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A B S T R A C T

A parametric study of cold-formed steel sections with web openings subjected to web crippling under interior-
one-flange (IOF) loading condition is undertaken, using finite element analysis, to investigate the effects of web
holes and cross-sections sizes. The holes are located either centred beneath the bearing plate or with a
horizontal clear distance to the near edge of the bearing plate. It was demonstrated that the main factors
influencing the web crippling strength are the ratio of the hole depth to the depth of the web, the ratio of the
length of bearing plate to the flat depth of the web and the location of the holes as defined by the distance of the
hole from the edge of the bearing plate divided by the flat depth of the web. In this study, design
recommendations in the form of web crippling strength reduction factor equations are proposed, which are
conservative when compare with both the experimental and finite element results.

1. Introduction

Most design specifications for cold-formed steel structural mem-
bers provide design rules for cold-formed steel channel sections
without web holes; only in the case of the North American
Specification for cold-formed steel sections [1] are reduction factors
for web crippling with holes presented, covering the cases of interior-
one-flange (IOF) and end-one-flange loading (EOF), and with the
flanges of the sections unfastened to the support. This strength
reduction factor equation, however, was limited to thicknesses ranging
from 0.83 mm to 1.42 mm. In addition, in the North American
Specifications, the holes are assumed to be located at the mid-height
of the specimen having a longitudinal clear offset distance between the
edge of the bearing plates and the web hole.

In the literature, for the IOF loading condition, Yu and Davis [2]
previously considered the case of both circular and square web open-
ings located and centred beneath the bearing plate with the flange
unfastened to bearing plate. It should be noted that the test arrange-
ment reported did not use the newly established IOF testing procedure
[3] in which back-to-back channel-sections specimens were loaded, but
instead used two channel -sections connected through their lips.

Nevertheless, these tests remain the only reported tests in the literature
for the IOF loading condition where the holes are located and centred
beneath the bearing plate. For circular holes a total of 10 tests were
reported, all tested with a bearing length of 89 mm. A strength
reduction factor equation was proposed but was limited to the
aforementioned bearing length.

Again for the IOF loading condition, LaBoube et al. [4] have also
considered the case of a circular hole that has a horizontal clear
distance to the near edge of the bearing plate, but only for the case
where the flange is fastened to the bearing plate. The strength
reduction factor equation proposed by LaBoube et al. [4] was subse-
quently adopted by the North American Specification (NAS) [1] for
cold-formed steel sections.. Other similar work described in the
literature include that of Sivakumaran and Zielonka [5] who considered
rectangular web openings located and centred beneath the bearing
plate under the interior-one-flange loading condition, and Zhou and
Young [6] who proposed strength reduction factor equations for
aluminium alloy square sections with circular web openings located
and centred beneath the bearing plates under end-and interior-two
flange loading conditions.

Strength reduction factor equations have recently been proposed by
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Uzzaman et al. [7–10] for web crippling strength of cold-formed steel
channel -sections with circular holes in the web under the end-two-
flange (ETF) and interior-two-flange (ITF) loading conditions. Recent
research on web crippling of cold-formed steel channel-sections, other
than that by Uzzaman et al., who again considered only the two-flange
loading conditions, has not covered the case of holes [11–14].

Experimental and numerical investigations have been discussed in
the companion paper [15] for the IOF loading condition. In this study,
non-linear finite element analysis (FEA) is used to conduct parametric

studies to investigate the effect of circular holes; as shown in Fig. 1,
these holes are either located centred beneath the bearing plate or
having a horizontal clear distance to the near edge of the bearing plate.
The cases of both flange unfastened and fastened to the bearing plate
are considered. The general purpose finite element program ABAQUS
[16] was used for the numerical investigation. Based on the test data
found in the companion paper [15], both for the case of channel-
sections without holes and with holes, and the numerical results
obtained from this study, an extensive statistical analysis was per-

Nomenclature

A Web holes ratio;
a Diameter of circular web holes;
bf Overall flange width of section;
bl Overall lip width of section;
COV Coefficient of variation;
d Overall web depth of section;
dhole Clear distance between holes;
ded Clear distance between holes;
DL Dead load;
E Young's modulus of elasticity;
FEA Finite element analysis;
Fm Mean value of fabrication factor;
fy Material yield strength;
h Depth of the flat portion of web;
L Length of the specimen;
LL Live load;
Mm Mean value of material factor;
N Length of the bearing plate;
P Experimental and finite element ultimate web crippling

load per web;
PBS Nominal web crippling strength obtained from British

Standard;
PEuro Nominal web crippling strength obtained from European

Code;
PEXP Experimental ultimate web crippling load per web;
PFEA Web crippling strength per web predicted from finite

element (FEA);
PNAS Nominal web crippling strength obtained from North

American Specification;
Pm Mean value of tested-to-predicted load ratio;
R Reduction factor;
RP Proposed reduction factor;
ri Inside corner radius of section;
t Thickness of section;
VF Coefficient of variation of fabrication factor;
VM Coefficient of variation of material factor;
VP Coefficient of variation of tested-to-predicted load ratio;
x Horizontal clear distance of the web holes to the near edge

of the bearing plate;
X Web holes distance ratio;
θ Angle between web and bearing surface
β Reliability index;
ϕ Resistance factor.

Fig. 1. Interior-one-flange loading condition.
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