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BUCKLING BEHAVIOR AND CYCLIC DEFORMATION CAPACITY OF CIRCULAR HOLLOW
SECTION MEMBERS WITH 20 OF THE SLENDERNESS RATIO IN TRUSS TOWER STRUCTURES
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A series of quasi-static cyclic tests of cold-formed circular hollow section members (which is used in steel tower structures) with 20 or 40 of the slenderness ratio

and 60 to 80 of the diameter-to-thickness ratio was performed to investigate the buckling behavior and the cumulative deformation capacity. A modified Shibata-

Wakabayashi hysteresis model was proposed based on the experimental result. Moreover, finite element analysis was performed to analyze the local strain and

to validate the existing simple evaluation method of fracture initiation on the local buckling part of cold-formed circular hollow section members.
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properties of tower structures

C406PM2
ONORCIONG)6)
(DSection : Circular(C)
@Slenderness ratio : 20, 40
(3Diameter-to-thickness
ratio/10 : 6,7, 8

(®Boundary condition :

(®Eccentricity(M)
No eccentricity(Blank)

®Eccentricity
to section radius :

No eccentrical (Blank)

10%(Blank)

20%(2)

Pin(P)

Fig. 2 Specimen ID

Table 1 Specimen specifications

Section A,B,D,E
Fig. 3 Example specimen configuration (C407PM2)

Reaction frame

Actuator

AB 1 C 1
R.PL-6
4 2

Section C

Specimen

Pin jig

Sliding table

Loading direction

Lk

Section| Bucklin,
Specimen | Diameter| Thickness ueing Slende{mess Eccentricity
area | length L ratio D/t
1D D[mm] | ¢[mm] 5 e[mm]
[mm7]| [mm] A
C206P 127.0 2.0 785 884 20 64 0
C207P 139.8 2.0 866 975 20 70 0
C207PM2 | 139.8 2.0 866 975 20 70 14.0
C208P 165.2 2.0 1025 1154 20 83 0
C208PM2 | 165.2 2.0 1025 1154 20 83 16.5
C406PM2 | 127.0 2.0 785 1768 40 64 12.7
C407pP 139.8 2.0 866 1949 40 70 0
C407PM2 | 139.8 2.0 866 1949 40 70 14.0
C408P 165.2 2.0 1025 2308 40 83 0
C408PM2 | 165.2 2.0 1025 2308 40 83 16.5
Table 2 Material properties (STKM11A)
Specimen | Section | Yield strength Tensile strength| Yield strain|Fracture elogation
ID  |Dxt [mm]| oy [Nmm’] | o [Nmm?] | &y[%] E 1ong [%)]
C206P 127.0x2.0 254 337 0.128 41.2
QAP 1139 8u00| 304 371 0.154 31.0
C207PM2 i . ) i
C208P
C208PM2 165.2x2.0 274 344 0.139 41.0
C406PM2 | 127.0x2.0 254 337 0.128 41.2
LCAOTP 1 139 8u00| 304 371 0.154 31.0
C407PM2 i . ) i
C408P
C408PMD 165.2x2.0 274 344 0.139 41.0
28 1512 28
Cold-formed circular hollow section steel
205050 (SLP) 9139.8x2.0t 050,90
.- Seamline 1 H
Eccentricity
G—&r
= DE ~F
i B.PL-28 i

|
Y

‘ui“

il

Fig. 4 Test set-up
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Table 3 Summary of experiment results

Specimen | Global buckling [ Local buckling | Fracture initiation| Buckling | e, | yw

1D ea[%] |eycle| €.[%] lcycle| €,[%] |cycle]| mode | [%] ] [%]
C206P 0.10% 1 0.25% 1 2.0% 1 FEKTR 1331121
C207P 025% | 1 | 025% | 1 L.0% 3 |BATMAI265] 8.5
C207PM2| 0.25% 1 0.25% 1 1.0% 1 |BATHAL18.7] 5.3
C208P 0.25% 1 0.25% 1 1.0% 1 [BATB|18.6] 4.7
C208PM2| 0.25% 1 0.25% 1 1.0% 1 |®A7B|18.7] 4.4
C406PM2| 0.25% 1 0.25% 2 1.0% 1 iR 1 18.5( 4.0
C407P 0.25% 1 0.25% 1 0.5% 1 |BaRAl 1] 27
C407PM2| 0.25% 1 0.25% 1 0.5% 1 |#A7Bl11.4] 2.3
C408P 0.25% 1 0.25% 2 0.5% 2 dhiF% 11351 2.8
C408PM2| 0.10% 1 0.25% 1 0.5% 2 g (13510 27

C408P

Local buckling Fracture
a(O.ZS%»chcle Comp.)ll(0.50%-2cycle Tens.)

(a) C408P (it F 7R )

Fra Local bucklmg Fracture
(1.0%- 3cycle Tens. )- (0.25%-3cycle and 0. 50% Icycle Comp (IAO%-lcycle Tens.)

(c) C207P (BATRUJEE ) A) (d) C208 (BATRLHEIE B)
Photo 1 Buckling modes

e 400 2 400 .
g 300 | The specimen contacts with g 300k The specimen ComaCts it
Z z
=200 o= 200
8 100 8 100}
— -
e 0 £ 0
= 100| T‘S‘ 100]
] % \
3 -200 A 'E, -200f N E S
= 300 1 1 = -300f-
g €q- buckling g Global bucklmg eq.2 Keql
£ AE—————— " 54005 0 o5 1
Z Normalized deformatione [%] # Normalized deformatione& [%]
(a) C206P (b) C207P, C207PM2
40 T T T T 400 r r T T

n

n
—_— D
(==
o O

T T

- Local
| buckling

2300 [fea2. Global buckling ]
-400—=—= '

D=
S o
S S

Global bucklmg

Normalized axial force o [N/mmz]
Normalized axial force o [N/mmz]
(=]

T 05 0.5 T 05 0 05 1
Normalized deformatlong [%] Normalized deformatlongn[%]
(c) C208P, C208PM2 (d) C406PM2
NE' 4007 r ‘ r r “'E' 400 " ‘ "
£ 5 £
= 30 = 30
£, =
5520 =20
8 100 g 1o
2 3 &
3 -10gf Loca Z-10
< 20 | buckling’ 3 20
N = N
= 3000 =30
g qu'l i Global bucklmg g
540073 05 540—103 0.5
Z  Normalized deformatlongn[%] Z  Normalized deformatlongn[%]

(e) C407P, C407PM2 (f) C408P, C408PM2

Fig.6 Normalized axial force-deformation relationships
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Table 4 neand p»

Specimen ID ne P Specimen ID ne Pn
C206P 19.91 94.14 C406PM2 1.24 -4.61
C207P 16.64 64.21 C407pP 4.16 -0.67
C207PM2 1.98 -4.02 C407PM2 1.04 -4.73
C208P 18.46 80.20 C408P 4.62 0.32
C208PM2 1.15 -4.67 C408PM2 091 -4.79
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Fig. 22 Overview of analysis model (C406PM2)
Table 5 Accuracy of buckling behavior by FEA

Specimen | Buckling Global buckling Local buckling
D mode Experiment Analysis Experiment Analysis
C206P EXTAL | 0.10%-1cvele | 0.10%-2cvele | 0.25%-1cvycele | 0.25%-1cyele

C207P BATHIA | 0.25%-1cycle | 0.25%-1cycle | 0.25%-1cycle | 0.25%-1cvcle

C207PM2 | BEATA | 0.25%-1cvycle | 0.10%-1cyele | 0.25%-1cvycle | 0.25%-1cvele
C208P BATHIB | 0.25%-1cycle | 0.25%-1cycle | 0.25%-1cycle | 0.25%-1cvcle

C208PM2 | #1T7B | 0.25%-1cycle | 0.10%-1cycle | 0.25%-1cycle | 0.25%-1cvcle

C406PM2 | 11378 | 0.25%-1cycele | 0.25%-1cyele | 0.25%-2cvele | 0.25%-2cvele

C407P BATAIA | 0.25%-1cycle | 0.25%-1cycle | 0.25%-1cycle | 0.25%-2cvcle

C407PM2 | B177IB | 0.25%-1cycle | 0.25%-1cycle | 0.25%-1cycle | 0.25%-2cvcle

C408P g3 | 0.25%-1cycle | 0.25%-1cvycle | 0.25%-2cvele | 0.25%-1cvcle

C408PM2 | 178 | 0.10%-1lcvele | 0.10%-1cvele | 0.25%-1¢cvele | 0.25%-1¢cvcle
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Fig. 23 Comparisons of hysteresis curves
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