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Abstract

Distribution factors (DFs) for one typical cross-section as specified in the AASHTO LRFD specification can be varied
when the bridge parameters such as span length, loading lanes and skew are changed. The diversity between design
and actual DFs may be varied as the bridge parameters changed. To study this diversity, this paper presents an evalua-
tion of lateral load DFs for prefabricated hollow slab bridges. The response of the bridge was recorded during the field
test. This field test was divided into two stages: a concentrated force loading test on the prefabricated girder that set-
tled on the bridge supports before the girders were connected transversely and a vehicle loading test after the girders
were connected transversely. The instruments used to record the response of the bridge were strain gauges and dial

indicators. The measured data in the multi-stages of the field test could be used to calibrate the support condition
of the bridge and transverse connection between adjacent girders in the finite element model (FEM) using beam
and plate elements. From the FEM, DFs for this hollow slab bridge were determined and compared with the DFs in
the AASHTO LRFD specification. A parametric study using the calibrated FEM was then used to investigate the effect
of various parameters including span length, skew and bridge deck thickness on the DFs. It was found that AASHTO
LRFD specification is conservative compared with the analysis in the FEM, while this conservatism decreased as the
span length and skew of the hollow slab bridge increased.

Keywords: hollow slab bridge, field test in multi-stage, distribution factor, support condition, transverse connection

1 Introduction

Many hollow slab bridges are designed to be skewed
bridges to satisfy the traffic requirements. The live-load
response of this kind of bridge could be affected by span
length, bridge deck thickness and skewed angle, etc. To
describe and simplify the effect of these parameters, the
distribution factor (DF) is proposed by assigning frac-
tions of transmitted load amongst the primary structural
members (Harris 2010; Song et al. 2003).

Most hollow slab bridges in the design plan were
designed as simply supported. However, it was reported
that even slight changes in boundary conditions have
a considerable effect on the results (Schulz et al. 1995).
Bridge test in Ontario had shown that slab-on-girder
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bridges are usually significantly stiffer in flexure because
of horizontal restraint provided by the girder bearings
(Bakht and Jaeger 1988). Emon and Nowak (2001) pro-
posed that the hinge-roller supports can be partially
fixed (frozen) due to many factors and they found that
the code-specified DF values without considering the
effect of possible support fixity can be too conservative.
The actual boundary condition for the bridge was quite
important for analyzing the bridge structural behavior.
Many field tests were conducted on the existing bridges
and the field test responses were suggested to calibrate
the FEM for further research (Seo et al. 2017; Hodson
et al. 2011, Bechtel et al. 2010). Bridge response under
loading test was the interaction of various parameters.
However, field test data on the existing bridge couldn’t
calibrate all of these parameters. As a result, parameters
had few effect on the bridge behavior were considered to
be the design value in the FEM. For hollow slab bridges,
adjacent girders were connected transversely by the hinge

©The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco

mmons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-2496-3261
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40069-020-0397-1&domain=pdf

Zhao et al. Int J Concr Struct Mater (2020) 14:22

joint to attract load together. For accurate analysis, trans-
verse connection between adjacent girders and support
condition are two important parameters that need to be
calibrated in the FEM for this type of bridge. Multi-stage
loading tests on the constructing bridge were an effective
way to calibrate these two parameters, respectively.

Many studies investigated the effect of secondary ele-
ments such as parapets, sidewalk and diaphragm on the
DFs and concluded that AASHTO LRFD specification
was conservative without considering these secondary
elements (Mabsout et al. 1997; Conner and Huo 2006;
Namy et al. 2015). Geometric dimensions of the bridge
remained unchanged in these studies. However, geo-
metric dimensions of the bridge were the variables of
the DF calculation formula in AASHTO LRFD specifica-
tion. For a certain kind of bridge, geometric dimensions
could be varied in an appropriate range. As a result, the
designed DFs for different geometric dimensions were
also changed in a certain range. So the effect of geomet-
ric dimensions, which were varied in a rational range, on
the DFs should be figured out first before discussing the
effect of secondary elements.

The aim of this study is to identify the supporting
condition and transverse connection of the hollow slab
bridge in the field tests using multi-stage construction
of full-scale test in situ. First, a concentrated loading
test was conducted on the prefabricated girder that set-
tled on the supports before the girders were connected
transversely. The response of the prefabricated girder
could be used to calibrate the support condition of the
hollow slab in the FEM. Second, a vehicle loading test
was performed on the bridge after the prefabricated gird-
ers were transversely connected. Transverse connection
between adjacent girders could be calibrated with the
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bridge response under the vehicle loading test. In addi-
tion, a parametric study was conducted to investigate the
influence of various parameters on the DFs of this hollow
slab bridge including span length, skew and bridge deck
thickness. Finally, the effect of these parameters on the
DFs was quantified compared with the AASHTO LRFD
specification.

2 Bridge Description

A constructing hollow slab bridge, which is located
on WeiXu expressway in Henan province, China, was
selected for this study. The superstructure was sim-
ply supported prefabricated concrete hollow slab gird-
ers, which was shown in Fig. 1. The span of bridge was
13 m in length with a 12.412 m clear span. The width
of the bridge was 13.5 m and skewed at 25°. The hollow
slab girders had a height of 0.7 m and a width of 0.99 m,
and covered 0.1 m thick layer of cast-in-place reinforced
deck. The bridge girders were prefabricated and the deck
was cast. The connection of structures in the bridge
superstructure is shown in Fig. 2. The concrete of hinge
joints and bridge deck was cast at the same time. The
concrete used in the slab girders, hinge joints and bridge
deck had a designed compressive strength of 50 MPa and
modulus of elasticity of 3.45 x 10*MPa. The superstruc-
ture was composed of 13 girders, in which the leftmost
girder was denominated G1 while the rightmost girder
denominated G13.

2.1 Concentrated Force Loading Test

2.1.1 General

This loading phase was performed after the prefabricated
girders were installed and the adjacent girders had not
been connected transversely. Before this loading test,
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Fig. 1 Field tested bridge (units: mm).
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Fig. 2 Connection configuration of the bridge superstructure.

Fig. 3 Concentrated force loading test.

a preloading test was carried out on the tested girders
to ensure the accuracy of the instruments. G1 (exterior
girder), G4 (interior girder) and G7 (medium girder)
girders were selected to be the test girders. The loading
girder, which weighed 160.44 kN, was also a prefabricated
hollow slab girder. One end of the loading girder was
simply supported on the bearings in the mid-span of the
two tested girders and the other end of the loading girder
was simply supported outside the abutment (Fig. 3). As a
result, the analysis of the tested girder could be simplified
to be a prefabricated girder with a concentrated force on
the mid-span. So the concentrated force applied on the
mid-span of each tested girder was 80.22 kN. The con-
centrated force loading tests were performed on the G1
and G4, G4 and G7, respectively. The dimension of the
girder and material properties were measured in this
loading phrase.

2.1.2 Instrument Arrangement

During the loading test, four strain gauges were placed
on the middle section of each tested girders to measure
strains, while one dial indicator was placed to measure
the mid-span deflection. Where, two dial indicators were
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installed on the tested girders near the supports to meas-
ure the support settlement. The deflection caused by the
concentrated force on the mid-span of the tested girder
could be eventually determined. Figures 4 and 5 show
the gauge configurations. Totally, for the three slabs, the
gauges for the strain (D1-D12) were located on the top
and bottom flanges of the girder, while the dial gauges for
the mid-span deflection (DN1-DN3) were located on the
bottom flange of the girder. The strain gauges were sealed
by insulating tape as moisture-proof measurement. The
lead wires from these gauges went through the hinge
joint from the top to the bottom, so that the gauges could
be used in the next loading phase after the bridge deck
was cast. A strain gauge was placed on a stress free con-
crete as the common temperature measurement. The test
data acquired in this loading phase was expected to study
the actual support conditions of the tested bridge.

3 Vehicle Loading Test
3.1 General
This loading phase was performed after the slabs were
connected transversely, the bridge deck was cast and the
concrete strength met the design requirements. In order
to excite the normal response of the bridge, Heavy truck
loaded 360 kN was used as the loading vehicle. The truck
was weighed and measured before its arrival on site. Fig-
ure 6 shows the parameters of the loading vehicle.
During the loading test, the loading truck was posi-
tioned at each of the five transverse loading cases (LC)
to produce different response (Fig. 7). When the load-
ing truck was driven to the predetermined position and
the engine was stalled, there was an interval of 5 min to
collect the strain and deflection data until the effect of
the moving truck on the bridge disappeared. Once the
collection of the data was complete in one location, the
loading truck was driven off the bridge and waited for
5 min so that the deformation of the tested girder could
be restored, then, the vehicle loading test could be per-
formed again on the next transverse location. Load-
ing and unloading tests were performed repeatedly to
acquire test data.

3.2 Instrument Arrangement

Strain gauges and dial indicators were all installed on the
bottom of the mid-span section of the girder (Fig. 8), In
which, six gauges that were mounted in the top flange of
the three girders in the former loading test were also used
in this loading phase to measure the strain of the top
flange. Again, two indicators were placed at the supports
and one indicator was placed in the mid-section for each
girder. Consequently, there were 19 strain gauges and 39
dial indicators in this loading phase.
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Fig. 4 Strain and deflection gauges.
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Fig. 6 Loading vehicle measurement (units: mm).

4 Finite-Element Model

In order to assure the correction of the finite element
analysis (FEA), two different FEA programs—MIDAS
CIVIL and ANSYS were conducted. In MIDAS CIVIL,
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the main girder and virtual transverse beam were mod-
eled by the beam element while the bridge deck was mod-
eled by the plate elements. In ANSYS program, beam188
elements were used to model the main girder and virtual
transverse beam, shell63 element were used to model
bridge deck. For the beam element in MIDAS CIVIL and
ANSYS, each node for these elements had three transla-
tional degrees of freedom and three rotational degrees of
freedom. As for the plate element and shell63 element,
there were six degrees of freedom at each node were used
to model bridge deck. Material and structural proper-
ties in the FEM were based on the bridge design plan as
well as the collected and measured information about
the bridge supplemented with engineering judgment(Seo
et al. 2015). The concrete grade using for the girder, hinge
joint and bridge deck is C50, The modulus of elastic-
ity of the concrete is 3.45 x 10*MPa. As specified in the
AASHTO LRFD specification, live load deflection is a
service issue, not a strength issue. So in the calculation
of the FEM, the nonlinearity of the concrete materials
was not considered. Figure 9 shows the FE models of the
bridge.
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Fig. 7 Vehicle loading test configurations (units: mm).
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Fig.9 Finite element models.
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4.1 Boundary Conditions

Elastic spring elements were used to simulate actual
behavior of supports as shown in Fig. 10 (Eom and
Nowak 2001). To model this kind of connection, general
connection options in elastic connection were selected in
MIDAS CIVIL, while the combin14 elements were mod-
eled in ANSYS model. In this calibrating process, main
girders were not connected transversely. Elastic spring
elements were added to restrict the horizontal movement
of the bridge on the base of the simply support condition
according to the design plan. The stiffness of the spring
elements was represented by K values. The suitable K
values were found by comparing the deflections at the
mid-span from FEM analysis with those from the con-
centrated force loading test by trial and error analysis.
The K values used in the analysis are shown in Table 1,
in which, girder 1 and 13 had different K values with
the other girders because of their different section from
the others. The K values that acquired from different FE
models were the same.

4.2 Transverse Connection

After the boundary conditions of the FEM were deter-
mined, transverse connections between adjacent gird-
ers were calibrated with the field test data acquired in
vehicle loading tests. 100 mm thick plate elements and
shell63 elements were included in this modeling phrase

Table 1 Spring coefficients used in FEM.
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to simulate the effect of bridge deck. Beam elements
and beam188 elements used for transverse connection
between adjacent girders were defined as virtual trans-
verse beam elements, which had no quality but only
transverse stiffness between adjacent girders. The cross
sections of virtual transverse beams were rectangles with
a width of 1000 mm. The height of the virtual transverse
beam was iterated to fit the test results. The truck loads
were applied as concentrated loads and were positioned
on the FEM as presented in the vehicle loading test. By
trial and error, the suitable virtual transverse beam height
was determined by comparing correlation and error
between FEM and field test responses. Percent error,sy,
and correlation coefficient, p (Seo et al. 2017) were used
in the comparison:

> (or — wa)j
$,=100. | —/——— ——
v [ S (wf)z (1)

| (e — ) (e — @)
Z\/(wf — @7) (00 — @a)?

where wr, w,, @ and w, = field deflection response, FEM
deflection responses, sample mean values of wy, and sam-
ple mean values of w,, respectively.

Virtual transverse beam height with highest correlation
coefficient and the lowest percent error was determined
to be the ultimate height. Table 2 presents a summary
of the percent errors and correlation coefficients among
different virtual transverse beam heights. The correla-
tion coefficients of different transverse beam heights are
1, which means using virtual transverse beam method
could simulate transverse connection of adjacent girders
pretty well. Virtual transverse beam with 300 mm height

P (2)

FEA program Girder number 1# 2# 3# 4#

S5# 6# 7# 8# o# 104# 11# 124 13#

MIDAS CIVIL/ANSYS Kiop (KN/mm) 630 770 770 770

Kootom (KN/mm) 630 770 770 770

770 770 770 770 770 770 770 770 630
770 770 770 770 770 770 770 770 630

Table 2 Model accuracy for different virtual transverse beam heights.

Virtual transverse beam 100 200 300 400 500 600 700
height (mm)
MIDAS CIVIL 8p(%) 1297 5.88 532 6.46 8.06 9.75 11.37
0 1 1 1 1 1 1 1
ANSYS 8(%) 932 8.84 6.91 9.17 10.03 10.55 11.36

0 1 1

1 1 1 1 1
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under vehicle loading was calculated by the following
Eq. 3 as shown in Fig. 11.

We=W¢ — Wy — W

®3)
where w, is the effective measured deflection of girders
under loads, wy is the total measured deflection of gird-
ers, wy is the measured residual deflection of girders, . is
the measured deflection at both ends of girders.

The formula used here to calculate DF for the ith girder
is Eq. 4 (Harris et al. 2008), which has been widely used
in many live-load tests (Civitillo et al. 2014; Harris et al.
2016; Waldron et al. 2005). These DFs are representative
of a single-truck loading resisted by each girder. DFs in
five different loading conditions were shown in Fig. 12.

. 13
DF; = (“)1 S w i) X Nyepicies (4)
i=1

where, DF; is load distribution factor of ith girder; w; is
maximum deflection of ith girder; Nyep;cjes is the number
of vehicles on the bridge.

It can be concluded that the girder which suffered
the traffic load directly experiences the greatest deflec-
tion, whereas girders far away from the loading position
experience less. DFs for exterior girder were 52% greater
than the DFs for the most heavily loaded interior girder,
the reason is that in this test there are no railings which
usually offered a significant stiffening contribution to the
exterior girders and the exterior girder is unable to dis-
tribute load to an interior member.

Figure 13 shows the deflections at mid-span on each
girder under different loading conditions. It can be
seen from Fig. 13 that the deflection curves were nearly
overlapped for the five loading conditions. It can be

concluded that the FEM is reliable to conduct further
researches.

Distribution factors for single and multilane loaded are
different in AASHTO specification. Only one lane loaded
was conducted in the field test. The number of lane was
changed in the calibrated FEM to observe the deflection
of girders. The loading vehicle used in the FEM was the
same as it used in field test and the vehicle wheel loads
were applied as concentrated loads in the FEM. The
bridge was divided into three 3.75 m-wide-lanes. FEM
with concentrated load was shown in Fig. 14. Loading
vehicles were positioned on the middle of each lane later-
ally. The longitudinal position of trucks was calculated as
the position producing the maximum bending moment
at midspan. The number and position of the load vehicles
were systematically varied to consider all possible load
combinations. In all cases the vehicles were placed fol-
lowing the 25° skew.

Interior and exterior distribution factors are calculated
separately in the AASHTO specification. As such, the
maximum distribution factor for the one, two and three
loaded lanes for both the interior and exterior girders
were calculated using the maximum deflection of differ-
ent girders. Calculated moment DFs for the interior and
exterior girders for each load cases are listed in Table 3.
DFs calculated by the AASHTO LRED were also listed in
Table 3.

Table 3 shows that using AASHTO LRFD specifications
resulted in a conservative DFs estimate. The AASHTO
DFs were much higher than those calculated using the
calibrated FEM for exterior girders. For one lane loaded,
the AASHTO LRFD DFs were 1.5 times larger than that
of the FEM DFs for exterior girders and 1.2 times larger
for interior girders. For multilane loaded, the AASHTO
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Fig. 14 FEM with three loaded lanes.

LRFD DFs were 1.4 times larger than that of the FEM
DFs for exterior girders and were very close to the FEM
DFs for interior girders. DFs for exterior girder were con-
trolling DFs in AASHTO LRED specification, while the
controlling DFs were interior girder DFs in the FEM. This
is probably caused by the lack of parapets in the FEM,
which could provide stiffness for the exterior girders.
DFs for interior girder in AASHTO LRFD specification
was 1% to 18% higher than the DFs in FEM. For exterior
girder, DFs of AASHTO LRED specification was 37% to
48% higher than the DFs in FEM.

As the loading lane increased from one to two in the
FEM, DFs increased 17% for exterior girders and 34% for
interior girder. While as the loading lane increased from
two to three, the DFs increased by 2% and 9% for exte-
rior and interior girders, respectively. DFs could be dif-
ferent for one lane loaded and two lanes loaded, but less
difference for two lanes loaded and three lanes loaded. In
multilane loaded cases, DFs of three loaded lanes were
more closed to the AASHTO LRFD specification com-
pared with the DFs of two loaded lanes. When the bridge

Table 3 Distribution factors for different number of lanes.

Number of lanes Calculation method DF gyt DF\r
One lane AASHTO LRFD 0.230 0.202
MIDAS 0.155 0171
ANSYS 0.155 0.175
Two lanes AASHTO LRFD 0.265 0.255
MIDAS 0.183 0.231
ANSYS 0.180 0.233
Three lanes AASHTO LRFD 0.265 0.255
MIDAS 0.193 0.252
ANSYS 0.190 0.252

DF . distribution factor of exterior girder; DF - distribution factor of interior
girder.

was filled with vehicles on the lanes that it can be divided
into, the DFs were more closed to the AASHTO LRFD
specification for this multilane loaded case.

6 Parametric Study

A parametric study was performed for hollow slab bridge
to investigate the parameters affecting the DFs of vehicle
loads. The effect of parameters on the DFs were quanti-
fied and compared with AASHTO LRFD specifications.
Span length, bridge skew and bridge deck thickness were
three major parameters in this parametric study. A base-
line FEM was determined using the dimensions and sup-
porting conditions of the field tested bridge. The baseline
model was adjusted to study the effect of one parameter
while the other parameters were kept in the baseline
value. While changes in certain parameters (i.e., span
length) do affect other parameters (i.e., girder stiffness),
the effect was minimal and they could be evaluated inde-
pendently (Zokaie 2000). Therefore, span length was var-
ied from 8 to 20 m, which was the specified length of the
hollow slab bridge, in the FEM. The effect of skew was
investigated by adjusting the skew angle from 0 to 60°.
The bridge deck thickness was varied from 0.1 m to 0.5 m
by adjusting the thickness of plate element. DFs calcu-
lated from the FEM were compared with those calculated
ones according to the AASHTO LRFD specifications, this
ratio of which could reflect the difference between FEM
and AASHTO LRFD specifications.

DFs for one loaded lane and three loaded lanes were
calculated in the Table 4 to investigate the effect of span
length. It can be seen from Table 4 that DFs for exte-
rior girder increased 10% for one loaded lane and 42%
for three loaded lanes, while for interior girder, DFs
decreased 30% for one loaded lane and 9% for three
loaded lanes. As the DFs calculated by MIDAS CIVIL
and ANSYS were really close, so the DFs in Fig. 15 were
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Table 4 DFs for span parameter in the FEM.
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Span (m) 8 10 13 16 20

Calculation method MIDAS ANSYS MIDAS ANSYS MIDAS ANSYS MIDAS ANSYS MIDAS ANSYS
DF gy 0.136 0.132 0.147 0.147 0.155 0.155 0.155 0.155 0.150 0.147
DF 1 0.205 0.209 0.177 0.174 0.171 0.175 0.160 0.163 0.148 0.145
DF s 0.148 0.145 0.175 0.171 0.193 0.190 0.200 0.197 0.210 0.206
DFjnr3 0.269 0272 0.261 0.263 0.252 0.255 0.251 0.251 0.246 0.249

DF 1, distribution factor of exterior girder for i loaded lane; DF ;; distribution factor of interior girder for i loaded lane.
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Fig. 15 FEM/AASHTO ratio for length parameter. Note: Rgyy.: DF ratio
of exterior girder in i loaded lane; Ry;-i: DF ratio of interior girder in i
loaded lane.

the average values of the DFs in two different FEM anal-
yses. In Fig. 15, DF ratios increased and were closed to
1 as the span length increased for both one loaded lane
and three loaded lanes. This trend showed that AASHTO
LRFD specification became less conservative as the span
length increased. The ratio of the FEM to AASHTO dis-
tribution factor for exterior girder ranged from 0.45 to
0.81 for one loaded lane and from 0.45 to 0.76 for three
loaded lanes. While for interior girder, the ratio of the
FEM to AASHTO LRED specification distribution factor
was 0.76 to 0.91 for one lane and 0.84 to 0.95 for three

Table 5 DFs for skew parameter in the FEM.

lanes. The lack of parapets in the FEM, which could pro-
vide stiffness for the exterior girder, made the DF of exte-
rior girder lower than that of interior girder.

DFs in different bridge skew were shown in Table 5.
Compared with the DFs of the straight bridge (of which
the skew is 0°), the DFs decreased 5% for exterior girder
and 4% for interior girder when the bridge skew was 5°.
For exterior girder, DFs were not changed for the skew of
10°, 15° and 25°, while the DFs decreased 3% to 11% as
the skew increased from 35 to 60°. DFs of interior girder
were not changed as the skew increased from 10 to 45°
and the DFs increased 3% when the skew was 60°. DFs in
Fig. 16 were also the average DF values of two different
FEM analyses. It can be seen in the Fig. 16 that AASHTO
became less conservative as the skew increased from 10°.
The ratio of FEM and AASHTO was greater than 1 for
interior girder when the skew was 60°, while the DFs of
exterior girder were less than design value for each of
skew angle.

The calculation results from MIDA CIVIL and ANSYS
were pretty close. DFs in Fig. 17 were the average val-
ues of the two FEM analyses. DFs for exterior girder
increased 4% and 5% for one and three loaded lanes,
respectively, while for interior girder, DFs decreased 3%
and 2% for one and three loaded lanes, respectively. Nei-
ther the DF of exterior nor the interior girder was influ-
enced by the deck thickness significantly in Fig. 17.

7 Conclusions

A hollow slab bridge was subjected to a live-load test
and detailed FE analyses. DFs for AASHTO LRFD speci-
fication and actual bridge were compared. In addition,

FEA program Skew 0° 5° 10° 15° 25° 35° 45° 60°

MIDAS CIVIL DF gy 0.194 0.184 0.195 0.195 0.193 0.186 0.188 0.172
DF 1 0.252 0.242 0.253 0.253 0.252 0.254 0.253 0.261

ANSYS DF gyt 0.193 0.183 0.192 0.192 0.190 0.184 0.186 0.170
DF 1 0.254 0.245 0.255 0.255 0.255 0.255 0.256 0.263
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the effects of span length, skew and bridge deck thick-
ness on the DFs were also investigated in the parametric
study. From the analyses, the following conclusions were
obtained:

1. Compared with the DFs in the FEM of this hollow
slab bridge, AASHTO LRFD DFs for interior girder
(1-18%) were less conservative than exterior girder
(37-48%).

2. The AASHTO LRFD specification became less con-
servative (8%) when the loading vehicles were filled
in the lane that the bridge can be divided to for mul-
tilane loaded cases.

3. AASHTO LRFD specification became less conserva-
tive as the span length increased for this hollow slab
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bridge. DFs of exterior girder increased 10-42%
while of interior girder decreased 9-30% as the span
length increased.

4. AASHTO LRFD specification became less conserva-
tive as the skew was greater than 10°. DFs of FEM for
interior girder were 1.4 times larger than the DFs in
AASHTO LRED specification when the skew was
60°, while the DFs of exterior girder were less than
design value with an increase in the skew.

5. Deck thickness had little effects on the DFs of hollow
slab bridge.

8 Discussion

The parapets have been proved to provide more stiffness
to the exterior girder compared with the interior girders
(Barker 2001; Zhou et al. 2015). As the vehicle loading
test was conducted on the bridge before the parapet was
constructed, the parapets were not modeled in the FEM.
So the effect of the parapets on DFs was not discussed in
this paper.
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