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Compressive Mechanical Properties and Prediction for Elastic Modulus of Ultra-high
Performance Concrete
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Abstract: The effects of water-to-binder ratio and basalt coarse aggregate on the compressive behavior of ultra-high-performance
concrete (UHPC) were investigated. The results show that the compressive strength of UHPC firstly increases and then decreases,
while the elastic modulus decreases with the increase of water-to-binder ratio, and the optimum compressive strength is obtained at a
water-binder ratio of 0.16. The compressive strength firstly increases and then decreases, while the elastic modulus increases with the
increase of coarse aggregate. In addition, a semi-empirical equation considering the parameters of coarse aggregate was also proposed
for the prediction of elastic modulus of UHPC, which was validated using the existing literature data.
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Table 1 Mixture proportions of UHPC

Sample . Mix proportion/(kgm’3 )

No. W/B ratio Cement Silica fume Slag Sp Water Sand Steel fiber Aggregates
B4 0.14 712 219 164 5.5 153 1095 157 0
B6 0.16 705 217 163 5.4 174 1085 157 0
B8 0.18 699 215 161 5.4 193 1075 157 0
Co 0.16 865 266 200 6.7 213 799 157 0
C400 0.16 718 221 166 5.5 177 662 157 400
C600 0.16 644 198 149 5.0 158 594 157 600
C800 0.16 570 175 132 44 140 526 157 800
C1000 0.16 496 153 114 3.8 122 458 157 1 000
C1200 0.16 422 130 97 32 104 390 157 1200

Notes: The masses of cement, silica fume and slag are calculated as the ratio of the total mass of binder materials. The content of water reducer is 0.5% of the

total mass of binder materials. W/B ratio is the water-to-binder ratio. The set of B includes 1% volume of short straight fiber and 1% volume of long hooked

fiber while that of C has 2% volume of short straight fiber.
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Table 2 Expressions of compressive strength with respect to compressive strength
No. Equation Notes Ref.
1 E =953 f. Heat-cured UHPC, f,=140 MPa [12]
2 7 UHPC without coarse aggregates [13]
E =193 1—‘6 UHPC with basalt coarse aggregates
150:21.9023/1;l
10
1
E=r <fu<

3 0017 240836 47, 60 MPa<f,, <220 MPa [34]
4 E, =801f" 31 MPa<f,, <235 MPa, 25 GPa<FE.<68.3 GPa [16]
5 E =42{f. UHPC with crushed aggregate, f,,=177 MPa [11]
6 E, =436f., fur130 MPa [15]
7 E =384f, 126</;,<193 MPa [14]

Notes: fe, is the compressive strengths of UHPC (MPa); E. is the static elastic modulus of UHPC (GPa).
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m Test results Equation 1
651 A Equation 2 Equation 3
¢ Equation 4 X Equation 5
S > Equation 6 » Equation 7
S 60t ¥
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55F X
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“ 50 L 2 é : * A x
o i 't L]
*
45
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B8 A ) SN RIA 7] 2 3T B85 SR 0T L
Fig. 8 Comparison of experimental results and expression
evaluation results of elastic modulus

ZELE 10% LA . 2) XFF C400~C800 41, (1), =
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W45 W . 3) KT C1000~C1200 4,

T LR R UHPC $2H X 2), Hil&ai R
WRIELE S%ULAN . eAh, K(6)X C1000 2H 1) L P A5
A BT . (0 & AR C1200 21 1) 70
GERBNTRIG LR . 4) BEOKKHALAB 41
), KOTSRS R EEC T . i
)~ @) ROLEKEEEE A 0.16 F1 0.18 I 5i%
ZERUIN, AHLEARK IR EEI K LE R 0.14), (1545
R WAL

ZE LPTIR, XA RS AN S UHPC (56
R UHPC), BRI F IL R E . 1Y
KRS R 1 000 kg/m’ 5, TR Q)MGE
UHPC HJ AR i o
32 ETHBHMEZLEAR

h 2 SR B B AR R Je 35 X UHPC
BERL 20, K UHPC AR B RS JEAR i AR 52
PR R P S, W (6)s

E=E V., +AE_V, (6)

ca’ ca

A E. EQ Ml Ey 539 5 UHPC. B RIRIE AR

x3 BMRESMITEERMREERMBNRERE

Table 3 Relative error values of expression evaluation results of elastic modulus &/%
No. Test results Equation 1 Equation 2 Equation 3 Equation 4 Equation 5 Equation 6 Equation 7
Co 47.3 9.19 1.36 —5.63 5.41 12.53 16.81 2.88
C400 50.5 3.68 10.95 —-10.81 0.22 7.66 11.76 -1.57
C600 51.6 2.88 10.09 —11.88 —0.46 7.52 11.61 -1.70
C800 53.2 2.14 9.30 -13.28 —0.98 8.05 12.16 -1.21
C1000 56.4 -5.09 1.57 -18.92 —8.11 —0.44 3.36 -8.97
C1200 57.7 —8.81 —2.42 —21.68 -11.83 —5.09 —1.47 -13.22
B4 53.9 —4.95 —11.76 —-17.68 -8.29 —2.38 1.34 —-10.75
B6 51.1 2.90 —4.48 —-11.61 —0.50 7.08 11.16 -2.10
B8 48.0 3.95 -3.50 -9.31 0.09 532 9.33 -3.71

Notes: Measured errors less than 5% have been shown in bold; ¢ is error.
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