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Table 1 Mix proportions and major parameters of HSHPC

Water- Water/ Cement/ Fly ash/ Sand/ Coarse Superplasticizer/ Slump/ Compressive
cementitious kgm™2 kgm™3 kgm™3 kgm™3 aggregate/ kg-m~3 cm strength/
ratio kg-m~3 fe/MPa
HSHPC 0.31 175 470 94.52 615.77 1094.71 6.77 24 60.16
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(a) m#T7 1

(a) Loading direction

(b) BhihE MBI S

(b) Loading state under uniaxial compression (c) Loading state under biaxial compression

BESEZR (20°C (¥), 200°C, 300°C, 400°C, 500°C,

600°C) HBXFM 7 FHHE @ = 02 : 03 = —0.00 :
1,020 : —1,-0.30 : —1,-0.40 : —1,-0.50 :

—1,-0.75 : —1,-1.00 : —1, EEMN 1 5 N3 I FEiE
FA: 01 >00>03,61 >e >e3(KAR, WA
1), BN WEDRE 3 M, BERE#E,
WP HE. B 1 AR =8 b, B X
F N S a7 WA .

(c) XU E MBI A

B 1 R SRR L U E R T AT RS

Fig.1 Loading direction and state of specimens under uniaxial and biaxial compression in triaxial experimental machine
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2 FERURRRLEAREESEMARN A ETRMERSE S EENTE
Table 2 The biaxial compressive strength and strain index of plain HSHPC under

various stress ratios after different temperature levels

High .
temperature Stress ratio 02 /MPa 03/MPa eap/1073 e3p/1073
levels/°C 4T o2ros
0.00: -1 —60.16 —2.13
—-0.20: -1 —13.52 —67.58 0.15 —2.76
—-0.30: -1 —20.99 —69.97 —0.36 —2.65
20 —0.40: -1 —30.33 —75.83 —0.57 —2.51
—0.50: -1 —36.93 —73.85 —0.78 —2.42
—-0.75: -1 —51.28 —68.37 —1.32 —2.23
—1.00: -1 —66.78 —66.78 —2.18 —2.18
0.00: -1 —63.96 —1.92
—-0.20: -1 —14.42 —72.10 0.2 —2.36
—-0.30: -1 —20.69 —68.98 —0.19 —2.24
200 —0.40: -1 —29.06 —72.65 —0.29 —2.13
—0.50: -1 —36.80 —73.59 —0.51 —2.08
—-0.75: -1 —53.22 —70.96 —1.26 —2.01
—1.00: -1 —67.48 —67.48 —1.98 —1.98
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#®2 SESUARRIETRBESEMTFENN L TRNMERE SEENEE (4)
Table 2 The biaxial compressive strength and strain index of plain HSHPC under

various stress ratios after different temperature levels (continued)

High
St ti
temperature o res: raalo o02/MPa 03/MPa e2p/1073 e3p/1073
=02:03

levels/°C
0.00: -1 —61.64 —2.01
—-0.20: -1 —13.03 —65.16 0.18 —2.54
—0.30: -1 —21.21 —70.70 —0.22 —2.43
300 —0.40: -1 —28.54 —71.35 —0.48 —2.31
—0.50: —1 —37.59 —75.18 —0.56 —2.26
—-0.75: -1 —53.08 —70.77 —1.21 —2.18
—1.00: -1 —66.69 —66.69 —2.06 —2.06
0.00: -1 —49.70 —2.58
—0.20: -1 —11.41 —57.04 —0.11 —4.19
—-0.30: -1 —17.81 —59.36 —0.56 —3.96
400 —0.40: -1 —24.67 —61.68 —0.98 —-3.79
—0.50: -1 —32.21 —64.41 —1.33 —3.56
—-0.75: -1 —45.21 —60.28 —1.98 —3.36
—1.00: -1 —55.88 —55.88 —2.97 —2.97
0.00: -1 —35.72 —4.47
—-0.20: -1 —8.38 —41.91 —0.23 —6.34
—-0.30: -1 —13.72 —45.73 —0.66 —6.21
500 —0.40: -1 —18.70 —46.74 —1.02 —5.82
—0.50: -1 —25.36 —50.72 —1.65 —5.47
—-0.75: -1 —35.78 —47.70 —3.39 —5.06
—1.00: -1 —42.26 —42.26 —4.99 —4.99
0.00: -1 —24.90 —5.12
—0.20: -1 —5.98 —29.90 —0.39 —7.38
—0.30: -1 —10.15 —33.83 —0.83 —7.07
600 —0.40: -1 —14.18 —35.46 —1.41 —6.71
—0.50: -1 —18.31 —36.61 —1.94 —6.37
—-0.75: -1 —25.39 —33.85 —3.79 —6.13
—1.00: -1 —30.65 —30.65 —5.78 —5.78
2.2 HIRES RETFRRES UMM E 2 fros.
e ek J v AR e P R A A B IR XUl MIE 2 W, AT DAB 2 3t 3 i 1 O R

‘surface under the action of 0'3| [surface under the action of & 3|

Cbo—7T 2%

(a) 20°C FHRBIFTE A (b) 600°C JEHARBIFB A
(a) Prism-type failure after 20°C (b) Prism-type failure after 600°C

B 2 ZEASIRIR B G5 B 00H B 7 4R A T R o e B R R T 2

Fig.2 Failure modes of plain HSHPC under uniaxial and biaxial compressive loading at different temperature levels
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|surface under the action of o3
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(c) 200°C Jg FRBEIR B A
(c) Plate-type failure after 200°C
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(d) 400°C J5 - RBIF B &
(d) Plate-type failure after 400°C

B 2 e RSG5 B0 B R AS TR R R A R LR TE RS (4))

Fig.2 Failure modes of plain HSHPC under uniaxial and biaxial compressive loading at different temperature levels (continued)
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Fig.3 Influence regularity of stress ratios and high temperature levels on HSHPC strengths
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— - - a=0.40 trend curve
ey =(),50 trend curve
—25[ e =0.75 trend curve
““““ a= 1 00 trend curve
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(d) WAEHEGN o3 IR

(d) Influence of temperature on o3

B 3 By B 3 A G o G i R B R E I S e AR (4)

Fig.3 Influence regularity of stress ratios and high temperature levels on HSHPC strengths (continued)
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LLUTR B R A7 DR 728 T XUl 58 B 2 1
Lee 18] [R50 25 B WA 76 o = 0.50 I, XU 8 3
K 3 HAE o = 1.00, 0.50 B, Fo XU FE 55 5 4 2
JE B4 ISR T 17%, 28%. Kupfer [ HE47 T4 A
T I AR AE A EE 2 B 200 mm x 200 mm x 50 mm
B XU IR, RIS REW . U E R
PR R 1.18~1.27 f5 22 [H].

A 3C 1y XAl R R 4R v A B 5 DA 1R Bk
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1000 1000
0.9813 (R2 =0.9906)
B(T )"95206(1000) 28027(1000)
3.3708 (R2 =0.9869)
-8

T=20°C testvalue
T=200°C test value
T=300°C test value
T=400°C test value
T=500°C test value
T=600°C test value
T=20°C trend curve
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(a) Influence of o2/03 on e3p
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Fig.4 The comparison of Eq.(2) and test values
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(b) Influence of temperature on €3

VRl 5 I8 Sy LR RS0 TG 9 7RG A A R B e £ 17 AR I i L A

Fig.5 Influence regularity of stress ratios and high temperatures on HSHPC peak strains
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Fig.6 Stress-strain curves for plain HSHPC under uniaxial and biaxial compression at different high temperature levels
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Fig.7 The stress-strain curves for plain HSHPC after high temperatures at different stress ratios
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MECHANICAL PROPERTIES OF PLAIN HIGH-STRENGTH
HIGH-PERFORMANCE CONCRETE UNDER BIAXIAL
COMPRESSION AFTER EXPOSURE TO HIGH TEMPERATURES

He Zhenjun')  Song Yupu
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract This study aims to generate the mechanical response of plain high-strength high-performance con-
crete (HSHPC) subjected to biaxial compressive loading at seven stress ratios, « = o3 : 03, —0.00: —1,—0.20 :
—-1,-0.30 : —1,-0.40 : —1,—-0.50 : —1,—-0.75 : —1,—1.00 : —1, after exposure to the temperature of 20°C,
200°C, 300°C, 400°C, 500°C and 600°C, using the true-triaxial loading system. The biaxial static compressive
strengths, strains at the peak stress and the stress-strain curves are obtained to analyze the influence of the
temperature and the stress ratio. Failure modes of plain HSHPC specimens are observed. The experimental re-
sults show that the biaxial compressive strength of HSHPC is more sensitive to the stress ratio and the exposure
treatment to high temperatures than the uniaxial compressive strength. The Kupfer-Gerstle failure criterion

for plain HSHPC is developed with the parameters of the temperature and stress ratio.

Key words high-strength high-performance concrete (HSHPC), high temperatures, stress ratios, mechanical

properties, uniaxial and biaxial compressive strength, stress-strain relationship
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