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1. Introduction

Bridge safety, considered one of the most
crucial parts of the infrastructure, has
constantly presented significant obstacles to
designers. Failures cannot be tolerated because
it takes so much time and money to analyze,
design, and build these bridges. Bridges are
constructed to be stable and usable for the
duration of their service lives. When the
external environment does not change
significantly, a bridge with good construction
quality and materials can safely carry out its
functions for the duration of its design lifetime
and service life. However, over time, bridges
suffer damage from several factors, including
deterioration of the materials and changes in
the traffic environment [1-3]. The deterioration
of the materials is mainly due to the effects of
long-term creep, shrinkage, and cracking of
concrete [4-5]. Currently, bridge inspections
and safety diagnoses are routinely performed,
and bridge load-carrying capacity is assessed
to determine the level of deterioration and
performance degradation [6-8]. Overall, a
vehicle-loading test is carried out to determine
a bridge's load-carrying capacity [9-11].
Mostly, vehicle-loading tests are performed to
measure the field deflections, which, in turn,
are indicators to determine the safety
conditions of the bridge [12-13]. A bridge's
intersection and balanced performance are
easily determined by calculating live load
distribution factors with a vehicle-loading test.
When a load is applied to a girder, the load is
shared by the adjacent girders. In this
situation, the level of load transmission is
determined by the rigidity of the girders and
the distance between the girders. Therefore,
LLDF is a significant factor in bridge design
or maintenance [14-16]. Calculating the
straining actions of a bridge girder under loads
of service accurately might be a challenging
assignment because the straining actions of a
bridge girder depend on several factors,
including the load position, bridge type, girder
spacing, and span length [17-18].

In this study, AASHTO’s LRFD Bridge Design
Specifications were used [19]. The live load
model of AASHTO-LRFD provided various
formulas to make calculating the live load
effect on bridges simple and easy. The
truckload and distributed loads are used to
indicate the actual live load, which may be
mixed and positioned to simulate the impact of
the actual live load. To get the best impact on
bridge elements, the designer should distribute
the truckload and distribute load longitudinally
through the bridge span and laterally through
the bridge deck.

The usage of precast U-girders is now gaining
popularity. Additionally, precast U-Girder
bridges have the advantages of being
economical, extremely stiff, and requiring little
internal bracing [20-21]. While U-girders are
becoming more common, questions have
arisen about the design of bridges using this
girder type. Because the precast U-girder is a
new girder type, there is little information
available on how it will behave as the bridge
ages. As a result, this research was conducted
to investigate the behavior of precast U-girder
bridges and calculate the live load distribution
factors to be used in the design.

CSI Bridge Software was used to analyse the
studied bridges using three-dimensional finite
elements. The CSI Bridge software is an
advanced version of SAP 2000 software that is
multifaceted programming software
specifically created for bridges [22-23].
Influence parameters considered in this study
were bridge span, girder spacing, the number
of girders, and the number of lanes. For each
of these parameters, the distribution factors
from the finite element models and AASHTO-
LRFD equations were calculated for multi-
lane loading.

The AASHTO-LRFD specifications provide
empirical equations for calculating the
distribution factors. Little information is
available regarding the accuracy of these
equations for this kind of bridge girder.
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Therefore, the main objective of this research
is to make a comparison between calculating
live load distribution factors using AASHTO-
LRFD equations and the finite element
analysis of precast concrete U-girder bridges.
The objective of this comparison is to examine
the level of accuracy of the AASHTO-LRFD
equations.

2. Background

There have been no studies to evaluate LLDF
on precast concrete U-girder bridges, but some
studies have been conducted to evaluate LLDF
for other bridges [24-27]. The researchers
found that LLDF is affected by several
parameters, including girder location, lane
count, distance between girders, and girder
length. Spacing between girders is regarded as
an important parameter influencing load
distribution factors. According to AASHTO
Standard Specifications, spacing between
girders is the sole factor that influences lateral
load distribution. As a result, the standard
specifications assume that the load distribution
factors and girder spacing between girders
have a linear correlation. However, it was
observed that in some cases, this assumption
overestimates the actual live load while
underestimating it in others. Tarhini and
Frederick [28] studied the influence of girder
spacing on LLDF for concrete I-girder bridges
and observed that the linearity correlation
assumption is incorrect. Additionally, recent
research has revealed that spacing between
girders is not the sole factor influencing live
load distribution; it has a major impact. Zokaie
et al. [29] investigated the effect of span length
on LLDF for concrete I-girder bridges and
observed that interior girders consistently
displayed more nonlinear behavior than
outside girders throughout all span lengths.
Tarhini and Frederick [28] also found a
quadratic increase in the distribution factor
when taking into account the increasing
vehicle count with a longer span. Zokaie [30]
investigated the impact of girder location on

LLDF for concrete I-girder bridges and
concluded that interior girders are less
responsive to truck location than exterior
girders.

Finally, no studies were carried out to evaluate
LLDF for precast U-girder bridges.
Furthermore, no studies were carried out to
investigate the validity of AASHTO-LRFD
equations for calculating LLDF. Therefore, it
became necessary to conduct additional
research on this kind of bridge girder.

3. Methodology

3.1. Overview of the study bridges

To investigate the main factors that influence
the LLDF for precast U-girder bridges, a
comprehensive parametric analysis was carried
out using FEA. 52 prototype bridges were
analyzed to evaluate the values of LLDF for
outside and inside girders and study the effect
of various parameters on those values. The
prototype bridges' behavior was studied using
the AASHTO-LRFD Specifications' live load
model. The following criteria were used to
select and model all of the studied bridges:

1. Span length

All bridges studied were assumed to have
straight and simply supported spans, with span
lengths of 15, 30, 45, and 60 meters.

2. Deck width

Various widths were chosen to accommodate
two, three, four, and five-lane loading.

3. Girder Spacing

The distance between precast U-girders is
assumed to be twice the upper width of the
girder cross-section.

4. Girder Depth

Girder depth was determined as a function of
span length (L) according to AASHTO-LRFD
specifications, and it is 0.045 L.
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5. Lane Width

The width of traffic lanes is calculated by
dividing the curb-to-curb width by the number
of lanes. It was assumed that the traffic lane
was not to be less than 3.66 m.

6. Deck Slab

The thickness of the concrete slab is assumed
to be 20cm, with full shear interaction with the
precast U-girders.

Finally, the typical cross-section of the studied
bridges are shown in Fig. 1. Table 1 illustrates
Geometric properties of the prototype bridges
used in the parametric study.

Deck width (D)

Slab thickness =0.2m

1.35m

0.045*Span

2.70m

Span =45m Span =60m

Fig. 1. Typical cross section for a prototype bridge.

3.2. Materials Properties

The characteristic compressive strength of
reinforced concrete (F¢,) is assumed to be 40
N/mm?. Table 2 summaries the different
properties of the materials used in the design
of selected bridges. Young’s modulus was
determined according to AASHTO-LRFD
specifications by Equation (1).

Ec=0.043y ' [(0.76/0.97)* Fo,] *° (1)

Where E¢ is the elastic modulus of concrete
(MPa), p. is the unit density of concrete
(kg/m?), F,, is the compressive strength of
concrete (MPa).

Table 1. Geometric properties of the prototype

bridges used in the parametric study.

No. of Span No. 0 Girdgr D?ck Lgne
length . spacing Width  Width
Lanes Girders

(m) (m) (m) (m)

2 5 10 4.5

15 3 3.34 10 45

4 2.5 10 45

2 5 10 4.5

30 3 3.34 10 45

9 4 2.5 10 4.5
2 5 10 4.5

45 3 3.34 10 45

4 2.5 10 4.5

2 5 10 4.5

60 3 3.34 10 4.5

4 2.5 10 4.5

2 6.5 13 4.5

15 3 4.33 13 4.5

4 3.25 13 4.5

2 6.5 13 4.5

30 3 4.33 13 4.5

3 4 3.25 13 4.5
2 6.5 13 4.5

45 3 4.33 13 4.5

4 3.25 13 4.5

2 6.5 13 4.5

60 3 4.33 13 4.5

4 3.25 13 4.5

3 5.34 16 3.75

15 4 4 16 3.75

5 3.2 16 3.75

3 5.34 16 3.75

30 4 4 16 3.75

4 5 3.2 16 3.75
3 5.34 16 3.75

45 4 4 16 3.75

5 3.2 16 3.75

3 5.34 16 3.75

60 4 4 16 3.75

5 3.2 16 3.75

3 6.5 19.5 3.7

15 4 4.87 195 3.7

5 3.9 19.5 3.7

6 3.25 19.5 3.7

3 6.5 195 3.7

30 4 4.87 19.5 3.7

5 3.9 19.5 3.7

6 3.25 195 3.7

S 3 6.5 19.5 3.7
45 4 4.87 195 3.7

5 3.9 19.5 3.7

6 3.25 19.5 3.7

3 6.5 195 3.7

60 4 4.87 19.5 3.7

5 3.9 19.5 3.7

6 3.25 19.5 3.7
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Table 2. Materials properties.

Properties Value
Compressive Strength of Concrete (F.,) 40 N/mm*
Density of concrete (y ¢) 25 KN/m®
Elastic modulus of concrete (E.) 30090 N/mm?
Passion’s ratio (v) 0.20
coefficient of thermal expansion (o) 0.00001
Shear modulus (G) 9223 N/mm’

3.3. Finite Element Modeling

The 3-D FE models for these bridges were created
with CSI Bridge software. The precast U-girders,
deck slab above the girders, and diaphragms were
modelled using a three-dimensional shell element.
Each shell element has four corner nodes and six
degrees of freedom, including three displacements
(U1, U2, and U3) and three rotations (¢1, 92, and
¢3). Because mesh density is crucial in FE
modelling, coarse meshing around complicated
regions may produce incorrect results [31].
Unrealistic mesh sizes are avoided during
modelling by using a reduced mesh size (0.3m x
0.3m), as shown in Fig. 2. Geometric nonlinearity
was not considered in this study. All of the studied
bridges were considered to be straight and simply
supported by a hinge at one end and a roller on the
other. The concrete deck slab was considered to
have complete shear interaction with the precast U-
girders.

Fig. 2. FE model of a typical two U-girders bridge.

3.4. Design Live Loads According to
AASHTO-LRFD Specifications

The designer engineer can use all of the exclusion
vehicles listed in the Transportation Research
Board database to simulate the serious impacts of
live loads, but this work will be difficult and time-

consuming [32]. As a result, the need for modeling
live loads with a simple model is important. The
AASHTO standard specification [33] created a
model and called it the HS20-44 Model. Then, this
model was developed and improved according to
AASHTO-LRFD specifications and called the
(HL-93) Model. The live loads in this model are
truck loads, lane loads, and tandem loads. Figs. 3
and 4 illustrate the design truck and tandem
configurations used in  AASHTO-LRFD
requirements. The design force that produces the
largest live load effect is determined by the larger
load of tandem with the load of the lane or the load
of a truck (HL-93) with the load of the lane.

145 KN 145 KN 145 KN 110KN 110 KN
Fig. 3. Design truck load (AASHTO-LRFD
Specifications).

M 00

110 KN 110 KN 110 KN 110 KN
Fig. 4. Design tandem load (AASHTO-LRFD
Specifications)

3.5. Calculation of LLDF for Girder
(FEA)

The LLDF is calculated by dividing the three-
dimensional straining action by the spine model
straining action, as shown in Equation (2). The CSI
Bridge program is used to create both the spine
model and the 3-D model to calculate LLDF. The
spine model is a frame element model for the
bridge and represents the beam line model for the
studied bridge, as shown in Fig. 5. The three-
dimensional model of the studied bridge is shown
in Fig. 6. Because all of the bridges studied in this
research are simply supported, the maximum shear
and moment distribution factors are found at the
supports and midspan, respectively.
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DF =F 3p model / F Spine model (2)

Fig. 5. Spine model for the studied bridge.

Fig. 6. Three-dimensional model for the studied
bridge.

3.6. Calculation of LLDF for Girder
(AASHTO Equations)

The moment distribution factor (MDF) can be
determined  according to AASHTO-LRFD
Equations from Equations (3) to (5).

1. Interior Girder
MDF ,, = (S/1900) 0.6 % (S*d/LZ) 0.125 3)

2. Exterior Girder
MDF g, = e * MDF , 4)
e=0.97 + (de/8700) ®)]

Where S is the girders spacing (mm), d is the
girder's depth (mm), L is the girder's span (mm), e
is the correction factor for the exterior girder, and
d, is the gap between the inside edge of the curb
and the web of the outside girder (mm).

The shear distribution factor (SDF) can be
determined  according to AASHTO-LRFD
Equations from Equations (6) to (8).

1. Interior Girder
SDF ,, = (S/2250) " *@d/L)" (6)
2. Exterior Girder

SDF ., = e * SDF 1, (7)

e =08+ (d,/3050) (8)

Where S is the girders spacing (mm), d is the
girder's depth (mm), L is the girder's span (mm), e
is the correction factor for the exterior girder, and
d, is the gap between the inside edge of the curb
and the web of the outside girder (mm).

4. Results

4.1. Effect of each parameter on LLDF for
inside and outside girders

The moment and shear distribution factor for each
prototype bridge were determined using FEA. The
impact of different parameters on LLDF was
investigated as follows:-

4.1.1. Length of Girder
I.  Moment distribution factor (MDF)

Figure 7 shows the impact of the girder's length on
MDF for both outside and inside girders. MDF
decreases as the girder's length increases, but at
low rates for all prototype bridges, and the impact
of changing the girder's length on MDF is smaller
for outside girders than for inside girders.

4-Lane Bridges 4-Lane Bridges
LI

z
g
E
& —
Z 09 — . S 09 —_—
=
£ 04 ~3Girders 5 08 3 Girders
207 . i=dGirdes 507 4 Girdus
E 0.6 5 Girders éﬂﬁ 5 Girders
é 0.5 E 05
Z 04 o 04

0 15 3 45 60 I CA

Span (m) Span (m)
5-Lane Bridges ~ 5-Lane Bridges
T3 E 13
g 12 g 12
FE 11 E L1 et
5 “; I +3 Girders & ! -3 Girders
T os 4Girders T e . 4Girders
g ﬂ.T 5Girders % 04 3 Girders
= 06 —— 6 Girders 2 07 L6 Girders
z 0" e 06 e —
Y Z 05
- 04 =B
U O ST s w8 oW
Span (m) Span (m)

Fig. 7. Impact of girder's length on MDF.
Il.  Shear distribution factor (SDF)

Figure 8 shows the impact of the girder's length on
SDF for both outside and inside girders. Unlike
MDF, SDF increases as the girder's length
increases for all prototype bridges, and the impact
of changing the girder's length on SDF is higher
for outside girders than for inside girders.
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4-Lane Bridges 4-Lane Bridges

~ L1 = LI
F — i
Z 09 e
£ 08+ (=3 Girders T 08 -3 Girders
2 07 s -4 Girders & 7 e -4 Girders
e 5Girders = 5 Girders
S 06t z
ful f
S04 =l

0 15 30 45 o0 0 15 3 45 60

Span (m) Span (m)
5-Lane Bridges 5-Lane Bridges

~ 13 -
512 — g
211 2
R n
x|l -3 Girders ¥ 3 Girders
T W T e Gindes E e [~4Girders
H 08 SGirders = 0 T 5 Girders
S 07T L6 Girders 2 - 6 Girders
7 06 —_— > 0, S
= &
a 05 z 0.5
504 S04

0 15 30 45 60 0 15 30 45 60

Span (m) Span (m)

Fig. 8. Impact of girder's length on SDF.

4.1.2. Spacing of Girders
I.  Moment distribution factor (MDF)

Girder spacing has an important impact on MDF,
as shown in Fig. 9. When girder spacing is
increased, MDF increases at nearly the same rate.
As an illustrative example, for five-lane bridges
with a 30m span, increasing the spacing from
3.25m to 6.50m (by 100%) causes an increase in
the inside MDF from 0.57 to 1.13 (by 98%) and
the outside MDF from 0.568 to 1.12 (by 97%).

4-Lane Bridges _ 4-Lane Bridges

1w E 10
E H
209+ §U.9
- "
= 08 T s=15m-Span 5 0.8 1 F=15m-Span
s +-30m-Span % r=30m-Span
g 0.7 + 45m-Span E«"J 45m-Span
= | fo-60m-Span = #-60m-Span
E 0.6 I;_m(l.ﬁ
8s =05
=3 4 5 6 = 4 5 6

Girders Spacing (m) Girders Spacing (m)
~ 5-Lane Bridges ~ 5-Lane Bridges
£ =13
g H
] 1.2
-
p =15m-Span = 10 +=15m-Span
£ ~+-30m-Span o9 +-30m-Span
i 45m-Span < 0.8 45m-Span
= r#60m-Span = 01 -#-60m-Span
w @
£ £os
= =208

45 6 I R R
Girders Spacing (m) Girders Spacing (m)

Fig. 9. Impact of girder spacing on MDF.
Il.  Shear distribution factor (SDF)

Much like MDF, girder spacing has an important
impact on SDF, as shown in Fig. 10. When girder
spacing is increased, SDF increases at nearly the
same rate. As an illustrative example, for five-lane
bridges with a 30m span, increasing the spacing
from 3.25m to 6.50m (by 100%) causes an increase

in the inside SDF from 0.61 to 1.19 (by 95%) and
the outside SDF from 0.57 to 1.12 (by 96%).

4-Lane Bridges 4-Lane Bridges
T 10 10
g g
209 209
st ~=IsmSpan S g8 - 15m-Span
H te-30m-Span & f+-30m-Span
£ 07 45m-Span % 0.7 T 45m-Span
E 0 + ra-60m-Span Eﬂ-ﬁ 4#-60m-Span
s g
S0 o205 +
3 4 5 6 3 4 5 6
Girders Spacing (m) Girders Spacing (m)
5-Lane Bridges 5-Lane Bridges
=13 213
g 12+ fn
@ L 2 @ 1
510 t15m-Span _‘g: 10 o
T 9 4 (=30m-Span T g4 = 15m-Span
£ S5mSpan ¥ +-30m-Span
3 44 o-itm-Span. 2 08 45m-Span
207 g 07 (a-60m-Span
g 06 506
=08 205
3 4 5 6 7 34 05 6 T
Girders Spacing (m) Girders Spacing (m)

Fig. 10. Impact of girder spacing on SDF.

4.1.3. Number of Girders
I.  Moment distribution factor (MDF)

The girder count has an important impact on MDF,
as shown in Fig. 11. When the girder count is
increased, MDF decreases at inverse rates with the
girder count. As an illustrative example, for five-
lane bridges with a 45-meter span, increasing the
girder count from 3 to 6 (by 100%) causes a
decrease in the inside MDF from 1.12 to 0.57 (by
49%) and the outside MDF from 1.1 to 0.56 (by
49%). This means that there is a linear relationship
between the girder count and MDF. This behavior
is consistent across all bridges, regardless of the
girder's length.

- 4-Lane Bridges = 4-Lane Bridges
10 £ 10
H E
z 09 FB 0.9 4
= i
H 08 1+ F=15m-Span & 0.8 t=15m-Span
H 01 (+-30m-Span t-30m-Span
g™ 45m-Span 5 07 45m-Span
< (G60m-Span 7 -60m-S|
z 0.6 P E 06 {#-60m-Span
S Z0s
= 2 3 4 5 6 T o1 3 4 5§

No. of Girders No. of Girders

5-Lane Bridges _ 5-Lane Bridges
13 2134
H ]
£ 12 E L1
21y LTS
o 107 P=15m-Span 5 1.0 15m5
209 t-30mSpan T 09 | s
E 08 45m-Span % (8 + =S
= 0.7+ t-60m-Span & 5 | 45m-Span
2 06 P 60m-Span
= E 0.6
Sos S 0s
2 021 03 4 5 6§ 1 Sy s 4 s 6

No. of Girders No. of Girders

Fig. 11. Impact of girder count on MDF.
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Il.  Shear distribution factor (SDF)

Much like MDF, the girder count has an important
impact on SDF, as shown in Fig. 12. When the
girder count is increased, SDF decreases at inverse
rates with the girder count. As an illustrative
example, for five-lane bridges with a 45-meter
span, increasing the girder count from 3 to 6 (by
100%) causes a decrease in the inside SDF from
1.185 to 0.62 (by 48%) and the outside SDF from
1.13 to 0.58 (by 49%). Generally, the girder count
is also inversely proportional to the SDF.

4-Lane Bridges 4-Lane Bridges
=10 L0
g g
Z09 709
= i B +-15m-Span
208 t=15m-Span £ 0.8 L+ 30m-Span
£ 1-30m-Span. & 45m-Span
5 0.7 45m-Span 2 0.7 La-60m-Span
2 06 1 #-60m-Span 206
g &
208 =05

1 3 4 5 6 b3 3 4 5 [

No. of Girders No. of Girders

S-Lane Bridges S-Lane Bridges
’;‘ 13 T 13
z :i 1 in
w1, w
] 1.0 +=15m-Span & u t15m-Span
= L S 10 .
309+ =30m-Span § g | H=30m-Span
é 0.8 4 45m-Span Zos L 45m-Span
207+ 1%-60m-Span = #-60m-Span
o 2 07
206 2 04
=l g
= 05 _ 208

L L 103 4 5 6 7
No. of Girders No. of Girders

Fig. 12. Impact of girder count on SDF.

4.1.4. Number of Lanes
I.  Moment distribution factor (MDF)

Lane count has an important impact on MDF, as
shown in Fig. 13. MDF increases as the lane count
increases from two to three, then plateaus as the
lane count increases from three to four. As the lane
count increases from four to five, MDF starts to
increase again. This behavior is consistent
regardless of the girder's length, for both inside and
outside girders. This behavior is because each
number of lanes is multiplied by a factor adopted
by AASHTO-LRFD specifications, and the
resultant is the net distributed load on the girders,
as shown in Table 3. This factor was used to
account for the rarity of fully loaded trucks
crossing the structure side by side. Between three
and four lanes, there is a very small difference in
the total live load distributed on the girders. When
comparing two and three lanes as well as four and
five lanes, there is a large difference in the total
live load distributed on the girders.

3-Girder Bridges _ 3-Girder Bridges
z13 z12
212 E 1.1
H .
21 s |
- [+-15m-Span 10 l-15m-Span
£ 10 -30m-Span £ go L #-30m-Span
T 0.
209 45m-Span % 45m-Span
C S = 08 )
'~:-" 0.8 1 +-60m-Span = +-60m-Span
'E 07 E 0.7 +
=06 ‘ =06 —
7 3 4 5 6 2 3 4 5 6
No. of Lanes No, of Lanes
4-Girder Bridges n 4-Girder Bridges
< 10 ERE
g 2
EO0T E09
% (4] t+~15m-Span i 0.8 + “+~15m-Span
207 ia-30m-Span £ 07+ #%-30m-Span
H 45m-Span £ 45m-Span
EhsT t=60m-Span &= 0.6 + +=60m-Span
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Fig. 13. Impact of lane count on MDF.
Table 3. Net distributed load on girders.
Number of Distributed load on
Factor .
Lanes Girders
2 1 2
3 0.85 2.55
4 0.65 2.60
5 0.65 3.25

Il.  Shear distribution factor (SDF)

Figure 14 shows the impact of the lane count on
SDF for both inside and outside girders. Much like
MDF, the lane count has an important impact on
SDF. SDF increases as the lane count increases
from two to three, then plateaus as the lane count
increases from three to four. As the lane count
increases from four to five, SDF starts to increase
again. This behavior is consistent regardless of the
span length for both inside and outside girders. The
explanation for this behavior is the same as for the
MDF.

4.2. Comparison between calculating
LLDF by AASHTO equations and FEA

The LLDF calculated using AASHTO equations is
compared with those obtained from FEA. Scatter
plots are used to compare these two sets of data.
The calculated LLDF for a prototype bridge is
represented by each point on the scatter plots. The
line on the scatter plot is used to show the potential
correlation between the results of the AASHTO-
LRFD equations and FEA. The points above the
line denote results from the AASHTO-LRFD
equations  that are  overestimated. = The
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underestimated results of the AASHTO equations
are indicated by the points that are below the line.
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Fig. 14. Impact of lane count on SDF.

4.2.1. Comparison between calculating
moment distribution factor by AASHTO
equations and FEA

Moment distribution factors of the inside and
outside girders are compared using the AASHTO-
LRFD equations and FEA in Figs. 15 and 16.
Based on these figures, the following notes can be
summarized:

e For both inside and outside girders, the
AASHTO-LRFD equations overestimate the
MDF in many cases.

o In all of the prototype bridges, the rate of

overestimation for the bridge reduces as the
bridge length increases.
In all of the prototype bridges, the rate of
overestimation for the bridge increases with an
increased lane count. Inside and outside girders
indicate the same behavior.
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Fig. 15. Comparison of MDF for inside girders
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Fig. 16. Comparison of MDF for outside girders.

Figure 17 illustrates the difference between the
AASHTO equations results to the FEA results. The
following notes can be summarized based on this
figure:

e The variation between the FEA and AASHTO
equation values for the inside girders of 15-
meter-span bridges ranges from 3.30% to
31.85%. For the outside girders, this variation
varies from 1.50% to 37.50%.

e The variation between the FEA and AASHTO
equation values for the inside girders of 30-
meter-span bridges ranges from -1.20% to
26.60%. For the outside girders, this variation
varies from -1.20% to 28.90%.

e The variation between the FEA and AASHTO

equation values for the inside girders of 45-
meter-span bridges ranges from -5.10% to
21.70%. For the outside girders, this variation
varies from -4.00% to 23.40%.
The variation between the FEA and AASHTO
equation values for the inside girders of 60-
meter-span bridges ranges from -8.00% to
18.90%. For the outside girders, this variation
varies from -6.00% to 19.90%.
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Fig. 17. Variation between AASHTO equations
results to FEA results for calculating MDF.
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4.2.2. Comparison between calculating shear
distribution factor by AASHTO equations and
FEA

Shear distribution factors of the inside and outside
girders are compared using the AASHTO-LRFD
equations and FEA in Figs. 18 and 19. Based on
these figures, the following notes can be
summarized:

e The AASHTO equations overestimate the SDF
for all the bridges under study for both inside
and outside girders.

e As bridge width increases, the rate of
overestimation for bridges also increases.
Two-lane  bridges have the  lowest
overestimation value, while five-lane bridges
have the highest value.

Girder’s length has little impact on the SDF.
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Fig. 18. Comparison of SDF for inside girders.
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Fig. 19. Comparison of SDF for outside girders.

Figure 20 illustrates the difference between the
AASHTO equations results to the FEA results. The
following notes can be summarized based on this
figure:

e The wvariation between the FEA and
AASHTO equation values for the inside
girders of 15-meter-span bridges ranges
from 29.40% to 66.50%. For the outside
girders, this variation varies from 12.75% to
87.00%.

e The variation between the FEA and
AASHTO equation values for the inside
girders of 30-meter-span bridges ranges
from 31.00% to 68.90%. For the outside
girders, this variation varies from 12.15% to
80.00%.

e The variation between the FEA and
AASHTO equation values for the inside
girders of 45-meter-span bridges ranges
from 31.75% to 66.10%. For the outside
girders, this variation varies from 12.60% to
76.00%.

e The wvariation between the FEA and
AASHTO equation values for the inside
girders of 60-meter-span bridges ranges
from 32.50% to 66.60%. For the outside
girders, this variation varies from 13.50% to

76.15%.
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Fig. 20. Variation between AASHTO equations
results to FEA results for calculating SDF.

5. Conclusion

According to the findings and parametric analysis
of this study, it is possible to conclude:

e Girder’s length has little impact on the
LLDF because, with increasing girder's
length, MDF slightly increases while SDF
slightly decreases.

e Girder spacing has an important impact on
MDF and SDF. When girder spacing is
increased, the MDF and SDF increase at
almost the same rates.

e Girder count has an important impact on
MDF and SDF. When the girders count is
increased, the MDF and SDF decrease at
inverse rates to the girder count.
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e Lane count has an important impact on MDF
and SDF. MDF and SDF increase as the lane
count increases from two to three, then
plateaus as the lane count increases from
three to four. As the lane count increases
from four to five, the distribution factors
start to increase again. This behavior is
consistent regardless of the girder’s length
for both inside and outside girders. This
behavior is because each number of lanes is
multiplied by a factor adopted by AASHTO-
LRFD specifications.

e In most cases, the AASHTO-LRFD
equations overestimate both MDF and SDF.
AASHTO equations for calculating the SDF
offer a wider range of differences from the
FEA results compared to equations for
calculating the MDF.

e The accuracy of AASHTO-LRFD equations
for MDF and SDF decreases as bridge width
increases.

e The accuracy of AASHTO-LRFD equations
for MDF decreases as the girder’s length
decreases.

e The use of AASHTO-LRFD equations to
calculate SDF for wide bridges is
uneconomic. The parametric study found
that the maximum difference between
AASHTO results to FEA results for five-
lane bridges was 87%, while the maximum
difference for two-lane bridges was 13.5%.

Further scope of research

It is suggested that further research efforts be
directed towards the following:

1. Investigate the live load distribution factors for
curved precast concrete U-girder bridges.

2. Investigate the live load distribution factors for
precast concrete U-girder bridges of
continuous span.

3. Study the effect of skewness on the values of
live load distribution factors for precast U-
girder bridges.

Notation List
E. Elastic modulus of concrete
Ve Unit density of concrete
Feu Compressive strength of concrete
) Passion’s ratio

coefficient of thermal expansion
Shear modulus

Spacing of girder

Depth of girder

Span of girder

correction factor for the exterior
girder

de Gap between the inside edge of the

curb and the web of the

outside girder

AASHTO American Association of State
Highway and Transportation

O - o wm @ e

Officials
LRFD Load and Resistance Factor Design
HL-93 Live load model according to

AASHTO Load and
Resistance Factor Design
specification

HS20-44  Live load model according to

AASHTO standard
specification

SAP Structural analysis program

Csl Computers and structures, Inc.

FEA Finite element analysis

LLDF Live load distribution factor

DF Distribution factor

SDF Shear distribution factor

MDF Moment distribution factor
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