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Abstract.  The main objective of this paper is to study the dynamic load allowance (DLA) calculation 

methods for bridges according to the dynamic response curve. A simply-supported concrete bridge with a 

smooth road surface was taken as an example. A half-vehicle model was employed to calculate the dynamic 

response of deflection and bending moment in the mid-span section under different vehicle speeds using the 

vehicle-bridge coupling method. Firstly, DLAs from the conventional methods and code provisions were 

analyzed and critically evaluated. Then, two improved computing approaches for DLA were proposed. In 

the first approach, the maximum dynamic response and its corresponding static response or its 

corresponding minimum response were selected to calculate DLA. The second approach utilized weighted 

average method to take account of multi-local DLAs. Finally, the DLAs from two approaches were 

compared with those from other methods. The results show that DLAs obtained from the proposed 

approaches are greater than those from the conventional methods, which indicate that the current 

conventional methods underestimate the dynamic response of the structure. The authors recommend that the 

weighted average method based on experiments be used to compute DLAs because it can reflect the 

vehicle’s whole impact on the bridge. 
 

Keywords:  dynamic load allowance (DLA); vehicle-bridge coupling; vehicle oscillation; weighted 

average method; bridges 

 
 
1. Introduction 
 

When a vehicle passes a bridge, the loading effect consists of the weight of the vehicle and the 

dynamic forces due to the oscillation of the vehicle. It is difficult to precisely quantify the dynamic 
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effect produced by a vehicle when passing a bridge. Most bridge design codes typically specify the 
dynamic loading effect from a vehicle as a fraction of the design live load, which has been referred 
to as the “dynamic impact factor”, “dynamic increment factor”, “dynamic load allowance (DLA)”, 
or “dynamic amplification factor”. Failure to properly account for dynamic effect can 
underestimate the stress cycles that contribute to fatigue in bridge components (Mclean and Marsh 
1998). 

Various definitions have been used for quantifying dynamic load effects, which has led to 
different conclusions drawn even from the same set of dynamic data (Bakht and Pinjarkar 1989). 
Mclean and Marsh (1998) mentioned three common definitions for DLA, where all methods use 
the static response due to a truck “crawling” across a bridge as the reference to define DLA. Beben 
(2013) presented two methods to determine the static response in term of DLA. In the first method, 
the static response was directly obtained from static tests. In the second method, the static response 
was determined based on the filtration of the dynamic response of the structures. Based on the 
literature review conducted so far, there is little or no discussion or justification for using a 
particular definition for DLA. However, there exist the following issues regarding DLA.  

Firstly, some researchers took only one vehicle into account rather than a number of vehicles 
when calculating DLA. The maximum dynamic response of the bridge is usually taken as the static 
design effect multiplied by its corresponding DLA. According to the definition of influence line, 
the dynamic response of the bridge caused by design vehicles can be written as follows: 

(1 )d i i iS Py                             (1) 

Where Sd=the maximum dynamic response of bridge under the moving vehicles; Pi=the weight 
of the axle, yi=the corresponding coordinate of influence line at the position of Pi, and μi=DLA by 
the individual Pi. If μi is assumed to be the same value, the following equation can be provided 

                       (1 ) (1 )d i i tS P y S                            (2) 

Where St=the static design response of the bridge; and μ=the bridge’s integrate (or total or 
equivalent) DLA for the design purpose. Eq. (2) is illustrated in many code provisions. 

Comparing Eq. (1) with Eq. (2), it shows that 1+μ should represent the effect of Σ(1+μi) of the 
bridge caused by the design vehicles. In other words, the static response of bridge caused by the 
design vehicle is amplified by the equivalent μ. And μ should synthetically represent the sum effect 
of μi caused by each axel as much as possible. Usually, this μ is only calculated by the maximum 
dynamic response point, which is not necessarily the point of interest when checking for fatigue 
stresses. 

Secondly, the current DLA definition is not appropriate because the maximum dynamic 
increment and the maximum static values do not happen simultaneously (Mclean and Marsh 1998, 
Kim et al. 2009). The maximum dynamic response of the mid-span may not occur when the 
vehicle is passing the mid-span, where the maximum static response occurs. This can be explained 
by Fig. 1. 

It is easy to locate the maximum dynamic response (i.e., Max. dynamic deflection in Fig. 1). 
However, it is difficult to investigate the maximum static response (i.e., Max. static deflection in 
Fig. 1) from the dynamic response curve according to the DLA definition. Sometimes, the 
maximum static response is obtained by static or crawl test which is based on a series of discrete 
truck locations. The peak static strain values may be lower than that it would occur for a 
continuum of static strain data for a truck along the length of the bridge (Hajjar et al. 2010). It is  
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reference point(mid-span)

load position

Max. dynamic deflection
Max. static deflection

static deflection

dynamic deflection

 
Fig. 1 Deflection of mid-span under a moving vehicle load 

 
 

also difficult to keep the vehicle in the same lane during the two tests. Additionally, such a 
requirement for the test is obviously not realistic when data are collected without interrupting the 
normal traffic. 

The objective of the paper is to present one improved approach to calculate DLA. In order to 
take into account the proper dynamics of the bridge system theoretically, the finite element models 
of a half vehicle with four degrees-of-freedom (DOF) and a simply-supported concrete beam 
bridge were built and the vehicle-bridge coupling method was used in the simulation. By 
comparing the results of three current methods (the conventional definition method, the 
experiment method and the codes provisions method), two improved approaches are discussed and 
the approach using weighted average method is finally recommended to take into account the 
whole procedure of the vehicle excitation. 
 
 
2. Existing DLA methods 
 

2.1 Conventional DLA definition 
 
The conventional DLA definition is listed as following (Yang et al. 1995, Park et al. 2005, Kim 

et al. 2009) 

( )
1

( )
d

s

R x

R x
                                  (3) 

Where μ=the DLA; Rd(x) and Rs(x) are the maximum dynamic and maximum static responses of 
the bridge at mid-span section, respectively. 

According to this definition, some researchers carried out impact field test which consisted of a 
crawl and a dynamic test. The crawl speed test was conducted to determine the structure’s 
response to a static load, and the dynamic test was conducted to determine the structure’s response 
to a moving load (Clarke et al. 1998, Hajjar et al. 2010, Jiang et al. 2013). 

Owing to the limitation to finite element method at that time, in order to calculate the 
mathematical maximum displacement, Shepherd and Aves (1973) idealized the bridge as a beam 
and represented the vehicle as a single axle sprung load. They found the DLA implied by the code 
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provisions was inadequate. Bakht and Pinjarkar (1989) presented the technical literature dealing 
with bridge dynamics in general and dynamic testing of highway bridges in particular. They 
thought DLA was not a deterministic quantity and some additional factors, such as vehicle type, 
vehicle weight, vehicle position with respect to reference point and deflection versus strain 
measurement, may be responsible for misleading conclusions from the test data.  

Huang et al. (1992) analyzed the DLAs of six continuous multi-girder steel bridges due to 
vehicles moving across rough bridge decks. The bridges were modeled as grillage beam systems, 
and the vehicle was simulated as a nonlinear vehicle model with 12 DOFs. A comparison between 
the DLAs calculated by the presented theory and AASHTO formula was given. The results showed 
that most DLAs of the six bridges were less than or nearly equal to those calculated by the 
AASHTO impact equation.  

Paultre et al. (1992, 1993) and Green (1993) pointed out that the reason why some 
disagreement exists between provisions of various national bridge codes was that DLA depends, in 
addition to the maximum span or the natural frequency, on many other parameters that were 
difficult to take into account with reasonable accuracy. Chang and Lee (1994) theoretically studied 
vibration behavior of simple-span highway girder bridges with rough surfaces due to heavy trucks. 
By using the multiple linear regression method they presented empirical formulas for DLAs in 
terms of span length, vehicle speed, and surface roughness of a bridge deck. Modeling the vehicle 
as sprung masses and the bridge structure as beam elements, Yang et al. (1995) performed a 
parametric study for various simple and continuous beams bridges exposed to five-axle trucks and 
developed a new set of DLA formulas which was related to the ratio of the driving frequency to 
the structure’s frequency. Hajjar et al. (2010) calculated DLAs for the strain gages of 13 dynamic 
load tests. The DLAs were calculated by taking the peak dynamic strain for a given test and gage, 
and dividing by the corresponding peak static strain value, which was determined from the six 
static tests that used a single truck positioned at different locations along the length of the bridge. 
Lalthlamuana and Talukdar (2014) conducted a parametric study considering vehicle axle spacing, 
mass, speed, vehicle flexibility, deck unevenness and eccentricity of vehicle path, then obtained 
DLA of the bridge response for several combinations of bridge-vehicle parameters. They revealed 
that flexible modes of vehicle can reduce dynamic response of the bridge to the extent of 30-37% 
of that caused by rigid vehicle model. 

 
2.2 Experiment method 
 
Since it is difficult to get the static response, it is typically replaced by the equivalent mean 

response from the dynamic response curve (Bakht et al. 1989). DLA by this method is defined as 
follows 

max

mean

1
S

S
    , mean max min( ) / 2S S S    or    max min

max min

S S

S S
 



        (4) 

where Smax, Smin, Smean are the maximum, minimum and mean response of the dynamic responses of 
the bridge at a reference point (usually refer to mid-span section), respectively. 

This definition can give fairly reliable results because it was obtained from the calibration test 
that the maximum static load response is close in magnitude to the corresponding mean response 
(Bakht and Pinjarkar 1989). In the field test, the DLA can also be calculated as the following 
equation 
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max max

max

dyn fil sta

fil sta

D D

D
 




                               (5) 

where max
dynD =the maximum dynamic response; and max

fil staD   the maximum static response that 

pass through the low range passing filter of 0.6-1.0 Hz (Jung et al. 2013 ). 
It is noted that, however, sometimes the static response at a reference point due to the moving 

vehicle may not be smooth, i.e., it may have “static oscillations”. In such cases, finding the mean 
responses by automatic filtering is made difficult when the period of “static oscillations” matching 
with the period of dynamic oscillations. 

Billing (1984) collected dynamic testing of various configurations of steel, timber, and concrete 
structures with spans from 5 to 122 m with the objective of obtaining comprehensive data to 
support OHBDC provisions. Jung et al. (2013) utilized the measured DLA data by Eq. (5) from 
256 bridges and found that about 32% of those exceeded the Korea design criteria of the DLA. 
Paeglite and Paeglitis (2013) presented a study of the DLA obtained from the results of the 
bridges’ dynamic load tests carried out from 1990 to 2012 in Latvia. They analyzed the DLAs and 
compared them to the values of the built-in traffic load models provided in the Eurocode, and 
found that actual DAL values for even bridge deck surface in most cases were smaller than the 
values adopted in the Eurcode. 

 
2.3 Design codes (specifications) provisions method 
 
In most cases, the DLA is specified by three different ways: span length of the bridge, natural 

frequency of the bridge, and a constant value. For example, AASHTO Standard Specifications in 
USA and KBDS in Korea (Jung et al. 2013) expressed DLA as a function of the bridge length. The 
Chinese Bridge Code (2004) considers DLA as a function of the flexural natural frequency of the 
bridge. In AASHTO LRFD (2012), DLA is a constant value, where DLA for fatigue/fracture limit 
state is 0.15 and 0.33 for all other limit states. In Canada, DLA is based on the number of truck 
axles passing over the bridge (Zhang et al. 2003). 
 
 
3. Proposed DLA methods 
 

3.1 The maximum and its corresponding response method (Approach 1) 
 

For the mid-span section, the vehicle position at the maximum dynamic response does not 
agree with that leading to the maximum static response. Basically, the conventional definition 
method uses the definition point when vehicle travels at mid-span which is said to be the 
maximum dynamic and maximum static response (Yang et al. 1995). Based on this point, the first 
method is presented, which employs the maximum dynamic response and its corresponding static 
response rather than the maximum static response (i.e., Mode 1). Its principle is specified in the 
following equation 

max

1dyn

st

A

A
                                  (6) 
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Fig. 2 Principle of approach 1 (Mode 1) 
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Fig. 3 Principle of Approach 1 (Mode 2) 

 
 

where max
dynA  and Ast=the maximum dynamic response and its corresponding static response of the 

bridge in the time-history curve under the same vehicle load, respectively. The diagram of the first 
method is shown in Fig. 2. 

If the maximum static response is replaced by the equivalent mean value from the dynamic 
response curve, this approach, based on experiments method, is called Mode 2 and is put forward 
as follows 

 

max

max min

1

1

2

mean

mean

Y

Y

Y Y Y

  

  


                          (7) 

where Ymax and Ymin= the maximum and its corresponding minimum dynamic response in the 
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dynamic time-history curve, respectively; and Ymean=the mean dynamic response value. The 
principle of this calculation approach is shown in Fig. 3. 

The conventional methods calculate DLA mostly in terms of the mid-span point of the response 
curve while the first method pays more attention to the maximum dynamic response points. Thus, 
it can reflect the maximum dynamic response of the bridge related to the corresponding static 
response at the same vehicle location which represents an improvement over the conventional 
definition and experiment methods. 
 

3.2 Weighted average method (Approach 2) 
 
Although the above approach can improve DLA, it only considers the dynamic impact of 

vehicle traveling on certain position while neglecting the impact of the design vehicle on other 
positions. Researches show that large dynamic responses may be observed in cases where the DLA 
is quite small (Galdos et al. 1993) and vice verse. Meanwhile, in the codes, the integrated dynamic 
effect of vehicle loads to the bridge is multiplied by a magnification factor (1+μ) on the basis of 
the static effect. Therefore, DLA should be a whole index which needs to be taken into account of 
all the impact of the design vehicles on all positions. Thus, it is desirable to have another approach 
to calculate DLA considering all the local DLAs. 

Note that the current methods mainly concern about DLA when vehicle travels near the 
mid-span, and to avoid jump bounds. This approach suggests that DLA, when vehicle travels near 
the mid-span, also plays an important role in the integrate DLA. A weighted average method, 
which is based on the definition method (i.e., Mode 3), is expressed as follows 

i

1

1dyni

sti

sti
i n

sti
i

A

A

A

A



 




 











                               (8) 

where Adyni=the ith local maximum dynamic response in the dynamic time-history response; Asti=the 
ith corresponding static response of the local maximum dynamic response; μi=the ith local DLA; 
n=the number of “wave” in the dynamic time-history response. The principle diagram is illustrated 
in Fig. 4. 

In this approach, the static response of the bridge is obtained by taking the local maximum 
dynamic responses and their positions of the vehicle, and then placing the static vehicle on the 
same position in order to get the corresponding static response. If the static response is replaced by 
the mean value of the dynamic response, this method, based on the experiments method (i.e., 
Mode 4), can be derived herein. Its DLA computation formula is listed as follows 



























n

i
i

i
i

imii

i

i
i

Y

Y

YYY

Y

Y

1
mean 

mean 

in  maxmean 

mean 

 max

)(
2

1

1





                            (9) 
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Fig. 4 Principle of Approach 2 (Mode 3) 
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Fig. 5 Principle of Approach 2 (Mode 4) 

 
 
where Ymax i=the ith maximum value from the dynamic response of the time-history curve; Ymin i is 
the corresponding minimum dynamic response value of Ymax i; and Ymean i is the mean value of 
dynamic response. The DLA principle is shown in Fig. 5. 
 
 
4. Numerical simulations and results 
 

4.1 Finite element analysis 
 
When calculating DLA, the vehicle is sometimes idealized as a pair of concentrated forces,  
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The geometrical equation can be written as 

' '
1 2 2 1

' '
1 2( ) / u

Z z z

z z l

 



 

 
                              (12) 

Based on the general principle of virtual work, the generalized virtual work of the system can 
be written as 

2 2

1 1

2 2..
'

1 1

( ) ( ( , )) 0

v i i i i i
i i

si i i ti i b i
i i

W m g z Mg Z m z z MZ Z

I F z z F z z x t

    

   

 

 

   

     

 

 



              (13) 

Where Wv=the generalized virtual work; żi, żi′=the velocities of the vehicle; żb(xi,t)=the 

vibration velocity of the bridge; Z , iz =the vertical accelerations of the vehicle;  =the angular 

accelerations of the vehicle. 
In order to satisfy Eq. (13), the generalized corresponding coefficient of virtual displacement 

should be zero. Put Eq. (11) and Eq. (12) into Eq. (13), and the following matrix can be obtained 

            v v v v v v v bvM Z C Z K Z G F                      (14) 
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Where [Mv], [Cv], [Kv]=the mass, damping and stiffness matrices of the vehicle, respectively; 
{Fbv}=the vector of the vehicle-bridge interaction (contact) forces acting on the vehicle; {Gv}= 
gravity force vector; and [Zv], [Żv], [ vZ ]=the displacement, velocity and acceleration vectors of the 
vehicle, respectively. 

When studying the vibration of vehicle-bridge coupling system, the bridge is usually simulated 
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as spatial beam element and two hypothesis are made: (1) ignore the influence of bearing system 
and pile-soil-structure interaction and (2) ignore the deformation of beam’s section. 

Since bridge is simulated as multi-degree-of-freedom system, its vibration equation can be 
written as follows 

          b b b b b b bM Z C Z K Z F                        (16) 

Where [Mb], [Cb], [Kb]=the mass, damping, and stiffness matrices of the bridge, respectively; 
{Zb}, {Żb}, { bZ }=the displacement, velocity and acceleration vectors of the bridge, respectively; 
and {Fb}=vector of the vehicle–bridge interaction(contact) forces acting on the bridge. 

Deterioration can occur at both the bridge deck and joints due to several factors such as aging, 
environmental conditions, corrosion, etc. Although bridge deck surface condition is a very 
important factor that affects the dynamic responses of both the bridge and vehicle, the effect of 
deck surface condition on the DLA is not discussed in this paper, and the bridge deck is assumed 
to be smooth for the case that the authors only illustrate how to get the realistic dynamic response 
of the bridge. 

Using the displacement relationship and the interaction force relationship at the contact points 
between the vehicle and bridge, the vibration equations of the bridge and vehicle were then 
combined, thus the vehicle-bridge coupling system can be established. Then, the vibration data 
system was processed by using the fourth-order RungeKutta method in the time domain, which 
can be referred to Deng and Cai (2010) for more details. 
 

4.3 Bridge and vehicle details 
 
A simply-supported bridge is dynamically characterized so as to illustrate the principle of new 

approach of computing DLA. The parameters of the bridge are as follows: 
The span L is 40 m, the stiffness of the bridge EI is 1.28×1011 N∙m2, the constant mass per unit 

length of the bridge is 1.20×104 kg/m, and the deck surface is assumed to be smooth.  
The parameters of the vehicle are listed as follows: 
m1=m2=4330 kg, M=24790 kg, Iu=3.625 m, β1lu=1.787 m, β2lu=1.838 m, Kti=4.28×106 N/m, 

Cti=9.8×105 N∙S/m, Ksi=2.54×106 N/m, Csi=1.96×106 N∙S/m, Iα=3.258×106 kg∙m2 
 

4.4 Results and discussions 
 
Twelve load cases were designed according to the speed of vehicle from 10 km/h to 120 km/h 

with intervals of 10 km/h. Mid-span section was taken as a reference point, then its dynamic 
time-history curve of deflection and bending moment was obtained. In order to illustrate the 
relationship of maximum dynamic response with vehicle position, the time history of x axle is 
listed verse the position of vehicle instead of time sequence, which is detailed in Fig. 7. In Fig. 7, x 
axle stands for the distance of back axle of vehicle from the end of abutment, y axle stands for the 
moment or deflection of the mid-span. 

Then, using the conventional definition method, experiment method and code provision method 
individually, the DLA results are calculated and listed in Table 1. 

For the case of bridge type and vehicle varieties, it would be difficult to describe DLA with 
respect to the vehicle speed. Therefore, vehicle speed is not treated as a variable in the proposed 
DLA expressions and is averagely expressed by the following equation. 
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(a) Deflection (b) Bending moment 

Fig. 7 Time-history curve of the mid-span section with respect to vehicle position 
 

Table 1 DLA results by conventional methods 

vi (km/h) 
Method 

10 20 30 40 50 60 70 80 90 100 110 120 Average

Definition 
method 

Deflection 0.008 0.0170.0230.0320.0390.0590.0290.0610.0550.024 0.072 0.064 0.040
Bending 
moment 

0.001 0.0280.0590.0800.0050.0870.0190.0750.0640.007 0.033 0.019 0.040

Experiment method 
Deflection 0.011 0.0270.0120.0290.0330.0470.0240.0650.0440.026 0.062 0.09 0.039
Bending 
moment 

0.013 0.0290.0300.0570.0180.0750.0040.0980.0620.018 0.032 0.081 0.043

Chinese Code (2004) 0.190 

AASHTO LRFD (2012) 0.33 
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1

12

j
j


 


                              (17) 

Where μ=the integrate DLA for the bridge; and μj=the jth load case (vehicle speed) of the bridge 
using the mentioned methods or approaches.  

From the dynamic response curve, it can be observed that the maximum dynamic response does 
not necessarily occur when the vehicle travel at the mid-span section. On the contrast, it maybe 
“delay” from the mid-span section, which can be supported by the findings of Kim et al. (2009). 
Based on this point, it is necessary to reevaluate DLA computing method. 
 

4.4.1 Results based on conventional methods 
As is depicted in Table 1, if the definition method and experiment method use mid-span point 

(the maximum static response point) in the time-history curve to calculate DLA, the deflection 
DLA by definition method are relatively close to the deflection DLA by experiment method with a 
difference of 10%, so does the bending moment. But the deflection DLA from both methods are  
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Table 2 DLA results by Approach 1 

vi (km/h) 
Method 

10 20 30 40 50 60 70 80 90 100 110 120 Average

Mode 1 
Deflection 0.099 0.081 0.126 0.148 0.190 0.143 0.063 0.135 0.206 0.023 0.080 0.138 0.119 
Bending 
moment 

0.118 0.117 0.118 0.145 0.130 0.148 0.032 0.132 0.136 0.075 0.045 0.112 0.109 

Mode 2 
Deflection 0.008 0.021 0.025 0.051 0.070 0.063 0.089 0.068 0.049 0.032 0.062 0.108 0.054 
Bending 
moment 

0.012 0.024 0.045 0.088 0.128 0.088 0.033 0.113 0.073 0.036 0.032 0.127 0.067 

Chinese Code (2004) 0.190 
AASHTO LRFD (2012) 0.33 

 
 

30% less than those of bending moment, and the deflection DLA and bending moment DLA are 
smaller than those in Chinese Bridge Code (2004) and AASHTO LRFD (2012).  

 
4.4.2 Results based on proposed Approach 1 
As discussed earlier, Approach 1 takes the advantage of the maximum point of dynamic 

response, its results are listed in the Table 2. The comparison of DLA results by the different 
methods and approaches are presented in Fig. 8. From the Table 2 and Fig. 8, the following 
outcomes are obtained: 

(1) Although it is known that vehicle speed influences DLA, the relationship between vehicle 
speed and DLA is not obvious in this study even if it is a simply-supported beam bridge. So the 
DLA calculation is suggested to ignore the impact of vehicle speed, as specified in all codes. 

(2) The DLAs calculated from the maximum dynamic effect point of the time-history curves 
(i.e., Approach 1) are greater than those using the conventional definition method and experiment 
method. Wherein, the deflection DLA by mode 1 is three times larger than that of the conventional 
definition method, and the bending moment DLA by mode 1 is more than twice of that by the 
definition method. The difference between the mode 2 and conventional experiment method is also 
obvious. The deflection DLA by mode 2 is 38% more than that of conventional experiment 
method and its bending moment DLA is 56% greater when compared with that of conventional 
experiment method. At the same time, DLA from two modes are smaller than the ones by the 
mentioned two code provisions. 
 

4.4.3 Results based on proposed Approach 2 
Approach 2 uses the weighed average principle based on the definition method and experiment 

method, and the DLA results are listed in the Table 3. The comparison of DLA results by the 
different methods and approaches is presented in Fig. 8. The following conclusions can be 
observed: 

(1) As to the weighed average principle, DLAs are also greater than the ones by the 
conventional definition and experiment method. Wherein, the deflection DAL and the bending 
moment DAL by Mode 3 are five times and two times greater compared to the definition method, 
respectively. Bending moment DLA from mode 4 increases 20% compared to the experiment 
method DLA but the deflection DLA is almost the same with experiment method DLA. By 
comparison, the moment DLA from mode 3 is 17% less than that of mode 1, but the deflection 
DAL from mode 3 is 88% greater than that of mode 1. And all the DLA results by mode 4 are  

573



Table 3

Metho

Mode

Mode

Chin

AASH

 

 
 

20-30%
(2) 

their D
deflect
about 
than th
former
separat
strengt
this vi
test, st
respon

(3) 
Mode 
DLA v

Yong

3 DLA results

vi (km/h
od 

e 3 
Deflecti

Bendin
momen

e 4 
Deflecti

Bendin
momen

nese code 200

HTO LRFD 20

% less than th
The maximu

DLAs are o
tion DLA eq
10% greater

he latter. For 
r is 30% les
tely if it is n
th limit state
iewpoint, it i
train gages i
nse of the stru

As for the t
3, varied fro

varied from 0

gjun Zhou, Zh

 by Approach

) 
10 2

ion 0.206 0.

ng 
nt 

0.072 0

ion 0.011 0.

ng 
nt 

0.027 0.

04 

012 

Fig. 8 Com

hose of mod
um deflectio
f a little di

qual to that o
r than the ben
r the mode 3,
ss than the l
necessary. Be
e, rather than
is suggested 
nstead of de
ucture. 
two differen

om 0.040 to 0
0.039 to 0.0

ongguo John 

h 2 

20 30 40

256 0.160 0.3

0.08 0.067 0.1

029 0.022 0.0

041 0.017 0.0

mparison of DL

de 2. 
n response m
fference. Fr

of bending m
nding mome
, the former 
atter. Theref
esides, as DL

n the service 
to use bend

efection gage

nt calculation
0.224. Where
67. So it see

 
 
 
 
 
 

Ma, Yu Zhao,

0 50 60

315 0.294 0.23

05 0.059 0.14

078 0.065 0.03

074 0.071 0.04

LA by differen

may not be co
rom the two

moment DLA
ent DLA. Fo
is more than
fore their DL
LA is mainly
limit state, th

ding moment
es should be

n methods, D
eas, using the
ems that the 

, Xiongwei Sh

70 80

6 0.157 0.135

48 0.055 0.132

4 0.027 0.035

45 0.008 0.113

0.190 

0.33 

nt methods an

onsistent wit
o convention

A. But for the
or the mode 2
n twice of the
LA formulas
y proportion
he deflection
t DLA rathe

e amounted t

DLA from de
e experiment
experiment 

hi and Shuanha

90 100 

0.206 0.227 0

0.136 0.075 0

0.03 0.029 0

0.068 0.016 0

nd approaches 

th bending m
nal methods,
e mode 1, the
2, the former
e latter; and 
s are sugges
ed to satisfy
n DLA is usu
er than strain
to get the dy

efinition me
t methods, M
method is m

ai He 

110 120 A

0.213 0.282 

0.045 0.112 

0.039 0.061 

0.032 0.119 

moment respo
, it seems t
e deflection 
r is about 20
for the mode

sted to be sp
y the requirem
ually ignored
n DLA. In th
ynamic time 

ethods, Mode
Mode 2 and M
more stable th

Average

0.224 

0.091 

0.038 

0.053 

onse, so 
hat the 
DLA is 
0% less 
e 4, the 
pecified 
ment at 
d. From 
he field 
history 

e 1 and 
Mode 4, 
han the 

574



 
 
 
 
 
 

Improved definition of dynamic load allowance factor for highway bridges 

definition method. Mode 2 is more stable than Mode 1 while Mode 4 is more stable than Mode 3. 
What’s more, DLA using two presented approaches are greater than those calculated by the 
conventional methods, which shows that the current DLA computing methods may underestimate 
the dynamic response of the structure. Though most of DLAs are smaller than the mentioned two 
codes, when it is referred to Mode 3, the deflection DLA is greater than that of Chinese Bridge 
Code (2004). AASHTO LRFD (2012) prediction seems to be more conservative. However, it is not 
clear if the requirement of safety could be satisfied under the rough deck condition, it is preferred 
to use weighed average principle to calculate DLA because it can reflect the whole impact of 
vehicle on the bridge. 

(4) Finally, it is difficult to get the static value from the dynamic response of the bridge in the 
field test unless the vehicle acts on the corresponding positions. To simplify the design, the 
equivalent static effect is essential, which means mode 4 is recommended to calculate DLA. 
 
 
5. Conclusions 
 

For developing a meaningful method to compute DLA, a half vehicle model with four DOFs is 
adopted in bridge-vehicle interaction system to obtain the realistic dynamic response of a 
simply-supported bridge. Two approaches to computing DLA are presented. Finally, the weighted 
average principle is recommended. The following conclusions can be drawn from the study: 

(1) The relationship between the vehicle speed and DLA is not obvious in this study even if it is 
a simply-supported beam bridge. So the formula of DLA is suggested to ignore the impact of 
vehicle speed. 

(2) The DLA obtained from the proposed approaches are greater than those obtianed by the 
conventional definition and experimental methods, which shows that the current conventional 
DLA computing methods may underestimate the dynamic response of the structure. 

(3) All the results in this study demonstrated that the deflection DLAs are different from 
bending moment ones. Since DLA is, in the most cases, utilized to satisfy the requirement at 
strength limit state, it is suggested to measure bending moment DLA instead of deflection DLA 
when evaluating the bridge. 

(4) Most DLAs results in this study are smaller than the calculation results by the Chinese 
Design Code (2004), and all the DLAs results in this study are less than those obtained by 
AASHTO LRFD (2012) and DHBDC (1991) Code, which indicates that these codes are 
conservative on the calculation of DLA under the condition of smooth deck. 

(5) It is recommended to use the weighted average principle based on experiment method to 
calculate DLA, since it can reflect the vehicle’s whole impact on the bridge. 
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