending stress, ksi, in the flange divided
by R.

10.21 ORTHOTROPIC-DECK BRIDGES

In orthotropic-deck construction, the deck is a steel plate overlaid with a wearing
surface and stiffened and supported by a rectangular grid. The steel deck assists
its supports in carrying bending stresses. Main components usually are the steel
deck plate, longitudinal girders, transverse floorbeams, and longitudinal ribs. Ribs
may be open-type (Fig. 10.12a) or closed (Fig. 10.12b).
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FIGURE 10.12 Orthotropic-plate construction. (a) With open ribs. (b) With closed ribs. (c) Deck
and ribs act as the top flange of the main girder. (d) Deck acts as the top flange of the floorbeam.
(e) Deck distributes loads to the ribs.
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The steel deck acts as the top flange of the girders (system I, Fig. 10.12¢). Also,
the steel deck serves as the top flange of the ribs (Fig. 10.12e) and floorbeams
(system II, Fig. 10.12d). In addition, the deck serves as an independent structural
member that transmits loads to the ribs (system III, Fig. 10.12e).

Load Distribution. In determining direct effects of wheel loads on the deck plate,
in design of system III for H20 or HS20 loadings, single-axle loads of 24 kips, or
double-axle loads of 16 kips each spaced 4 ft apart, should be used. The contact
area of one 12- or 8-kip wheel may be taken as 20 in wide (perpendicular to traffic)
and 8 in long at the roadway surface. The loaded area of the deck may be taken
larger by the thickness of the wearing surface on all sides, by assuming a 45°
distribution of load through the pavement.

Deck Thickness. Usually, the deck plate is made of low-alloy steel with a yield
point of 50 ksi. Thickness should be at least % in and is determined by allowable

deflection ur under a wheel, unless greater thlckness is required by design of system

l)acmg ‘of deck supports. Deﬂectlon computations should not include the stiffness
of the wearing surface. When support spacing is 24 in or less, the deck thickness,
in, that meets the deflection limitation is

t = 0.07ap' (10.77)

where a = spacing, in, of open ribs, or maximum spacing, in, of walls of closed
ribs and p = pressure at top of steel deck under 12-kip wheel, ksi.

Allowable Stresses. Stresses in ribs and deck acting as the top flange of the girders
and in the ribs due to local bending under wheel loads should be within the basic
allowable tensile stress. But when the girder-flange stresses and local bending
stresses are combined, they may total up to 125% of the basic allowable tensile
“stress. Local bending stresses are those in the deck plate due to distribution of
~ wheel loads to ribs and beams. AASHTO standard specifications limit local trans-
verse bending stresses for the wheel load plus 30% impact to a maximum of 30 ksi
unless fatigue analysis or tests justify a higher allowable stress. If the spacing of
transverse beams is at least 3 times that of the webs of the longitudinal ribs, local
“longitudinal and transverse bendlng stresses need not be combined with other
“bending stresses, as indicated in the following.

Elements of the longitudinal ribs and the portion of the deck plate between rib
webs should meet the minimum thickness requirements given in Table 10-15. The
stress f, may be taken as the compressive bending stress due to bending of the rib,
bending of the girder, or 75% of the sum of those stresses, whichever is largest.
Unless analysis shows that compressive stresses in the deck induced by bending of
the girders will not cause overall buckling of the deck, the slenderness ratio L/r
of any rib should not exceed

L _ 1000 1F—5 ~ 2700 7 F (10.78)

y v

distance, in, between transverse beams

radius of gyration, in’, about the horizontal centroidal axis of the rib
plus effective area of deck plate

F, = yield strength, ksi, of rib steel

F = maximum compressive stress, ksi (taken positive) of the deck plate
acting as the top flange of the girders

where L
r
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The effective width, and hence the effective area, of the deck plate acting as
the top flange of a longitudinal rib or a transverse beam should be determined by
analysis of the orthotropic-plate system. Approximate methods may be used. (See,
for example, Art. 4.12 or “Design Manual for Orthotropic Steel Plate Deck
Bridges,”” American Institute of Steel Construction.) For the girders, the full width
of the deck plate may be considered effective as the top flange if the girder span
is at least 5 times the maximum girder spacing and 10 times the maximum distance
from the web to the nearest edge of the deck. (For continuous beams, the span
should be taken as the distance between inflection points.) If these conditions are
not met, the effective width should be determined by analysis.

The elements of the girders and beams should meet requirements for minimum
thickness given in Table 10.15 and for stiffeners (Arts. 10.31.4 and 10.19).

When connections between ribs and webs of beams, or holes in beam webs for
passage of the ribs, or rib splices occur in tensile regions, they may affect the fatigue
life of the bridge adversely. Consequently, these details should be designed to resist
fatigue as described in Art. 10.11. Similarly, connections between the ribs and the
deck plate should be designed for fatigue stresses in the webs due to transverse
bending induced by wheel loads.

At the supports, some provision, such as diaphragms or cross frames, should -
be made to transmit lateral forces to the bearings and to prevent transverse rotation
and other deformations.

The same method of analysis used to compute stresses in the orthotropic-plate
construction should be used to calculate deflections. Maximum deflections of ribs,
beams, and girders due to live load plus impact should not be more than Yw of
the span. See also Art. 11.10.

10.22 SPAN LENGTHS AND DEFLECTIONS

Many designers believe that steel girders, because of their lower weight per foot,
should have longer spans than concrete beams for a bridge at the same location.
This is not necessarily the case. The AISC has conducted studies that show that
there are substantial economies for the steel alternative when the spans are kept
the same, including the cost of extra substructure units. However, as with any
preliminary study, site-specific considerations may indicate otherwise. For example,
where the foundation or substructure costs, or both, are extremely high, it is
probable that longer steel girders, with fewer substructure units, would be more
cost-effective than shorter spans.

Deflection of steel bridges has always been important in design. If a bridge is
too flexible, the public often complains about bridge vibrations, especially if side-
walks are present. There is also a concern that bridge vibrations may accelerate
fatigue damage or cause premature deck deterioration. In an attempt to satisty all
these concerns, the AASHTO standard specifications include limitations on de-
flection and depth-span ratios as a means of ensuring sufficient stiffness of bridge
members (Art. 10.3.1).

There is some doubt about the need for these limitations, especially relative to
\the potential for increased deck cracking. Many studies indicate flexibility of the
’superstructure is not a cause of increased deck cracking. The AISC notes that most

European countries do not have live-load deflection limits in their design specifi- -
cations.

The AASHTO LRFD specifications require that deflections be checked as part
of the service limit state and include in the “Commentary” the statement: “‘Service
limit states are intended to allow the bridge to perform acceptably for its service
life. . . . Bridges should be designed to avoid undesirable structural or psychological




