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CE 6321 Bridge Structure 

 
LOADING and ANALYSIS 

Dr. AZ 

Department of Civil Engineering 

Brawijaya University 

Bridge structures experience loading from a fairly wide 

variety of sources that exceeds that of building structures.  

In fact, upon first glance, the number and types of loading 

that is in need of design consideration can be ominous.  The 

design specifications AASHTO (American Association of 

State Highway and Transportation Officials) provide a 

systematic breakdown of loading that needs to be 

considered:  

a. Permanent loads 

b. Transient loads 

 

Introduction 
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1. Gravity Loads;  

DC  – components and attachments 

DW  – wearing surface and utilities  

 

2. Earth Pressure;  

EV  – vertical earth pressure from earth fill 

EH  – lateral earth pressure 

ES  – uniform earth surcharge load 

DD  – down drag (caused by soil settling adjacent to 

   piles)  

 

Permanent Loads 

Transient Loads 

1. Gravity Loads – Live Loads;  

LL   – vehicular live load 

PL  – pedestrian live load  

2. Vehicular Dynamic Load Allowance – IM 

3. Vehicular Centrifugal Force – CE 

4. Vehicular Braking Force – BR 

5. Vehicular Collision Force – CT 

6. Vessel Collision Force – CV 
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Transient Loads 

7. Water Loads – WA 

 Static Pressure 

 Buoyancy 

 Stream Pressure: longitudinal or lateral 

 Wave Loading 

 Foundation Change due to Scour  

8. Wind Load; 

 Horizontal Wind Pressure 

 WL – wind pressure on vehicles 

 WS – wind pressure on structure (sub- or super-)  

 Vertical Wind Pressure (uplift) 

 Aeroelastic Instability 

 

 

Transient Loads 

9. Ice Loads – IC 

 Dynamic Ice Force on Piers 

 Static Ice Force on Piers 

 Hanging Dams 

 Vertical Force due to Ice Adhesion 

 Snow loads on Superstructures 

10.Earthquake Effects – EQ 

11.Earth Loads: LS – Live Load Surcharge 

12.Friction Force – FR 
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Transient Loads 

13.Forces resulting from superimposed deformations 

TU – uniform temperature through structural component 

TG – temperature gradient through structural component 

SH – shrinkage  

CR – creep 

SE – settlement 

Analysis 

1. Permanent Loads 

In order to evaluate the permanent loading on bridge 

superstructures and substructures, one needs to quantify 

the densities of materials commonly used in bridge 

structural components.  The specifications provide tabular 

information (table) such as unit weights or densities for 

materials commonly used in bridge construction.  

The values found in the table are recommended.  If the 

engineer feels that some of these values are too low, then it 

is imperative that the engineer rationally quantify the 

increased density and use it in design.  However, the 

structural engineer should have a very good reason for 

using values less than those contained in the table.  
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Analysis 

2. Transient Loads 

There is a large variety of vehicles that utilize the roadways 

ranging from motorcycles to cars to semi-trailers to 

infrequent very large multi-axle vehicles.  It would be 

impossible to design a bridge for all these vehicle types.  

First of all, it would be far too costly to design for the very 

heavy trucks that travel infrequently and it would be too un-

conservative to design for simple two-axle trucks.  

Therefore, any vehicular LL model should be able to capture 

the majority of critical effects (e.g.  large shears, large 

bending moments) cause by this spectrum of vehicles, but 

remain simple enough for every day use. In order to 

establish the vehicular loading expected on a bridge, one 

must define the number of vehicle lanes. 

Analysis 

2.1. Design Vehicular Loads 

The AASHTO vehicular live load model is really quite simple 

and it does a very good job at modeling the spectrum of 

loading effects caused by vehicles on bridges. The design 

truck loading is a vehicle that looks like a semi-tractor-trailer.   

Its configuration is shown below: 
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Analysis 

2.1. (Cont’d) 

The wheel spacing indicated for the design truck is 6 feet.  

Therefore, if the design lane is taken as 10 feet, these axles 

are free to move laterally within this lane to create maximum 

effect.  However, one can assume that the truck will actually 

occupy the entire 10 foot design lane because the drivers of 

the vehicle will have the tendency to leave space between 

themselves and others and therefore, a 2-foot space on 

either side of the vehicle is maintained.  

It should be noted that maximum or extreme effect is 

desired in all analysis.  Therefore, the vehicles should be 

positioned within traffic lanes to create maximum effect and 

the lane loading should be started and stopped along the 

span to create maximum effect.  

Analysis 

2.2. Fatigue Vehicle 

Fatigue loading is very important in bridge design because 

the loading that is being applied is repeatedly applied many, 

many times during the service life of the bridge structure.  

Millions of loading cycles may be applied to a bridge and its 

components and therefore, the material may “tire out” and 

as a result, fatigue cracking may develop and propagate.  

The truck that loading condition that causes the maximum 

moment or shear within the bridge beams will likely not 

occur that frequently during the service life.  The more 

damaging trucks (i.e. those that cause fatigue) will weigh 

less than the “exclusion vehicles”, but they will load the 

bridge many, many more times and therefore, from a fatigue 

point of view, are far more critical in a design sense.  
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Analysis 

2.2. (Cont’d) 

Fatigue evaluation requires that an expected number of 

stress cycles be computed for details and components 

within the bridge.  Therefore, the structural  engineer needs 

to know how frequently a fatigue truck will be on the bridge 

(traffic data is always appropriate). If average daily truck 

traffic (ADTT) is not available, but average daily traffic (ADT) 

is, the specifications have multipliers that are expected 

percentages of trucks that will be present in average daily 

traffic data as shown in the table:  

Analysis 

2.3. Pedestrian Loading 

A pedestrian live loading must be considered for all 

sidewalk. This sidewalk loading must be considered to act 

simultaneously with the vehicular design live loading. When 

a bridge is to be used for pedestrian and/or bicycle traffic 

only, it shall be designed with consideration of live loading.  

In situations where maintenance or other incidental vehicles 

will operate on pedestrian or bicycle bridges, these live 

loadings must be considered in the design. However, 

dynamic load allowance need not be considered for 

these vehicles.  
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Analysis 

2.4. Dynamic Loading (Impact) Modifier  

The vehicles operating on a bridge superstructure do not do 

so in a static manner. They are moving loading and the 

surface on which they travel is not perfectly smooth.  The 

vehicle’s suspension is forced to react to the variation in 

roadway surfaces and therefore, the vehicle’s static weight 

is amplified as it travels over the bridge.  A schematic of the 

typical response of a bridge superstructure to vehicular live 

loading as shown: 

Analysis 

2.4. (Cont’d) 

The peak deflection for the moving vehicle is oftentimes 

significantly larger than the deflection that would occur if the 

vehicle moved “very slowly” across the bridge.  It is much 

more convenient to position a vehicle and compute the static 

response than it is to conduct dynamic loading analysis. The 

dynamic loading allowance is nothing more than an 

approximation of the effects of dynamic loading beyond 

those of static loading.  

Therefore, if we can compute the static response of the 

bridge to vehicular live loading, we can use the dynamic 

load allowance (i.e. the Impact Modifier, IM) to amplify the 

static effects to account for dynamic effects.   
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Analysis 

2.4. (Cont’d) 

The factor to be applied to static load effect is: 

 
where the impact modifier is defined as shown below: 

Analysis 

2.5. Special Deck Overhang Loading  

The vehicle positioning at the cantilever portion of the bridge 

deck (i.e. portion outside the outer girder) can be a little 

difficult to implement in practice because determining how 

the bridge deck will resist the wheel loading can be a little 

tricky to compute and if one is not careful, it is easy to pick a 

very penalizing (too small and too conservative) dimension 

as shown below:  
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Thanks for your attention 

and success with your study! 


