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Abstract
A new identification methodology for dynamic axle loads using the superposition principle and influence surface concept was
proposed in the companion paper, in which the effects of various factors such as bridge inertia force, measurement station,
vehicle speed, traveling route, number of vehicles, road surface condition, and noise level were investigated through
numerical simulations. In this study the proposed methodology is applied to identify the axle loads of a test truck
traveling across an existing bridge. The axle load time-histories are obtained and compared to the static axle loads of the
test truck. The results show that the identified dynamic axle loads are fluctuating around their static counterparts. The
dynamic impact factor and load amplification factor for the axle loads under different vehicle speeds and road surface con-
ditions are also studied. Being able to identify the real dynamic axle loads, the methodology can be applied to improve the
current bridge-weigh-in-motion techniques that usually require a smooth road surface and slow vehicle movement to mini-
mize the dynamic effects. The developed methodology will also be useful in identifying real dynamic vehicle forces on bridges,
which will provide more reliable live load information for site-specific bridge fatigue assessment and performance evaluation.
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1. Introduction

Site-specific dynamic axle load information is very useful

for bridge designers and researchers in designing new

bridges, assessing the condition of old bridges, and maintain-

ing existing bridges. In recent years, many techniques of

identifying moving loads on bridges have been proposed,

such as the Interpretive Method I (O’Connor and Chan,

1988), the Time Domain Method (Law et al., 1997), the

Frequency-Time Domain Method (Law et al., 1999), and the

Interpretative Method II (Chan et al., 1999). Laboratory

studies (O’Connor and Chan, 1988; Zhu and Law, 2003;

Pinkaew and Asnachinda, 2007) as well as field testing

(Chan et al., 2000) have also been carried out to verify the

proposed methods. A comprehensive literature review of

recent research on the identification of moving loads was

reported by Yu and Chan (2007).

The dynamic effect of a moving vehicle on a bridge is gen-

erally incorporated as a dynamic load allowance (or dynamic

impact factor) in many design codes. In the past decades

significant amount of analytical investigations on the

dynamic vehicle loads have been conducted (Wang and

Huang, 1992; Chang and Lee, 1994; Yang et al., 1995; Liu

et al., 2002). Field testing has also been carried out to verify

the impact factors specified in the design codes (O’Connor

and Pritchard, 1985; Park et al., 2005; Shi, 2006) and many

researchers showed that the calculated impact factors

from field measurements could be higher than the values

specified in design codes (Billing, 1984; O’Connor and

Pritchard, 1985; Shi, 2006) if the bridge road surface condi-

tions are rough.

To identify site-specific dynamic axle loads that reflect

site-specific information such as road surface conditions, a

new method of identifying dynamic axle loads using the

superposition principle and influence surface concept was

proposed in the companion paper (Deng and Cai 2010a).

In the present study the proposed method is applied to
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identify the axle loads of a truck on an existing bridge. The

tested existing bridge is modeled using a three-dimensional

finite element (FE) model with the ANSYS program. A full-

scale two-axle vehicle model is used to simulate the test

truck. The axle-load time-histories are obtained using the

methodology developed in the companion paper and are

compared with the static axle loads. The results show that the

identified dynamic loads are fluctuating around their static

counterparts, which demonstrates qualitatively the rational-

ity of the proposed method. The dynamic impact factor and

load amplification factor for axle loads under different vehi-

cle speeds and road surface conditions are also discussed by

using the identified axle loads.

2. Bridge Testing

2.1. Tested Bridge

The tested bridge is a two-way bridge located over Cypress

Bayou in District 61, on LA 408 East, Louisiana. The bridge

consists of two separated structures, which are identical and

symmetric about the center line of the bridge. Each structure

provides a path for traffic in each direction. Since they are

separated, only one structure is investigated in this paper.

The bridge structure considered in the present study

has three straight simple spans, each measuring 16.764 m

(55 ft) in length with zero skew angles (Figure 1). As shown

in Figure 2, seven AASHTO Type II prestressed concrete

girders with spacing of 2.13 m (7 ft) from center to center

are used for the bridge. All girders are supported by rubber

bearings at both ends. Each span has one intermediate dia-

phragm (ID) located at the mid-span as well as two more

located at each end of the span, all of which are separated

from the bridge deck.

The third span of the bridge was instrumented. A total of

seven measurement stations (S1, S2, S3, S4, S5, S6, and S7

corresponding to girders G1, G2, G3, G4, G5, G6, and G7)

were selected at the bottom of the seven girders. These

measurement stations are 0.305 m (1 ft) away from the

mid-span of the corresponding girders to avoid stress con-

centration due to the diaphragms placed at the mid-span of

the girders. Strain gauges, accelerometers, and cable exten-

sion transducers were placed at each of the seven stations.

Based on the configuration of the bridge, a FE bridge

model was created using the ANSYS program (Figure 3).

The bridge deck, girders, diaphragms, shoulder, and railing

were all modeled using solid elements, which have three

translational degrees of freedom (DOFs) for each node. The

rubber bearings were modeled using equivalent beam

elements with six DOFs (three translational and three rota-

tional) for each node. Rigid connections were assumed

between the rubber bearings and supports and also between

the girders and diaphragms. Full composite actions were

assumed between the girders and bridge deck.

To obtain more accurate influence surfaces for axle load

identification, the bridge model was updated by the authors

in another study using the field measurements (Deng and

Cai, 2010b). Five parameters including the Young’s modu-

lus for the bridge deck, the seven girders, and the dia-

phragms, respectively; the density of the bridge deck; and

the equivalent Young’s modulus for the rubber bearings

were treated as variables. With the best available informa-

tion the original values were assumed to be 25.12 GPa,

32.03 GPa, 25.12 GPa, 2323kg/m3, and 200 MPa, respec-

tively. The five parameters were then updated with two dif-

ferent criteria depending on the purpose of model updating.

With the purpose of achieving the best agreement possible

between the measured natural frequencies and strains on

the seven girders and their counterparts predicted by the

FE bridge model, the following updated values for the

five parameters were obtained: 29.44 GPa, 35.87 GPa,

10.07 GPa, 2693 kg/m3, and 53.5 MPa. The five parameters

were also updated based on the natural frequencies and

deflections of the seven girders, and the following updated

results were obtained: 24.77 GPa, 27.67 GPa, 10.0 GPa,

2705 kg/m3, and 33.06 MPa, respectively. The details are

not given here but can be referred to Deng and Cai (2010b).

Significant differences can be found between the two sets

of updated parameters obtained with different purposes. As

discussed by Deng and Cai (2010b), one possible reason for

the differences could be that the measured deflections were

larger than the true deflections on the seven girders since the

deflection gages were set on sand instead of on a solid base.

An overestimated deflection makes the updated bridge model

more flexible than it really is. However, as will be shown

later, the vehicle axle loads can be identified based on either

strain or deflection, as long as the corresponding updated

model is used in the identification process.

2.2. Test Truck

The truck used in the bridge testing is a dump truck with a

single front axle and a two-axle group for the rear (Figure

4). The static loads for the first, second, and third axle of

this truck are 80.0 kN, 95.6 kN, and 95.6 kN, respectively.

The distance between the front axle and the center of the

two rear axles is 6.25 m, and the distance between the two

rear axles is 1.2 m.

Chan and O’Conner (1990) conducted a detailed study

on the dynamic effect caused by heavy vehicles, and they

concluded that the two groups of axles can be replaced

by one equivalent axle acting at the center of the two

Figure 1. Profile of the test bridge.
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groups if the two groups of axles are close enough. To sim-

plify the load identification problem for the three-axle

truck, the two groups of rear axles were replaced by one

equivalent axle in the present study, and the truck was mod-

eled using a full-scale two-axle vehicle model shown in

Figure 5 with eight DOFs (one translational DOF for each

of the four wheels as well as the vehicle body in the vertical

direction, and three rotational DOFs for the vehicle body).

This vehicle model is a combination of a rigid body con-

nected to four masses by a series of springs and damping

devices, with the rigid body representing the vehicle body

and the linear elastic springs and dashpots representing the

tires and suspension systems (Shi, 2006).

2.3. Road Surface Profile

The irregularity (roughness) of the bridge deck was mea-

sured by using a laser profiler, which obtains the longitudi-

nal road surface profile along each wheel track. For the

purpose of simplicity or due to the limitation of the

vehicle-bridge model, in most previous studies two-

dimensional (2-D) road surface profiles were used (Yang

et al., 1995; Au et al., 2001; Shi, 2006) in which the change

of road elevation along the lateral direction was not consid-

ered. Considering a three-dimensional (3-D) road surface

profile would result in different dynamic wheel loads for

the two wheels on the same axle. Since the interest of the

present study focuses only on the axle loads, a 2-D road sur-

face profile is used in this paper, though a 3-D road surface

profile could be considered using the developed vehicle–

bridge coupled system.

Figure 2. Cross section of the bridge and the position of Lane-1.

Figure 3. Numerical model of the test bridge.

Figure 4. Dump truck used in bridge testing.

Figure 5. Vehicle model for the dump truck.
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In order to examine the effect of the road roughness on

the accuracy of the identified axle load time history as well

as on the the dynamic impact factor, two wooden bumps

(named Bump-1 and Bump-2) with equal widths of

0.18 m were prepared. The heights for Bump-1 and

Bump-2 are 0.025 m (1 inch) and 0.038 m (1.5 inches),

respectively. The two wooden bumps, one at a time, were

placed at the entry end of the third span (Figure 6, each

span is simply-supported). It should be noted that the main

purpose of using wooden bumps in this study is to excite

the dynamic effect of the vehicle loads, rather than to rep-

resent the real road surface condition, though they can

qualitatively reflect the faulting conditions at bridge ends.

A faulting of 0.038 m (1.5 inches) is very possible for

bridge ends of many existing bridges (White et al., 2005).

Figure 7 shows the measured road surface profile of

Lane-1 along the track of the right wheel of the test truck

with the presence of Bump-1 (shown as a spike), which

changes the original road surface profile by adding a peak

at the entry end of the third span (each span is simply

supported).

The dynamic effect caused by the measured bridge

surface profile without a wooden bump was then examined

in a simulation study and compared to the measured

dynamic effect. Figure 8 shows the measured and simulated

acceleration from S5 when the test truck is traveling across

the bridge at a speed of 17.88 m/s (40 mph). As can be seen

from the figure, using the measured road surface profile in

the numerical simulation produces larger accelerations than

that measured from field testing. One possible reason for

this difference could be that the finite element model was

updated based on deflections or strains rather than accelera-

tions. Therefore, it is expected that the predicted accelera-

tions are less accurate especially when they are small in

cases with good surface conditions because when the

responses are small, they are more sensitive to simulation

errors. In the vehicle-bridge coupled model the contact

between the vehicle tire and bridge was assumed to be a

point contact, which may not be able to simulate the real

surface contact between the tire and bridge deck well. The

use of a two-dimensional road surface profile instead of the

real three-dimensional road surface profile in the simula-

tion study could also produce larger dynamic effect than

in the real situation (Liu et al., 2002). However, when the

road roughness gets worse (by the use of a wooden bump),

the results are less sensitive to the assumptions. Figure 9

shows the comparison between the measured and simulated

accelerations from S5 with the presence of the two wooden

bumps. From the figure, we can see that with the presence

of a wooden bump, the predicted bridge accelerations

match the measured accelerations well.

3. Axle Load Identification Through
Measurements of Field Bridge

Two sets of dynamic test results with vehicle speeds of

13.41 m/s (30 mph) and 17.88 m/s (40 mph), respectively,

were processed in which the truck was travelling through

the bridge along Lane-1 as shown in Figure 2. For each test

Figure 6. Changing the road surface condition by using a
wooden bump.

Figure 7. Road surface profile along Lane-1 with the presence of
a 0.025 m-high wooden bump.

Figure 8. Measured and simulated acceleration from S5 without
wooden bump (——, simulated; � � � � � � , measured).
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speed the road roughness was changed by placing a wooden

bump at the entry end of the span, resulting in three differ-

ent cases: Case 1, no wooden bump was used; Case 2,

Bump-1 was used; Case 3, Bump-2 was used. For each case

the bridge dynamic responses from all seven girders,

including the strain, deflection, and acceleration, were

recorded in time history. Both the deflection and strain time

histories were used in the identification process.

The identification of the two axle loads of the test truck

is similar to the identification of vehicle loads when two

SDOF vehicles are traveling in the same lane one in front

the other, as has been studied in the companion paper

(Deng and Cai, 2010a). The influence surface for each test,

accordingly, was obtained using two unit forces moving

side by side along the wheel tracks of the truck to simulate

the real axle loads. As has been discussed in the companion

paper, identifying two forces at the same time requires

bridge responses from at least two measurement stations.

In the present study the strain time histories from S4 and

S6 and deflection time histories from S4 and S5 were used

(the strain time history from S5 was not used because of an

obvious problem with the measurement data).

3.1. Axle-load Identification using Deflection Time
Histories

The deflection time histories from S4 and S5 and the iden-

tified axle loads for the three cases when vehicle speed is

13.41 m/s are shown in Figure 10, in which the three rows

I, II, and III represent Case 1, Case 2, and Case 3, respec-

tively. The actual static axle loads, 80 kN for the first axle

and 191.2 kN for the second axle, are also marked in the

figure.

The figure also shows the deflection caused by the axle

loads of the truck, which is calculated by subtracting the

deflection caused by the bridge inertia force from the mea-

sured deflection. It should be noted that because in reality

we cannot measure the bridge acceleration at every point,

the simulated acceleration was used in this paper.

The deflection caused by the bridge inertia force can be

obtained numerically using the updated model in the fol-

lowing steps. First, the acceleration for each node on the

bridge model can be obtained directly after running the pro-

gram BIRDS-BVI developed in the companion paper; then,

the inertia force of each node can be calculated as the prod-

uct of the mass and acceleration of the node, and the effect

of the inertia force of each node on the bridge response can

be obtained using the influence surface concept. Finally,

the effects of all nodes can be added to obtain the effect

of the total bridge inertia force on the response.

From Figure 10 we can easily observe the following:

first, in all three cases the deflection caused by the bridge

inertia force is less significant than that caused by the vehi-

cle axle loads, especially for the first two cases. Therefore,

in this example ignoring the effect of the bridge inertia

force may not cause much difference for the identified axle

loads. Second, the dynamic effect of the axle loads

increases as the road surface condition gets worse (by the

use of the wooden bump). The identified axle loads are

fluctuating around the static axle loads in all three cases,

suggesting that in general the proposed method works well

under different road surface conditions. Third, large discre-

pancies mainly occur at the beginning and the end of the

time histories, which was also reported by other researchers

(Zhu and Law, 2002; Pinkaew, 2006) and discussed in the

companion paper (Deng and Cai, 2010a).

The deflection time histories from S4 and S5 and the

identified axle loads for the three cases with the vehicle

speed of 17.88 m/s are shown in Figure 11, with similar

observations to those of Figure 10. From a comparison

between Figure 10 and Figure 11 we can also see that as

the vehicle speed increases from 13.41 m/s to 17.88 m/s,

the dynamic effect of the axle loads increases, which can

be seen from the increase of the maximum dynamic

Figure 9. Measured and simulated acceleration from S5 (a) with Bump-1; (b) with Bump-2 present (———, simulated; � � � � � � ,
measured).
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deflections from S4 and S5. Results from the two figures

also suggest that the vehicle speed does not have a signifi-

cant effect on the accuracy of the identified results, indicat-

ing that the developed methodology can be used under

routine traffic conditions. In comparison, most bridge-

weigh-in-motion facilities do not work well for normal tra-

veling vehicles and are only reliable for slow traffic

(Ansari, 1990; Pinkaew, 2006).

3.2. Axle-load Identification using Strain Time
Histories

The strain time histories from S4 and S6 and the identified

axle loads for the three cases when the vehicle speed is

13.41 m/s are shown in Figure 12. This figure also shows

the strain caused directly by the axle loads of the truck,

which is calculated by subtracting the strain caused by the

bridge inertia force from the measured total strain.

From the figure it can be seen that: first, in all the three

cases the bridge inertia force induced strain is less signifi-

cant than that caused by the vehicle axle loads. Second, the

identified axle loads are fluctuating around the static axle

loads in all three cases though the road surface condition

is different for each case. Third, large discrepancies mainly

occur at the beginning and end of the time histories. These

observations are similar to those observed from Figure 10.

The strain time histories from S4 and S6 and the identi-

fied axle loads for the three cases when the vehicle speed¼
17.88 m/s are shown in Figure 13. Again, similar results to

Figure 12 can be observed. These results suggest again that

the proposed methodology works well under different road

surface conditions and vehicle speeds, which confirms that

Figure 10. Deflection time histories from S4 (a) and S5 (b) and identified axle loads (c) with (I) no wooden bump, (II) Bump-1, (III)
Bump-2 present when the vehicle speed ¼ 13.41 m/s (———, total deflection in (a) and (b) or identified axle loads in (c); � � �,
deflection caused by axle loads; � � � � � � , static axle loads).
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the developed methodology can be used for routine traffic

conditions.

For the purpose of comparison, a statistic analysis was

performed on the time histories of the identified axle loads

for all six cases. The mean and standard deviation for both

front and rear axles were obtained with the two ends of the

time histories being excluded in the analysis. Because gen-

erally there is no access to the true dynamic vehicle axle

load of field vehicles, the real error of identification is not

available. However, the mean value of the partial axle load

time-history should be close to the static axle load, though

the two values are not necessarily equal to each other. The

identified mean values can be used to estimate the truck sta-

tic weight, while the deviation can be interpreted as the

dynamic effects. Results from the statistic analysis are

summarized in Table 1, where DIFF is defined as the per-

centage difference between the mean dynamic axle load

and its actual static counterpart. This comparison can also

qualitatively verify the developed procedure by observing

whether the identified dynamic axle loads are reasonably

fluctuating around the static ones.

From the table, the following can be observed. First, the

identified results from using deflection and strain are both

very good, with the largest difference being under 8% for a

single axle and about 3% for the total weight of the truck,

which is acceptable in practice, although small discrepan-

cies do exist between the results obtained using the mea-

sured deflection and strain time histories, respectively.

Second, the identified mean loads are generally greater

than the static axle loads for the first axle while less than

Figure 11. Deflection time histories from S4 (a) and S5 (b) and identified axle loads (c) with (I) no wooden bump, (II) Bump-1, (III)
Bump-2 present when the vehicle speed ¼ 17.88 m/s (———, total deflection in (a) and (b) or identified axle loads in (c); � � �,
deflection caused by axle loads; � � � � � � , static axle loads).
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the static axle loads for the second axle. Third, both the

vehicle speed and road surface condition have insignificant

effects on the identified mean values that approximately

correspond to the truck’s static weight, indicating that the

developed methodology can be used for routine traffic con-

ditions. This would be a significant advantage over most

bridge weigh-in-motion systems which usually require

smooth road surface conditions and slow vehicle move-

ment to minimize the dynamic effect of vehicle loads

(Leming and Stalford, 2002; McNulty and O’Brien,

2003). Lastly, as the road surface condition gets worse the

standard deviation of the results gets larger, indicating that

the dynamic effect induced by the road roughness becomes

more significant.

There are two possible reasons for the difference

between the identified static axle loads and the true values.

First, the numerical model of the bridge does not represent

perfectly the real bridge, which will introduce some error

into the prediction of influence surfaces. Second, the speed

of the test truck could not be controlled perfectly. For

example in this case, it is possible that the truck was driving

at a speed faster in the first half than in the second half

instead of keeping a constant speed all the way. This is

because in the field testing, the room to stop the truck was

limited due to a traffic light ahead and the driver tended to

slow down in the second half of driving. In this case by

assuming a constant speed, a mismatch would occur

between the points on the real time history of the bridge

response and the corresponding points on the influence sur-

face. As a result, smaller influence surface values would

have been used for the first axle, resulting in larger identi-

fied loads, while for the second axle larger influence

Figure 12. Strain time histories from S4 (a) and S6 (b) and identified axle loads (c) with (I) no wooden bump, (II) Bump-1, (III) Bump-
2 present when the vehicle speed ¼ 13.41 m/s (———, total strain in (a) and (b) or identified axle loads in (c); � � �, deflection
caused by axle loads; � � � � � � , static axle loads).
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Figure 13. Strain time histories from S4 (a) and S6 (b) and identified axle loads (c) with (I) no wooden bump, (II) Bump-1, (III) Bump-2
present when the vehicle speed ¼ 17.88 m/s (———, total strain in (a) and (b) or identified axle loads in (c); � � �, deflection caused
by axle loads; � � � � � � , static axle loads).

Table 1. Summary of statistic analysis on the identified axle loads

Bridge response
Vehicle
speed (m/s)

Use of wooden
bump

The first axle The second axle Total weight

Mean
(kN)

DIFF
(%)

ST Dev
(kN)

Mean
(kN)

DIFF
(%)

ST Dev
(kN)

Mean
(kN)

DIFF

(%)

Deflection 13.41 No bump 84.14 5.18 7.38 180.60 �5.54 7.15 264.74 �2.38
Bump-1 85.17 6.46 13.92 182.42 �4.59 11.08 267.59 �1.33
Bump-2 85.32 6.65 21.37 189.68 �0.79 17.30 275.00 1.40

17.88 No bump 84.39 5.49 14.23 191.73 0.28 7.95 276.12 1.81
Bump-1 83.82 4.77 18.71 179.92 �5.90 18.12 263.74 �2.75
Bump-2 85.12 6.40 23.15 184.68 �3.41 37.73 269.80 �0.52

Strain 13.41 No bump 85.83 7.29 10.14 186.07 �2.68 12.46 271.90 0.26
Bump-1 85.02 6.27 10.11 181.98 �4.82 14.93 267.00 �1.55
Bump-2 84.32 5.40 33.66 187.55 �1.91 31.44 271.87 0.25

17.88 No bump 85.80 7.25 8.81 179.47 �6.13 16.04 265.27 �2.19
Bump-1 79.22 �0.98 16.28 190.25 �0.50 36.39 269.47 �0.64
Bump-2 81.90 2.38 31.69 180.55 �5.57 52.15 262.45 �3.23
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surface values would have been used, resulting in smaller

identified axle loads. Therefore, obtaining the influence

surface from field testing and a good control (or know-

ledge) of the vehicle speed would probably help improve

the accuracy of the identified axle loads. Regardless, the

accuracy is acceptable for collecting truck load informa-

tion for bridge design and performance evaluation.

The dynamic interaction forces (i.e. the dynamic axle

loads) between the vehicle tires and bridge can also be

obtained directly by running the program BIRDS-BVI. For

the purpose of comparison, Figures 14 and 15 show the axle

loads of the truck obtained from the numerical simulations

when the vehicle speed is 13.41 m/s and 17.88 m/s, respec-

tively. As can be seen from both figures, the dynamic effect

of the axle loads increases as the road surface condition

gets worse (by the use of the wooden bump) and the

dynamic axle loads are fluctuating around their static coun-

terparts. Also, as can be seen from the comparison of the

two figures, the dynamic effect increases as the vehicle

speed increases from 13.41 m/s to 17.88 m/s. All these

observations are in good agreement with the identified axle

loads.

4. Dynamic Impact Factor and Load
Amplification Factor

AASHTO (2004) recommend that in bridge design the sta-

tic effect of vehicle loads should be increased by an impact

factor (also called dynamic allowance factor) to account for

the dynamic effect, which can be expressed as:

D ¼ ð1þ IMÞ � S ð1Þ

where D is the dynamic effect of vehicle loads; Sis the sta-

tic effect of vehicle loads; and IM is the dynamic allowance

factor, which can be calculated as follows:

IM ¼ RdðxÞ � RsðxÞ
RsðxÞ

ð2Þ

where RdðxÞ and RsðxÞ are the maximum dynamic and sta-

tic responses of the bridge at location x, respectively.

Using equation (2) and bridge responses under static

tests, the impact factors under different dynamic tests are

calculated as shown in Table 2. As can be seen from the

table, the impact factors calculated from different

Figure 14. Axle loads obtained from the simulation study with (I) no wooden bump, (II) Bump-1, (III) Bump-2 present when the
vehicle speed ¼ 13.41 m/s (———, dynamic axle loads; � � � � � � , static axle loads).

Figure 15. Axle loads obtained from the simulation study with (I) no wooden bump, (II) Bump-1, (III) Bump-2 present when the
vehicle speed ¼ 17.88 m/s (———, dynamic axle loads; � � � � � � , static axle loads).

Journal of Vibration and Control 17(2)192



measurement stations are different, even under the same

loading condition.

The effect of road surface condition on the impact factor

has been studied by several researchers (Wang and Huang,

1992; Park et al., 2005). Taking an average value for the

impact factors from the two measurement stations in

Table 2, the impact factors can be plotted against the road

surface conditions (in terms of the use of wood bump), as

shown in Figure 16.

From the figure, we can clearly see that the vehicle

speed has a large impact on the dynamic impact factor.

With the speed increasing from 13.41 m/s to 17.88 m/s, the

impact factors are more than doubled in most cases. When

the vehicle speed is equal to 17.88 m/s, both impact factors

obtained from deflection and strain exceed the value of

0.33 specified by AASHTO (2004). The large effect of the

vehicle speed on the impact factor was also observed by Au

et al. (2001). In their study a sudden increase in the impact

factor starts when the speed reaches about 20.83 m/s

(75 km/h). It can also be observed from the figure that the

road surface condition greatly influences the impact factor,

and this impact becomes more significant with the increase

in vehicle speed. However, in numerical simulations it

should be noted that using a two-dimensional road surface

profile would most likely lead to a higher impact factor since

the pitch mode of the truck, which causes more dynamic

impact, is easier to be excited in this case (Liu et al., 2002).

We also define a dynamic load amplification factor

(LAF) as:

LAF ¼ Pd�max � Ps

Ps

ð3Þ

where Pd�maxis the maximum dynamic load and Psis the

static load. From the obtained dynamic axle loads in the

previous section, if the two ends of the time histories for the

axle loads are ignored we can obtain the maximum

dynamic axle loads. The LAFs can then be obtained using

equation (3), and the average LAF for the two axles can be

plotted against the road surface condition (in terms of the

use of the wooden bump) as shown in Figure 17.

Comparing Figures 16 and 17, we can observe a very

interesting fact that the calculated load amplification fac-

tors are larger than (almost as twice large as) the calculated

impact factors. One possible explanation could be that the

maximum axle loads and the maximum responses do not

occur at the same time. For example, in the present study,

the maximum axle loads probably occur immediately after

the wheels pass over the wooden bump when a wooden

Table 2. Impact factor calculated for different load cases.

Vehicle speed (m/s) Use of wooden bump

Deflection Strain

S4 S5 S4 S6

13.41 No Bump �0.02 0.01 0.04 0.02
Bump-1 0.05 0.09 0.03 0.05
Bump-2 0.12 0.18 0.06 0.09

17.88 No Bump 0.02 0.12 �0.06 0.07
Bump-1 0.19 0.22 0.00 0.22
Bump-2 0.39 0.51 0.14 0.51

Figure 16. Average impact factor calculated using (a) deflection, (b) strain (o ———, vehicle speed¼13.41 m/s; *——, vehicle
speed¼17.88 m/s).
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bump is present, as shown in Figures 14 and 15; however,

the bridge responses reach a maximum when the rear axle

of the truck is approaching the mid-span.

5. Conclusions

A method of identifying dynamic axle loads developed in the

companion paper is applied to identify the axle loads of a

truck on an existing bridge in Louisiana. Both the deflection

and strain time histories are used to identify the truck axle

loads. The impact factor and load amplification factor of the

axle loads are also examined. Based on the results from the

present study, the following conclusions can be drawn:

(1) Both the measured deflection and strain time histories

can be successfully used to identify the dynamic axle

loads.

(2) The road surface condition and vehicle speed have an

insignificant effect on the accuracy of the identified

results, which demonstrates the robustness of the pro-

posed methodology under routine traffic conditions.

(3) The calculated load amplification factors are not

equal to the impact factors (almost twice the impact

factors in this study).

(4) Both the road surface condition and vehicle speed

have significant influence on the impact factor. For

the examined cases, the impact factor increases as the

vehicle speed increases; however, this is not always

the case, as demonstrated by many other studies. The

impact factor increases significantly as the road sur-

face condition gets worse. It is also interesting to find

that the effect of the road surface condition on the

impact factor becomes more significant with the

increase in vehicle speed.

The demonstrative application of the proposed metho-

dology to identify the real axle loads on a bridge indicates

that the proposed methodology can be applied to improve

the current bridge weigh-in-motion techniques. The devel-

oped methodology will also be useful to predict real vehicle

axle forces on bridges, which will provide more reliable

live load information for site-specific bridge fatigue assess-

ment and performance evaluation.
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