Proceedings of the 4" World Congress on Civil, Structural, and Environmental Engineering (CSEE’19)
Rome, Italy — April, 2019

Paper No. ICSECT 143

DOI: 10.11159/icsect19.143

Effect of Corrugation Angle in Strength of Trapezoidal Corrugated Web
Steel Built-up Beam

Dhruv Narola!, Anuj Meena!, Kanika Meena?!, Apurva Dave!
!Pandit Deendayal Petroleum University
Gandhinagar, Gujarat, India
dhruvnarolal998@gmail.com; anuj.mcv15@sot.pdpu.ac.in; kanika.mcv15@sot.pdpu.ac.in; apurva.dave@sot.pdpu.ac.in

Abstract - The aim of this research is to find out the effect of corrugation angle in trapezoidal corrugated web steel built-up beam via
experimental data of load vs. deflection curve, load carrying capacity, central vertical deflection and lateral displacement on simply
supported beam by the application of point load at the center of the beam. Prepared specimen by using hot rolled steel plate having
thickness 1.2 mm for the flange and 0.2 mm for the web for varying corrugation angle. Three different corrugation angles as a 25°,30° &
35% were taken and compared its effect on the load carrying capacity and central maximum deflection of the beam. The experimental data
is compared with the finite element method based software ANSYS and it was found that the experimental data agreed with ANSYS
results.

Keywords: Corrugated web, trapezoidal, Corrugation angle, simply supported condition, point load, load carrying capacity,
central vertical deflection and Lateral displacement.

1. Introduction

The I-section beams are commonly used in structural steel works. The web usually bears most of the compressive stress
and transmits shear in the beam while the flanges support the major external loads [6]. Thus, by using a greater part of the
material for the flanges and thinner web, materials saving could be achieved without weakening the load-carrying capability
of the beam [7]. As the compressive stress in the web has exceeded the critical point prior to the occurrence of yielding, the
flat web loses its stability and deforms transversely. This could be improved by using the corrugated web, an alternative to
the plane web [1]. The main benefits of this type of beams are that the corrugated webs increase the beam’s stability against
buckling and sufficient reduction in weight with light gauge elements [4, 8], which may result in an economical design via
the reduction of web stiffeners. In addition critical moment also increases by 40% with trapezoidal corrugation of the web
[9]. The use of trapezoid web has also found to lower the stress concentration at the web-flange welded connection and hence
increase the fatigue strength [10]. The corrugated steel webs fail due to shear buckling or yielding, and three different shear
buckling modes (local, global, and interactive) are possible depending on the geometric characteristics of corrugated steel
webs. However, for I-girders with corrugated steel webs, the bending is the major design aspect, and it is crucial to thoroughly
understand the flexural-torsional buckling of the I-girder with corrugated steel webs [3].In this paper study carried out on the
impact of corrugation angle on Load-carrying capability and deflection of beams with trapezoidal web corrugation.

2. Material and Method
2.1. Test specimens

Three models of steel built-up beams with varying corrugation angle of the trapezoidal corrugated web were selected
for the experimental tests and designated as TCW-1, TCW-2and TCW-3. The detail dimensions and specification of these
test specimens are given in Table.1 and illustrated in Fig.1. The flanges were made from galvanized iron hot rolled sheet of
85 mm wide and 1.2 mm thickness and webs were made from the same material but width 155 mm and thickness of 0.2 mm.
The flange and web were joined with L-section using resistance spot welding. The electrode tip diameter was 12 mm and 3
weld spots were placed per L-section at 50 Ampere current.
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Table 1. Test specimens dimension.

Profile Length of | Lengthof | Corrugation | b(mm) d(mm) a(mm) h(mm)
web(mm) | flange(mm) angle(a)
TCW-1 910 860 25° 115 75 80 35
TCW-2 910 860 30° 115 60 70 35
TCW-3 910 860 35° 115 50 60 35
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Fig. 2: Trapezoidal Corrugated Web Beam.
D=155mm

Fig. 1: Section of beam.
Fig. 3: Dimension of web.

2.2. Test Setup

A test rig was designed as the base support for the test specimens and providing the three-point bending condition
as shown in Fig. 5. The rig is rigid and undistorted under the action of loading. The test set-up consists of the hydraulic
jack with digital display having capacity of 30KN.

2.3. Loading and Measurement

The tests on the specimen under bending load were carried out in Structure Laboratory of Pandit Deendayal
Petroleum University. The specimens were simply supported with a span of 860 mm long and a concentrated load was
applied on the center of the top flange using a manual hydraulic jack and load shell. The dial gauge with the least count
of 0.01 mm was used to measure the displacement in vertical as well as in a horizontal direction. Gauges were installed
to measure vertical deflection at the mid-span of the beam, also installed to measure the lateral displacements at the
middle of the steel web in center span. In addition, gauges were located at the supported bottom flange in the vertical
direction at one-fourth of the span length and at an upper flange at one-fourth of the span middle section in the lateral
direction, to ascertain the uneven settlement and to check lateral torsional twist of the beam as shown in the fig. 4.
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Fia. 5: Test setun.
Fig. 4: Alignment of dial gauge.

3. Results

The comparison between TCW-1, TCW-2 and TCW-3 for their load carrying capacity, central vertical deflection and
lateral deflection is shown in Fig. 6, 7 & 8. It shows that as the Corrugation angel increases (25°,30°35°) there is a
considerable strength increase against bending and lateral torsional buckling. It was found that corrugated web with
35° corrugation angle has 32% and 10% higher load carrying capacity then 25° and 30° respectively. While making specimen
there could be a possible error due to improper weld bid, whereas while taking reading of deflection, there could be human
error while reading analog dial gauge.

Table 2: Experiment Result.

Profile Load carrying Central Lateral displacement | Lateral displacement
capacity(N) Vertical (Gauge 1)(mm) (Gauge 6)(mm)
Deflection(mm)
TCW-1 245 4.02 3.76 3.17
TCW-2 325 4.13 3.90 3.41
TCW-3 360 3.85 2.12 2.67

—r=TCW-1
=l=TCW-2

=—le=TCW-3

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Deflection(mm) Deflection (mm) Deflection (mm)
Fig. 6: Load vs. Central vertical deflection. Fig. 7: Load vs. lateral displacement Fig. 8: Load vs. lateral displacement
(Gauge 1). (Gauge 6).
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4. Conclusion

In this research, the strength of trapezoidal corrugated web steel built-up beam with different corrugation angle has
been studied. When the vertical load applied on the center of the beam it results in compression in upper flange and
tension in lower flanges of the section. Tension flange supports member to stay straight whereas the compression flange
tries to deflect laterally from its original position. From the above results, we can conclude that lateral displacement
occurred in the compression flange. In TCW-3 profile less lateral displacement observed than TCW-1 and TCW-2. Here
the compression flange is free to displace laterally and rotate. When an applied load causes both lateral displacement
and twisting of a member lateral torsional buckling has occurred. The lateral torsional buckling affected by the distance
between the shear center of the beam and location at an application of load. From the above results, we can interpretate

that with an increase in the corrugation angle in the strength of the beam.
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