HBRC Journal (2015) 11, 57-67

Housing and Building National Research Center

HBRC Journal

HBRC

obily glbafl Sy gogll 21 http://ees.elsevier.com/hbrcj
—_—

Assessment of vehicular live load and load factors () cosven
for design of short-span bridges according to the
new Egyptian Code

Hatem M. Seliem *, Mostafa Eid, Alaa G. Sherif

Faculty of Engineering at Mataria, Helwan University, Egypt

Received 2 January 2014; accepted 24 February 2014

KEYWORDS Abstract The new Egyptian Code (ECP-201:2012) introduces new vehicular live loads (VLL) and
Vehicular live load: new load combinations for the design of roadway bridges. The new VLL and load combinations
Bridges; introduced in ECP-201:2012 are fundamentally different than those presented in previous versions
Short-span; of the code. The impact of these new loads and load combinations on the design of new bridges or
Egyptian code; the structural safety of the existing bridges that have been designed according to ECP-201:2003 or
Evaluation; ECP-201:1993 has not been fully addressed for the different bridge deck systems. Three different
Live load—dead load ratio bridge deck systems, i.e. concrete I-shaped girders, composite steel plate girders, and concrete

box-girders with different spans were numerically modeled using two-dimensional grillage analogy.
The bridge decks were analyzed under main gravity loads using VLL according to ECP-201:2012
and ECP-201:2003. The internal forces of individual load cases, total un-factored load combination,
and total factored load combination of ECP-201:2012 and ECP-201:2003 were compared.

The study shows that concrete box-girders designed according to ECP-201:2012 and ECP-
201:2003 using the ultimate limit state method yield almost the same demand. Despite the increase
in the VLL of ECP-201:2012, and consequently the live load forces, concrete I-shaped girder bridges
will be subjected to less total factored internal forces in comparison to ECP-201:2003 This is attrib-
uted to the interaction between the live to dead loads ratio and the load combinations. Design of
composite steel plate girder bridges according to ECP-201:2012 using the allowable stress design
method yields over designed sections.
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(ECP-201:2012) [1] introduced a new vehicular live load (VLL)
for the design of roadway bridges. In addition, ECP-201:2012
presented new load combinations and new load factors to be
used along with the new VLL. The VLL and load combina-
tions used in ECP-201:2012 are fundamentally different from
those used in previous versions of the code, ECP-201:2003
[2]. The new VLL of ECP-201:2012 is based on the traffic loads
on bridges of the Eurocode (EN 1991-2:2003) [3]. ECP-
201:2012 can be used for the design of conventional bridges,
e.g. beam-slab bridges, box bridges, and truss bridges, with
simply supported or continuous spans system and with a max-
imum span of 150 m. In other words, ECP-2013:2012 is appli-
cable where small deflection theory can be justified. Bridges
where large deflection theory has to be used, e.g. suspension
bridges, cable-stayed bridges, are beyond the scope of the
ECP-201:2012. Therefore, ECP-201:2012 is intended for the
analysis and design of short- and medium-span bridges. The
impact of the new VLL and load combinations of ECP-
201:2012 on the design of new bridges, as well as the safety
of the existing bridges that have been designed according to
ECP-201:2003 has not been fully addressed for the different
bridge deck systems.

Earlier study, [4] compared the earlier version of ECP-201
to other international codes for medium and long span
bridges. Recent studies [5,6] have compared the loads of
ECP-201:2012 to ECP-201:2003 as well as other international
codes. It is worth noting that ECP-201:2012 was first drafted
in 2008. The study was limited to concrete rectangular girders
with cast-in-place slab as the bridge deck system with different
spans. The study investigated the girders spacing, moment of
inertia, and cross diaphragms. However, the size of the rectan-
gular girders was kept constant despite the change in span or
girders spacing. The study highlighted the impact of each
parameter on live load internal forces. In addition, the study
concluded that live load internal forces of ECP-201:2012 are
identical to those of EN-1991-2:2003 [3] and which are also
more than those produced by ECP-201:2003.

Scope

This paper presents the impact of the ECP-201:2012 VLL
models and load combinations on the design of different
bridge deck systems with variable spans under main gravity
loads. The different bridge deck systems investigated in this
study are concrete I-shaped girders, composite steel plate gird-
ers, and concrete box-girders. Furthermore, the internal forces
according to ECP-201:2012 and ECP-201:2003 were compared
and evaluated. The design of bridge decks under laterally in-
duced loads from wind pressures or seismic actions is outside
the scope of this paper.

Vehicular live load of ECP-201

Ecp-2013:2012

ECP-201:2012 defines three different load models, namely Load
Model 1 (LM1), Load Model 2 (LM2), and Load Model 3
(LM3). LM1 shall be used for the design of the different ele-
ments of the substructure and superstructure, except for bridge
deck slabs. LM2 shall be used solely for the design of bridge deck
slabs, whilst LM3 shall be used for pedestrian bridges only.

LM1 consists of a combination of concentrated loads and
uniformly distributed loads. The clear roadway of the bridge
is divided into a number of lanes; with a lane width of 3.0 m.
the contact area of all wheels used for LM1 is 400 x 400 mm.
The loads for the different lanes including the dynamic impact
factor are as follows and as shown in Fig. 1:

1. Lane 1 load comprises a two-axle, 600 kN truck with four
wheels (wheel load = 150 kN). Additional to the truck
load, a uniform load of 9.0 kN/m? is to be applied to the
total area of lane.

2. Lane 2 load comprises a two-axle, 400 kN truck with four
wheels (wheel load = 100 kN). Additional to the truck
load, a uniform load of 2.5 kN/m? is to be applied to the
total area of lane.

3. Lane 3 load comprises a two-axle, 200 kN truck with four
wheels (wheel load = 50 kN). Additional to the truck load,
a uniform load of 2.5 kN/m? is to be applied to the total
area of lane.

4. The remaining width of the roadway is loaded by a unifrom
load of 2.5 kN/m?.

ECP-201:2003 & 1993

Similar to ECP-201:2012, the live load model of ECP-201:2003
& 1993 consists of combination of concentrated loads and uni-
formly distributed loads. The clear roadway of the bridge is di-
vided into lanes; with a lane width of 3.0 m. The contact area
of all wheels is 200 x 600 mm. The loads for the different lanes
are as follows and as shown in Fig. 2:

1. Lane 1 load comprises a two-axle, 600 kKN truck with six
wheels (wheel load = 100 kN). Additional to the truck
load, a uniform load of 5.0 kN/m? is to be applied to the
total area of lane.

2. Lane 2 load comprises a two-axle, 300 kN truck with six
wheels (wheel load = 75 kN). Additional to the truck load,
a uniform load of 3.0 kN/m? is to be applied to the total
area of lane.

3. The remaining width of the roadway is loaded by a unifrom
load of 3.0 kN/m?

It should be noted that the ECP-201:2003 live load models
shall be multiplied by a dynamic impact factor, which is a
function of the span under consideration.

Load Combinations of ECP-201

Since this study is concerned with main gravity loads under
normal operating conditions of the bridge, only main gravity
loads are included, namely, dead load (DL), superimposed
dead load (SDL), and live load (LL). Torsional effects and
lateral loading are outside the scope of this study.

ECP-201:2012 load combination for main gravity loads
including live Load Model 1 (LM1) for characteristic load
combinations is 1.35 DL + 1.35 SDL + 1.35 LL.

Neither ECP-201:2003 nor ECP-201:1993 mentioned spe-
cific load combinations to be used for bridge design. However,
ECP-201:2003 refers to the load combinations given in the
design code corresponding to the material utilized.
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Fig. 2 Vehicular live load according to ECP-201:2003 (dimensions are in m).

For concrete structures, ECP for Design and Construction of
Concrete Structures (ECP-203:2007) [7], specifies a load combina-
tion for gravity loadsas 1.40 DL + 1.40 SDL + 1.60 LL. The fac-
tored load combination of ECP-203:2007 will be referenced in this
paper as ECP-201:2003 for ease of comparison to ECP-201:2012.

Steel bridges are mostly designed using the allowable stress
design method in accordance with the ECP for Steel Construc-

tion and Bridges (ECP 205-2001) [8]. Thus, un-factored load
combinations are used for steel bridge design.

ECP-201:2012 load combinations uses a live load factor
much less than that used in ECP-201:2003 (1.35 versus 1.60)
to mitigate the impact of using a higher VLL. This is attributed
to the fact that it becomes less probable that an overloading
truck will exceed the design truck of ECP-201:2012. For the
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dead load factor, ECP-201:2012 uses a slightly smaller factor
in comparison to ECP-201:2003.

Description of comparative study

Bridge deck system

Three different bridge deck systems were analyzed, namely (i)
concrete I-shaped girders, and (ii) composite steel plate girders,
and (iii) concrete box-girders. Fig. 3 shows the cross-section of
the three bridge deck systems. Those three selected systems are
the most widely used for short- and medium spans bridges for
different reasons. Different spans for each bridge system were
considered in this study. For concrete box-girder spans of
30 m, 40 m, and 60 m were considered. For concrete I-shaped
girders, the spans are 20 m, and 30 m, and 40 m, while for steel

plate girders, spans of 20 m, 40 m, and 60 m were considered.
The most commonly used span ranges were selected for this
study, so the optimum use of each system can be achieved.
All bridge models considered were straight, simply supported
spans only. The bridge models presented in this study closely
resemble actual bridges that have been designed by the
authors.

For the concrete I-shaped girders, the depth of the girders is
2.20 m for the three different spans of 20 m, 30 m, and 40 m as
shown in Fig. 4. The same cross-section is used for 20 m span,
which represents reinforced concrete girders, while for 30 m
and 40 m spans they represent prestressed concrete girders
with different prestressing forces. Spacing of girders was held
constant for the different spans. A 250 mm cast-in-place top-
ping slab and 100 mm wearing surface of asphalt layer were
presented in the model as SDL.

15.00 m

——1.50m"

4X3.00m

1.50 m—=—

(a) concrete I-shaped girder

15.00 m
% [025m ~0.10m a
——1.50 m- 4X3.00m 150 m——

(b) composite steel plate girder

10.00 m
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220mor3.00 m

|

(c) concrete box-girder

Fig. 3  Bridge deck systems presented in this study.
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Fig. 4 Cross-section of I-shaped concrete girders for spans of
20 m, 30 m, and 40 m.

For the composite steel pale girders, three different cross-
sections were introduced for the three different spans. The
composite sections of the steel girders including the contribu-
tion of the 250 mm cast-in-place concrete slab are shown in
Fig. 5 for the three spans. The girders spacing was kept con-
stant for the different spans. Details of the composite sections
are given in Fid (2014).

For concrete box-girders with 30 m and 40 m spans, the
depth of the girder is 2.20 m and the width of the webs is
0.50 m, which is typically used for reinforced concrete box-
girders as shown in Fig. 3. For the concrete box-girder with
60 m span, the depth of the girder is 3.00 m and the width of
the webs is 0.70 m, which is mainly intended for larger spans
of prestressed concrete box-girders. The top and bottom slabs
of the all box-girders are 200 mm thick. A 100 mm wearing
surface of asphalt layer was also included in the model.

Vehicular live load arrangement

It is common in design that edge girders experience the maxi-
mum internal forces in comparison with intermediate girders.
This is mainly due to the distribution of loads from a loaded
intermediate girder to the adjacent girders from both sides,
while loaded edge girders can distribute to adjacent girders
from one side only. Accordingly, VLL was arranged to pro-
duce the maximum internal forces in the edge girders as shown
in Fig. 6 for the three different bridge deck systems.

Numerical model

A grillage (two-dimensional) numerical model was developed
for each bridge deck system and span according to Hambly
[9] using the commercial software “SAP 2000”’. The longitudi-
nal members of the grillage represent the composite section of
the main girders, while the transverse elements represent the
topping concrete slabs. The torsional constant of the longitu-
dinal members was calculated according to the recommenda-
tion given in Hambly [9]. It should be noted that the unit
weight of the material defined for transverse elements was set
equal to zero to avoid duplication of weight. The grillage of
the steel plate girder bridge showing the arrangement of longi-
tudinal and transverse elements is given in Fig. 7 as a typical
grillage model. More details about the numerical models can
be found elsewhere [10].

Internal forces and discussion

The maximum internal forces (hereafter will be denoted as
forces only for simplification) as the maximum bending mo-
ment and the maximum shear force of the edge girder under
main gravity loads [dead load (DL), superimposed dead load
(SDL), and live load (LL)] are reported in the following

Fig. 5

Composite section of steel plate girders for different spans (dimensions in mm).
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Fig. 6 Arrangement of live load for the different bridge models.

¢

Fig. 7 Grillage of composite steel plate girder bridge.

sections for each bridge system with the different spans. In
addition, the total un-factored internal forces, 1i.e.
DL + SDL + LL and the total factored internal forces (refer
to section 3 for load combinations) are also presented. For
comparison purposes, the ratios of the internal forces obtained
according to ECP-2013:2012 to those obtained according to
ECP-201:2003 are also given.

Concrete I-shaped girders

Tables 1-3 give the internal forces of the concrete I-shaped gir-
der bridge with spans of 20 m, 30 m, and 40 m, respectively.

It can be readily seen from the three tables that the ratio of
the live load forces increases with increasing the span of the
bridge. For a span of 20 m, the live load forces according to
ECP-201:2012 and ECP-201:2003 were essentially the same,
while for a span of 40 m, the live load forces increased by
19%. However, the increase in the live load forces did not en-
hance the total un-factored forces in the same amount, where
the ratio of the total un-factored forces increased by 1%, 4%,
and 6% for spans of 20 m, 30 m, and 40 m, respectively. This
highlights the impact of the ratio of live to dead load forces.
Table 4 gives the ratio of the live load to total dead load for
the three different spans.

It can be readily seen from Table 4 that with increasing
the span of the bridge, the dead load forces become more
dominant than live load forces, which mitigated the impact
of the increase in the live load forces on the total un-factored
forces.

Despite the increase in the live load forces due to the use
of higher VLL, the total factored forces were decreased.
The maximum reduction was for the 20 m span bridge with
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Table 1 Internal forces of concrete I-shaped girder bridge with a span of 20 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 2310 NA
Shear force (kN) 460 NA
SDL Bending moment (kN m) 600 NA
Shear force (kIN) 110 NA
LL Bending moment (kN m) 3190 3150 1.01
Shear force (kIN) 560 550 1.02
Total un-factored Bending moment (kN m) 6100 6060 1.01
Shear force (kN) 1130 1120 1.01
Total factored Bending moment (kN m) 8235 9114 0.90
Shear force (kIN) 1526 1678 0.91
Table 2 Internal forces of concrete I-shaped girder bridge with a span of 30 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 5120 NA
Shear force (kIN) 680 NA
SDL Bending moment (kN m) 1210 NA
Shear force (kN) 160 NA
LL Bending moment (kN m) 4670 4240 1.10
Shear force (kN) 610 570 1.07
Total un-factored Bending moment (kN m) 11,000 10,570 1.04
Shear force (kIN) 1450 1410 1.03
Total factored Bending moment (kN m) 14,850 15,646 0.95
Shear force (kN) 1958 2088 0.94
Table 3 Internal forces of concrete I-shaped girder bridge with a span of 40 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 9010 NA
Shear force (kN) 900 NA
SDL Bending moment (kN m) 2000 NA
Shear force (kN) 200 NA
LL Bending moment (kN m) 6020 5080 1.19
Shear force (kN) 650 560 1.16
Total un-factored Bending moment (kN m) 17,030 16,090 1.06
Shear force (kN) 1750 1660 1.05
Total factored Bending moment (kN m) 22,991 23,542 0.98
Shear force (kN) 2363 2436 0.97

Table 4 Ratio of live load to total dead load for concrete I-shaped girder bridge.

Span (m) Internal force ECP-201:2012 ECP-201:2003
20 Bending moment (kN m) 1.10 1.08
Shear force (kN) 0.98 0.96
30 Bending moment (kN m) 0.74 0.67
Shear force (k) 0.73 0.68
40 Bending moment (kN m) 0.55 0.46
Shear force (kN) 0.59 0.51

a value of 10%, while the reduction of the 30 m and 40 m
spans was 5% and 2%, respectively. This signifies the effect
of the live load factor of the load combinations, where the
live load factor of ECP-201:2012 (1.35) is considerably less
than that of ECP-201:2003 (1.60). Hence, the increase in the
VLL is compensated by the lower live load factor. In

addition, the slight reduction in the dead load factor helps
in decreasing the total factored forces. This clearly demon-
strates the invalidity of the concept of that since the VLL
was increased, the design of concrete girder bridges accord-
ing to ECP-201:2012 will yield higher demand in compari-
son to ECP-201:2003.
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Composite steel plate girder bridge

Tables 57 give the internal forces of the composite steel plate-
girder bridge with spans of 20 m, 40 m, and 60 m, respectively.

The ratio of the live load forces increases with increasing
the span of the bridge as shown in Tables 5-7. For a span of
20 m, the live load forces according to ECP-201:2012 and
ECP-201:2003 were essentially the same, while for a span of
60 m, the live load forces increased by 25%. However, the in-
crease in the live load forces did not enhance the total un-fac-
tored forces at the same rate, where the ratio of total un-
factored forces increased by 2%, 7%, and 9% for spans of
20 m, 40 m, and 60 m, respectively. As pointed for concrete
I-shaped girder bridges, the ratio of live to dead load forces
shall be evaluated. Table 8 gives the ratio of the live load to
total dead load for the three different spans.

Table 8 shows that with increasing the span of the bridges,
the dead load forces become more dominant than live load
forces, which mitigated the impact of the increase in the live
load forces on the total un-factored forces. It is worth noting
that due to the higher strength of steel in comparison to con-
crete, the concrete I-shaped girders are stocky and bulky com-
pared to steel I-shaped girders, especially if composite steel
plate girders are used. This can be verified by comparing the
ratio of live to dead load forces of the 40 m span in Table 4
for concrete I-shaped girder and Table 8 for composite steel
plate girder.

Despite the increase in the live load forces due to the use of
higher VLL, the total factored forces were decreased. The
maximum reduction was in the amount of 10% for the 20 m
span, while for the 60 m span, both codes ECP-201 2012 &
2003 yielded the same demand. This signifies the effect of the
live load factor, where the live load factor of ECP-201:2012
of 1.35 is considerably less than that of ECP-201:2003 of
1.60. Hence, the increase in the VLL is compensated by the
lower live load factor.

Based on the above discussion, design of steel bridges using
the allowable stress design method will yield over designed sec-
tions. This is due to the fact that the allowable stress design
method uses the total un-factored forces; hence the increase
in the VLL is not compensated by the lower live load factor.
Therefore, it is essential for steel bridges subjected to the
VLL of ECP-201:2012 to be designed using the load and resis-
tance factor design (LRFD) method. In case of using the
LRFD design method coupled with the loads of ECP-
201:2012, slightly less demand will be obtained compared to
ECP-201:2003.

Concrete box-girder

Tables 9-11 give the internal forces of the concrete box-girder
bridge with spans of 30 m, 40 m, and 60 m, respectively.

It is confirmed that the impact of the VLL of ECP-201:2012
increases with increasing the span of the bridge. The ratio of
the live load forces is 1.22, 1.27, and 1.33 for spans of 30 m,
40 m, and 60 m, respectively. The increase in the live load
forces did not impact the total un-factored forces in the same
amount, where the ratio of the total un-factored forces in-
creased by 7% for all three spans of 30 m, 40 m, and 60 m,
respectively. This magnifies the impact of the ratio of live to
dead load forces. Table 12 gives the ratio of the live load to to-
tal dead load for the three different spans.

Concrete box-girders are characterized by their high own
weight forces compared to concrete or steel I-shaped girders.
This can be verified by examining Table 12, where it can be
seen that dead load forces have much higher contribution in
comparison to live load forces. This resulted in a slight increase
in total un-factored forces, despite the significant increase in
the live load forces.

Despite the increase in the live load forces due to the use of
higher VLL, the total factored forces are essentially the same
for the different spans of 30 m and 40 m, and 60 m. This is
attributed to the interaction between the increase in the loads
and the load combinations used. This demonstrates that the
design of concrete box-girders according to ECP-201:2012 or
2003 will yield the same demand.

Summary and conclusions

The new vehicular live load (VLL) and load combinations
introduced by the new version of the Egyptian Code of Prac-
tice for Calculation of Loads and Forces in Structural and Ma-
sonry Works (ECP-201:2012) are fundamentally different than
those presented in previous version of the code, ECP-201:2003.
The impact of the new VLL and load combinations on the de-
sign of the short- and medium-span bridges has never been
fully assessed.

Three different bridge deck systems, i.e. concrete I-shaped
girders, composite steel plate girders, and concrete box-girders
with different spans were numerically modeled using two-
dimensional grillage analogy. The bridge decks were analyzed
for main gravity loads using VLL according to ECP-201:2012
and ECP-201:2003. The internal forces of individual load
cases, total un-factored load combination, and total factored

Table 5 Internal forces of composite steel plate girder bridge with a span of 20 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 1270 NA
Shear force (kIN) 240 NA
SDL Bending moment (kN m) 590 NA
Shear force (kIN) 110 NA
LL Bending moment (kN m) 3230 3170 1.02
Shear force (kN) 600 600 1.00
Total un-factored Bending moment (kN m) 5090 5030 1.01
Shear force (kIN) 950 950 1.00
Total factored Bending moment (kN m) 6872 7676 0.90
Shear force (kIN) 1283 1450 0.88
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Table 6 Internal forces of composite steel plate girder bridge with a span of 40 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 5530 NA
Shear force (kN) 550 NA
SDL Bending moment (kN m) 2170 NA
Shear force (kIN) 220 NA
LL Bending moment (kN m) 7390 6370 1.16
Shear force (kIN) 760 670 1.13
Total un-factored Bending moment (kN m) 15,090 14,070 1.07
Shear force (kN) 1530 1440 1.06
Total factored Bending moment (kN m) 20,372 20,972 0.97
Shear force (kIN) 2066 2150 0.96
Table 7 Internal forces of composite steel plate girder bridge with a span of 60 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 14,030 NA
Shear force (kIN) 940 NA
SDL Bending moment (kN m) 4630 NA
Shear force (kN) 320 NA
LL Bending moment (kN m) 12,160 9730 1.25
Shear force (kN) 880 720 1.22
Total un-factored Bending moment (kN m) 30,820 28,390 1.09
Shear force (kIN) 2140 1980 1.08
Total factored Bending moment (kN m) 41,607 41,692 1.00
Shear force (kN) 2889 2916 0.99

Table 8 Ratio of live load to total dead load for composite steel plate girder bridge.

Span (m) Internal force ECP-201:2012 ECP-201:2003
20 Bending moment (kN m) 1.74 1.70
Shear force (kN) 1.71 1.71
40 Bending moment (kN m) 0.96 0.83
Shear force (kN) 0.99 0.87
60 Bending moment (kN m) 0.65 0.52
Shear force (kN) 0.70 0.57
Table 9 Internal forces of concrete box-girder bridge with a span of 30 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 15,840 NA
Shear force (kN) 2108 NA
SDL Bending moment (kN m) 3480 NA
Shear force (kIN) 450 NA
LL Bending moment (kN m) 11,440 9400 1.22
Shear force (kN) 1876 1642 1.14
Total un-factored Bending moment (kN m) 30,760 28,720 1.07
Shear force (kIN) 4434 4200 1.06
Total factored Bending moment (kN m) 41,526 42,088 0.99
Shear force (kN) 5986 6208 0.96

load combination of ECP-201:2012 and ECP-201:2003 were

reported and compared.

Based on the comparison of the internal forces and the find-
ings of this study, the following conclusions can be drawn:

1. The new VLL of ECP-201:2012 results in an increase in the

live load internal forces. The increase in live load internal

forces is more pronounced with the increase in the span
of the bridge for the three bridge deck systems.
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Table 10 Internal forces of concrete box-girder bridge with a span of 40 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 28,120 NA
Shear force (kIN) 2812 NA
SDL Bending moment (kN m) 6200 NA
Shear force (kIN) 604 NA
LL Bending moment (kN m) 15,880 12,460 1.27
Shear force (kIN) 1996 1656 1.21
Total un-factored Bending moment (kN m) 50,200 46,780 1.07
Shear force (kIN) 5412 5072 1.07
Total factored Bending moment (kN m) 67,770 67,984 1.00
Shear force (kIN) 7306 7432 0.98
Table 11 Internal forces of concrete box-girder bridge with a span of 60 m.
Load case Internal force ECP-201:2012 ECP-201:2003 Ratio
DL Bending moment (kN m) 41,650 NA
Shear force (kIN) 2780 NA
SDL Bending moment (kN m) 7680 NA
Shear force (kIN) 520 NA
LL Bending moment (kN m) 13,060 9870 1.32
Shear force (kN) 1110 870 1.28
Total un-factored Bending moment (kN m) 62,390 59,200 1.05
Shear force (kIN) 4410 4170 1.06
Total factored Bending moment (kN m) 84,227 84,854 0.99
Shear force (kIN) 5954 6012 0.99

Table 12 Ratio of live load to total dead load for concrete
box-girder bridge.

Span (M) Internal force ECP-201:2012 ECP-201:2003

30 Bending moment (kN m) 0.59 0.49
Shear force (kIN) 0.73 0.64
40 Bending moment (kN m) 0.46 0.36
Shear force (kN) 0.58 0.48
60 Bending moment (kN m) 0.26 0.20
Shear force (kIN) 0.34 0.26

2. The increase in the live load forces did not result in the
same amount of increase in the total un-factored forces
for all three bridge deck systems. This is attributed to the
ratio of live to dead load forces. When dead load forces
become more dominant, the total un-factored internal
forces slightly increase. This is more significant for concrete
girder bridges in comparison to steel girder bridges, due to
the higher own weight of concrete girders compared to steel
girders.

3. Despite the increase in the VLL of ECP-201:2012, and conse-
quently the live load forces, the total factored internal forces
were decreased in comparison to ECP-201:2003 for concrete
I-shaped girders. This clearly demonstrates the invalidity of
the concept that due to the increase in the VLL, the design
of concrete girder bridges according to ECP-201:2012 will
result in a higher demand in comparison to ECP-201:2003.

4. Design of steel plate girders using the allowable stress
design method and VLL according to ECP-201:2013, yields
over designed section. It is imperative for steel bridges

subjected to the VLL of ECP-201:2012 to be designed using
the load and resistance factor design (LRFD) method to
account for the compensation of the increased VLL by
the lower live load factor.

5. Design of concrete box-girders according to the VLL of
both ECP-201:2012 and ECP-201:2003 using the ultimate
limit state method yields the same demand.
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