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Cyeclic Elasto-Plastic Behavior of Partially Concrete-Filled Unstiffened Steel Box Columns
FhEM o B B #H2 e kAtEE?

By Tsutomu Usami, Hanbin Ge and Shingo Mizutani

In this paper, the elasto-plastic cyclic behavior of partially concrete-filled un-
stiffened steel box columns is studied experimentally. A total of eight cantilever
thin-walled steel column specimens were tested under constant compressive
loads and cyclic lateral loads. The lengths of filled-in concrete were taken as
0.3 and 0.5 times of the column lengths based on the consideration that in
the seismic resistant design it is reasonable to allow some degree of inelastic
deformation in the structures as well as structural elements. The test results
are discussed in the light of improvement of ductility and energy-absorption
capacity of the column element. It is found that the concrete-filled specimens

significantly increased both ductility and energy-absorption capacity.
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Table 1 Test Specimens Planned

Specimen | R X ke n L]
f h P,
Uuo 0.70 1040 — | 3 0
UuU1 0.70 1 0.40 | — | 3 0.2
uu2 0.70 ] 040 (03| 3 0.2
Uuu3 0701040 (0.5} 3 0.2
UU4 0.701 040 | 0.5| 5 0.2
UU5 0.70 1 0.60 { 0.3 | 3 0.2
UUs 0901040 | — |3 0.2
vu7 090040103} 3 0.2
Notes: Ry = Width-Thickness Ratio

Parameter of Flange Plate [Eq. (1)];
A = Slenderness Ratio

Parameter of Column [Eq. (2)];

h = Column Height;

I. = Length of Filled Concrete;

N = Number of Loading Cycles;

P = Applied Axial Load;

P, = Squash Load of Steel Section.

Table 2 Measured Dimensions of Test Specimens

. B D t L h g le +
SPeAmen | (mm) | (mm) | (mm) | (mm) | (mm) | Gom) | o) | | | H
uvuo 170 110 4.51 854 762 306- —_ 0.362 | 0.664 | 0.430
UU1 169 111 451 854 762 306 — 0.362 | 0.664 | 0.430
uuU2 170 111 4.51 854 762 229 229 | 0.362 | 0.664 | 0.430
UuU3 170 111 4.51 854 762 381 381 | 0.362 | 0.664 { 0.430
UU4 170 111 4.51 854 762 381 381 ] 0.362 | 0.664 | 0.430
uus 170 110 4.51 1354 1216 365 365 0.577 | 0.664 | 0.430
Uus 214 145 4.51 1154 1035 394 — 0.381 { 0.854 | 0.575
uu7 214 145 4.51 1154 | 1035 311 311 0.381 | 0.854 | 0.575

Notes: B = Width of Flange Plates; D = Width of Web Plates;
L = Total Length of Specimen; R,, = Width-Thickness Ratio Parameters.
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Table 3 Material Properties of Steel

E oy &y Y Ey Est
(GPa) | (MPa) | (%) (GPa) | (%)
197 266 | 0.134 | 0.269 | 9.36 1.53

Notes: F = Young’s Modulus; oy = Yield Stress;
&y, = Yield Strain; v = Poisson’s Ratio;

E,; = Strain-hardening Modulus;

€s¢ = Strain at Onset of Strain-hardening.

Table 4 Material Properties of Concrete

Days ( GEPCa,) Lic (MfIc’a) Test Column
59 28.7 | 0.157 | 408 uvus
61 28.8 [ 0.157 | 41.0 uu7
75 29.3 [ 0.157 | 421 UuU2
77 294 | 0.157 | 42.2 Uu3
80 29.5 | 0.157 | 425 UvU4

Notes: E. = Young’s Modulus;
1. =Poisson’s Ratio;

f. = Uniaxial Compressive Cylinder (10 ¢m
diameter X 20 cm height) Strength.
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BB, FEFO2 27 ) — b 2FEELTWBEEIADRSANVOBBERT ELIICE 72, I
i, HREOHMEL 5 A — s AnhoEREkDENIcERKRE WD, FLED0 P-AMBIR X2
bOEEXZ LN B,

—%, l.=05h OftE K UU3 & UU4 TR, BHEERZI Y27 Y- FBRB\LTH 2 ERTHEB
DR <ZLDBICTRAEL, BREBERR 7S vy, v7EsA0FEMO(4EL, L2 sEREH»
BOINEh» 1o
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(a) UU7 (I, = 0.3h) (b) UUS (I = 0.5h)

Fig. 5 Filled Concrete after Failure (Flange plate has been removed)
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5. Fig. 7(d) o b» 2 X5k, MELOREVWHEEAUUS TRRANEICET 3 &L EOKFE
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Fig. 7 Envelope of Horizontal Load — Horizontal Displacement Curves
Table 5 ic i, BRRAOBRAEE, = OBOKTEL, BLTERTLLDO Hy,&65,,[R (3,4)]
HREBEEZRLTH D, ARk obbdLdic, RAHERCXILT 2 EM, £6,, DI, @
oUUl e LTH25, .=03hDavy s Y- rREFEUU2EHLTH4AS8, [ =05h0a vy
Y- PREEUTU E VU4 e LTH54 &R0, BRANERORBESCERERa v Y —
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UUT(R; = 0.9) kBT, BLTEOMELLN, BELEERECVWFRLOBHFLEES AL,
LH»L, Table 5 2 5bh 2 & 5 citFdth UUT o BERH#EERERF UU2AR; = 07) cikrbE v K
ELREBEBINADA Dot LeHoT, ThooFiedLTi}, 3v7 Y- 1OoFHEEIZLIDELT
ZREDHEBSBETH S 5,

Table 5 Ductility and Energy-Absorption Capacity

Hyo | byo | Hpoo | 8m | Ho | 8 | A ;
(N) | (mm) | Hyo | 5o | Hyo | B | A [ Fm | B | E
Uvuo 35.7 4.33 1.18 1256 1.0 5.23 10.6332.58 | 3.68 111 —
UU1 35.7 4.33 1.17 1269 | 0.8 3.78 | 0.720 | 3.36 | 3.68 77 —
Uu2 35.7 | 4.33 1.54 | 462 | 0.8 | 837 {0.903 |5.78 | 9.54 536 |1 0.
Uus 35.7 | 4.33 1.50 | 5.39| 0.8 | 12.02 | 0.820 | 6.74 | 12.50 | 1088 | [, = 0.5Ah
I.=0
l.,=0

Specimen Remarks

UU4 357 | 433 | 1.55 |5.63] 0.8 | 11.54 | 0.825 | 8.29 | 12.90 | 1237
uus 22.3 | 11.08 | 143 |2.78 | 0.8 | 10.50 | 0.897 | 3.48 | 8.10 | 505
UuUs6 43.6 | 6.25 | 099 |1.80|0.64| 3.19 | 0.586 [ 1.80 | 3.35 | 72 —
uu7 43.6 | 6.25 | 1.38 {2.45|0.64 | 560 |0.780 | 245 | 7.05 | 225 | [.=0.3h
Notes: H,, = Calculated Yield Load[Eq.(4)]; H, = Predicted Ultimate Strength[Ref.(17)};

Hnoz = Experimental Maximum Horizontal Load;

6yo = Calculated Deflection of Column Top at Hy,[Eq.(3)];

§y = Calculated Deflection of Column Top at H,[Eq.(11)];

6m = Deflection of Column Top at Hpaz; ftm = Eq. (10); # = Eq. (12); £ = Eq. (13).

215/ Hyo 0.2P,  24H/H, 0.2P,

3 1 Al
N Wmﬂﬂﬂ i 1 O;z!ué |
[UUAS s S

- -4 )

{a) Specimen UU1 (b) Specimen UU2
. "2‘
21 H/H 0 ‘2Py 21 H/H,, 0.2P,

7 T T 1 0 1 i
’ § U L 0.04 0.03

NG

(¢} Specimen UUT | " (d) Specimen UU4
-9

Fig. 8 Horizontal Load — Axial Shortening Hysteretic Curves
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DK & VHRE UUT Tk, Fig. 8(c) KRT &5 i, MARHA OMRMBEE UV BELRE W
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EBHE]ARBMLTCWEE VWA B,
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PR E L A AVF RGN, BEDOLEREERMT 2 - 2OERIBETH L, BRI
WTIR, ZLOEHRHFEBBREIRATVWEY, UT205350Z22H0wWCars V—+rEREL
SR oL HELFEMT 5,

Hysteresis Hq

Hoppeb—— == Envelope H, Curve

Fig. 9 Definition of Fig. 10 Comparison of Fig. 11 Replacement of
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MU RAEEETEHEL LR, Fig. 9T TEI1E, BREE Hupw IG5 T 2 E 16, 2B K
EWo, TRl bOBELHVON B, THDB,
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