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STICK MODEL OF RECTANGULAR HOLLOW STRUCTURAL SECTION STEEL COLUMNS
WITH LOCAL BUCKLING UNDER HIGH AXTAL FORCE

BOIEROKT O R P e
Ryota MATSUIL, Shukai HASHIMOTO and Toru TAKEUCHI

Local buckling is one of critical behaviors to determine the plastic flexural strength and deformation capacity of rectangular

hollow structural (RHS) section steel columns. Several researchers have proposed numerical models to capture the strength

deterioration of the RHS columns under axial loads due to local buckling. The authors proposed a fiber model using a

phenomenological model to simulate the yield area extends to a broad axial range from the end. This study presents the

accuracy of the fiber model for RHS columns under cyclic high axial loading compared to stick or FEM models.
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Bending moment and rotational angle relationship and strain distribution of the shell models
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Experiment 'V Shell model (FEM)
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Table 4  Specimen Specifications?:'9-23) %
- ) P>
Reference Specimen B ! B/t L L/B | Steel Type 7 ) oyl NIN, Loading Loading
(mm) | (mm) (mm) (N/mm") | (%) Pattern Type
16) No. 1 f;i VR Lm(y A 27y | 125 | 45 [ 278 | 742 | 59 | STKR400| 367 84 0 Increase (c) L
No.2 | #v i LifgmrsA 2y | 125 | 45 | 27.8 | 742 | 59 | STKR400| 367 84 0 Increase (c)
1) No.4 o@itb‘é ‘r&’ﬁﬁﬁ: 300 | 9.0 | 333 | 1463 | 49 | BCR295 330 78 | 0.14 Increase (a)
No.5 O° T i A R A 300 | 9.0 | 333 | 1463 | 49 | BCR295 330 78 | 0.14 Increase (a) @
No.6 coll6inc 60 1.6 37.5 500 83 STKR400 427 89 0 Increase (c)
18), 19) No.7 coll6dec 60 1.6 37.5 500 8.3 STKR400 427 89 0 Decrease (c) N
No.8 col32inc 60 | 32 | 188 | 500 | 83 | STKR400| 400 87 0 Increase (c) P ﬁ#{é
No.9 col32dec 60 3.2 18.8 500 8.3 STKR400 400 87 0 Decrease (c) g
20) No.10 L/D=8.0 125 | 45 [ 278 | 500 | 40 | STKR400| 436 - 0.2 Increase (b) L
No.11 L/D=4.8 125 | 45 [ 278 | 300 | 2.4 | STKR400| 436 - 0.4 Increase (b)
21) No.14 $-3303 200 | 6.0 | 333 | 1265 | 6.3 | STKR400 | 380 82 0.3 Increase (a) L
No.15 S-3301 200 | 6.0 [ 333 | 1265 63 | STKR400| 380 82 0.1 Increase (a)
No.16 C-9010 200 | 60 | 333 | 1350 | 6.8 | STKR400| 329 74 0 Constant (c) (o)
22) No.17 C-9020 200 | 6.0 | 333 | 1350 | 6.8 | STKR400| 329 74 0 Constant (c)
No.18 C-9030 200 | 6.0 | 333 | 1350 | 6.8 | STKR400 [ 329 74 0 Constant (c) N
No.19 253¢ 150 | 60 [ 250 | 750 | 5.0 | STKR400| 456 88 0.3 Increase (a) *
23) No.20 331c 150 | 45 | 333 | 750 | 5.0 | STKR400 [ 440 88 0.1 Increase (2)
No.21 335¢ 150 4.5 33.3 750 5.0 STKR400 440 88 0.45 Increase (a) L
24),25) No.22 1=4.5,0a=30 125 | 45 [ 278 | 750 | 6.0 | STKR400| 366 82 0.3 Constant (b) P>
No.23 1=4.5,0a=45 125 | 45 [ 278 | 750 | 6.0 | STKR400| 366 82 0.3 Constant (b)
26).27) No.24 1=3.2,0a=20 125 | 32 [391 | 750 | 6.0 | STKR400| 411 87 0.3 Constant (b) L
No.25 1=3.2,0a=30 125 | 32 [391 | 750 | 6.0 | STKR400| 411 87 0.3 Constant (b)
No.26 1=6.0,0a=45 125 | 60 [208 | 750 | 6.0 | STKR400| 345 78 0.3 Constant (b) . ©
28) No.27 1=6.0,0a=60 125 | 60 [208 | 750 | 6.0 | STKR400| 345 78 0.3 Constant (b) F|_g. 19
No.28 1=6.00a =75 125 | 60 | 208 | 750 | 6.0 [ STKR400]| 345 78 | 03 Constant (b) Loading types
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Fig. 20  Results of analysis in B/t order
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Results of analysis
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1. Introduction

Local buckling is one of critical behaviors to determine the plastic flexural strength and deformation capacity of rectangular
hollow structural (RHS) section steel columns. Several researchers have proposed numerical models to capture the strength
deterioration of the RHS columns under axial loads due to local buckling. The authors proposed a fiber model using a
phenomenological model (phenomenological fiber model) to simulate the yield area extends to a broad axial range from the end.
This study presents the accuracy of the fiber model for RHS columns under cyclic high axial loading compared to stick or FEM
models.
2. Composition of Phenomenological Fiber Model

The composition of the phenomenological fiber model is constituted based on the numerical simulations of RHS columns
subjected to shear forces with axial loads. 10 specimens, based on a past research article, are referred to clarify the accuracy of
the phenomenological fiber model, to develop the yield lines of local buckling of RHS section. The collapse mode of local
buckling forms a kind of hip roof shape on the steel tube wall, and the lengths of each yield line are estimated by numerical and
tests results. The stress-strain relationship of the fiber element of the phenomenological fiber model is almost identical with the
shell elements of the FEM models, except for 33 width-thickness ratio RHS columns.
3. Validation of Phenomenological Fiber Model with Numerical Model for RHS Columns

The accuracy of the phenomenological fiber model for RHS columns, subjected to shear forces under high constant or variable
axial loads, is validated by FEM numerical results. 12 models of the RHS columns are created using shell elements based on the
specimens in the Chapter 2. The phenomenological fiber model captures the strength, the force-deformation relationship, and the
local buckling behavior of the FEM numerical results under high axial loads, except for the 33 width-thickness ratio RHS
columns.
4. Validation of Phenomenological Fiber Model with Test results Based for RHS Axial Members

The accuracy of the phenomenological fiber model for RHS axial members is examined. 8 specimens are extracted from a past
research article as samples for the validation. The phenomenological fiber model almost captures the buckling strength, overall
flexural and local buckling behavior of the test results.
5. Validation of Phenomenological Fiber Model with Test Results and Other Analytical Model Based for RHS Columns

The accuracy of the phenomenological fiber model for RHS columns subjected to shear forces under axial loads is validated
by tests and FEM numerical results. 25 specimens are extracted from 9 past research articles as samples for the validation. The
results of the phenomenological models are almost identical with the results of the test results, as well as those calculated by
another phenomenological model developed by the extended skeleton curve theory, except for the 33 width-thickness ratio RHS
columns.
6. Conclusion

This paper presents the accuracy of the phenomenological fiber model for evaluating the buckling behavior. As a result, the
phenomenological fiber model could capture the strength, the force-deformation relationship, and the local buckling behavior of
the RHS columns subjected to shear forces with high axial loads. This phenomenological fiber model also simulates the overall
flexural and local buckling behavior of RHS axial members, except for RHS sections larger than and equal to 33 width-thickness

ratio.
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