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ABSTRACT

Secondary bending momeM,; is particularly occurs to corrugated web or beam
with trapezoid web profile (TWP) subjected to imipe shear force which causing flange
of TWP beams to bend in lateral direction. Therefdtange will experience double
axial bending (bending in major and minor axis).isThesearch was to seek the
relationship of secondary bending moment coeffici€a) with the geometry of TWP
beam i.e. web deptld), web thicknesst(), corrugation depthh(), the width of flat sub-
panel p), and corrugation anglex). To achieve this objective, an experimental work
and also finite element have been conducted tafcland to give clear understanding
on My; and also to compare results from experiment amtefelement analysis (FEA).
Based on result of lateral deformation comparisetwben flat plate and TWP, due to
inclined panel of corrugated web, TWP beam possesendary bending moment. In
this study, analysis on the secondary bending mbomas made only on finite element
results. The experimental result was found unridiam conclusion, the geometrical
properties of TWP give very significant effects tre secondary bending moment
except for the web thickness. The incrementirofandb were identified to increase the
C, values while, the increment dfanda were proved to reduce tii® values of TWP.
Furthermore, the analysis using TWP without flangénite element was found to be

more appropriate.
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ABSTRAK

Momen lekukan keduaM;) hanya terjadi pada rasuk yang memiliki web yang
berkerut atau web berbentuk trapezoid (TWP) yankerdikan daya ricih yang
menyebabkan bebibir mengalami lenturan pada aratdabar. Oleh kerana itu, bebibir
mengalami lenturan dua paksi (lenturan pada pakgpmdan paksi minor). Kajian ini
dilakukan adalah untuk mengetahui hubungan pekathen lekukan kedu&() dengan
geometri TWP seperti ukur dalam wat), (ketebalan wehty), ukur dalam kerutarh(),
lebar sub-panel yang rath)( dan sudut kerutarx). Untuk mencapai objektif tersebut,
eksperimen dan analisis unsur terhingga telahadikegin untuk memberikan pemahaman
yang jelas terhadad,: dan juga untuk membandingkan keputusan daripasiaeeknen
dan analisis unsur terhingga (FEA). Berdasarkaradtepasil keputusan perbandingan
lenturan mendatar antara plat rata dengan TWPhalis@&an terdapat panel yang serong
pada web, didapati hanya TWP yang mengalami momlarkédn kedua. Dalam kajian
ini, analisis tentang momen lekukan kedua hanyakdikan pada hasil keputusan unsur
terhingga. Hasil keputusan eksperimen didapati mi@ngan. Kesimpulannya, geometri
TWP memberikan impak yang ketara terhadap momark#ékkedua kecuali ketebalan
web. Pertambaharr, dan b telah dikenalpasti meningkatkan nil&@, manakala
pertambaham dana telah terbukti mengurangkan nil@, TWP. Dalam pada itu juga,
analisis menggunakan TWP tanpa bebibir adalah ledribesuaian.
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CHAPTER |

INTRODUCTION

1.1 General

Beam with corrugated web is one of the enhancemantsteel structural
technology to eliminate some of the disadvantagasguordinary form of steel beam
structure. This form of beam was introduced toroe the use of steel section in the
structures. The used of corrugated web has alldaresmaller member to carry greater
load, greater span, and greater strength-to-wegjltt and offers naturally architectural

design element with its own aesthetic quality.

Despite of having stiffness in order to increase theam web capacity,
corrugated web also is another alternative to erdatter beam section in order to
increase load capacity of the section. The corrogatprovide stability to the web,
eliminating the need for the transverse stiffertbeg have a primary influence on the

shear strength of conventionally stiffened flat vpddite girders.

Beam with trapezoidal web profile (TWP) consiststwb flange welded to a
steel web that is corrugated as shown in Figure Edr this beam, the type of
corrugation is trapezoid; however it could be ihestform such as sinusoidal, triangular,

and rectangular or any other repeating shape.



This type of structure is still on ongoing reseamch only in Malaysia but also in
other country in order to utilize the use of higerfprmance steel in structures. There
were already many research in corrugated web wifthrent types of scopes include
research on flexural behavior (Abbas et al. 2086ar behavior (Driver et al. 2006)

fatigue life (Sause et al. 2006) and also on fabieo procedures (Sause 2003).

Apart from what have been mentions before, theee ailot of benefits and
advantages of having TWP beam as a structural eler8everal of the advantages are
as follows:

i. The corrugated profile provides kind of continuogsiffening in the
transverse direction and eventually permit the afsthin plates to achieve
high carrying capacity.

ii.  Reduction about 20 to 50% of weight compare to lamntgapacity with flat
webs

iii.  Smaller weight-to-strength ration induce largeraclepan and resulting to
cost savings.

iv.  The Fatigue strength of beam with corrugated welfilprcan be increase up
to 50% compare to beam with flat webs that are entionally stiffened.

In this research, the focus will be on the effettsecondary moment on the
beam. For ordinary I-beam, there are no significefiects of secondary moment
because of the uniform cross-section along the bddmvever, for the beam with
trapezoid web profile, the effect of secondary moimeery significant due to un-
uniform cross-section of the web along the beane 3écondary bending moment will

be elaborate in detailed in another chapter.



1.2 Problem Statement

The introduction of beam with trapezoid web profileNVP) has bring a lot of
benefits in optimizing the used of steel sectiorapEzoidal web profile has promises
greater beneficial solution in engineering practiddowever, this trapezoidal profile has
produce new force called secondary bending monMgY Wwhich is not presented in the
beam with flat web profile. The information’s abdhis still not clearly documented and
adequate and still on ongoing research especialth® experimental approaches. There
were few of researchers focusing about finding rcledormation about secondary

bending moment but only based on finite elemenlyaiga

The determination of the behavior bl based on the geometry of the TWP
beam such as web depth, flange thickness, flandethveind so on using finite element
analysis without having comparison with the actesult from experimental work will
only resulting lower confident results. The onlyngmarison make by them is with the
German table properties for corrugated web sectised by the manufactures in
ensuring the result obtained is acceptable. Furtbe, the formula in determining
coefficient of secondary bending mome@t)(from previous research still need some
adjustment in order to make it more simple and cotable to be used.

Therefore, it is crucial to implement experimenaadrk and analysis together

with finite element analysis to improve or to sugpesults from previous researches.

1.3 Objective of Study

The research based on experimental works and gitet@ent analysis which has
be conducted was to provide more information andetstanding about the problem

mention before and also to address several maectgs as follows:



1. To determine actual secondary bending momMdgptof TWP beams from the
experimental works and finite element analysis.

2. To seek relationship between secondary bending moooefficient,C, with the
geometry of TWP beam

3. To make comparison between actual results fromrexpatal works and finite

element analysis.

1.4 Scope of Study

The scope of the study covers the determinatidatefal reaction in the flanges
of TWP beam subjected to shear loading by expetiahemd finite element analysis.
Lateral reaction obtained will determine the se@spdending moment coefficient,
for TWP beams according to several parametric shabed on the geometry changes
and eventually determine the secondary bending mgnwk:. Parametric study was
being carried out by varying the TWP beam geomasriollow:

)] Web depth

i) Web thickness

1)) Corrugation depth

iv) The width of flat sub-panel

V) Corrugation angle

There was also a Comparison on the resultS,andM,; from the experimental
with the finite element analysis which was basedhenseveral parameters used in this
study and also by the previous studies. Therefdi@a obtained from previous

researches was also being taken into account.



Figure 1.1: Steel beam with trapezoid web profile



