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Effect of confinement and coarse aggregate on compressive properties
of ultra-high strength concrete

ZHOU Xiaoguang, WANG Zhe

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To study the influences of confinements and coarse aggregate types on compressive properties of ultra-
high strength concrete ( UHSC ), UHSC specimens with different types of coarse aggregates ( basalt, quariz,
marble) and the same mix proportion as well as their matrix mortar specimens were investigated by conventional
triaxial test under six confinements (0, 5, 10, 20, 40, 70 MPa). Test results show that the coarse aggregate type
had a significant impact on the peak stress and elastic modulus of UHSC. The deformations of UHSC specimens
with coarse aggregates decreased significantly under the same axial stress compared with the matrix mortar
specimens. The axial strain at the peak point of UHSC increased linearly with the confinement and the failure
modes could be classified into three types under different confinements: splitting failure at O confinement, shear
failure at 5 —40 MPa confinements, and squeeze flow failure at 70 MPa confinement. The growth rate of the peak
stress gradually slowed down with the increase of confinement. The strength growth rate of UHSC with coarse
aggregate was higher than its matrix mortar specimen under low confinements, while their rates tended to be the
same at 40 — 70 MPa confinements. Different aggregates had different resistance to crack propagation, and the
proportion of cracks passing through marbles was much larger than quartzs. Comparison of the fitting results by
using Mohr-Coulomb criterion and Ansari criterion shows that Ansari criterion was more accurate than Mohr-
Coulomb criterion in reflecting the change trend of concrete strength with confinement.
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Tab.1 Mix proportion of UHSC kg/ m’
. JRE AL R ARl
UHSC 7 - Y Fepg GIRERES ‘ — K
K T K WK MEN ]
XW 590.0 118.0 159.3 590.0 885.0XV 21.24 2.124 120. 4
SY 590.0 118.0 159.3 590.0 885.05Y 21.24 2.124 120.4
DL 590.0 118.0 159.3 590.0 885.0"" 21.24 2.124 120. 4
RPC 858.0 171.6 231.7 858.0 0 30. 89 3.089 175.0
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Fig.1 Force diagram of the UHSC specimen
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Fig.2 Placement of extensometers
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Tab.2  Uniaxial compressive strength of UHSC cubes and cylinders

UHSC  70.7 mmSyjsffs  FUAERAG oy kS5 RAEfR
K WHUERIE/MPa HURIRE/MPa RIS HIBT R B
XW 205.0 166.0 0.810
SY 190.0 166.5 0.876
DL 169.0 142.5 0.843
RPC 186.0 177.5 0.954
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B, AU R R B [ A R . AR SCHRONE
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EIZok e ARIE R E, BUY T - A2 2R
LB E SCHERR E.

H13% 3 Al WL, UHSC ) #f AR e 52 1] Hs 1) 52
AR, 5 S RLE R SRR A O LA BRI A
Wl de 1 UHSC A4 3Pk A . 3t DR O i 28 o
UHSC 1 (R RE R0 5 FIORL AR L R R 4, ol TR A
HIR AR R T BARRD IR, E AR TR S ML R
AT /N T BERED IR DR B R B I AN T
FLERE UHSC (928 , 3285 1 $ P8 . Bk b 25
WFTE A AL SRS I FEA A R A O T, T B 1 T
B E R R R A S AR K, X S AR SO 4
W2 AL AR R R IR R s ) T v T 9/ £
% X i T UHSC 7 13 77 WA i JiT R A7 A4 3 I
AR/ N T AR R AR RO, AR
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*3 UHSC {eMEETHES
Tab.3 Elastic modulus and deformation modulus of UHSC

XwW DL
[ ./ MPa

E/GPa E./GPa E/GPa E./GPa E/GPa E./GPa E/GPa E;/GPa
0 54.176 53.034 49.655 48.998 49.241 47.742 44.506 43.471
5 54.751 53.250 51.139 50.132 50.438 49.382 44.159 42.882
10 55.200 51.996 52.175 49.789 51.407 49.926 45.657 44.367
20 55.419 51.893 51.629 48.440 50. 840 48.389 45.304 42.470
40 53.494 48.907 51.201 46.488 50.040 43.666 44.768 39.163
70 53.550 43.733 50.525 40.675 49.744 40.016 44.114 33.273
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Fig.7 Failure modes of UHSC specimens under different confinements
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Fig.8 Detailed failure modes of UHSC specimens

T4 SRAEA KBS UHSC iAHHEER

Tab.4  Fracture trends of UHSC specimens containing quartz and marble

KA s gl (agisk)  RESrERGERS) | BAdmS  ReEEWRER(aEik)  NeSITERGERER)
SY -1 3 5 DL-1 10 4
SY -2 5 9 DL -2 14 5
SY -3 5 7 DL -3 8 2
SY -4 6 8 DL -4 11 3
SY -5 4 6 DL -5 6 1
SY -6 2 8 DL-6 7 2
SY -7 2 4 DL -7 6 3
Ait 27 47 &it 62 20
[Ep:aia 36.5% 63.5% Horte 75.6% 24.4%
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(a) XW (b) SY () DL (d) RPC
9 UHSC sz 77 ik B SR L 75
Fig.9 Failure modes of UHSC cubes
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Mohr-Coulomb #EN| 0] 7R K Tab.6  Fitting result by using Ansari criterion

UHSC %7 ! a R
Tows _ 1, KOs, (1)
S /. XW 2.893 09 0.705 72 0.998 68

A 0 N IMPUEIRE (00 = Qo +P) of. HH sy 2.955 90 0.679 63 0.997 26
SPUESRIE oy NEIE (o5 =p) ,k 4 Mohr-Coulomb DL 2.966 36 0.670 63 0.999 61
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