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Abstract: Lightweight modular steel structures commonly use asymmetric cold-formed thin-walled steel columns, of which the
axial compression bearing performance is significantly influenced by initial geometric imperfections. In this paper, full-
scale axial compression tests are conducted on commonly used asymmetric cold-formed thin-walled single columns in
lightweight modular steel structures, as well as on assembled columns combining long-limb and short-limb sections

with practical end bolted connections, and the influence of initial geometric imperfection is also analyzed. Before
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testing, high-precision 3D laser scanning technology was utilized to measure the geometric morphology of modular

columns before and after installation, to extract initial imperfection characteristics and obtain geometric elevation

deviations. Reverse reconstruction modeling, which transforms scanned point cloud models into finite element

models, was applied to introduce actual initial imperfections. An improved modal method was also proposed, and the

results were compared with models using traditional imperfection involvement method. The results indicate that the

initial imperfections of open-section cold-formed thin-walled modular columns can be categorized into three distinct

types. The axial compression failure modes under practical installation boundary primarily involve global flexural-

torsional buckling triggered by bending deformation of the long-limb plates. Comparative analysis demonstrates that

the reverse reconstruction modeling method effectively predicts both the failure modes and bearing capacity of

modular columns. Furthermore, the improved modal method exhibits higher accuracy in bearing capacity prediction

compared to traditional approaches.

Keywords:

modular steel building; axial compression performance; initial geometrical imperfection; laser scanning; scanned
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Fig.1 Lightweight steel modular housing and cold-

formed thin-walled steel columns (unit:mm)
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Fig. 2 Numbering and dimension of specimens (unit:mm)
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Fig. 3 Failure modes of material test specimens and

stress-strain curves
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Fig. 5 Failure modes of columns
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modular columns
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long-limbed columns

1.4 TLNERSHMTITEIT L

H A 7E A5 B R, R R s R A e R A A
HAEAHZETAREHIE W Em, e kRN 5k
ERBEIAT R R B s . L SERLTE AIST-
S100-16""F1 38 ¥ /37 P 2= ML AS/NZS 4600: 2018""
VIR & AXSHICEMN, R E % E kT
SRR B 1 R g R 3R ) 5 0 TR BE AR, IR AR IR
V] T 52 B 5 22 4 15, (5 i 38 A [v) S ] °F ) — 3 e e, LA
JE AR A7 0 R T B R 2R T A TS
WL 1.

1 AT AL, B RO TR R RO K i TR A
S0 7 28K T W R R SR O 2 S AN [ 5 i R
FER T Y A B BR R 2 0 AR T RS T (e . X e A
Bk AN R B A 05 20 A R 22 IR R 7R 8 A8 T o B v 2 7
A EAE RS0 o SO R T 78 7 il e o R o, R
Z 11 3E Bl ) A8 T2 RN B R R0 2R T AR R R
o 2 B AR 3 T A



128 O A M ot R

528 %:

F1 RESHEHENRERB AT
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Fig. 8 3D scanning process of specimens
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Fig.12 Reverse modeling finite element model
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Fig. 13 Improved initial defect import method

4.3 FHRTKREWIE

G 590 SR FHI 06 i) o A MR AR A i AR A TR X I £ A
BRAE HEAT HUE A, 15 21045 07 i T AR 4 fir 2Tk 170 37
o i 28 S Al PF A 2 R AE , OF 5 00 45 R 2R 17 X o0 AT o
2B T IO 2 A A 0 R (A UL 5 SR S A 2R R
LU A R R 30 D T 396 1) E A T AR SR (R
AT, AR BT PR 1.02 5 5285 3k A0 8 R A 2850k ) 7R 3
T3 HEAE 5350 D9 1.07 R 1,03, 2 W 5 52 I s 22 4 ok 2k L
A1~ , T A B e R A8 T 0 BT ARG L <

x2 HBEERSERTERIMEITERNLER

Table 2 Comparison of axial compressive capacities between test results and finite element results
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Fig. 14 Comparison of load-axial displacement curves between test and finite element simulation
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Fig. 15 Comparison of failure mode between test results and reverse modeling finite element analysis (unit: MPa)
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