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Experimental Study on Hysteretic Behavior
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ABSTRACT

An experimental investigation was conducted to examine the hysteretic behaviors of ultra-high strength concrete
tied columns. The purpose of this study is to investigate the safety of ultra~high strength concrete columns with 100
MPa compressive strength for the requirement of ACI provisions. Eight 1/3 scaled columns were fabricated to
simulate an 1/2 story of actual structural members with the cross section 300x300mm and the aspect ratio 4.
The main variables are axial load ratio, configurations and volumetric ratios of transverse reinforcement. The
results show that the deformability of columns are affected by the configurations and volumetric ratios of
transverse reinforcement. Especially, it has been found that the behavior of columns are affected by axial load
ratio rather than the amounts and the configurations of transverse reinforcement. Consequently, to secure the
ductile behavior of 100MPa ultra-high strength concrete columns, ACI provisions for the requirement of
transverse steel may considered axial load level and the details of transverse reinforcement.
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Table 1 Code requirement for transverse
reinforcement

Code Equation of transverse reinforced steel amount
ACI 318-05 fefA, ) fe
A, = 3 sh —‘—1 A,= 0. sh,
SEAQC | o= 08 shep Ad T AaT 009 sk fuh
A
AASHTO |4, = 03 sh it ( 2 ) A= 012 sht
fyh th
_ (13—pmlsh” A, f. N .
A= 3.3 _A_E—.d’fpkfl —0.006s,h
NZS 3101 _ZAf, s
or A, -
(SANZ) 96f, d,
A 03,,(/‘” 1)f, (05+1‘25P)
R VY f A
i )
A= 0.125h 5=
CALTRANS | A4,, s, I T A
S . P
ATC-32 A, :0.165,}14‘7”(7(045-%1.23 vy )+0.13s,h1_ (p;—0.01)

A, ;cross-sectional area of a structural member measured

out-to—out of transverse gemforcement(mm )
A ; gross area of column(mm’)

f ; pecified compressive strength of concrete(MPa)

f « » €xpected compressive strength of concrete(MPa)

f, uh ; specified yield strength of transverse reinforcement(MPa)

f 4 > expected yield strength of transverse reinforcement(MPa)

h, ; cross-sectional dimension of column core measured center
~to~center of transverse reinforcement(mm)

P, ; axial load(kN), p;;ratio of longitudinal reinforcement

S(s,); spacing of transverse reinforcement(mm)

¢ : strength reduction factor

et 2 dApoe 7159 6 2 Juriae §
A4S 0 Wiz A8 F2VACT Code)e) BB7ATE 2
Aol uFdy wEFES W= ZIYE ST
100MPa8] 2174% gAdZ 7159 AT H-87t

C =
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ZAE HAALGESREE 100 MPao]H, %%EZM 3]
a4Es gESA 2 Ju2Y 13 58 18y 13
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Table 2 Material properties of rebars(unit : MPa)

Tvoe Modulus of | Yield sigi Tensile { Elongation
yP elasticity | strength (x10°) strength | ratio(%)
D10 | 2.09x105 447.3 2139 632.6 17.55
D13 | 291x105 4979 1423 603.6 16.02
D16 | 297x105 504.3 1698 636.5 16.07

D19 | 3.11x105 467.3 1502 601.4 18.14

Table 3 Material properties of concrete(unit : MPa)

Tvoe Modulus of | Compression Split Poisson's
yp elasticity strength strength ratio
28day | 3.82x104 105.6 4.32 0.1763
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Table 4 Properties & test results for each specimen

Spec_inl]ens rIeJiOan;E:ue?;f:t Transverse reinforcement a 1 (+) Cycle (=) Cycle 1 SE,
fEMP;)O Diameter &| f, Type o, |Spacing Fun Prxe Py v, Vo v, Vo Mo r (KN=rmrm)
ratio(%)  |[(MPa) (%) | (mm) (MPa) Pict (kN) (kN) (kN) | (kN)
A-07-3N 995 A 279 70 470.3(D13)| 0.7 0.3 |529.40 | 621.30 | -513.3 | -6085 | 3.79 33.734
B-07-3N (8*.Dl9) 488.4 | B | 279 65 0.7 0.3 579.70 | 654.87 | -5955 | -726.4 | 4.22 45,500
C-10-3N C 1412 50 1.0 0.3 | 968.70 | 693.56 | -6495 | -742.1 | 6.46 24,541
D-10-3N 3.96 55 1.0 03 [ 57850 | 65540 | -606.7 | -7440 | 6.75 | 83,496
D-10-5N D [39]| 5 4457 [ 10| 05 |69020|84950 | -657.1 | -851.7 | 3.87 | 4969
D-13.3n | 265 4900 484| 45 (D10) | 13| 03 |506.70 | 62025 | -5882 | -638.2 | 833 | 132824
E-10-3N | 12°D16) 402 70 10 | 03 [620.14] 73660 | -659.2 | 7360 | 5.73 | 70,827
E-10-5N E [402 70 1.0 05 [650.12 79880 | -7223 | -842.1 | 3.98 37,886
E-13-3N 5.12 05 1.3 0.3 583.0 | 664.0 I -632.7 | -767.7| 6.61 90,627
*P,=085f,,(A,~A ) +f,A4, 2E= Cumulative Energy, p= —6:#/ = Ductility Ratio |, p,= 0.6 %(—j—(]— 1) == Volumctric Katio
., b A,
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(h) E-10-5N

(i) E-13-3N
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