
Proceedings of the
Annual Stability Conference

Structural Stability Research Council
Atlanta, Georgia, April 21-24, 2020

Geometric imperfection measurements of cold-formed steel members using
a portable non-contact 3D laser scanner

Yu Xia1, Hannah B. Blum2

Abstract

This paper focuses on geometric imperfection measurement for a thin-walled cold-formed steel
channel section by non-contact 3D laser scanning technique. A press-braked 600S250 channel
member made from a 1.8-mm thick dual phase cold-formed steel sheet was used to illustrate the
methodology. The member was scanned by the Artec Leo, a hand-held non-contact scanner, and
the scanned data was post-processed into a dense point cloud data. The measured imperfection
data was categorized into common types of imperfections, including both global (twist, bow and
camber) and local (flare and crown) imperfections. Finite element simulations of channel members
under compression with different lengths were conducted with three different imperfection profiles:
no imperfection, sine-shape wave imperfection, and scanned imperfection. A customized program
was coded to transform the scanned 3D point cloud data into nodal coordinates of the channel’s
finite element mesh to represent the measured imperfections. The resulting ultimate loads and
deflections were compared for the three initial assumptions of initial imperfections.

1. Introduction

Thin-walled structures, including cold-formed steel framing, are sensitive to and affected by geo-
metric imperfections. The forming process results in geometric imperfections, and for press-braked
members the manufacturing accuracy depends not only on the quality of the press brake machine
but also the skill of the technician. Characterizing imperfections is crucial for the design and anal-
ysis of thin-walled structures because the strength and stiffness of members are sensitive to these
initial imperfections. As a common practice, the geometric imperfection is characterized as dif-
ferent types, including global: bow, camber and twist, and local: flare and crown, by calculation
between true and design geometry. For the characterized imperfection, many standards (ASTM
C955 2018, AISI 2015, European Committee for Standardization 2018, European Committee for
Standardization 2009) established limitations to control the baseline of manufacturing quality.

Previous researchers have used various methods to measure true member imperfections. Dat (Dat
and Peköz 1980) designed a plan to measure both local and global imperfections for CFS members.
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Two methods using telescopic method were used for measuring long columns rested vertically or
horizontally, and another method using dial gauge was used for measuring short columns. Young
(Young 1997) introduced the measurement method of CFS channels by using contact displacement
transducers. One of the most popular methods of geometry capture is laser measurement and it
has been used in many previous researchers on this topic. Niu (Niu, Rasmussen, and Fan 2015)
measured a set of back-to-back bolted double-channels by an imperfection measuring rig. For each
member, the geometry data was measured cross section by cross section along the member length
by a movable non-contact laser scanner. Zhao (Zhao and Schafer 2016) designed a Laser-Based
Imperfection Measurement Platform to measure a series of channels and zees. The laser was fixed
on a circular hollow section and this section was free to move along member longitudinal direction
and free to rotate its center, where the member was placed. The scanning was also accomplished
cross section by cross section. Selvaraj (Selvaraj and Madhavan 2018) designed a non-contact
laser scanning equipment consisted of a laser gun and scanning arms, which allowed the scanning
direction of laser gun to move and rotate freely. Traditionally, 3D laser scanning of members are
conducted in a stationary rig prior to testing in the lab to characterize the initial imperfections.

This paper introduces the application of geometric imperfection measurement by a new hand-held
non-contact 3D laser scanner, Artec Leo. Compared with previous studies, the hand-held scanner
does not require any specific position of the member to be measured, which means the member can
be placed at any location where lighting condition is satisfied, including inside a testing rig while
under load. Also, it has a large range of scanning, and can therefore measure structural members of
different dimensions and shapes. A press-braked channel member was used to illustrate the entire
process including scanning, scanning post-processing to point cloud, point cloud post-processing
to imperfection characterization. Finally, the scanned data was imported into a series of finite
element models and the impact of the initial imperfection assumptions on the strength capacity of
a channel column was studied and compared to columns without imperfection and with sine-shape
initial imperfection.

2. Measurement setup

The hand-held 3D scanner, Artec Leo, was used in this study. It has a 3D point accuracy up to 0.1
mm and a 3D resolution up to 0.5 mm, while its 3D accuracy over 1 meter is as small as 0.03%.
Its furthest range of linear field of view is 838 mm � 488 mm, and its largest angular field of view
is 38.5� � 23�.

A lipped channel member formed from a 1.8 mm thick dual-phase cold-formed steel sheet was
used in this study. The member was constructed by press-braking a section of steel sheet in the
Sheetmetal Shop at UW-Madison. The design web depth of its outer surface was 152.4 mm, the
design flange width was 63.5 mm and the design lip depth was 15.875 mm. The inside radius of
corner regions was designed by Eq. 1 (in mm) (the original equation was in inch) per the Product
Technical Guide (Steel Stud Manufacturers Association 2015). Therefore, the design bending
radius was 2t = 3:6 mm. The design member length was 1067 mm.

r = max(381=160� t=2; 1:5t) = 2:7 (1)
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