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construction is to determine the suitable water-binder ratio. Based on the premise that the typical raw
materials and mix ratio of 150MPa grade UHPC remained unchanged (except water consumption), the
influence of water-to-binder ratio (0. 15~0. 2) on the construction and mechanical properties of UHPC
were studied. Through relevant tests, the extension degree, compression resistance, bending strength,
four-point bending stress-deflection curve, and equivalent tensile stress of UHPC under different wet
mixing time (full wet mixing time, static stop for a period of time) were obtained. Subsequently, the
variability of compressive strength and flexural strength results were analyzed; Using the stress-deflection
curve, the index of bending toughness was obtained based on the standard method. At the same time, an
improved method for calculating flexural toughness index of UHPC was proposed. The test results show
that the full wet mixing time of UHPC is 6 min. The extensibility of UHPC increases linearly when the
water-to-binder ratio increases from 0. 16 to 0. 19. And at this time, the average extensibility rate of UHPC
increases to 109 mm with the water-to-binder ratio increases by 0. 01. The extensibility loss of UHPC is
40mm, and the loss rate is only 5. 9%, when the water-to-binder ratio and standing time are 0. 19 and 4h.
The compressive strength, flexural strength and flexural toughness index of UHPC all increase first and
then decrease with increasing of water-to-binder ratio, and when the water-to-binder ratio is 0. 18, 0. 16 and
0. 16 respectively, the three mechanical properties reach the best. The stress-deflection curve before the
stress peak is an atypical full convex curve. The strength of visible first crack is about 0. 85 times that of
flexural strength. The flexural toughness of UHPC is good, so it is better to use visible first crack
deflection as the initial deformation reference to calculate the flexural toughness index. In order to ensure
the good construction and mechanical properties of UHPC, the wet mixing time and water-to-binder ratio
should be 6min, 0. 18 or 0. 185 respectively.

Keywords: ultra-high performance concrete; construction performance;mechanical properties; water-binder

ratio; first crack deflection; bend ductility
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Table 1 Size and amount of UHPC specimens

2R N Ko
Ei WA 100 mm X 100 mm>X 100 mm 6
L 100 mm X 100 mm X 400 mm 3

B 1 UHPC i HHIIERER
Fig.1 Flow chart of UHPC specimen making

B2 KHEFIPHE

Fig. 2 Maintenance system of UHPC specimens

1.3 REHE

PRE TR R T R A i B (P iR D i
JrvE R WLSCHR 16 ], Horr, 25 il 04 (bt dfr o ) ik
Ul | = A - = VT B VAR 2K 1= AU 4
S40.02 mm/min,

2 REERSH

2.1 kB3 UHPC ¥ B ER S0

Bl 3 45 1 T /KB L3 R, UHPC 97 R B Bl 22
AR QR HE 6 min BRI K &t 40 I A b1 B2 5 5
BEPEH BEAAS R IRD . 4 45 T KBS EE A 0. 19,
WPE 6 min B4R RS ] 5 UHPC 47 R B 1Y
KRML . [FE, % &R PR R X UHPC 97
52, 5 45 T KR e Rk ) 5 R UHPC
PR R, mE 3~E 50 iL.1) UHPC
PR B BE A KBS L 1 R R B . KR B A
0.15 M & 0. 2 W, UHPC ¥ F& J& F ¥ 3 i ik
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76 mm, H/KHE L LL 0. 16 i A A8 FE 0. 19
BF, UHPC 47 R B B AR DLZR PR BE K, SF- 39 18 ik 109
mm, 2)%KK A 0. 19 B, UHPC I8 4 R 15 # 5
B 1.5 h DA S8 BE B R AUA 5 mm, & #
PB4k 2e 3G 4, UHPC 97 8 Bk R K. 4 h i
5 )R BB R BE R 2K 40 mm, K RAL 5. 9%, 3) T
FEtE 5 UHPC ¥ @ B 2 [l A7 7E “ IE M G I 6 &R
B 25 45 $ i 18] 8 5 6 min J5, UHPC IR& R 2
JEBEAASFESG I A R BR O FE 4R R ), PR
JR 81 UHPC Bt He B 25 iy 50 04 12 56 v 2 0 00 4 b
[ 8 6 min, B R H 7043 W FE 5 1]
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Fig.3 Influence of water-to-binder ratio on extensibility of UHPC
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Fig. 4 Influence of standing time on extensibility of UHPC
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Fig.5 The extensibility of UHPC with different

water-to-binder ratio and mixing time
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Fig. 6 Corresponding relationship between water-to-binder

ratio and compressive strength of UHPC
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Table 2 Average value, standard value, standard deviation and coefficient of variation of

compressive strength and flexural strengthtest results

fo/ MPa fu/MPa fua/MPa
KB e
P o Cy etk " ) Cy Seek 7
0. 15 150. 38 5. 086 0. 034 142.01 32. 20 0. 317 0.010 31. 68 27. 64
0.16 152. 88 10. 270 0.067 135.98 42.07 1.457 0.035 39.67 35. 20
0.17 172.03 6. 475 0.038 161. 38 36. 80 0. 567 0.015 35. 87 32.83
0.18 172.58 6.370 0.037 162. 10 33.01 1. 575 0.048 30.42 27.12
0.19 154. 82 8.971 0.058 140. 06 30. 37 1. 007 0.033 28.71 25.91
0. 20 145.52 11. 700 0. 080 126. 28 28.05 1.795 0. 064 25.10 23.83




168 N RC N A

£ F|OP & O

% 42 %

: / N
\i.
015 016 017 018 0.19 020
R X
W ——fu = fux
B 7 KEIESMIABEITNX R

Fig.7 Corresponding relationship between water-to-binder

ratio and flexural strength of UHPC
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Fig.8 Compression destructive form of UHPC
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Table 3 Extensibility, compressive strength and flexural strength of UHPC when the water-to-binder ratio is 0. 185
Jee/MPa fe/ MPa
KB e P /mm
P o ¢ feeuk P 0 ¢ fetok
0.185 620 165. 74 4.38 0.026 158. 54 31.98 1. 63 0.051 29.3
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Fig. 9 Flexural stress-deflection curves of UHPC
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Fig. 10 Stage division (W/B=0.16)
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Fig. 11 Flexural failure mode of UHPC specimens
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Table 4 Comparison of linear deviation from first crack

deflection and first crack deflection in literature [30]

IR L Ed/mm er/mm Bera/ mm
0.15 0.41 0.075 2.71
0.16 0.41 0.091 2.52
0.17 0.41 0.053 2.55
0.18 0.41 0.063 2.29
0.19 0.41 0.072 1.71
0. 20 0.41 0. 046 1. 82
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Table 5 Flexural Toughness index of UHPC specimens based on CECS 13:2009

KW fo/MPa  f./MPa 8/mm fe/MPa R. FT/(kN « mm) Is I I Rs.10 Riv.o0  D,/(kN + mm)
0.15 32.20 9.27 2.21 17.61 1.9 117. 41 5.33 11.53 26.22 123.9 146. 9 435. 66
0.16 42.08 9. 86 3. 64 19.51 1.98 130.07 6.12 12. 64 27.26 130.5 146. 2 532.42
0.17 36. 80 9.32 3.11 16. 85 1.81 112. 33 4.93 10. 41 22.56 109. 8 121.5 509. 60
0.18 33.01 9.15 2. 88 16. 06 1.76 107.07 4,74 9. 87 19. 08 102. 6 92.1 411. 44
0.19 30. 37 9.12 2.19 18. 30 2.01 122.01 4. 60 9.10 17.57 90.0 84.7 422.92
0. 20 28. 05 9.18 2.46 16. 26 1.77 108. 40 4. 41 8.72 16.79 86. 2 80.7 412. 04
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Fig. 12 The schematic diagram for calculating the flexural
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XF I A R T foe o FTLAF 2 56T SCHBR I S 14
BpeE KAl A9 2L HEHE (0. 02~0. 05 mm) i3 Y
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toughness index of UHPC based on the standard method 13:2009 AL R A B A, B, A 0@ o b E
SR HISCHRE 30 BF U A2 (0 BV AL B E Eo, BTy ) I MBI,
R 6 ETH[30]K) UHPC = i #) I8 4R
Table 6 Flexural Toughness index of UHPC specimens based on literature [30]

IK I H fera/ MPa Ocra/ mm fe/MPa R. Is I I Rs.10 Rio.20
0.15 12.17 0.41 17.61 1.45 3. 96 10. 05 20. 80 121.8 107.5
0.16 12.21 0.41 19.51 1. 60 4.41 11.95 26.48 150.9 145.3
0.17 11. 34 0.41 16. 85 1. 49 4.01 8.95 26.65 99.1 176.9
0.18 11.42 0.41 16. 06 1.41 3.91 8.40 22.86 89.9 144.6
0.19 12.55 0.41 18. 30 1. 46 3. 84 9.02 20. 16 103.7 111.3
0. 20 12.11 0.41 16. 26 1. 34 3.79 9.77 21. 40 119.5 116. 3
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Table 7 Flexural toughness index of UHPC specimens based on initial reference

deformation of visible first crack deflection

KR L fera/MPa Ocra/ mm fe/MPa R. Is Lo I Rs.10 Rio,20
0.15 27. 64 2.71 17.61 0. 64 3.83 4.97 4.97 22.75 0
0.16 35.2 2.52 19.51 0.55 4.18 5.8 5.8 32.32 0
0.17 32.83 2.55 16. 85 0.51 4.02 5. 46 5.46 28.63 0
0.18 27.12 2.29 16. 06 0.59 3.76 4.57 4.57 16. 11 0
0.19 25.91 1.71 18. 30 0.71 3.92 4.70 4.70 15. 60 0
0. 20 23.83 1.82 16. 26 0.68 3.69 4.45 4. 45 15.32 0

2.3.3 A T Nemkumar FxZ w34 KH
Nemkumar ¥ 318 UHPC # ¥ 35 #5 B JC 75 18 33 #)
SLER I D OO 45 2R HLA B R A 2 [
AITE — € T BE A HG SCHT A 3 Aoy g CRIVRE Y8 325 K&
Hek ) i B 45 8 . Nemkumar 18 J7 74 40 &
13 Jif7s (L W/B=0.16 i),

S}

’J j Lim

BeEE
KB 0.16
13 Nemkumar 3£ 5IE

Fig. 13 Schematic diagram of Nemkumar
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Table 8 Caculation results of PCS,, index

K H PCS,, K H PCSn
0.15 24. 54 0.18 23.55
0.16 30. 46 0.19 23. 94

0.17 30. 27 0. 20 22.20
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Fig. 14 Comparison of flexural toughness index based on

linear deviation of first crack deflection with PCS,, index
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Fig. 15 Comparison of flexural toughness index based on the

first crack deflection in literature [30] with PCS,, index
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UHPC Z i # M 48 %0 5 PCS, 8 8L %) & i
e FUECY K RS R 0. 19 BT A T H A, B
PCS,, FE KB Jg 0. 18 IF, A7 /N g B 1 K, i
A B 7 F3 8 AT LLE . KISl 0. 19 B,
UHPC il B 85 P He B3R ) 5 mm 2247 BN ) 4%
JE M2 T KO B BN 2 e Rk 8RR U o 1k (W AE
BEREIR 8 mm DL 1), BB T HE FRK R 0.18
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Fig. 16 Comparison of flexural toughness index based on

visible first crack deflection with PCS,,index
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