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ABSTRACT

Due to the heavy loads and economic and aesthetic considerations, multi-cell
composite box girder bridges became a very popular statically system in highway
bridges. This paper presents the dynamic response of composite box girder under heavy
vehicular loads. To reach this goal, the study of impact factors for the composite box
girder bridge gives a comprehensive approach for the global dynamic behavior. 3-D
finite element models was conducted through the study. The first, was to verify the
results obtained by a previous experimental work, and to validate the accuracy of
computer program. The results showed a good agreement with experimental study. The
second, studied the dynamic behavior by exposing multi-steel concrete box girder
bridge of span 40 m to vehicular load with different speed. The truck loading
configuration according to Eurocode, EN: 1991-2:20032 part, Traffic loads on bridges.
The results indicated that DAFs for stress and displacement increase with the increase of
vehicles speed, in addition to the peak acceleration also increase with the increase of
vehicles speed.

1. INTRODUCTION

Many searches have been conducted to study the effect of static and dynamic
analysis on composite steel box girder bridges. However, the dynamic effect is more
challengeable than the static analysis due to the complexity of analysis and the
significant deterioration of the box cross section. Box girder bridges distort primarily
due to torsional moments caused by eccentrically applied loads. Torsional moments can
be divided into equivalent force that can rotate the girder about its longitudinal axis and
distort the cross-sectional shape. These torsional moments are resisted internally by a
combination of St. Venant! torsion and warping torsion however the St. Venant'
torsional stiffness is dominant over the warping torsional stiffness in a box section that
result from a closed cross section. Torsional warping in the boxes are usually relatively

60



small and are not considered in the design of box girders. (Kollbrunner and Basler
1969) 3

Composite multi-cell box girder bridges were constructed to endure the heavy loads
induced by the moving vehicles. However, the dynamic effect of moving load may
cause large deformations and sometimes, the structure may collapse. The source of
disturbance can be Transient, wind, or seismic loads on abridge that cause dynamic
deflections due to bridge oscillations and may cause discomfort for pedestrians and
motorists, particularly when the fundamental frequency is mainly torsional. The
fundamental frequency of a bridge is the main characteristic in investigating the effects
due to dynamic loads imposed on the structure. High dynamic response is to be
expected only if bridge resonant frequencies coincide with the fundamental spectrum of
the truck wheel load. So, dynamic amplification factor (DAF) is presented to magnify
the maximum straining action exerted by a moving vehicle to study the effect of
dynamic loads.

Chopra (1995)* evaluate the dynamic amplification for single degree of freedom
system with harmonic excitation as follow,

DAF = 1 (1-1)

VI — (@w/w, )2 + [2& (w/fwn )]? _ _
Many reseal , , tors. This paper will
mention briefly the previous work includes the dynamic load came from moving vehicle
and trains. (Galdos and Schelling,1990)° studied the dynamic response of horizontally
curved multi-spine box girder bridges of a different spans. Results for the impact factors
formed the basis for those currently used by AASHTO Guide Specification for
horizontally curved highway bridges for curved multi-spine box girder bridges.
( Huang, et al, 1997) ° developed a procedure to investigate the dynamic response of
thin-walled curved box girder bridges due to truck loading and to get their basic impact
characteristics, the results indicated that most impact factors of torsion and distortion

much larger than those of vertical bending response.

( Senthilvasan, et al, 2002)" studied the dynamic response of twin box girder
bridges under the passage of a heavy vehicle at different speeds. Strains and deflections
were recorded. It was noticed a good agreement for the values of dynamic factors with
the analytical bridge-vehicle interaction model and the values those obtained by design
codes. (Gong and Cheung, 2008)® evaluated the dynamic response for box girder
bridges by using finite element method. The bridge-vehicle interaction is affected by
many factors such as vehicle speed, road roughness, damping of the bridge and vehicle
and the dynamic characteristics of the bridge. Parametric study has been carried out to
investigate those factors that influence the bridge-vehicle interaction.

(Amanat and Hossain, 2010)° presents an investigation of the dynamic responses of
the cantilever slab of a concrete box girder bridge subjected to moving traffic loads. The
dynamic deformation responses of the bridge are evaluated for different vehicle speeds.
Dynamic amplification factors (DAF) are evaluated by comparing the tip deflection of
the cantilever slab found from dynamic analysis to the same obtained from static
analysis, and the effects of vehicle speed and span length on DAF were found to be
significant.

(Kim et al , 2014)!° studied the dynamic responses of a high speed railroad steel
composite bridge experimentally. Measured responses show that the vertical
displacements of tested bridges all satisfy requirements for passenger comfort, but
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vertical acceleration responses were also found to be very close to the limit value for
traffic safety. It was found that most of the excessive acceleration responses occurred
when the passing speed of the train is close to the critical speed which causes resonance.
Also, the dynamic amplification factor varies with the change of the damping ratio.

(Rezaie et al 2015)!* examined the bridge under the passage of six heavy vehicles at
different speeds so as to determine its static and dynamic responses. The bridge vibrates
at a fundamental frequency of 2.6 Hz intensively and the first mode of vibration is
torsional instead of flexural. (CHEUNG et al, 1999) ? analyzed the vibration of a multi-
span non-uniform bridge subjected to a moving vehicle. Passive tuned mass damper
(PTMDs) was used to decay motion of train-induced vibration on the bridge. The results
show that only .5% (PTMDs), can reduce the vertical acceleration of the bridge by 40%.

2. METHODOLEGY OF MOVING LOAD ON SIMPLE BEAM

To study the dynamic response for simple beam, Consider a concentrated load Po
travel along a beam of span L with constant speed Vo . At the any instant t the load Po is
at a distance a=Vot from the left support as shown in Fig. 1, flexure rigidity of the beam
El.

a=V0 t

El L
Fig .1. Simple beam excited by moving load

The load distribution at this instant can be written by the harmonic series (Volterra and
Zachmanoglou, 1965)*2 as:

P (x,t) = (2P0/L)[S|n(7N Ot)s,m( )+S|n(27N Ot)sun(27’><)+ 1)
sm(?’ﬁ‘/ Ot)sln(?’”X ) I ]
Let c0 = C 0 so Equation (3.28) will be,
P (x,t)= (2P0/L)[sm(cot)sm( )+S|n(2wt)5|n(2”x) (2)
sm(3wt)sm(3fx)+ ......... ]
Thus, the response of the beam can be obtained as:
s sin(™* sin 27X

U(x,1) (28("' X " L : [Sin(Z)t)—(ﬂ)sin(a)nt)]-FLL}

SRRt o 2-(22 )

@n @n 3
37X
_ - sin(=—)

[sin( 2t) —( =2—) sin( 22wnt ) +———L—[sin( 3w t) - (—) sin( Bont) +....}

2mn 3 (30)) 3wn

This series give the dynamic deflectlon at any point through simple beam subjected to
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moving load and can be further used to simulate the moving vehicle through the
bridges.

3. EXAMPLE

Timoshenko simple beam is modelled with span L=40 m, E= 29.43GPa, Shear
Modulus G=12.26GPa, weight per unit length m = 36056 Kg/m, cross section area
A=7.94 m?, moment of inertia 1=8.72 m*, damping ratio {=0.03, and shear coefficient k
= 0.41, (Younesian, 2008)* The fundamental frequency of simple beam can be
obtained by (Chopra, 2002)* as:

2
w =7 fﬂ (4)
n L 2\'m

This value is very close the values obtained by (Younesian, 2008)'* and the value
extracted from ABAQUS as shown in Tab. (1).

Tab. 1 Values of natural frequency obtained by three methods
Flexure Beam Theory ABAQUS Younesian

16.45 rad/s 18.8 rad/s 16.09 rad/s

This beam was reused by F. Javid (2011)*® with damping ratio (=0.0/. The velocity
chosen in this study was 20 m/s and the load magnitude was 200 kN. The critical
velocity obtained by (Volterra,1965)*° as:

Vo=wnl/ (5)
The beam was simulated by ABAQUS Standard to extract the natural frequency as
shown in Fig. 2 a, b. The next step, ABAQUS Explicit with Vdload Subroutine was
used to model the moving load through the beam, Rayleigh Damping is necessity in the
analysis of dynamic integration method to obtain quantitatively accurate results.
Rayleigh Damping factors can be obtained by using Eq.(6), (7) for the first and the
second mode natural frequency. The result indicate a good agreement obtained by F.
Javid, as shown in Fig. 3.

a =2 {wi vj ] wi+wj (6)
p= 20 wi+w (7)
a =0.121813, S =0.000375
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Fig .2 a, b First and second natural mode of the beam
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Fig. 3. Deflection of the beam by ABAQUS Explicit and comparison with Javid
results.

4. EXPERIMENTAL VERIFICATION

Experimental testing of a small-scale twin steel box-girder bridge specimen has been
incorporated in this paper to investigate the static behavior in linear and nonlinear range.
The experimental work was done by (Pham, 2016)!. Each box-girder was designed to
have two internal diaphragms at the supports and two cross-frames at every one-third
length of the main span and one internal cross frame 600mm away from the cantilever
end. The specimen cantilever length was 3048 mm. All detailed information of the

specimen as shown in Fig. 4, 5.

Fig Error! No text of specified style in document.. Cross-section of the tested

specimen
Diaphragm x-bracing Diaphragm __Xcbracing
L %
3048 3048 3048 ‘ 2448 600
12190

Fig .5. Cross-bracing and diaphragm positions
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Steel plates are grade 50 steel and were assumed to have yield strength of 344 MPa and
compressive strength of concrete was 31 MPa after with 28-day for design purposes.
The reinforcements are grade 60 steel and were assumed to have yield strength of 413
MPa. Loading system used for this experiment, two actuators, a loading beam (stiff I-
beam) and steel reinforced elastomeric bearing pads. One actuator has 3558 kN capacity
and the other one has a 2001 kN capacity. Under this loading setup, one or two-point
loading scenarios can be executed. Fig .6 shows the complete specimen that was clearly
prepared to be tested.

3; . L _ ¥
Fig .6 Specimen with complete loading setup. (Pham, 2016)6

5. Elastic Test

This test was carried out on the undamaged specimen to evaluate the elastic
behavior of scaled box girder. In the elastic test, the load was applied to the specimen
through 50 x 25 x 900 mm? loading pad(s). The applied loads were selected to be 222
kN over each box in order to ensure the responses of the specimen to be in a linear
range under undamaged condition. The maximum displacements for east and west
girder were 8.05, 8.23 respectively. Fig.7 illustrates the elastic loading condition.

100 kips 50 kips 50 kips

$

A A ' U U |
100 1> & 15 West East
Fig .7 Schematic description of elastic test (Pham, 2016)*6
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6. Ultimate Test

The ultimate load test was carried to capture the nonlinear behavior of box girder bridge
as well as maximum capacity at the moment of bridge failure. The bridge specimen was
tested under a full-web fracture damage condition. The load was applied through a
displacement-controlled hydraulic ram, over the damaged girder at the mid-span
location. The specimen reached its maximum capacity at 687 kN with 63 mm. of
displacement, the discerption of ultimate test illustrated in Fig .8.

2”x9”x36” Loading Pad

F N

| —

A . A
i ' West East
10’ 15’ 1 15’ !

Full-Web Fractured

Fig. 8. Schematic description of ultimate test (Pham, 2016)6
7. Finite Element Modelling
ABAQUS, a finite element modeling software simulation. Material nonlinearities were
taken into account when modeling both steel and concrete behavior. The steel materials
were assumed to have multi-linear isotropic hardening responses. The concrete was also
modeled as a multi-linear isotropic hardening material. The contact areas between the
steel girder or the deck and pads were also taken into consideration in modeling.
The steel plate girder was modeled using 4-node shell element, S4R with six degrees of
freedom at each node. The stiffeners and the interior diaphragms were also modeled by
S4R elements. However, the interior and exterior cross-frames and lateral bracings were
modeled by using A 2-node linear beam B31 in with six degree of freedom at each
node. The concrete deck was also modeled using S4R with six degrees of freedom at
each node. The perfect plastic behavior was assumed when the stress exceeded vyield
stress, Von Mises plasticity was incorporated.
The steel plates, steel bracing members, and steel reinforcement were A709 Grade 50
steel and young’s modulus, E= 250750 (MPa) while the steel reinforcement bars were
A706 Grade 60 reinforcement and young’s modulus, , E= 300900 (MPa) . The stress-
strain curves of the steel plates and rebar shown in Fig. 9, and 10 are approximations of
typical stress-strain curves of A709 Grade 50 steel and A706 Grade 60 steel
reinforcements under uniaxial tension load.
Class Il concrete mix with 28-day strength of 31 MPa. The average of all concrete
compressive strength cylinder tests was 54 N/mm?, and this is the value used in
respective simulated finite element models. The average tensile strength of concrete was
found to be 3.75 N/mm?. Concrete compressive behavior was constructed using Eq. (8)

(Pham, 2016)% as suggested by Hognestad (1951). With the ultimate strain (£,=0.003),

modulus of elasticity, 33000 N/mm?. The stress-strain curve of concrete under uniaxial
compressive force is graphically illustrated in Fig. 11.

Sfe=/fo (2% el & - (s]a)?) (8)

where,
fc = concrete compressive stress at given strain (N/mm?)
fc' = concrete compressive strength (N/mm?)
g = ultimate strain (mm/mm)
g =strain (mm/mm)

66



600

A
o o
o o

Stress MPa
w
3

0 0.02 0.04 0.06 0.08 0.1 0.12
Strain

Fig. 9. Stress-strain behavior of steel plates (Pham, 2016)*
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Fig. 10. Stress-Strain Behavior of Steel Rebar (Pham, 2016)*
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Fig. 11. Stress-strain curve for concrete
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Defining plasticity data in ABAQUS require to determine true stress and plastic strain.
True strain is defined as:

6 = 6nom (I +8nom) (9)
The relation between true strain and nominal strain is defined as:

€ true = In(l +8nom) (10)
Thought, the relation between plastic strain and true strain can be demonstrated as:

& plastic = € true - 6/E (ll)

The steel plate girder-concrete slab interface was modeled by interface elements
available within the ABAQUS element library. Using penalty coefficient formulation
with friction coefficient .3. Hard contact used to define contact in normal direction. In
addition, the two surfaces cannot penetrate each other. The shear forces across the steel
plate girder and concrete slab are transferred by the mechanical action of headed stud
shear connectors. The headed stud diameter was 19 mm and a height 100 mm and were
placed at 200 mm longitudinally welded in the top flange. The load-slip characteristic of
headed stud has been conducted from pushout test analysis. Pushout was performed to
investigate the nonlinear behavior of 9 shear studs welded in steel flange and embedded
in concrete, the results indicated in Fig. 12, and 13

S, Mises :
(Avg: 75%) U, Magnitude
+5.904e+02 - +2.057e+00
+5.414e+02 +1.890e+00
+4.924e+02 +1.722e+00
| +4.434e+02 4 +1.555e+00
+3.944e+02 = :%gg?e+88
— +3.454e+02 221e+
+2.964e+02 +1.053e+00
+2.473e+02 Ig?gégg%
+1.983e+02 M
+1.493e+02 Bisso
*%'288'3*8% +2.170e-01
+5. e+ :
+2.286e+00 +4.969e-02

Fig. 12. Pushout test results model for 9 shear stud

150

100

load-kN
w
N

-100
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-150

Fig .13. Load-Slip curve for one stud
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The finite element analysis results are compared to the experimental data on selected
tests. Fig. 14, and 15 indicates a 3-D finite element model for the two cases of
loading .The comparison will be for the displacement at the mid-span section. The
vertical displacements at the center of the bottom flange of both girders at the mid-span
section are compared with those obtained from experimental tests, Fig. 16, and 17. The

results shows a good agreement with those obtained from the experimental results, as
shown in Fig. 18, and 19.

Fig .14. 3-D finite element model for elastic test

Fig .15. 3-D finite element model for Ultimate test
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Fig. 16. Vertical displacement for elastic test
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Fig. 17. Vertical displacement for Ultimate test
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Fig. 18. Comparison between F.E results and experimental for load-displacement
at the bottom of intact girder flange
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Fig. 19. Comparison between F.E results and experimental for load-displacement
at the midpoint of the deck at mid span

8. FINITE ELEMENT MODEL FOR STRAIGHT BOX GIRDER

BRIDGE

A full-scale 3D finite element model for composite box girder bridge was built by
commercial finite element program ABAQUS. Three main parts should be simulated to
figure out the dynamic response of the box bridge. First, The static procedure that will
be simulated by using ABAQUS Standard. Second, extracting of fundamental frequency
of the bridge. Free vibration analysis and the frequency perturbation procedure will be
also simulated by using ABAQUS Standard. The last, the dynamic analysis for the box
girder bridge subjected to different speed and the comparison with the static load. The
static procedure will be simulated by using ABAQUS Explicit. The study include
symmetric and non-symmetric loading conditions. The loading truck was according to
Eurocode BS EN 1992-22 which used in evaluating the fatigue of bridges.

Parametric studies were performed on single span straight box girder bridge. The
objectives of the finite element model were to examine the influence of the truck speed
on the structural response. Establish a data base for the impact factors, for maximum
stresses and deflection for the design purposes. Investigation the effect of loading
mechanism on the dynamic amplification factor for the maximum stress and deflection
in addition the peak value of acceleration for mid-span bottom flange point.

9. Bridge Description

Full scale composite box girder bridge with span of 40m and practical range of span-to-
depth ratio was nearly 22. The deck of the bridge was concrete of thickness 22.5 cm
connected with two cell steel box girder by shear stud connector. Fig. 20 indicates the
geometry of the bridge cross section.
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Fig. 20. Geometry of composite box girder
Exterior diaphragms were provided outside the box girders at each support. The
end diaphragm thicknesses were taken to be the same as those of the webs. The depth of
the diaphragms was taken the same as the depth of the steel box. Intermediate cross
bracings with upper top chords were placed at a spacing of 6.6 m to resist torsion. Fig.
21 shows positions of the internal cross bracing and the exterior diaphragms.

Diaphragm x-bracing Diaphragm
\ e
ool 6600 | 6600 | 6600 | 6600 | 6600 | 6600 ||, &
1 40000 |

Fig. 21. Positions of x-bracings and diaphragms

The steel plate girder, the stiffeners and the exterior diaphragms was modeled using 4-
node shell element, S4AR with six degrees of freedom at each node. However, the
interior and cross-frames and top chord bracings were modeled by using a 2-node linear
beam B31H in with six degree of freedom at each node. The concrete deck was also
modeled using C3D8R, an 8-node linear brick, reduced integration with eight degrees of
freedom at each node. Steel rebars were modelled by using a T3D2, a 2-node linear 3-D
truss element. The moduli of elasticity of concrete and steel were taken as 27 and 200
GPa, respectively. Steel girders had a specified minimum vyielding stress of 350 MPa.
Compressive strength for concrete was 54 MPa. Possion’s ratio was taken as 0.2 for
concrete and 0.3 for steel. The densities for concrete and steel was 2400 Kg/m?®, 7800
Kg/m? respectively. The material is considered an isotropic, elastic and homogeneous
for both steel and concrete. Boundary constraints with hinged support at the end of the
bridge. The second was, the roller support at other end. The contact between upper steel
flange and the bridge deck can be modelled tie constraint option to ensure full
interaction between the concrete deck slab and the steel cells.

The loading was represented by the fatigue truck that used in Eurocode BS EN 1992-2:
2003, Table 4.7 and 4.8, with a total weight 390 kN. Fatigue truck was used for
simulating the live load acing on the bridge. The idealization of the truck and the axle
position and the magnitude of wheel loadings Fig. 22 a, b
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Fig. 22 a, and b. Fatigue load vehicle according to BS EN 1992-2: 2003

The truck were positioned at different cases of loading. Where, the truck take the form
of symmetric and non-symmetric loading position as shown in Fig. 23 a, and b.

< ==

7 M 1

a. symmetric loading b- non symmetric loading
Fig. 23 a, and b Mechanism of symmetric and non-symmetric loading

In order to model moving truck running statically with a constant velocity through
ABAQUS Standard, Dload subroutine was written through FORTRAN and linked with
ABAQUS by the compatibility between FORTRAN compiler and ABAQUS Standard.
The tire was simulated as a moving plate with dimensions 0.32x0.22 m? that is similar
to the dimensions of tire presented by BS EN 1992-2: 2003. the speed was taken for the
static moving load, 40 m/sec®. Time history analysis was performed to evaluate the
maximum Von Mises stresses and maximum deflection for the point located at mid-
span for bottom flange. Fig. 24, and 25 illustrate the results of stress and deflection for
truck moving with constant speed 40 m/sec? for symmetric and non-symmetric loading
mechanisms. The results indicate that changing load position had a slight difference of
stress and displacement.
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a. symmetric loading b. non-symmetric loading
Fig. 24 Static Von Mises Stresses -Time history of girder bottom flange at mid-
span v=144 (Km/h)

Time (sec)
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Displacement (mm)

BDisplagment (mm)
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=
S

a. symmetric loading b. non-symmetric loading
Fig. 25 a, and b Static Displacement-Time history of girder bottom flange at mid-
span v=144 (Km/h).

10. Natural Frequency Extraction

Free vibration linear dynamic analysis was performed to extract the natural frequency of
the composite girder bridge. Fig. 26 a, and b indicate the first and second mode of
deformation. The results of ABAQUS are very close to the result obtained by using
flexure beam theory equation, (Chopra, 2002)* as shown at Tab. 2

Tab. 2 Comparison between the natural frequency obtained by ABAQUS and
Flexure beam theory
Flexure beam theory ABAQUS

10.658 rad/s 10.47 rad/s
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a. Mode 1 — Frequency 1.668 Hz b. Mode 2 — Frequency 4.605 Hz
Fig. 26 a, and b First and second fundamental frequency of the simulated bridge

11. Dynamic analysis

The forced-vibration analysis was carried out to study the effects of truck speed on the
stress, displacement, and the peak acceleration at the bridge bottom flange. To obtain
accurate values and more fast solution, dynamic explicit integration method was used.
Explicit schemes obtain values for dynamic quantities at t+At based entirely on
available values at time t. Material densities must be included at the model with
consistent units for ABAQUS. The study includes the vehicle motion with various
speeds, 36, 72, 108, and 144 Km/h. In order to simulate the moving truck over the
bridge, Vdload user subroutine was written in FORTRAN to define the moving wheel
loads as a function of position, time, and velocity. 8 VVdload subroutine were written for
the four speeds in both symmetric and non-symmetric loading conditions. Each
subroutine can be customized for the specific truck weight and speed. The wheel loads
were applied as a uniformly distributed pressure over the contact area. Figure 5.10 a, b
indicate the moving tire plate in both symmetric and non-symmetric loading
mechanisms.

a. symmetric loading mechanisms b. non-symmetric loading mechanisms.

Fig. 26 a, and b Figurel.1 a, b. Idealization of truck position in ABAQUS
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The results include the comparison between the static and dynamic responses for the
displacement and stress at both cases of loading. The study was conducted by moving
the truck with the specified speeds as shown in Fig. 27 to 38. The results indicate that

the velocity affect significantly on the impact factors and the peak accelerations.
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Fig. 27. Displacement-Time history of girder bottom flange at mid-span
(v=144 Km/h)
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Fig. 28. Displacement-Time history of girder bottom flange at mid-span

(v=108 Km/h)
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Fig. 29. Displacement-Time history of girder bottom flange at mid-span
(v=72 Km/h)
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Fig. 30. Displacement-Time history of girder bottom flange at mid-span

(v=36 Km/h)
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Fig. 31. Acceleration-Time history of girder bottom flange at mid-span
(v=144 Km/h)
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Fig. 32. Acceleration-Time history of girder bottom flange at mid-span

(v=108 Km/h)
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Fig. 33. Acceleration-Time history of girder bottom flange at mid-span
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Fig. 34. Acceleration-Time history of girder bottom flange at mid-span
(v=36 Km/h)
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Fig. 35. Stress-Time history of girder bottom flange at mid-span

(v=144 Km/h)
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Fig. 36. Stress-Time history of girder bottom flange at mid-span (v=108 Km/h)

5000
4500
4000
3500
3000
2500
2000
1500

stress (kN/m2)

1000

500

Time (sec)

—e— dynamic

static

6000

5000

—e— dyna
mic

2.5

Time (sec)

a. Symmetric loading

b. non-symmetric loading mechanisms

Fig. 37. Stress-Time history of girder bottom flange at mid-span (v=72 Km/h)
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Fig. 38. Stress-Time history of girder bottom flange at mid-span (v=36 Km/h)
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12. Dynamic Impact Factor

The effect of truck speed on impact factors is examined under symmetric and
non-symmetric loading conditions, while the truck speed is selected within the
maximum allowable safe speed. Tab. 3 shows the effect of truck speed on the Stress,
and deflection, for both cases. It can be clearly observed that the truck speed has a
significant influence on impact factors. The impact factors increase significantly with
increase in the truck speed for symmetric and non-symmetric loading mechanisms.

Tab. 3 Values of DAFs for Displacement and Stress at different speeds

Symmetric loading

Speed (Km/h) Static Dynamic DAF
144 Displacement (mm) 11.68 16.9 1.44
Stress (KN/m?) 3650 5012 1.37

108 Displacement (mm) 11.68 15.9 1.36
Stress (KN/m?) 3650 4852 1.33

72 Displacement (mm) 11.68 15.85 1.35
Stress (KN /m?) 3650 4677 1.28

36 Displacement (mm) 11.68 13.6 1.16
Stress (KN /m?) 3650 4175 1.14

Non-symmetric loading

144 Displacement (mm) 11.59 16.8 1.45
Stress (KN /m?) 3527 4977 141

108 Displacement (mm) 11.59 15.72 1.36
Stress (KN /m?) 3527 4785 1.35

72 Displacement (mm) 11.59 155 1.33
Stress (KN /m?) 3527 4550 1.29

36 Displacement (mm) 11.59 12.4 1.06
Stress (KN /m?) 3527 3888 1.10

13. Effect of Vehicle Speed on peak acceleration

The maximum peak accelerations at various vehicle speeds, 36, 72, 108 and 144 km/h,
were considered in the analysis. It can be observed that the accelerations are higher,
generally, for non-symmetrical loading. In addition the speed increase with higher
speeds. The peak acceleration occurred at a vehicle speed of 144 km/h. However, for
symmetric loading, increasing the vehicle speed above 72 km/h, the peak acceleration
increased. However, for vehicle speed 144km/h, the peak acceleration was lower than
those obtained for vehicle speed of 108 km/h. the peak value occurred at vehicle speed
of 108 Km/h as shown in Fig. 39, and 40.
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Fig. 39 Relation between the Peak Acceleration and Vehicle speed for symmetric
loading mechanism
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14. Conclusion

1. The fundamental frequency is the main characteristic aspect when the study
of dynamic analysis.

2. Dynamic explicit integration method is more suitable method to simulate
such complex structures of long span and linear and nonlinear analysis in
addition to consuming the time and the cost of analysis.

3. Artificial damping has a small effect for suppression the vibration when
comparing the obtained results with or without damping.

4. The DAF;s increase with the increase of truck speed.

5. The truck position did not effect on the DAF; for displacement. However for
stress the results was slightly different.

6. The peak acceleration increase with higher speeds for non-symmetric
loading conditions and was bigger than the values obtained by the symmetric
loading conditions.
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