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Fundamentals of Bridge Design

Chapter 4: Super Structure Design of Bridge 

 Concrete Deck Design 

 T-Girder Design 

 Box Girder Design 



5.1-Slab Design
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 Deck/Slab bridges are most commonly used to 
short spans up to 12m. The load carrying 
mechanism is by plate action, i.e., by bending 
and twisting .

 According to AASHTO 4.6.2 slab bridge can 
be analyzed by

 1-Approximate Strip method

 2-emperical method

 3-Refined method
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Fig:-Load carrying mechanism of slab bridge treated as a plate 



1-Approximate equivalent strip method
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 AASHTO specifications allow ,To simplify the design,  
concrete deck is assumed to be divided into edge and 
interior strip perpendicular to supporting abutment.

 Empirical Design is a method of deck slab design based
on Laboratory test data on the concept of internal
arching action(not flexure and shear ) within concrete
slabs.

 refined(finite element ) analysis method would be 
better suited for a more complex deck slab structure.



Thickness of Slab 
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 The deck slab may be designed as One-Way Slab with main 
reinforcement parallel to the traffic .

 Depth Determination:

 According to AASHTO, Table 2.5.2.6.3.1, minimum
recommended depth for the purpose of deflection control slab
with main reinforcement parallel to the traffic.

 According to ERA Bridge Design Manual 2013, article 5.4.1.1,
the depth of a concrete deck, excluding any provision for
grinding, grooving, and sacrificial surface, should not be less
than 185 mm.
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Table 2.5.2.6.3.1- Traditional minimum depth  of superstructure



Live Load distribution Strip width
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 in Approximate method of Analysis Slab width divided in to 

edge and interior strip  perpendicular direction to abutment.

 According to AASHTO sec. 4.6.2.3, the equivalent width (E) of 

longitudinal strips per lane for both shear and moment with one 

lane, i.e., two lines of wheels, loaded shall be determined as 
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 Edge strip is limited to half lane width; use multiple presence 

factors 1.2 and half design lane load (for a two lane bridge, 

because the possibility of occurrence of two trucks at a time is 

less). AASHTO[Art. 4.6.2.1.4]    



Equivalent Concentrated and Distributed Loads
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The equivalent concentrated and distributed loads per meter width 

of both interior and edge strips are obtained by dividing the 

design loads to the corresponding strip width and applying a 

dynamic impact factor. For the calculation of live load force 

effects, influence line is used and the maximum effect will be 

selected for the design.



Design Moment
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 The design moment is computed by combining the 
effects of dead loads and live loads and applying 
the corresponding load combinations and load 
factors specified in AASHTO, Table 3.4.1.1. 

 For deck design only strength I load combinations 
needs to be investigated:

ΦMn >η∑γiQi

MUR = η [1.25 MDC +1.5MDW +1.75 (M(LL + IM)+MLa ]   

Resistance factors for strength limit state Φ :0.90 for 
flexure and tension of reinforced concrete.



Live load moment

 The maximum Live Load Moments for both interior and 

edge strips can be computed using influence line 

concepts and the influence line coefficients (maximum 

ordinates)   

IL for maximum  moment and shear due to lane load
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IL for maximum shear force due to truck and tandem loads
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Fig. IL for maximum bending moment due to truck and tandem loads 
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 The maximum Live Load Moments for both interior and edge 

strips can be computed using influence line concepts and the 

influence line coefficients (maximum ordinates). 
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 the exterior design moment is taking by considering the 

maximum effects due to live and dead load moments.   



Flexural design
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 Limits for reinforcement [Art 5.7.3.3] Maximum reinforcement is 

such that, x/d≤0.42, if x>0.42d section will be over reinforced.    



Cont…
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 Horizontal force equilibrium, C=T

0.85f’cβ1xb=Asfy

0.85f’cab=Asfy

a = Asfy /0.85fc’b 

a = ρfyd/0.85f’c---for Single reinforced section

Moment resistance

Mn = T(d-a/2) = Asfy (d-a/2)

MR = ϕMn

MR= ϕ[Asfy (d-a/2)] …..then substitute “a”

MR=ϕMn= ϕAsfyd (1-0.588pfy/f’c)  then equate with Mu

 We get Required Steel ratio 
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 Shear Resistance of Deck/Slab section According 
(AASHTO Article 5.14.4.1) .Vn

 Minimum Concrete Cover

 According to AASHTO 5.12.3.1 Minimum cover is 
specified so that there is enough concrete to cover the 
steel and prevent the steel from corrosion.     
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Table 5.12.3.1- concrete cover



Spacing b/n bars
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Table-Minimum spacing bars for CIP AASHTO 5.10.3



Shrinkage & Temperature Reinforcement
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 As indicated in AASHTO, section5.10.8.2,reinforcement 

for shrinkage and temperature reinforcement shall be 

provided near surfaces of concrete exposed to daily 

temperature changes. The specified amount of the steel 

should be distributed equally on both sides at top 

parallel and transverse to traffic direction:-As



Distribution Reinforcement
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 According to AASHTO, article 5.14.4.1, the amount of bottom 

transverse reinforcement may be taken as a percentage of the 

main reinforcement required for positive moment.    



Limit state

 During Bridge Design all limit state should verify in LRFD

1.Service Limit States : concrete crack can be controlled by 

 distributing steel reinforcements and by limiting allowable 

 Deflection on member. 

I-Limiting of Deflections (AASHTO 2.5.2.6.2)

 Vehicular load, general………………………….…L/800

 Vehicular and/or pedestrian load…………..…….L/1000

 Vehicular load on cantilever arm …………….…….L/300  

II-Control of Cracking  (AASHTO 9.14)

 -The tensile stress in the reinforcement (f  s ) at the service load 
doesn’t exceed fsa. 



Live Load Deflection
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 design Truck –consider IM , m and number of 

vehicle  

live load deflection should be taken as the larger of :

25 percent of the design truck  plus the design lane load  

100% design truck alone   
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 design Tandem--- p=220kN  

 design lane
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 2.Strength Limit States:-This state shall be taken to 
ensure that strength and stability,  are provided to 
resist the Design load combinations that a bridge is 
expected to experience in its design life. Moment 
,shear ,torsion and axial force resistance should be 
checked.   

ΦRn ≥ ηΣ γiQi

 3.Extreme Event Limit States

 Intended to ensure structural survival of a bridge
during an earthquake, vehicle collision, ice flow, or
foundation scour.



Conti…

1/10/2020Bekalu G.                                               Fundamental of bridge

 4-fatigue limit states:- are used to limit stress in steel 

reinforcements to control concrete crack growth under repetitive 

truck loading and need not be investigated for concrete decks 

in multi-girder and fatigue stress in straight reinforcement is 

limited to:-
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Service-Load and fatigue Stresses “fs” 



Design example of slab bridge
Design the superstructure of slab bridge on rural area using 

the following Preliminary dimension

Use Design Specification AASHTO code 2007 & HL-93 load

Clear span of the bridge (Cs)- 11m

Road way width (Rw) – 7.3m

Additional curb width (Cw) – 0.8m

Curb Depth (Cd) – 0.25m

Abutment width (Wrs) - 0.5m

Concrete railing depth (Rd) – 0.3m

Railing width (Rww) – 0.3m

Concrete post depth (Pd)- 0.3m

Concrete post width (Pw) – 0.3m

Concrete post height (Ph) – 0.8m

Concrete post spacing (Ps) – 1.2m

Thickness of asphalt layers -75mm
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5.2-T-BEAM DESIGN
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T-beam design
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 IN T-BEAM/GIRDER BRIDGE design follow the following

 1.develop the typical section design sections

a)Top flange thickness

 Minimum depth of concrete deck is 175mm

b)Bottom flange thickness

 Not applicable for T-bridge

c)web thickness

 Minimum 200mm

 Minimum concrete cover for main reinforcement extension 
50mm.
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d)
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2.develop convectional reinforced concrete deck 

-put the design sketch  

3.Sellect the resistance factor ɸ
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8.Define distribution factors for moments and shear

A. For moments
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 Distributed live load moment

Mll+IM=mgr[Mtr,Mta)(1+IM/100)+Mlan]

B) Distribution factor for shear    
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