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ABSTRACT: In many bridge design codes, dynamic impact factor is used to account for dynamic effect of
moving vehicles on bridges. Recent research has found that impact factors vary from location to location on a
bridge, suggesting that the adoption of a uniform impact factor in the design of the entire bridge, including
local structural components, may be unreasonable. Moreover, the impact factor has traditionally been derived
from global responses of bridge which may be significantly different from responses on local structural
components. Thus, it is necessary to examine dynamic impact factors on local structural components in order
to ensure a safe design. In this study, local impact factors on prestressed concrete box-girder bridges were
studied. Results show that local impact factors are greater than global impact factors in many cases and local
impact factors vary with different locations, indicating bridge design codes may underestimate impact factor
at local structural components.
1 INTRODUCTION
In many bridge design codes, dynamic effect of
moving vehicles on bridges is taken into account
using a dynamic impact factor to represent the
increment from static vehicle loads. For example,
the AASHTO LRFD Bridge Design Specifications
(AASHTO 2004) suggests a constant value of 0.33
for dynamic impact factor. Such factor is crucial in
both the design of new bridges and evaluation of
existing bridges as a reasonable value of dynamic
impact factor will guarantee the reliability and safety
for new bridges and avoid unnecessary rehabilitation
for existing bridges.
In the past few decades, significant efforts have
been made on dynamic effect of moving vehicles on
bridges including both field tests and numerical
simulations in order to obtain a more reasonable
value of impact factor. However, only limited
researches have been carried out to investigate local
dynamic effect of vehicular load. For example, a
parametric study to investigate dynamic behavior
and response of deck slabs of concrete road bridges
was conducted using numerical simulation (Broquet
et al. 2004). Their research results show that
dynamic effect varies from different locations on
bridge deck, suggesting that the adoption of a
uniform value of impact factor is unreasonable. In
addition, since the value of impact factor specified
in code is traditionally obtained from measurement
or numerical simulation of global dynamic response,

the application of such value to account for local
dynamic effect when designing or evaluating local
structural components, e.g., bridge slab, is apparently
irrational. Accordingly, in-depth investigation with
respect to local dynamic effect of moving vehicles is
necessary.
This study presents a numerical study of local
dynamic impact factors for prestressed concrete
box-girder bridges. The definition of local impact
factor is first put forward. Then a 3D vehicle-bridge
coupled model is adopted to calculate both global
and local impact factors for the selected analytical
bridges. Relationship between three parameters,
which include the bridge span length, road surface
condition, and vehicle speed, and the impact factor
is examined. The value of local and global impact
factor obtained and the value of dynamic load
allowance specified in AASHTO specification are
compared.
2 ANALYTICAL BRIDGES
The bridges used in this study are good
representatives of prestressed concrete box-girder
bridges in the United States. Four typical box-girder
bridges with span length ranging from 32m to 58m
were selected from the AASHTO-PCI-ASBI
Segmental Box Girder Standards (AASHTO-PCIASBI 1997). All four bridges with the same
cross-section are simply supported and have a girder

depth of 2.4 m and deck width of 11.1 m. Two end
diaphragms with thickness of 0.40 m are applied at

supports. Typical cross section of the bridges is
shown in Fig. 1.

Figure 1. Typical cross section of bridges

In this study, the box-girder bridges were modeled
with the ANSYS program using solid elements (with
three translational DOFs at each node). Fig. 2 shows
the finite element model of Bridge 1. It should be
noted that the brackets of bridge have been
simplified by increasing the density of material on
the two sides of deck for analytical purpose. A
summary of detailed properties of the four bridges
and the fundamental frequencies obtained from the
modal analysis are shown in Table 1.

3 ANALYTICAL VEHICLE MODEL
An AASHTO HS20-44 truck, which is a major
design vehicle in the AASHTO bridge design
specifications, was used for the vehicle loading for
the four bridges. The analytical model for this truck
is illustrated in Fig. 3, and the properties of the truck
including the geometry, mass distribution, damping,
and stiffness of the tires and suspension systems are
shown in Table 2 (Wang and Liu 2000; Shi 2006).
4 VEHICLE-BRIDGE COUPLED SYSTEM
4.1 Equation of Motion of the Vehicle
The equation of motion for a vehicle can be
expressed as follows:

M v dv  C v d v  K v d v   FG   Fv 

Figure 2. Finite element model for Bridge 1.

Table 1. Detailed properties of the four bridges
Bridge

Span

Number

Length (m)

Fundamental
Frequency
(Hz)

1

32

4.70

2

40

3.09

3

48

2.18

4

56

1.61

Cross-section
Area
2

(m )

6.395

Inertia
Moment
(m4)

5.085

(1)

where [Mv], [Cv], and [Kv] = the mass, damping, and
stiffness matrices of the vehicle, respectively; {dv} =
the displacement vector of the vehicle; {FG} =
gravity force vector of the vehicle; and {Fv} =
vector of the wheel-road contact forces acting on the
vehicle.
4.2 Equation of Motion of the Bridge
The equation of motion for a bridge can be written as
follows:

M b db  C b db  K b d b   Fb 

(2)

where [Mb], [Cb], and [Kb] = the mass, damping, and
stiffness matrices of the bridge, respectively; {db}
= the displacement vector of the bridge; and {Fb} =
vector of the wheel-road contact forces acting on the
bridge.

Figure 3. Analytical model of the HS20-44 truck

Table 2. Major parameters of the vehicle under
study (HS20)
Mass of truck body 1

2612 (kg)
2

Pitching moment of inertia of truck body1

2022 (kg.m )

Rolling moment of inertia of tuck body 1

8544 (kg.m2)

Mass of truck body 2

26113 (kg)

Pitching moment of inertia of truck body2

33153 (kg.m2)

Rolling moment of inertia of tuck body 2

181216 (kg.m2)

Mass of the first axle suspension

490 (kg)

Upper spring stiffness of the first axle

242604 (N/m)

Upper damper coefficient of the first axle

2190 (N.s/m)

Lower spring stiffness of the first axle

875082 (N/m)

Lower damper coefficient of the first axle

2000 (N.s/m)

Mass of the second axle suspension

808 (kg)

Upper spring stiffness of the second axle

1903172 (N/m)

Upper damper coefficient of the second axle

7882 (N.s/m)

Lower spring stiffness of the second axle

3503307 (N/m)

Lower damper coefficient of the second axle

2000 (N.s/m)

Mass of the third axle suspension

653 (kg)

Upper spring stiffness of the third axle

1969034 (N/m)

Upper damper coefficient of the third axle

7182 (N.s/m)

Lower spring stiffness of the third axle

3507429 (N/m)

Lower damper coefficient of the third axle

2000 (N.s/m)

L1

1.698 (m)

L2

2.569 (m)

L3

1.984 (m)

L4

2.283 (m)

L5

2.215 (m)

L6

2.338 (m)

b

1.1 (m)

4.3 Road Surface Condition
Road surface condition is a very important factor
that affects the dynamic responses of both the bridge
and vehicles. A road surface profile is usually
assumed to be a zero-mean stationary Gaussian
random process and can be generated through an
inverse Fourier transformation based on a power
spectral density (PSD) function (Dodds and Robson

1973) such as:
N

r ( X )   2 ( nk ) n cos( 2nk X   k )

(3)

k 1

where θk is the random phase angle uniformly
distributed from 0 to 2; φ() is the PSD function
(m3/cycle/m) for the road surface elevation; and nk
is the wave number (cycle/m). In the present study,
the following PSD function (Huang and Wang 1992)
was used:

n
n0

(n)  (n0 )( ) 2

(n1  n  n2 )

(4)

where n is the spatial frequency (cycle/m); n0 is the
discontinuity frequency of 1/2 (cycle/m); φ(n0) is
the roughness coefficient (m3/cycle) whose value is
chosen depending on the road condition; and n1 and
n2 are the lower and upper cut-off frequencies,
respectively.
In this study the classification of road roughness
based on the International Organization for
Standardization (ISO 1995) was used.
4.4 Assembling the Vehicle-Bridge Coupled System
Using the displacement relationship and the
interaction force relationship at the contact points,
the vehicle-bridge coupled system can be established
by combining the equations of motion of both the
bridge and vehicle, as shown below:
Mb
db  Cb  Cbb Cbv db 
 
 

Mv dv   Cvb
Cv dv 

(5)
Kb  Kbb Kbv db   Fbr 
 

 K
Kv dv  Fbr  FG 
 vb
where Cb-b, Cb-v, Cv-b, Kb-b, Kb-v, Kv-b, Fb-v and Fb-r are
due to the wheel-road contact forces.
To simplify the bridge model and therefore save
computation effort, the modal superposition
technique can be used; the displacement vector of
the bridge {db} in Eq. (5) can be expressed as:

db   1  2  m 1 2 m T  b b  (6)

where m is the total number of modes used for the
bridge; {Φi} and ξi are the ith mode shape of the
bridge and the ith generalized modal coordinate,
respectively. Each mode shape is normalized such
that {Φi}T[Mb] {Φi}=1 and {Φi}T[Kb] {Φi}=ωi2.
Assuming [Cb] in Eq. (2) to be equal to 2ωiηi
[Mb], where ηi is the percentage of the critical
damping for the ith mode of the bridge, Eq. (5) can
then be simplified into the following:
I



 b  2ωi ηi I  Φb T CbbΦb Φb T Cbv  b 
 
 
M v  dv  
CvbΦb
Cv  dv 

(7)

ω 2 I  Φb T K bbΦb Φb T K bv  ξ b   Φb T Fbr 
 i

   
K vbΦb
K v  d v   Fv r  FG 


The vehicle-bridge coupled system in Eq. (7)
contains only the modal properties of the bridge and
the physical parameters of the vehicles. A Matlab
program was developed to assemble the
vehicle-bridge coupled system in Eq. (7) and solve it
using the fourth-order Runge-Kutta method in the
time domain.
5 DEFINITION OF LOCAL DYNAMIC IMPACT
FACTOR
In the design of bridges, dynamic impact factor is
adopted to calculate the dynamic effect of traffic

loads which eventually determines internal forces in
bridge structures and thus provides essential
information for design of local structural
components. Previous studies have shown that the
dynamic impact factor on a bridge varies between
different locations of interest on the bridge (Broquet
et al. 2004). Therefore, ideally, the selection of
impact factor in strength design, for instance,
reinforcement calculations, of local structural
components should accord with the corresponding
locations and sections on the bridge.
Fig. 4 shows the four locations at cross-section
whose responses are used for the calculation of
impact factors. Among these locations, L1, L2 and
L3 are usually the control locations for the design of
transverse reinforcement; G1 is the control location
for the design of longitudinal reinforcement. The
responses of all locations at mid-span and L1, L2 and
L3 at 3/4 span are evaluated. Since the global
responses at the mid-span are expected to be larger
than those at the 3/4 span, only global responses at
the mid-span are considered. As a result, a total of
seven impact factors are evaluated for each bridge. It
should be noted that the responses at the ends of the
girder are expected to be small compared to those at
the two cross-sections considered, i.e., mid-span and
3/4 span, and are therefore not considered in the
present study.

Figure 4. Selected locations for impact factor calculation and loading position at cross-section

Dynamic load allowance in AASHTO code is
traditionally derived from global dynamic responses
such as longitudinal moment or deflection at
mid-span and thus should be interpreted as global
impact factor which only provides information for
global design of bridges. However, no defined load
factor was mentioned in AASHTO code to consider
local dynamic effect in the transverse direction
which offers useful information for the design of
transverse reinforcement in the deck slab. Therefore,
the purpose of introducing local dynamic impact
factor in this study is to provide guidance for the
strength design of local structural components, for
example, deck slab.

Dynamic impact factor is generally defined as
follows:

IM 

Rd ( x)  Rs ( x)
Rs ( x)

(8)

where Rd(x) and Rs(x) are the maximum dynamic and
static responses of the bridge at location x,
respectively. The response could be either deflection
or strain. In the present study, the strain in
longitudinal direction and deflection of G1 at
mid-span are selected for the calculation of global
impact factor.

In this study, the strain at a certain point is defined
as follows:
d z1  d z 2 d z 2  d z 3

L1
L2

2

(9)

where dz1, dz2 and dz3 are the displacements of certain
point and two neighboring points along the direction
in which the strain is calculated; L1 and L2 are the
distances between the certain point and two
neighboring points, respectively.
According to the definition of dynamic impact
factor given by Eq. (8), the definition of local
dynamic impact factor is introduced as:
Local IM 

 d ( y)   s ( y)
 s ( y)

(10)

where εd(y) and εs(y) are the maximum dynamic and
static strains in transverse direction of the bridge at
location y, respectively. Such definition enables local
impact factor to reflect amplification of moving
vehicle loads when determining transverse bending
moment of deck slab, which is an important
parameter in the design of transverse reinforcement.
In the present study, L1, L2 and L3 at mid-span and
3/4 span are selected for the calculation of local
impact factor.
6 NUMERICAL STUDY
In the present study, the maximum dynamic bridge
response is derived from strain or deflection time
history under given condition and maximum static
response is acquired from the simulation of
quasi-static test where vehicle is set to pass through
the bridge at crawl speed (<1m/s).
Four bridges of different span length are used to
investigate the relationship between span length and
impact factor; five vehicle speeds ranging from 30
km/h to 110 km/h with interval of 20 km/h are taken
into account to examine the relationship between
vehicle speed and impact factor; three different road
surface conditions, i.e., good, average and poor
according to ISO, were considered to study the
relationship between road surface condition and
impact factor. In addition, two loading cases were
considered in the study. Vehicle trajectories for two
loading cases are shown in Fig.4 where single vehicle
travels at central and eccentric position on deck slab,
respectively.
The program was set to run 20 times with 20 sets
of randomly generated road surface profiles under
given road surface and vehicle speed for each bridge.
The average value of the 20 impact factors is then
used for analysis. It should be noted that the
coefficient of variation (COV) of 20 impact factors
was calculated to be less than 10%, suggesting the

number of simulations is sufficient to accurately
estimate the mean of variables.
7 NUMERICAL RESULTS AND DISCUSSIONS
7.1 Load Case I
Impact factors obtained from numerical simulations
under Load Case I for each bridge are plotted
against vehicle speed in Fig. 5 where impact factor
at each speed is averaged by three road surface
conditions. Local 1 to 3 refers to local impact factors
of L1, L2 and L3 at mid-span while Local 4 to 6
refers to local impact factors of L1, L2 and L3 at 3/4
span; Global_s and Global_d refer to global impact
factors calculated using strain and deflection,
respectively. It can be seen that: (1) the influence of
vehicle speed on impact factor tends to be irregular
as the increase of velocity does not guarantee either
the increase or decrease of impact factor; (2)
shortest bridge (Bridge 1) seems to produce largest
values of local impact factor among all four bridges
in most of the cases. Similar results can also be
found in the literature (Shi 2006; Deng et al. 2010).
Moreover,
observations
concerning
the
comparison between local and global impact factor
can be made: (1) among the 20 cases shown (4
bridges×5 speeds), the value of local impact factor
is greater than global impact factor for 12 cases; (2)
maximum difference of 0.20 and 0.43 occurs at
110km/h on Bridge 1 when local impact factor is
greater and 30km/h on Bridge 3 when global impact
factor is higher, respectively; (3) difference between
global and local impact factor varies significantly
from different vehicle speeds and span lengths,
however, no clear relationship has been perceived.
In addition, it can be easily observed that values
of global impact factor calculated using displacement
and strain are different from each other and that
impact factors calculated using deflection are
generally higher than those calculated using strain,
which has also been reported by other scholars
(Szurgott et al. 2011).
It should be noted that a significantly large value
of global impact factor is observed for Bridge 2 and
3 at 30km/h. While this appears to be abnormal, two
mechanisms that could contribute to such scenario
have been found: (1) there is a match between
vibration frequency of bridge and frequency of
dynamic load (Fryba 1972; Liu et al. 2002); (2)
vehicle speed and road roughness are tuned to each
other such that the corresponding vibrations of the
vehicle will be excited (Cantieni 1984). It is also
worth mentioning that the phenomenon observed
here may be the result of more than one of these
mechanisms, which awaits further investigation.
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Figure 5. Variation of impact factors with change in vehicle speed for each bridge under Load Case I

7.2 Load Case II
The variation of impact factors under Load Case II
is shown in Fig. 6. The results are similar to those
observed in Fig. 5 under Load Case I. The
relationship between vehicle speed and impact
factor is unclear and the shortest bridge still appears
to produce largest local impact factors. It should be
noted that values of local impact factor of L2 and L3
are equal to each other since vehicle load is applied
at the central position.
In addition, it is easy to notice that local impact
factors vary significantly from different locations on
bridge in an erratic behavior while the overall trend
shows that impact factor at the center of the deck
slab at 3/4 span (Local 4) tends to be greater at most
of the times.
7.3 Influence of bridge span length
It is evident from the Fig. 7 (a) that: (1) local impact
factor tends to decline as the span length increases;
(2) global impact factor first increases as the span
length increases from 32 to 48m and drops radically

afterwards. It should be noted that while global
impact factor is close to or greater than local impact
factor at span length of 40 m and 48 m (Bridge 2
and 3), this does not reflect the real scenario in that
great values of global impact factor for Bridges 2
and 3 are mainly contributed by a single large value
at 30km/h as shown in Fig.7; local impact factor still
overcomes global impact factor in more than half of
the cases observed.
7.4 Influence of vehicle speed
Fig. 7 (b) confirms the observations made under
Load Case I and II regarding the irregularity of the
influence of vehicle speed on impact factor. Similar
trends can also been found in Deng and Cai (2010)
where impact factors were investigated on a
multi-girder bridge with similar loading conditions.
Besides, Fig. 7 also verifies the global tendency
observed from Load Case II that average value of
impact factor at the center of the deck slab at 3/4
span (Local 4) appears to be greater than impact
factors at other locations.
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Figure 6. Variation of impact factors with change in vehicle speed for each bridge under Load Case II
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7.5 Influence of road surface conditions
It is noticeable from Fig. 7 (c) that: (1) impact factor
drops rapidly with the change of road roughness
from Poor to Good, indicating that road surface
condition has significant impact on impact factors;
(2) difference between local and global impact
factor tends to increase with the increase in road
roughness.
Furthermore, average impact factors are below the
values of dynamic load allowance specified in
ASSHTO code under road surface condition of Good
and Average while the average impact factor is
greater than the AASHTO specified value under poor
road surface condition.
It should be pointed out that global impact factor
appears to be greater than local impact factor in the
figure since the difference between global and local
impact factor tends to be greater when global impact
factor is higher. However, as mentioned before, there
exist more cases where local impact factor is greater
than global impact factor.
8 CONCLUSIONS
The main purpose of this research is to examine
dynamic impact factors on local structural components of
prestressed concrete box-girder bridges.
The definition of local dynamic impact factor was
introduced. The influence of three important
parameters including road surface condition, bridge
span length and vehicle speed on impact factors was
examined. Comparison between global and local
impact factors was made. Based on the results
obtained from numerical simulations, the following
conclusions with respect to dynamic impact factors
on prestressed box-girder bridge can be drawn:
(1) Road surface condition has proven to have
significant influence on impact factor: impact
factors increase radically as the road surface
condition deteriorates;
(2) The effect of vehicle speed on selected bridges is
unclear through most of the time; based on
current observations, the vehicle speed at which
maximum dynamic impact factor occurs is
unpredictable;
(3) Local impact factors exhibit the tendency of
declination as bridge span length increases;
(4) Local impact factors vary from different
locations of interest in an irregular manner while
the average value of impact factor at the center
of the deck slab at 3/4 span tends to be the
maximum;
(5) Local impact factor was found to be greater than
global impact factor in more than half of the
cases observed, indicating that the adoption of
dynamic impact factor in bridge design codes
may be unconservative when designing local

structural components;
(6) Global impact factor calculated based on strain
is generally smaller than those calculated by
deflection.
It should be pointed out that the results presented
in this paper is based on study of prestressed
box-girder bridges while other types of bridge await
further investigation and that relevant findings were
drawn from numerical simulations whose accuracy is
yet to be verified by field test.
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