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ABSTRACT

This paper presents numerical and experimental modeling of the static response of simply supported thin-walled
reinforced concrete box girder bridges. The work is executed to verify the validity of sofiware developed by the
authors for the finite strip analysis of continuous thin-walled box girder bridges and also to observe the effect of
flange width on the static response of these type of structural elements under service load from experimental and
numerical studies. The laboratory load/deformation relationship is presented in the form of deflection ratios that is
displayed alongside the finite strip analysis results of the same loading condition. The results obtained from the
laboratory experiment and the sofiware showed very good agreement and are, averagely, 21.5% and 19.5% higher
than that of the beam theory solution respectively. Verification of the software with published solutions is also
conducted, The results from the developed software showed very good agreement with literature in terms of
deflection and stress distributions. These results suggest that the effect of shear deformation, which is more
significant on deflection than on stresses, increases with increase in flange width and that the developed software is
capable of capturing the general behavior of thin-walled box girder bridges.

Keywords: model experiment; numerical analysis; flat shell strips; and reinforced concrete thin-walled sections.

1. INTRODUCTION

The main objective of experimental studies in thin-
walled box girder bridges is to examine the validity of
theoretical formulations, computer programs, existing
methods of elastic analysis and to investigate the
behavior of box girder bridges Sennah and Keneddy
[1]. Few experimental investigations in box girder
bridges have been conducted in comparison to the
numerous analytical studies Kulicki [2]. In addition
many of the experimental
laboratory tests while few authors Huang, Huang and
Huang et al.[3, 4, 5] have reported on field testing of
existing box girder bridges.

The first objective of this work is to conduct
experiment to determine the effect of flange with on

studies focused on

the static response of thin-walled reinforced concrete
box girder bridges under service load and compare
the obtained results with that of a software developed
by the authors for the same loading conditions. The
second objective is to verify the developed software
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with published solutions. The third objective is to
compare experimental results and that of the
developed software with the beam theory solutions.
Based on the numerical and experimental results, the
final objective of this develop
recommendation for subsequent experiments and
analysis of these types of structural elements.

In this paper a report of numerical and experimental
modeling of the static response of thin-walled
reinforced concrete box girder bridges is given. The
work is executed to verify the validity of a software
developed by the authors for the finite strip analysis
of continuous thin-walled box girder bridges and also
to observe the effect of flange width on the static
response of these type of structural elements under
service load from experimental and numerical studies.
The model experiment is conducted to the study of the
effect of flange width on the static response of thin-
walled reinforced concrete box girder bridges under
service loads. The experimental results obtained are

work is to
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compared with those of analysis of the same loading
conditions, which are obtained by the application of a
software written in MATLAB mode by Ezeokpube [9]
for the finite strip analysis of continuous thin-walled
box girder bridges. Flat shell strips for continuous
structures are used in the finite strip formulations of
the developed software. To further test its validity, the
developed software is used to determine the static
response of a simply supported thin-walled reinforced
concrete box girder bridge subjected to eight point
loads, whose analysis were previously
presented by Cheung et al. [7]. The results obtained
with the software are compared to those obtained by
Cheung et al. [7].Since the result of the experiment and
that of the finite strip method will naturally include
the effects of shear deformation, it is also important to
compare these results with that of the beam theory
solution which does not include the effects of shear
deformation. Therefore, the beam theory solution is
used as the benchmark.

results

2. BACKGROUND OF STUDY

The basic background information in this work focus
on the following: I) previous studies on experimental
and numerical modeling of box girder bridges; II)
developments on the thin-walled cross-section theory
which is the basis for choosing dimensions of
specimen in experimental studies of such structural
elements; and III) service loads and deflection ratio.

2.1 Previous Studies

Among previous studies, Nakai et. al. [8] tested four
Plexiglas, box-girder models of the same span length,
radius of curvature, and central angle but with
different numbers of intermediate diaphragms to
verify the results obtained from thin-walled beam
theory. Shanmugam and Balendra [9] conducted
experimental studies on the elastic behavior of two,
Perspex, multi-cell bridge models - one with solid
webs and the other with web openings. Results from
analytical solution, using the grillage technique and
the finite element method, compared favorable with
the experimental values for deflections and flange-
edge stresses. Shanmugam and Balendra [10] tested
elastically two, Perspex, cellular models of different
span-to-radius ratios subjected to different loading
conditions to examine the results obtained from a
finite-element modeling.

Lou et. al. [11] investigated the shear lag phenomenon
of box girders using three Perspex glass models. The
experiments addressed two issues, the beam-column
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action and the effect of varying depth upon the shear
lag of box girders. In general the experimental results
match reasonably well with the numerical predictions.
However, there are noticeable differences. In some
cases, the differences in the stress predicted by the
finite element method and the experimental results
can be as high as 25%. Luo et al. [12] developed a
finite segment model to calculate the shear lag effects
for box girders with varying depth. Multiple
longitudinal displacement functions were used to
derive the stiffness matrix and the nodal force vector
of the segment element. The shear deformation of the
web was taken into consideration. A Perspex glass
model of a three-span continuous box girder with
varying depth was tested to verify the validity of the
proposed method.

Huang [4] conducted full scale field tests and analysis
on the Veteran’s Memorial curved steel-box Girder
Bridge. Tests and analytical results show, among other
things, that the current AASHTO guide specifications
regarding the first transverse stiffener spacing at the
simple end support of a curved girder may be too
conservative for bridge load capacity rating. Zhang et
al. [13] proposed a new type of streamline girder
(lenticular cross-section) bridge with a thin-walled
steel box girder. The aim of the study was to
investigate the effect of shear lag in thin-walled box
girder bridges with large width-to-span ratios through
experimental and numerical studies. The simulation of
the computation results compared well with the
experimental results. Xu et al. [14] carried out
experimental study on double composite action in the
negative flexural region of two-span continuous
composite box girder. Two continuous composite
girders were designed to study the mechanical
properties in concrete crack, formation of sectional
plastic hinge, load-carrying capacity, etc. Results of the
analysis indicated that double composite action made
concrete crack development slower in service stage.
Hodson et al. [15] carried out a static live-load test of a
typical box-girder bridge. Based on the results of the
parametric study using the calibrated finite-element
modeling scheme, a new equation, which more
accurately predicts the exterior girder distribution
factor, was proposed. Lu et al. [16] presented a model
test of 1/3¢ scale and numerical finite element analysis
(FEA) on the mechanical behavior of a typical
composite box girder bridge. The results of the finite
element analysis were in good agreement with those
of the tests in terms of strength and stiffness. Guo and
Chen [17] presented the long-term stress monitoring
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on several fatigue-prone details of Fort Duquesne
Bridge, a 40-year old steel bridge built in 1969 across
the Allegheny River in Pittsburgh, Pennsylvania. Based
on the study a probabilistic fatigue assessment
procedure was proposed, which combines the long-
term SHM (Structural Health Monitoring) and the
LEFM (Linear Elastic Fracture Mechanics). It was
conclude that some unique bridge details could be
evaluated with regards to their fatigue reliabilities,
using the proposed procedure.

2.2 Developments in Thin-Walled Cross-Section Theory
In conducting laboratory experiment on thin-walled
sections, the criteria for choosing the dimensions of
the specimen are governed by the thin-walled cross-
section theory which has been excellently outline by
Kurian and Menon [18]. They are itemized below:

(DAccording to Vlasov’s [19] criterion for thin-walled

sections:
Thickness of Web < 1
Depth of Web — 10

Depth of Section 1

Length of Section — 10

(II) Maisel and Roll [20] revealed that the first
criterion {i.e. (I)} is usually not satisfied for
concrete box girders.

(III) Survey by Swann [21] showed that the most
commonly used Single-Cell thin-walled Box Girder
Bridge structures, with constant cross section, are
rectangular in cross-section with a Width to Depth
ratio of around 2 and with flange over hangs.

(IV) Span to Depth ratio of medium sized bridges lies
in the range of 13 - 30 [18]. Here the larger values
correspond to continuous spans and smaller
values correspond to simply supported bridges.

(V) In the experimental studies conducted by
Rasmussen and Baker [22] on concrete box
girders, to develop a thin-walled section that
obeys the thin-walled theory, the following ratios
were chosen:

Thickness of Web 1
Depthof Web 7

Thickness of Flange 1
Width of Flange 10
(VD) In the experimental studies by [18] the following
ratios were used:
Thickness of Web 1

1
Depthof Web 8.3 <7

an
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Thickness of Flange 1 1

Width of Flange ~ 15 10’

Depth of Cross Section 1 1

Length of Specimen ~ 10.6 T

Width

Depth

Hence, the chosen dimensions of their [18] specimen

obey the thin-walled cross-section theory and

represent a scale of 1/5 in relation to the prototype
bridge usually used in practice.

= 1.80 (close to 2)

2.3 Service Loads and Deflection Ratio

In this work, concentrated loads are applied to the box
girder bridge models to represent the effect of wheel
loads or service loads. In practice, wheel loading
induce concentrated loads on bridge decks. In the
immediate vicinity of the point of applications of each
of the concentrated loads, response profiles with very
high peaks are produced [17]; Loo and Cusens [23].
This is termed local effect. Investigation of local effects
is outside the scope of this work. The overall rather
than the local behavior of the bridge is the overriding
consideration. Such local effect is avoided by using a
two point loading system in which the response is
recorded at the center of the bridge which is located
mid-way between the two concentrated loads.

The structural is analyzed
investigate the maximum response of a simply
supported box girder bridge at mid-span. The
response result could be given in the form of
deflection ratio. Lertsima et al. [24] defined deflection
ratio as the ratio of the deflection due to finite element
analysis to that due to the beam theory solution. In
that case the finite element result is taken as the

model in order to

actual solution because it includes the effects of shear
deformation. In this work, the response obtained by
experiment and that obtained by the finite strip
method are assumed to be actual because they include
the effects of shear deformation. The beam theory
solution does not yield the actual response because it
does not include the effects of shear deformation.
Therefore, the deflection ratio is better defined as the
ratio of the actual deflection to that of the beam theory
solution.

3. MATERIALS AND METHODS

Several options exist for numerical solutions of thin-
walled box girder bridges of which the most versatile
is the finite element method. However, for bridges
having regular geometric plans and simple boundary
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conditions, a full finite element analysis is often both
extravagant and unnecessary

Halkude and Akim, [25]. The cost of solution can be
high and usually jumps by an order of magnitude
when a more refined higher dimensional analysis is
required Cheung [26]. In such a case a finite strip
analysis is found to be highly economical and less time
consuming. Hence the numerical approach adopted in
this work is the Finite Strip Method.

3.1 Finite Strip Formulations for General Case of End
Support Conditions

From energy consideration of a plate strip and plane

stress strip, the strain energy U and the potential

energy of external loading W give the following

relations where the subscripts b and p denote bending

and in-plane respectively:

ZZZW f f [By 11Dy [By]ndxdy(8,}n (1)

m=1n=

S e [ [ hrrace vatazay @
m=1 0 -0

Equations (1) and (2) can be expressed as equations
(1) and (2):
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ol f f (B, 7. [Dy](By]ndxdy )

Dol = f f (N7 q(x, ) Yu@)dxdy (6
0 0

Also, the strain and potential energy can be expressed
as:
U, =

= 22:1{610}; foLfob[Bp]:n[Dp][Bp]ndde{‘sp}n (7)
L5 i N A g T

Equations (7) and (8) can be expressed as equations
(9) and (10) respectively

(8)

wviijummg} ©
——Emmmg (10)

where, "
k)] =t j f [B,,]T [D,][B,] dxdy (D)
o}, f f [Nol,, {p, } dxdy (12)

A box girder bridge or a prismatic folded plate
structure can be analyzed using the flat shell strip,

=5 Z Z{Sb}m (kp lmn i3 3) which is formefi by comb.in.ing the plate §trip a.nd
m=1n= plane stress strip so that it is capable of simulating
both the bending and in-plane deformations. In the
_Z{6b}m{pb}m (4) flat shell strip, the stiffness matrix, displacement
where, m=1 vector and load vector for a finite strip are
respectively given by (13), (14) and (15).
[k1ip  Ksp 0 0 ksp  kep 0 0
ksp  kop 0 0 —kep ksp 0 0
0 0 kip ks O 0 kap  —ksp
0 0 k k 0 0 k k
Mo =le, ke 0 0 ky ks O O (13)
kep  ksp 0 0 —ksp kyp 0 0
0 0 ky ksp 0 0 kip —ks3p
L 0 0 —ksp,  kep 0 0 —k3,  kyp |
{6}m = [Wim Vim@inOimWim 17jTrLOUjTr19jm]T (14)
P¥m = [Xim YimZimMim Xjm Y}'mzijjm]T (15)
where,

The subscripts p and b in the stiffness matrix denote in-plane and bending terms respectively and the stiffness

coefficients are given by:
L Ly,
kip = t{(C1/b)f0 Yn¥ndy + (Ca b/3)f0 Ym¥adyl; ...
Ly Lyryr
kap = t{(C2/2 Um)fo YmYndy + (C4/2p—m)f0 YmYudy}. ..
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Ksp = H{(C1/b) [y Y¥ady - (Csb/6) [y Yr¥dy... (16¢)

kap = t{(C2/21m) f, YmYndy — (Ca/24m) [} YiYndy };.... (16d)

ksp = t{(C2/2un) [} Y Yndy+ (Ca/2010) [ VinYudy };. .. (166€)

Kep = t{(C3b/3pmitn) [ Y Yndy + (Ca/blmitn) [ Y Ynddy };.... (166)

k7o = H{(Ca/2hn) [y YmYady — (C/20) [, YinYady b (168)

Ksp = t{(C3b/64tmpin) [ Y Yndy — (Ca/bitmpin) [ YinYudy 3. .. (16h)

kip = (5040Dy [} Yy Yydy — 504D1b2[. Yy Y dy —504D1b2 [, Y, Yy dy+
156Dyb* [ Y Yady+ 2016Dyb2 [ Y, Yady) /420b% ... (17a)

kab = (1680Dxb2 [, Y, Y dy — 56D1b* [ Y Yody — 56D1b* [ Vi Yody+
ADybS [} Y Yndy+ 224Dsybt [} Y Y dy) /420b3;. .. (17b)

ksb = (2520Dsb [} Yy Yndy —462D1b3 [ Yy Yody —42D1b3 [ Yy Yudy +
22Dyb5 [ Y Ydy+ 168Dyyb3 [ Yy Yady) /420b3;... (17¢)

kab = (- 5040D [} Ypr Yy dy+ 504D1b2 [ Yy Yo dy+ 504D1b2 [, Yy Yuddy +
54Dyb* [ Y Yndy — 2016Dyyb? [, Yy Yady) /420b3;. .. (17d)

ksb = (- 2520Dsb [ Yy Yo dy+ 42D1b3[ Yy Yody+ 42D1b3 [ Y Yady+
13DybS [ Y Yndy —168Dyb3 [ Yy, Yady)/420b3;... (17¢)

Keb = (840Dsb2 [, Yy Yody+ 14D1b [ ¥y Vody + 14D1b* [ Yy Yady —
3DybS [ Y Yndy —56Dsyb* [ Y Yady)/420b3; ... (179

where,

L is the length of strip; b is the width of strip; t is the thickness of strip; E is the elastic modulus;

Gyy is the shear modulus and v is the Poisson’s ratio

Note that un, un are obtained from the solution of the beam vibration differential equation and
Ym, Yn are functions of pum, Un respectively.

It can be seen that the stiffness matrix for the flat shell strip contains five types of integrals, namely:
INT, = [} Yo Yody; INT, = [\ YpYody; INTs = [ Y Yady ; INT, = [ Yo Ydy;
INTs = [\ Yy Yady (18)

[t can be proved that the beam eigenfunctions possess the valuable properties of orthogonality i.e.
L

meYndy =0 form=n (19)
0

L
f Y, Yady =0 form=n (20)
0
However the integrals INT,,INT3, and INTs will not in general varnish for m # n.Consequently, the different

series terms are coupled, i.e. [K];y, # 0 for m # n,unless the strip is simply supported.

3.1.1 Equilibrium Equation
The equilibrium equation takes the form

[Kltmn{0}em = {F}em- .- (21a)
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[[k]tu (Klt11

[Klt21  [Kleza [Kltar

l[K]m [K]er2
[K]tmnis @ 4N X 4N matrix given by

[Kltmn = iszo[k]mn- .. (22)
where,

[k]t1r] {{S}tﬂ
{6}
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(P}er)
{P}e,

= (21b)

[ijJ o) \ed,)

N = Number of nodal lines
S = Number of finite strips

[K]tmnis a 4Nr X 4Nr matrix

3.2 Experimental Modeling

Two-point loading system is applied to six prototype
simply supported reinforced concrete box girder
bridge models, made in the scale1:10 with respect to
typical prototype box Girder Bridge. The specimens
are made of the same length. However, with regards to
the flange width, the specimens are grouped into three
types of two models each. So the prototype model
Type I had the widest flange width while prototype
model Type III had the least flange width. The
dimensions of the specimen are chosen in conformity
to the thin-walled cross-section theory. The set-up,
specimen and instrumentation are defined. Seven
different load cases are applied to each specimen. The
load/deformation relationship is obtained and plotted
in graphs together with the finite strip analysis results
of the same loading condition. The load/deformation
relationship is presented in the form of deflection
ratios in which the beam theory solution is taken as
the bench mark. Useful inferences are made from the
results of analyses and the graphs.

3.2.1The Prototype Box Girder Bridge Models
Six Prototype Box Girder Bridge models (the
specimens), made of reinforced concrete, are used for

the experiment. The weight of the specimens, together
with the thin-walled cross-section theory, was
considered in choosing the specimen dimensions.
800Kg is the weight carrying capacity of the movable
crane which is used for carrying and placing the
specimen for experiments and, therefore, an upper
limit of 700kg is chosen for the weight of each
specimen. So the thickness of the walls of the cross-
section has to be as small as is practically possible
with a minimum matching length. The thickness of the
web and flanges was selected as 46mm by considering
the smallest possible thickness to accommodate
15mm cover on both faces of wall with single
reinforcement mat using 8mm diameter high tensile
reinforcement bars in both
longitudinal directions. The total length of each
specimen is 3220mm with a simply supported span of
3000mm.

The chosen dimensions of the specimen conform to
the thin-walled cross-section theory and represent a
scale of 1/10 in relation to the prototype bridges
usually encountered in practice. The complete
dimensions of the Six Prototype Box Girder Bridge
models are shown in Table 1 and Figures 1 - 3.

transverse and

x 908mm 1_,
L, 204 :'6,, 204, 204 ., 204
1 T N i
— — T —
35y8 @ 95mmc/c | s
=
20y8 @ 89mm c/c S| B
- o
35y8 @ 95mm c/c L A
e |

L SO00mm L

Figure 1 Cross-Section of Type [ Box Girder Bridge Model
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Figure 2 Cross-Section of Type Il Box Girder Bridge Model

|
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k

4é

e

500mm
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Figure 3 Cross-Section of Type Ill Box Girder Bridge Model

Table 1: Specimen Dimensions (m)

Overall Length = 3.22, Span = 3.00

Top Flange Bottom Flange Web
Prototype Quantity Cantil Overall

t
Model Width antrever Thickness Width Thickness vera Thickness

Arm Depth
Type | 2 0.500 0.204 0.046 0.500 0.046 0.322 0.046
Type II 2 0.500 0.136 0.046 0.500 0.046 0.322 0.046
Type III 2 0.500 0.00 0.046 0.500 0.046 0.322 0.046

Portland Pozzolana Cement, fine aggregate, and 10mm
coarse aggregate conforming to Indian Standards (BIS,
2000) were used. The cement, fine aggregate, coarse
aggregate, and water were mixed in the proportions of
1:1.76:3.18:0.4, based on preliminary trial mixes, and
arrived at M35 grade concrete. The results of the
control specimen tests are given in Table......

High tensile rods, 8mm diameter, were used for the
preparation of the reinforcement cage in both the
longitudinal and transverse directions (see Figs. 1 - 3)
with 15mm concrete cover on both faces.

Young’s Modulus are obtained from the following
formula using Indian Standards.

Ec = 5000 Vo

Where E. is the short term static modulus of elasticity
in N/mm? (or MPa)

fok = 35N/mm?, for M35

- Ec=29,580 N/mm?

Nigerian Journal of Technology

- Use Ec=30x106KPa, or Ec = 30,000 MPa

Table 2: Strength of Concrete (N/mm?Z) --- Control
Specimen Tests

28 Days Cube Characteristic
S/No

Strength Comp. Strength

1 43.55 35.30

2 43.05 34.80

3 44.15 35.90

4 43.75 35.50

5 43.60 35.35

6 43.45 35.20

The form work is constructed with 12mm thick
impermeable plywood. Triangular wooden frames are
used as temporary bracings and supports for the form
work at the flanges and box section to improve
stability of cross-sections; minimize cross-sectional

Vol. 34 No. 4, October 2015 691
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distortions; and eliminate deflection of the flanges
during casting when no composite action is available
between the concrete and reinforcement. In addition
the formwork in the box section is made into two
detachable parts for during
dismantling operations. The instrumentation and

ease of removal

experimental setup was conducted at BITS Pilani,
India.

Two-point loading system was applied. A point load is
applied to a distributing beam which creates a system
of two point loads. The distributing beam is supported
on two steel half-cylinders which actually stimulates
the two loading points on the test specimen (see
Figure 4). The hydraulic jock, which is connected to
the loading frame, is used to generate the applied
loads (concentrated loads). Preloading was first
executed, before formal loading process, to confirm
that the specimens were in expected status and assure
reliability of all test equipments. Data related to
preloading are not listed because of specimen initial
imperfection.

The deflection of the prototype box girder bridge was
measured by a displacement transducers (LVDT)
located underneath the center of the bottom flange.
The load cells act as simple supports to the specimen

G. C. Ezeokpube, et al

Reactions at the support are measured by the load
cells. All measuring devices or cells are connected to
the Data Acquisition System.

3.3 The Finite Strip Models of the prototype box girders
Figure 5 shows the longitudinal section of a typically
loaded prototype box girder bridge while Figures 6 to
8 shows the finite strip models used in the theoretical
analysis of the prototype box girders. The developed
software programme is used for the theoretical
analysis.

4. ANALYSIS AND RESULTS

Results of the analysis are presented in Figures 9 - 14.
The beam theory solution is used as the benchmark in
the experimental study and so it had a deflection ratio
of 1.00 for all loading cases. In prototype model Type
I, made up of specimens 1 and 2, the mean value of the
experimental deflection ratios was 1.23 for each
specimen while that of the computer program
was1.22. In prototype model Type II, made up of
specimens 3 and 4,
experimental deflection ratios was 1.22 for each
specimen while that of the computer program was
1.21

the mean value of the

Load Frame

Connection to Hydraulic Jack

Load Actuator

Distributing Beam

Load Head

Specimen

Connection to Data
Acquisition System

Connection to Data
Acquisition
System

/
/’<—Load Cell

LVDT

«———Support

Figure 4 Schematic diagram of experimental setup

1 1
1.10m v 0.80m v 1.10m
# 7
3.0m

Figure 5: Longitudinal section of typical prototype box girder bridge model
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In prototype model Type III, made up of specimens 5
and 6, the mean value of the experimental deflection
ratios was 1.18 for each specimen while that of the
computer program was 1.17. From the results, the
mean values of the deflection ratio obtained by
experiment were higher than that of the program by
values less than 2%. Prototype Model Type I recorded
the highest deflection ratio.

4.1 Numerical Analysis

A simply supported concrete box girder bridge with
span L = 40 m is subjected to self-weight and eight
point forces, which are symmetrical about the mid-
span and centerline of cross-section and have
magnitude P = 50 kN each, as shown in Figs. 15 and
16. The cross-section has a top flange of thickness 0.3
m, a bottom flange of thickness 0.5 m and two webs of

thickness 0.4 m. The material properties are
E = 30000 Mpa and v = 0.15.The specific gravity
isy = 24kNm™3.
P/2
L 0.227m L 0.227m
] Ch 1 Cz
1 2 3 4 6 8 10
= f i I !
R} 51
S8
I T
- o +—+—
n 12 13

Figure 6 Finite strip model for type i (12 strips)
showing nodal lines for symmetrical half of the bridge
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P/2
L O0.159m | 0.227m
C2z2 'I Ca
1 2 3 S 7 9
I i f f
g
]
I ST
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Figure 7 Finite strip model for type ii (11 strips)
showing nodal lines for symmetrical half of the bridge
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Figure 8 Finite strip model for type iii (9 strips)
showing nodal lines for symmetrical half of the bridge

The results obtained by using the software program in
MATLAB are exactly the same with that of Cheung et
al. (1996) for the deflections (Figure 18) and
moments (Figure 20). However, minor differences
exist in the longitudinal normal stresses (Figure 19) in
which case the results in parentheses are that of
Cheung et al. (1996).
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Figure 9 Deflection Ratios for Specimen 1 (Prototype Model I)
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Figure 10: Deflection Ratios for Specimen 2 (Prototype Model I)
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Figure 11: Deflection Ratios for Specimen 3 (Prototype Model I])
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Figure 12: Deflection Ratios for Specimen 4 (Prototype Model I])
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Figure 13: Deflection Ratios for Specimen 5 (Prototype Model IIl)
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Figure 14: Deflection Ratios for Specimen 6 (Prototype Model II])
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Figure 16 Cross section of simply supported box Girder Bridge
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Table 3 Comparison with Beam Theory Solution

Maximum Longitudinal

Analytical l]\)/[a;]mr:_lm Normal Stress in Flange
eflection
Method (m) (MPa)
m
Top Bottom
Beam Theory 0.0389 -6.19 10.76
Cheunget.al.[7] 0.0414 -5.25 8.99
Proposed
0.0414 -5.26 9.05
FSMProgramme
P, =50KNx 2 P, =50KN x 2
1 2 3 4 5 7 9
| | | | 1 |
I I | I I
6
Cc
8
10 1 12

Figure 17: The finite strip model (11 Strips) showing
Nodal Lines for symmetrical half of the bridge
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Figure 19 Longitudinal normal stress (MPa)
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Figure 20 Transverse bending moment (kNm/m)

4.2 DISCUSSION OF RESULTS

The plots in Figure 9 to Figure 14 show that the finite
strip solution of the static response of the six
prototype models and that of experiment show close
agreement. Both solutions do not show any close
agreement with the beam theory solution. Also, the
finite strip solution portray a perfectly linearly elastic
response as shown in the straight line graphs where
as the plotted experimental results show similar
trends which are not necessarily straight line graphs.
The close agreement in result between the finite strip
solution and that of the experiment can be attributed
to the fact that both cases include the effects of shear
deformation. The result of the beam theory solution is
much lower than that of the finite strip and
experiment. This can be attributed to the fact that the
beam theory solution does not include the effects of
shear deformation.

The theoretical analysis results presented in Figure 18
to 20 shows that the results obtained by developed
software program are in very good agreement with
that of literature presented by Cheung et al. [7]. Table
3 shows the comparism of the maximum deflections
and longitudinal normal stresses in Figure 18 and
Figure 20 respectively, with that obtained by the beam
theory solution. These results show that the finite
strip solution obtained by the developed software and
that obtained by Cheung et al. [7] show very good
agreement and both differ greatly from the beam
theory solution. These results validate the developed
software programme.

5. CONCLUSION

Experimental studies and finite strip analysis of thin-
walled box girder bridges have been conducted and
presented herein. A software produced in
MATLAB developed by Ezeokpube [6] is used for the
finite strip analysis. Response results obtained in the
computer program and model experiment show
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excellent agreement and are, averagely, 19.5% and
21.5% higher than that of the beam theory solution
respectively.  The of bridge measuring
instruments was employed in the experimental
studies. Apart from being used to validate the
software program, the experimental studies further
increased the understanding of the physical behavior
of thin-walled box girder bridges under service load
by showing that the effects of shear deformation
increases with increase in the flange width of thin-
walled box girder bridges. So the greatest response
occurred in the prototype box girder bridge Type I
which has the widest flange while the least response
occurred in Type III which has the smallest flange.
This is a very important phenomenon in the behavior
of thin-walled box girder bridges showing that the
effect of shear deformation is highly pronounced in
wide flanged box girder bridges.

Furthermore, the prototype models had a distinct
deflection ratio which is fairly constant irrespective of
the loading. It can, therefore, be inferred that the
mechanical and geometric properties of each set of the
prototype models is consistent. This validates the
construction methods and assumptions used for
preparing the prototype models.

Based on the study, the following suggestions are
made: (1) though the program was formulated with
flat shell strips for continuous structures, it applies in
practice for use in the analysis of both continuous and
simply supported thin-walled box girder bridges, box
beams, and prismatic folded plate structures; (2) the
model experiment and numerical evaluation indicated
that the effect of shear deformation increases with
increases in flange width; and (3) by comparison with
the beam theory formulations it can be seen that the
effect of shear deformation is greater on deflection
than on stresses.

use
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