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AN EXPERIMENTAL STUDY ON ELASTO-PLASTIC BEHAVIOR OF COMPRESSION MEMBERS
UNDER CYCLIC LOADING — EFFECT OF LOADING PROGRAM —

FlED® - WER - BEXE® - HAWE""

By Tsutomu Usami, Shigeru Banno, Humiaki Zetsu and Tetsuhiko Aoki

Tests of six identical cantilever steel box column specimens modelling steel
bridge piers were carried out under a constant compressive axial load and cyclic
lateral loads of various loading programs. The test specimens are of a stiffened
box section and have the same dimensions. The purpose of this experimental study
is to investigate the influences of the loading history on the energy absorption
capacity and deformation characteristics. Therefore, the six specimens were tested
under different lateral loading program. It has been found that there exists a
linear relation between the accumulated absorption energy and the maximum
permissible displacement at the failure state. The result obtained in the present
study is considered to be useful for estimating the safety of steel bridge piers
against major earthquakes.
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2. EBOBRE

(1) EBETE® L UEREE A
HMEBHOMBERE LR 215 Table 1| Parameters of Test Specimens
BLRDEIENF A= HEZS

n3(1,2] : O, OWETE. No. of
OUTHTE . @RI ESE O 8/F L Specimen | Loading Cycles | Other Parameters
(£ RERE) . OEL., @8 Progranm n

R OBItE . OBERR OEHEERRS

#E. @MTEmAOoRE S, OFEFESR C-M Monotonic — | _
fh BETH D, AMABHETH ot ) A =04
ik dic, 9BEHD <5 £ -2

DL D—D2 TH B ZEMIRIE C-C-3 Variable 3 R,=0.45
TOHODELEHEY A4 7 VvE Displacement

(Table 158) s@mpEgs, =+ | OO0 | Awlitude 5 s
NE RIS B LT C-C8 3 7T
ERIICRD B EEHBET 5o

BOBELBHEREFig 1B &0 Constant P/ Py=0.2

_ c-cC Displacement —

Table 1iT/Rd & 5 7ESMA908HA4 L © Amplitude
RETERTNTCE—-TH 5 6EKD

mAFEENE T (MEoSs & Note: A =Eq. (2), Rc=Eq. (1), 7 =Relative Flexural Rigidity
WD Hd/b=2/3) TiF - 7 7 *=Required Relative Flexural Rigidity, P=Axial Load
-° P,=Squash Load

Table 2 Meassured Dimensions of Test Specimens

Specimen L h [ B D t b, t. m -)? R« R,
(mm) | (mm) | (mm) | (mm) | (mum) | (am) | (mm) | (mm)

C-M 1254 ) 1117 271 ] 289} 177 | 4.45 ) 42.0 (4. 45 (3. 14 ] 0.417) 0.471} 0.472
C-C-1 1254 | 1117 ] 270 1 290 | 177 [ 4.45 | 42.0 [ 4. 45 13.19 | 0.417 | 0.471 | 0.474
Cc-C-3 1254 | 1118 | 272 | 289 | 176 | 4.45 1 42.0 |4.45)3.12 | 0.420 ] 0.468 | 0.472
C-C-5 1254 | 1118 | 271 290 | 176 | 4.45 | 42.0 | 4.45]3.17( 0.420| 0.468 | 0.474
C-C-8 1254 | 1118 | 272 | 289 | 176 | 4.45142.0[4.45 | 8.12| 0.420 | 0.468 ;| 0.472
C-CC 1254 | 1118 | 273 289 | 176 {4.45142.0[4.45|3.10 0.420 | 0.468 | 0.472

Note: L=Length of Specimen, h=Length of Column, £ s=Length between Diaphragms

B=Width of Flange, D=Width of Web, t=Thickness of Plate, b,=Width of Stiffener
t.=Thickness of Stiffener, m=7 /7 *, 7 =Relative Flexural Rigidity

7 *=Required Retative Flexural Rigidity, % =Slenderness Ratio Parameter
Re=Width-thickness Ratio Parameter of Flange, Rw=Width-thickness Ratio Parameter of Web
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Fig.1 Test Specimens
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Table 3 Results of Tensile Coupon Tests

40—f-rm,““ KL
E g5 €y v E.: €t A‘: ::
(GPa) | (MPa) | (%) | = |
@ 2
%] a
203 382 0.204 | 0.266 ] 4.58 | 1.26 > :
~ N
Note:E=Young' s Modulus, ¢ ,=Yield Stress @ :
€ y=Yield Strain, v =Poisson’s Ratio o ‘ ‘ i
2.0 4.0

E.:=Strain-Hardening Modulus

. A . STRAIN (%)
£ ,:=Strain at Onset of Strain-Hardening

Fig.3 Stress - Strain Curve

of Tensile Coupon Test
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Fig.4 Damage of Test Specimens
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Fig.5 Horizontal Load versus Horizontal Displacement Hysteretic Curves
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Table 4 Ductility and Energy-Absorption Capacity

Hyo | 650 Hmax S m H, S’ K Ky o~
Specimen - U u E:
yo 6ye Khnm kno

(kN) | (mm) | H,, S yo H
C-M 106 ¢ 8.42 1.3838 4.15 0.78 14.44 6.07 - 0.300 — 51
C-C-1 107 | 8. 42 1.38 4. 41 0.78 8.88 5. 64 10. 11 0.312 0.228 283
C-C-3 106 | 8. 48 1. 43 4.28 0.178 7.81 5.48 8. 24 0.317 0.254 430
C-C-5 106 | 8. 48 1. 45 4.36 0.178 7.50 5.58 7.34 0.314 0.270 556
C-C-8 106 | 8. 48 1. 42 4.15 0.78 6.87 5.20 6.07 0.326 0.300 597
C-CC 106 | 8. 48 1. 45 4. 74 0.78 5.24 6.05 4.57 0.300 0.350 487

Note: Hy.=Eq. (4), & ,.=Eq. (3), Hmax=Maximum Horizontal Load
S m=Horizontal Displacement of Column Top at Hma.x. H,=Predicted thimate Strength
Lw=Eq. (8), u#=Eq. (6), {(ka/kno)m=Eq. (T) (z=n), ka/kn.=Bq. (7}, E.=Eq. (8)
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