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1.0 INTRODUCTION

As discussed in earlier chapters the main advantages of dructurd sed over other
congruction materids are its srength and ductility. It has a higher srength to cogt ratio in
tendon and a dightly lower drength to cost ratio in compresson when compared with
concrete. The diffness to weight ratio of sted is much higher than that of concrete. Thus,
dructurd ged is an efficient and economic materid in bridges. Structurd sted has been
the natural solution for long span bridges since 1890, when the Firth of Forth cantilever
bridge, the world's mgor sted bridge a that time was completed. Sted is indeed suitable
for most span ranges, but paticularly for longer spans. Howrah Bridge, dso known as
Rabindra Setu, is to be looked a as an early classicd sed bridge in India This cantilever
bridge was built in 1943. It is 97 mhigh and 705 mlong. This enginesring marve is dill
serving the nation, deriding dl the myths that people have about stedl. [See Fig. 1]

Fig. 1 Howrah bridge

The following are some of the advantages of sted bridges that have contributed to their
popularity in Europe and in many other developed countries.

They could carry heavier loads over longer spans with minimum dead weight, leading
to smdler foundations.

Sted has the advantage where speed of condruction is vital, as many dements can be
prefabricated and erected at Site.
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In urban environment with traffic congestion and limited working space, sted bridges
can be condtructed with minimum disruption to the community.

Gregter efficiency than concrete dructures is invariably achieved in redgting ssismic
forces and blast loading.

The life of sted bridgesis longer than that of concrete bridges.

Due to shdlow condruction depth, sted bridges offer dender appearance, which
make them aestheticaly attractive. The reduced depth also contributes to the reduced
cost of embankments.

All these frequently leads to low life cycle costsin sted bridges

In India there are many engineers who fed that corroson is a problem in sted bridges,
but in redity it is not so. Corrodon in sed bridges can be effectivdy minimised by
employing newly developed paints and specid types of sted. These techniques are
followed in Europe and other developed countries. These have been discussed in chapter
2.

20 STEEL USED IN BRIDGES
Sted used for bridges may be grouped into the following three categories.

0] Carbon Steel: This is the chegpest ded avalable for dructurd users where
diffness is more important than the drength. Indian steds have yied sress vaues
up to 250 N/mm? and can be eesily welded. The sted conforming to IS: 2062 -
1969, the American ASTM A36, the British grades 40 and Euronorm 25 grades
235 and 275 steds belong to this category.

(i)  High strength steels: They derive ther higher strength and other required
properties from the addition of aloying dements. The sted conforming to IS; 961
- 1975, British grade 50, American ASTM A572 and Euronorm 155 grade 360
deds beong to this category. Ancother variety of sted in this category is
produced with enhanced resstance to atmospheric corroson. These are caled
'‘weathering' stedls in Europe, in America they conform to ASTM A588 and have
various trade names like' cor-ten'.

(i)  Heat-treated carbon steels: Thexe ae deds with the highest drength.  They
derive their enhanced drength from some form of hegt-treetment after rolling
namey normalisation or quenching and tempering.

The physcd propeties of dructurd sted such as drength, ductility, brittle fracture,
weldability, wesather resstance etc., ae important factors for its use in bridge
congruction. These properties depend on the dloying eements, the amount of carbon,
cooling rate of the sed and the mechanica deformation of the dsed. The detaled
discussion of physica properties of structurd sted is presented in earlier chapter.
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3.0 CLASSIFICATION OF STEEL BRIDGES
Sted bridges are classified according to

the type of traffic carried
the type of main structurd system
the pogition of the carriage way relative to the main structura system

These are briefly discussed in this section.
3.1 Classfication based on type of traffic carried
Bridges are classified as

Highway or road bridges

Rallway or rail bridges

Road - cum - rail bridges

3.2 Classfication based on the main structural system

STEEL BRIDGES - |

Many different types of Sructura systems are used in bridges depending upon the span,
cariageway width and types of traffic. Classfication, according to make up of man load

carying system, isasfollows:

0] Girder bridges - Fexure or bending between verticd supports is the main
dructurd action in this type. Girder bridges may be ether solid web girders or
truss girders or box girders. Plate girder bridges are adopted for smply supported
goans less than 50 m and box girders for continuous spans upto 250 m. Cross
sections of a typica plate girder and box girder bridges are shown in Fig. 2(a) and
Fig. 2(b) respectively. Truss bridges [See Fig. 2(c)] are suitable for the span range
of 30 m to 375 m. Cantilever bridges have been built with success with main
gpans of 300 mto 550 m. In the next chapter girder bridges are discussed in
detall. They may be further, sub-divided into smple spans, continuous spans and

suspended-and-cantilevered spans, asillugtrated in Fig. 3.

-’\/\-//

Fig. 2(a) Plate girder bridge section
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? TT TT ?
Fig. 2(b) Box girder Bridge section
0 Howe truss rA Pratt truss 0
£ A
Varying depth
warren truss
Fig. 2(c) Some of the trusses used in steel bridges
Girder
(a) Discontinuous span
Supports girder bridge
(b) Continuous span girder
bridge

Fig. 3 Typical girder bridges
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(c) Suspended and cantilever
span girder bridge
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(i)

(iii)

(iv)
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Rigid frame bridges - In this type the longitudind girders are made Sructurdly
continuous with the vertical or indined supporting member by means of moment
carying joints [Fig. 4. Hexure with some axid force is the main forces in the

members in this type. Rigid frame bridges are suitable in the span range of 25 m
to 200 m.

\

g

Fig. 4 Typical rigid frame bridge

Arch bridges - The loads are transferred to the foundations by arches acting as the
man dructurad dement. Axid compresson in ach rib is the man force
combined with some bending. Arch bridges are competitive in span range of 200
m to 500 m. Examples of arch bridges are shown in Fig. 5.

AT
Ve N

Fig. 5 Typical arch bridges

Cable stayed bridges - Cables in the vertica or near verticd planes support the
main longitudind girders. These cables are hung from one or more tadl towers
and are usudly anchored a the bottom to the girders. Cable stayed biidges are

economicad when the span is about 150 m to 700 m. Layout of cable stayed
bridges are shown in Fig. 6.
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Fig. 6 Layout of cable stayed bridges

(v) Suspension bridges - The bridge deck is suspended from cables stretched over the
gap to be bridged, anchored to the ground at two ends and passing over tal towers
erected at or near the two edges of the gap. Currently, the suspension bridge is
best solution for long span bridges. Fig. 7 shows a typicd suspension bridge. Fig.
8 shows normal pan range of different bridge types.

Fig. 7 Suspension bridge
3.3 Clasdfication based on the position of carriageway

The bridges may be of the "deck type’, "through type' or "semi-through type'. These are
described below with respect to truss bridges:

0] Deck Type Bridge - The carriageway rests on the top of the main load carrying
members. In the deck type plate girder bridge, the roadway or ralway is placed
on the top flanges. In the deck type truss girder bridge, the roadway or railway is
placed at the top chord level as shown in Fig. 9(a).
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Suspension
bridge
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Fig. 8 Normal span ranges of bridge system

(a) Deck type truss bridge

1400 1600

T

(b) Through type truss bridge

T

(c) Semi through type truss bridge

Fig.9 Typical deck, through and semi- through type truss bridges

(ii)  Through Type Bridge - The carriageway rests a the bottom level of the main load

carying members [Fig. 9(b)].

roadway or ralway is placed at the levd of bottom flanges.
truss girder bridge, the roadway or railway is placed a the bottom chord leve.
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In the through type plate girder bridge, the
In the through type
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The bracing of the top flange or laterd support of the top chord under
compression is aso required.

(i)  Semi through Type Bridge - The deck lies in between the top and the bottom of
the main load carrying members. The bracing of the top flange or top chord under
compression is not done and part of the load carrying system project above the
floor levd as shown in Fg. 9(c). The laed redrant in the system is obtained
usudly by the U-frame action of the verticals and cross beam acting together.

4.0 LOADSON BRIDGES

The following are the various loads to be conddered for the purpose of computing
stresses, wherever they are applicable.
- Dead load
Liveload
Impact load
Longitudind force
Thermd force
Wind load
Seismic load
Racking force
Forces due to curvature.
Forces on parapets
Frictiona resstance of expanson bearings
Erection forces

Dead load — The dead load is the weight of the structure and any permanent load fixed
thereon. The dead load isinitidly assumed and checked after design is completed.

Live load — Bridge desgn standards specify the design loads, which are meant to reflect
the worst loading that can be caused on the bridge by traffic, permitted and expected to
pass over it. In India, the Rallway Board specifies the standard design loadings for
rallway bridges in bridge rules. For the highway bridges, the Indian Road Congress has
gpecified standard design loadings in IRC section 1l. The following few pages brief about
the loadings to be consdered. For more details, the reader is referred to the particular
standard.

Railway bridges. Ralway bridges including combined rail and road bridges are to be
designed for rallway standard loading given in bridge rules. The standards of loading are
given for:

Broad gauge - Manlineand branch line

Metre gauge - Main line, branch line and Standard C
Narrow gauge - H dass, A dassmainlineand B dass branch line
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The actud loads consst of axle load from engine and bogies. The actud standard loads
have been expressed in bridge rues as equivalent uniformly distributed loads (EUDL) in
tables to gamplify the andyss. These equivdent UDL vaues depend upon the span
length. However, in case of rigid frame, cantilever and suspenson bridges, it is necessary
for the designer to proceed from the basic whed loads. In order to have a uniform gauge
throughout the country, it is advantageous to design railway bridges to Broad gauge main
line standard loading. The EUDLSs for bending moment and shear force for broad gauge
man line loading can be obtained by the following formulae, which have been obtained
from regresson anayss.

For bending moment:

EUDL inkN = 317.97 + 70.83¢ + 0.0188/%> 3 449.2 kN (1)
For shear force:

EUDL inkN = 43558 + 75.15¢ + 0.0002/> 3 449.2 kN 2)

Note that, ¢ is the effective span for bending moment and the loaded length for the
maximum effect in the member under condderation for shear. '/ ' should be in metres.

The formulae given here are not applicable for soans less than or equal to 8 m with balast
cushion. For the other standard design loading the reader can refer to Bridge rules.

Highway bridges: In India, highway bridges are designed in accordance with IRC bridge
code. IRC: 6 - 1966 — Section Il gives the specifications for the various loads and stresses
to be condgdered in bridge desgn. There are three types of standard loadings for which
the bridges are designed namely, IRC class AA loading, IRC class A loading and IRC
class B loading.

IRC class AA loading conssts of either a tracked vehicle of 70 tonnes or a wheded
vehidle of 40 tonnes with dimensons as shown in Fig. 10. The units in the figure ae mm
for length and tonnes for load. Normdly, bridges on naiond highways and dae
highways ae desgned for these loadings. Bridges designed for class AA should be
checked for IRC class A loading dso, snce under certain conditions, larger stresses may
be obtained under class A loading. Sometimes class 70 R loading given in the Appendix -
| of IRC: 6 - 1966 - Section Il can be used for IRC class AA loading. Class 70R loading
isnot discussed further here.

Class A loading condsts of a whed load train composed of a driving vehicle and two
trallers of specified axle spacings. This loading is normaly adopted on dl roads on which
permanent bridges are congructed. Class B loading is adopted for temporary structures
and for bridges in specified aress. For class A and class B loadings, reader is referred to
IRC: 6 - 1966 — Section I1.
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Fig. 10 IRC AA loading

Foot Bridges and Foot path on Bridges — The live load due to pedestrian traffic should be
treated as uniformly digtributed over the pathway. For the design of foot bridges or foot
paths on ralway bridges, the live load including dynamic effects should be taken as 5.0
kN/n? of the foot-path area.  For the design of foot-path on a road bridges or road-rall
bridges, the live load incduding dynamic effects may be taken as 4.25 kN/nf except that,
where crowd loading is likely, this may be increased to 5.0 KN/n?.

The live load on foot path for the purpose of designing the main girders has to be taken as
follows according to bridge rules:

()  For effective spansof 7.5 mor less- 4.25 kN/n?

(i)  The intensity of load be reduced linearly from 4.25 kN/n? for a span of 7.5 m to
3.0 kN/n? for aspan of 30 m.

(i)  For effective spans over 30 m, the UDL may be calculated as given below:

{EMBED Equation.3}

where, P = Liveload in kN/n?
l = Effective span of the bridgein m.
w = Width of the foot path in m.

Where foot-paths are provided on a combined rail-road bridge, the load on foot-path for
purpose of designing the main girders should be taken as 2.0 kN/m?.
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Impact load — The dynamic effect caused due to verticd oscillation and periodica
ghifting of the live load from one whed to another when the locomotive is moving is
known as impact load. The impact load is determined as a product of impact factor, I, and
the live load. The impact factors are specified by different authorities for different types
of bridges. The impact factors for different bridges for different types of moving loads are
given in the table 1. Fig. 11 shows impact percentage curve for highway bridges for class
AA loading. Note that, in the above table ¢ is loaded length in m and B is spacing of main
girdersinm.

A

o
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—

X
£
S
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g
g 154 %
3 .
E .
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| | | I S >
0 10 20 30 40 45 50

Spaninm >

Fig. 11 Impact percentage curve for highway bridges for
IRC Class A and IRC Class B Loadings

Longitudinal Forces — Longitudina forces are set up between vehicles and bridge deck
when the former accelerate or brake. The magnitude of the force F, is given by

{EMBED Equation.3}

where, W—weight of the vehicle
g — acceleration due to gravity

dV —changein vdodty intimedt

This loading is taken to act & a leve 1.20 m above the road surface. No increase in
veticd force for dynamic effect should be made dong with longitudind forces. The
posshility of more than one vehice breking a the same time on a multi-lane bridge
should aso be considered.

Table 1: Impact factors for different bridges
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BRIDGE LOADING IMPACT FACTOR (1)
(a8 Singletrack {EMBED Equation.3}
(b) Main girder of double track {EMBED Equation.3}
with two girders
(©) Intermediate main girder of {EMBED Equation.3}
multiple track spans
(d Outdde man girders of Specified in (a) or (b)
Broad gauge and | mutiple track spans whichever applies
Meter gauge (e) Cross girders carrying two {EMBED Equation.3}
or more tracks
Railway bridges | Broad gauge Rals with ordinay fish plae] {EMBED Equation.3}
according to joints and supported directly on
bridge rules Meter gauge Seepers or transverse  stedl T TEMBED Equation.3)
troughing
Narrow gauge {EMBED Equation.3}
(1) Spanslessthan 9 m.
(8) Tracked vehicle 0.25for spansupto5m
and linearly reducing to
0.10 to spansof 9 m
IRC classAA (b) Wheded vehicle 0.25
loading (il) Spans 9 m or more
Highway (&) Tracked vehicle 0.10
bridges
according to (b) Wheded vehicle 0.25for spansupto 23 m
IRC reguletions and in accordance with the
curveindicated in
Fig .11 for spansin excess
of 23m
IRC cass A | Spansbetween3mand {EMBED Equation.3}
loading and IRC| 45m In accordance with the
class B loading curveindicated in
Fig .11 for dl spans
Foot bridges No separate impact

dlowanceis made

Thermal forces — The free expanson or contraction of a structure due to changes in
temperature may be redtrained by its form of congruction. Where any portion of the
dructure is not free to expand or contract under the variation of temperature, alowance
should be made for the dtresses resulting from this condition. The coefficient of therma
expansion or contraction for stedl is11.7x 10° /° C

Wind load — Wind load on a bridge may act

Horizontally, transverse to the direction of span
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Horizontally, dong the direction of span
Verticdly upwards, causng uplift
Wind load on vehicles

Wind load effect is not generdly Sgnificant in short-span bridges, for medium spans, the
design of sub-dructure is affected by wind loading; the super structure design is affected
by wind only in long spans. For the purpose of the design, wind loadings are adopted
from the maps and tables given in IS: 875 (Part 111). A wind load of 240 kN/n? is
adopted for the unloaded span of the rallway, highway and footbridges. In case of
sructures with opening the effect of drag around edges of members has to be considered.

Racking Force — This is a laterd force produced due to the laterd movement of rolling
gocks in raillway bridges. Latera bracing of the loaded deck of rallway spans shdl be
desgned to resd, in addition to the wind and centrifugd loads, a laterd load due to
racking force of 6.0 kN/m trested as moving load. This laterdl load need not be taken
into account when calculaing stresses in chords or flanges of main girders.

Forces on Parapets - Ralings or pagpets shdl have a minimum height above the
adjacent roadway or footway surface of 1.0 m less one hdf the horizontd width of the top
ral or top of the pargpet.  They shdl be desgned to ress a laterd horizontd force and a
verticd force each of 1.50 kN/m gpplied smultaneoudy & the top of the raling or

parapet.

Seismic load — If a bridge is Stuated in an earthquake prone region, the earthquake or
seigmic forces ae given due condderation in dructura desgn. Eathquekes cause
vertica and horizontd forces in the structure that will be proportiond to the weight of the
dructure. Both horizontal and verticd components have to be teken into account for
desgn of bridge structures. 1S; 1893 — 1984 may be referred to for the actual design
loads.

Forces Due to Curvature - When a track or traffic lane on a bridge is curved alowance
for centrifugd action of the moving load should be made in desgning the members of the
bridge. All the tracks and lanes on the dructure being conddered are assumed as

occupied by the moving load.

Thisforceis given by the following formula

WV?
C=
12.7R G
where, C - Centrifuga forcein KN/m
W - Equivdent digtributed live load in kKN/m
\ - Maximum speed in km/hour
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R - Radius of curvaturein m

Erection forces — There are different techniques that are used for condruction of ralway
bridges, such as launching, pushing, cantilever method, lift and place. In composte
congruction the composte action is mobilised only after concrete hardens and prior to
that stedl section has to carry dead and condruction live loads. Depending upon the
technique adopted the stresses in the members of the bridge structure would vary. Such
erection stresses should be accounted for in design. This may be criticd, especidly in the
case of erection technologies used in large span bridges.

50 LOAD COMBINATIONS

Stresses for design should be calculated for the most sever combinations of loads and
forces. Four load combinations are generdly considered important for checking for
adequacy of the bridge. These are given in Table 2 and are dso specified in IS 1915 -
1961.

Table 2: Load combinations

S.No. L oad combination L oads
1 Stresses due to normal loads Dead load, live load, impact load and
centrifugd force
2 Stresses due to normal loads + Norma load asin (1) + wind load,
occasiond loads other laterd loads, longitudina forces
and temperature stresses
3 Stresses due to loads during erection -
4 Stresses due to normal loads + Loads asin (2) + with seismic load
occasiond loads + Extra-ordinary ingead of wind
loads like siamic excluding wind
load

6.0 ANALY SIS OF GIRDER BRIDGES

As discussed above, bridge decks are required to support both static and moving loads.
Each dement of a bridge must be designed for the most severe conditions that can
possibly be developed in that member. Live loads should be placed in such a way tha
they will produce the mogst severe conditions. The critica postions of live loads will not
be the same for every member. A useful method for determining the most severe
condition of loading isby using “influence lines’.

An influence line represents some interna force such as shear force, bending moment etc.
a a paticular section or in a given member of girder, as a unit load moves over the span.
The ordinate of influence line represents the vaue of tha function when the unit load is
a that particular point on the dructure. Influence lines provide a systematic procedure for
determining how the force (or a moment or shear) in a given part of a dructure varies as
the applied load moves about on the dructure. Influence lines of responses of daticaly
determinate  dructures condst only of draight lines whereas this is not true of
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indeterminate structures. It may be noted that a shear or bending moment diagram shows
the variation of shear or moment across an entire structure for loads fixed in one postion.
On the other hand an influence line for shear or moment shows the variation of that
response a one particular section in the structure caused by the movement of a unit load
from one end of the dructure to the other. In the following section, influence lines only
for satically determinate structures are discussed.

6.1 Influencelinesfor beamsand plate girders

Fig. 12(a) shows the influence line for shear a a section in a Smply supported beam. It is
assumed that postive shear occurs when the sum of the transverse forces to the Ieft of a
section is in the upward direction or when the sum of the forces to the right of the section
is downward.

1
/\ AN
"1
< g »
0.2
_|_
(@) ILD for shear at 1-1
0.8
40125
(b) ILD for bending moment at 1-1

A unit force is placed at various locations and the shear force at sections 11 is obtained
for each positiéd Bl {IMENEad MRdY FaeRE YAEPERAAE RRTES influence line with
which the influence line diagram for shear force at sections 1 can be constructed. Note
that the dope of the influence line for shear on the left of the section is equad to the dope
of the influence line on the right of the section. This information is useful in drawing
shear forceinfluencelinein dl cases.

Influence line for bending moment a the same section 1-1 of the smple beam is shown

in Fg. 12(b). For a section, when the sum of the moments of dl the forces to the left is
clockwise or when the sum to the right is counter-clockwise, the moment is taken as
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positive. The vaues of bending moment at sections 1 are obtained for various pogtions
of unit load and influence line is plotted. The detalled cdculation of ordinates of
influence linesisillugtrated for members of the truss girder in the following section.

6.2 Influencelinesfor trussgirders

Influence lines for support reactions and member forces for truss may be congructed in
the same manner as those for beams. They are useful to determine the maximum force
that may act on the truss membes The truss shown in Fig. 13 is consdered for
illugtrating the condtruction of influence lines for trusses.

The member forcesin UzU4, Usls and Lsl4 are determined by passing a section X-X and
congdering the equilibrium of the free body diagram of one of the truss segments.

L @ 8 x| paneds "

Fig.13 A typical truss

6.2.1 Influence line diagram for member UszU,4 (Top chord member) [Fig. 14(a)]

Condder a section 1-1 and assume unit-rolling load is @ a distance x from Lo. Then, from
equilibrium congiderations reactions & Lg and Lo are determined. The reactions are:

. aX 0
ReactionatLg = ¢—+
elLo

Reactionat Lo = ¢1- X0

Consider the lefé-hatdeside of the section and teke moments about L4 by assuming
gppropriate directions for the forcesin the members.

When unit load isin between Ly and L4:
am,=0

UU, h- % 4 =0

uu,= %4'?:0.5

> x
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When unit load isin between L4 and Lg:

Then, there will not be rolling unit load in the left-hand side section.

A X0

uuyu,=— .
3Y 4 hé Lg

Note that the influence diagram gives force in the member UsU, directly, due to the unit
load.

6.2.2 Influence line diagram for member UsL 4 (Inclined member)[Fig 14(b)]

Agan condder the left-hand side of the section 1, and use the equilibrium equation for
vertica forcesi.e. § V =Owhere, V represents the vertica force.

When unit load isin between Lo and La3:

%+U3L4Cosé:o

D U3L4 = - X\
Lcoseé
where, q:tan‘lgeﬁg
ehg

When unit load isin between L4 and Lg:

1 X0
u.L, = - —=
> CosqgPi Lg

When unit load isin between Lz and L4:

Since the variation of force in member Usl4 is linear as the unit load moves from L3 to Lg
joining the ordinates of influence line & Lz and L4 by a draght line gives the influence
line diagram in that zone. Note that, UsL 4 represents the force in that member.

Uy U> Us Uy Us Us U

Lo Liz Li4 Ls
! L@ 8 X | pandls
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6.2.3 Influenceline diagram for UsL 3 (Vertical member) [Fig. 14(c)]

Congder the left-hand dde of the section 2-2 shown in Fg. 13 for illugraing the
congtruction of influence line for vertica member.

When unit load isin between Lg and L3:

By consdering the equilibrium equation on the section left hand Sde of axis 2-2.
X
U3 L3 - E =0
b uU,L=2
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When unit load isin between L4 and Lg:
X0
U =-¢cl-—=
sl s
When unit load isin between Lz and L4:

Joining the ordinates of influence line a Lz and L4 by a draght line gives the influence
line diagram between L3 and L4.UsL 3 represents the force in that member.

Smilaly influence line diagrams can be drawvn for al other members. Typicd shapes of
influence line diagrams for the members discussed are shown in Fg. 14. The desgn force
in the member is obtained in the following manner. In this chapter, compressve forces
are consdered negative and tensle forces are postive.

Case (2): If theloading is Railway loading (UDL)

Influence line diagram for force is drawn for that member

The dgebrac sum of aess of influence line under loaded length multiplied by
meagnitude of uniformly distributed load gives the design force.

Case (2): If theloading is Highway loading (Concentrated loading)
Influence line diagram for force is drawn for that member

The adgebraic sum of the respective ordinates of influence line a the concentrated
load location multiplied by concentrated |oads gives design load of that member

The series of concentrated loads are arranged in such a way that the maximum vaue
of the desired member force is obtained.

7.0 SUMMARY

After brief introduction, the sted used in bridges and its properties were discussed. The
broad classfication of bridges was mentioned and various loads to be consdered in
desgning rallway and highway bridges in India were discussed.  Findly andyss of
girder bridges was discussed using influence line diagrams.
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