IJRET: International Journal of Research in Engineaing and Technology elSSN: 2319-1163 | pISSN: 2321-7308

EXPERIMENTAL STUDY ON BENDING BEHAVIOUR OF TRIANGUL AR
WEB PROFILE STEEL BEAM SECTION

Fatimah De’nant, Nor Salwani Hashinf

'Senior Lecturer’Phd StudentSchool of Civil Engineering, Universiti Sains Mad&gy, 14300 Nibong Tebal, Penang,
Malaysia,fatimahdenan@yahoo.com, wani_a02@yahoo.com

Abstract
A triangular web profile (§WP)steel sectioiis a section made of two flanges connected to radsteweb. The web and the flanges
can be produced from different steel grades depgndn design requirements. The flanges width aiudnless is determined based
on the depth of the section. The web is corrugateggular interval into triangular shape along thength of the beam. This paper
describes an experimental study on the bending \ehan major (L) and minor (}) axes of Triangular Web Profile {WP)
compared to flat web (FW) steel sections. Two tydesizing involved which is 200x100x6x3mm and 186x5x2mm section.
Each of beam section was modeled using severabspah as 3m, 4m and 4.8m. It was observed thaikit\P section had a higher
stiffness about minor axis compared to that of R@élssection but has lower stiffness about majas.akhe analyses results show
that the flexural stiffness forgWWP1 is 0.794 times thg of the flat web steel section (FW1). Meanwhile, fllexural stiffness for
TeWPL1 is 1.429 times thedf the flat web steel section (FW1). The findifegssection {WP2 found to be similar to that ogWP1.
For the section FWP2, it was observed that the value,adfl T, WP is 0.780 times thg &f FW steel section which is less than that of
FW. The § of TjWP is 1.393 times the of FW steel section which is more than that of $téél section.
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1. INTRODUCTION or yielded web cripples followed by vertical bergliof the
flange into the crippled web. The failure of thdssams is
found to be dependent on the loading position amdugation
parameters where it can be a combination of the
aforementioned modes (Elgaaly et al., 1997). THugher
studies should be conducted to obtain a cleareerstahding
about this issue.

This paper discusses the determination of the seomment

of area on minorl{) and major k) axes of a triangular web
profile (TxWP) steel section (see Figure 1). The second
moment of area values in major and minor axes eaedsily
calculated for a normal flat web (FW) plate gird&his is
because the web is flat and uniform in profile tlgloout the
length. For a {; WP steel section, the calculation of the second
moment of area is difficult due to the corrugatbdpe of the

web. The early studies have been done by Elgaaigtnis the corrugation parameters was investigated by slohand
concentrated on the vertically trapezoidal corriegat He Cafolla (1997) and were further discussed in thwitings.
investigated the failure mechanisms of these beander While, Luo and Edlund (1996) addressed the diffeesnin
different loading modesuch as bending mode, shear mode | oqjts hetween an experimental and analyticalyaisalwas
and compressive paich loads. It was found thafafiere of due to a consideration adopted in modeling. Theydothat
beams under shear loading is due to local buckim¢he web the ultimate strength of a Ramberg-Osgood strafdeming
for coarse corrugation and global buckling on thebwfor model is 8-12% higher than an elastic—plastic maalbbut

dense corrugation (Elgaaly et al., 199B)ey also found that 7% reduction of ultimate load was contributed by fesence
the conftrlbunon of the web profile could be neghetln_the of local imperfection and global imperfection daest have
calculation of the second moment of area of the Ta#/tion, much effect. While the corner effects due to calthfing has
due to its insignificant contribution towards theam load- an insignificant effect on the ultimate strengttheTultimate
carrying capability (Elgaaly et al., 1997). Howevér was strength is found to be 20% and 40% lower whenite koad

found that the web might have a contribution toward a5 applied in comparison to uniform distributedchaload

increasing the second moment of area. with patch length of 50 and 115.2 mm, respectivdlite

highest value of strength obtained when the giisléwaded at
the centre of the oblique part of corrugation ane kbwest
value was obtained at the centre of the flat faekides that,
girders with larger corrugation angle and thickeebwand

Besides that, the two distinct modes of failureanttie effect
of patch loading were dependent on the loadingtiposand

Nevertheless, under compressive patch loads, twtindi
modes of failure observed. These involve the foimnabf
collapse mechanism on flange followed by the weppting
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flange have higher ultimate strength or ultimateeash
capacity. In addition, the experimental tests catetl by
Zhang et al. (2000) and Li et al. (2000) was fouhat the

(a) Isometric view

corrugated web beam has 1.5-2 times higher buckling
resistance than the plane web beam.

T - flange thickness
B - flange width

&, - web thickness
d - depth of web

D - overall depth
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(c) Side view

(d) Section view

Fig -1: Shape and dimensions of a typical TRIWP sectiinuféts are in mm)

In order to use corrugated plates in the webs efidirder, it
is important to understand the flexural and toraldrehaviors
of the I-girder with corrugated webs. However, gsgdon
such behaviors are scarce. In particular, dedpéiémportance
of lateral-torsional buckling, it has been addrddsg Sayed-
Ahmad (2005) and Moon (2009) in their papers.

Abbas et al. (2006) developed a theoretical fortiuaof the
linear elastic in-plane and torsional behavior ofraegated
web I-girders under in-plane loads and further thgcal,
experimental, and finite element analysis resutsttie linear
elastic behavior of corrugated web I-girders ungémary
bending moment and shear, focusing primarily on the
phenomenon of transverse flange bending Abbas €G07).

However, steel beam with corrugated web such ge@Edal
web have been widely used in recent years. Therefonew
type of steel section namely triangular web profilgWP)
will be studied in this paper to know the signifitaffect to
bending behaviour as the transverse stiffeners il
eliminate and slanting stiffeners will be introduice Tg WP
steel section.

2. THEORY

When a point loadP, is applied at the mid span of a simply
supported beam, the maximum deflectiai., for elastic
condition, of the span can be calculated as:

Omax = PL? 1
Where,

I =second moment of area

P =applied point load

L =span of beam

E =elastic modulus of steel

o0 = vertical deflection at mid span

A linear relationship between the loaH) (versus deflection
(o) graph will represent the value of constant caonitay .
Since the lengthL) and Young ModulusK) for all models are
known, thel value for the {WP steel section can be obtained
from the slope of £ plot obtained from experimental study.
If two beams with the same material and length, rdi® of
their moments of inertia; land b, will lead to (rearranging the
Equation 1):
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(5),

Il:P_XIZ (2)

5),

Thus, if finite element analysis for they WP and FW stee
sections are performed, the second moment of i, for a
TrIWP section about any axis can be determined prd\tice
second moment of arela,of FW section of that axis is know
using Equation 3.

P
(E)T RIWP

Itpowp = —p — X Ipw 3)
@)

The values of the flexural stiffnes®/§) for the corrugate
steel section such as trapezoidal web profig WP and FW
sections can be obtained from tRed graphs plotted fror
appropriate bending analysis.

3. EXPERIMENTAL STUDY
3.1 Introduction

The detail dimensions of the test specimens arengiv Table
1. The load deflections results were then usedbtaio thel,
andl, value of the kWP steel sections.

3.2 Bending Test Equipment and S-Up

The specimen was laid down about major axis with keb
facing up for thel, bending (see Figure 2). All type
specimens was simply supported at both ends. Thenbs
restrainedrom moving sideways to make sure that the b
undergoes a vertical bending. This is to make thatthe tes
was carried out in bending only without any lateakional
buckling effects. Five vertical displacement traumsets
labelled as LVDT1, LVD2, LVDT3, LVDT4 and LVDT5
respectively were located under the bottom flarngeDT3
was placed at the centre of the specimen, whidieisw the
loading point. As a guide to make sure the loadipplied a
centre position, LVDT2 and LVDT4 were located 3mm
from LVDT2, and LVDT1 and LVDT5 was placed 180 n
from each end. Figure 3 and Figure 4 show the A
conditions of the test for FW2 ancgyWP2 steel section in
minor and major axis, respectively. The loadingcess wa
monitored using a load cell jced under the hydraulic jack
and all data were collected and recorded by daigel

Table -1: Dimensions of WP and FW steel section specim

Case

Type of
section

Fwi

200x100x6x3mt

L=3m, 4m, 4.8 m

TrWP1

200x100x6x3mt

L=3m, 4m, 4.8 m

FW2

180x75x5x2mr

L=3m, 4m, 4.8 m

TrWP2
180x75x5x2mr

L=3m, 4m, 4.8 m
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Loading Frame
] — 3\

» Hydraulicjack

— Lateral restraint

» Load cell
» Platen

Pin A [ 0 [ 0 0 Roller
support /77 LVDT 1 LVDT2 LVDT 3 LVDT 4 LVDT 5 support
e e et Pt 4P
100 180 varies 300 300 varies 180 100

Fig -2: The test instrument arrangement

(b) Specimen under bending about minor axis (b) Specimen under bending about minor axis

Fig -3: The actual test set up (FW1-Section 200x100x6x3 Fig -4: The actual test set upgTVP1-Section 200x100x6x3 mm)
mm)
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3.3 Test Procedures

Bending tests were performed in different rangespain such

as 3000 mm, 4000 mm and 4800 mm. The initial sgathe
beam was 3000 mm. As the lod was increased, the
corresponding deflections at LVDT3 were recordedhe T
readings of vertical deflection at LVDT2 and LVDWere
taken to act as a control, to ensure that theipasitf the point
load, P, was at mid span. Meanwhile, LVDT 1 and LVDT 5
are to ensure that no deflection occurs near thk cénthe
span After the deflection data was recorded, the sugpodre
adjusted to 4000 mm span respectively, and the same

procedure was carried out for 4800 mm span as shawn
Figure 5. By using the data logger, the readingvatical
deflection was first set to zero. At every loaddethe reading
of vertical deflection was recorded. The test wagpped at
1/3 of design moment capacity before the elastmaciy of
the specimen was exceeded. The load applied whe atntre
of the beam (concentrated load), and the vertiefiedtion of
beam specimens were measured at mid span (LVDT8. T
deflection of LVDT2 and LVDT4, and LVDT1 and LVDT5
are found to be almost the same.

LVDT2 LVDT3 LVDT 4 LVDT5
100, 180 (Varies) 300 300 (Varies) ;180 100
4 >a—>i« ] > ] »a—>e
) L span -

Fig -5: The position of LVDTSs for the bending test (alitgrin mm)

4. RESULTS AND DISCUSSION

The maximum deflection results of experimental gtioat FW
and Ty WP steel section are summarized in Table 2 andeTabl
3. In this study, the deflections about major dwis Tz WP
steel section is more than that of FW steel sedfl@ble 2(a)
and Table 3(a)). However, deflection about minois a®r
TrWP steel section is less than FW steel section as
summarized in Table 2(b) and Table 3(b). It medrad the
TrWP steel section is stiffer compared to FW steetice
about minor axis. In other word,xWP steel section has a
higher resistance to bending about minor axis tRéh steel
section.

Table -2: Deflections for R WP1 and FW1 steel section
(Section 200x100%x6x3)

Point load 14 kN about major axis

€Y

Span| Srpwe | Orw SrHEORY
(mm) | (mm) | (mm) (mm)
Equation 1
3000 | 4.403| 3.088 2.908
4000 | 8.806 6.924 6.894
4800 | 14.616| 13.100 11.913

(b) Point load 3 kN about minor axis
Span STRIWP Srw SrHEORY
(mm) | (mm) | (mm) (mm)

Equation 1
3000 | 5.536| 8.057 8.071
4000 | 12.789| 17.283 19.130
4800 | 22.015| 32.776 33.060
Table -3: Deflections for g WP2 and FW2
(Section180x75x5x%2)

(a) Point load 8 kN about major axis
Span | 8rpwp | Srw SrHEORY
(mm) | (mm) | (mm) | (mm)

Equation 1
3000| 4.951| 3.636 3.281
4000 | 9.811| 7.856 7.777
4800 | 16.754| 13.502 13.440

(b) Point load 1 kN about minor axis
Span STRIWP Srw SrHEORY
(mm) | (mm) | (mm) (mm)

Equation 1
3000 | 5.280| 7.710 7.654
4000 | 14.452| 18.343 18.140
4800 | 21.230] 30.858 31.346
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Table 4 and Table 5 show the flexural stiffnessiltesabout
major and minor axis respectively forg WP steel section
compared to FW steel section for both sizes. Thalyaas
result show that the flexural stiffness fogxWP1 is 0.794
times thel, of the flat web steel section (FW1) (see Table 4).
Meanwhile, the flexural stiffness forgWP1 is 1.429 times
thel, of the flat web steel section (FW1) (see Table 4).

The findings for section gWP2 found to be similar to that of
TrWP1. For the section gWP2, it was observed that the
value ofl, of Ty WP is 0.780 times thk of FW steel section
which is less than that of FW (see Table 5). Thhw TRWP is
1.393 times thdy, of FW steel section which is more than that
of FW steel section (see Table 5).

Table 4: Percentage differences of flexural stiffness faMP1 and FW1 steel section (Section 200x100x6x3)

Flexural stiffness (kN/mm) p
Lengih  |[P. P 75 )
O 7 m
Position (mm) Ol e Olew b
iz,
FW1
Major 3000 3.180 4534 0.701
axis 4000 1.590 2.022 0.786
4800 0.958 1.069 0.896
Average 0.794
Minor 3000 0.542 0.372 1.457
axis 4000 0.235 0.174 1.351
4800 0.136 0.092 1.478
Average 1.429

Table 5: Percentage differences of flexural stiffness fpMP2 and FW2 steel section (Section180x75x5x2)

Flexural stiffness (kN/mm) p

%)
Position Length (Fy) P ) i

(mm) O/ g wp1 O/rw1 [P ]

iz
FwW2

Major 3000 1.616 2.200 0.735
axis 4000 0.815 1.018 0.801
4800 0.477 0.593 0.804
Average 0.780
Minor 3000 0.189 0.130 1.454
axis 4000 0.069 0.055 1.255
4800 0.047 0.032 1.469
Average 1.393

In summary, the deflection about minor axis foy\WP for
both sizes is less than FW steel section. It mehas the
TrWP steel section is stiffer compared to FW steelice
about minor axis. While the deflections about magjgis for
TrWP is more than that of FW steel section.

CONCLUSIONS

Therefore, this study is reliable for investigatitihg bending
behavior about minor and major axis. The laboratesting
results indicated that the deflection about minais afor
TrIWP steel section is less than FW. It means th&/P steel
section is stiffer compared to FW steel sectionuabuinor
axis. In this regard, WP steel section has a higher resistance
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to bending about minor axis than FW steel section.
Meanwhile, the deflections about major axis fgf\WP steel
section is more than that of FW steel section.dans that the
FW is stiffer than kWP steel section about major axis. It can
be concluded that the introduction of slantingfetiérs shows
higher resistance in bending behavior compare & df
corrugated section by using trapezoidal web.
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