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Effect of Stone Powder on Early — Age Shrinkage and Cracking Behavior of Manufactured Sand Concrete
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Abstract: To study the influence of stone powder content on the early shrinkage and cracking performance of manufactured
concrete, the working performance, early shrinkage, early cracking, compressive strength, and pore distribution of
manufactured sand concrete with different strength and different contents were tested. The test results show that the addition of
stone powder is beneficial to improve the water retention, cohesiveness, and anti — segregation performance of manufactured sand
concrete but it will increase the amount of water reducing agent and early shrinkage strain of manufactured sand concrete. An
appropriate amount of stone powder is beneficial to improve the crack resistance and compressive strength of manufactured sand
concrete, but excessive stone powder will lead to the decrease of crack resistance and compressive strength. The stone powder
content in manufactured sand can be relaxed to 20% for C30 concrete, and the content of stone powder should be controlled
within 10% for the C50 concrete. The optimum value of stone powder content in manufactured sand for concrete should be
determined in combination with engineering environment and practical use, which is more conducive to the expansion application
of manufactured sand concrete in areas with poor sand resources.
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Table 1 Physical and mechanical properties of cement

WAREB ., BT /min 28 d g7 28 d 4R
/i) T g s BUE/MPa HE/MPa
355 £ 260 320 7.3 23.3  48.2
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Table 2 Main indexes of manufactured sand

gy RMEE EWE ABB REHERRL ORI
W/ (kg/m®) B/%  B/% / (kg/m*) / (kg/m*)
2.9 2 630 8 8 1.0 1760 1 640
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Table 3 Chemical composition of cement and stone powder /%
W4y CaO  Si0, Fe,0; ALLO; MgO SO; Na,0 K,0  TLoss
JKJé 56.51 25.74 3.88 7.45 1.35 3.02 0.85 0.65 0.55
ik 50.08 4.66 1.06 1.25 1.85 0.32 — 0.45 40.41
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Table 4 Concrete mix proportion / (kg/m*)
N S N
B KM KR o Wk Wkl
C30 0.45 344 800 1 100 155 3.4
C30P5 0.45 344 760 40 1 100 155 3.4
C30P10 0.45 344 720 80 1100 155 4.1
C30P15 0.45 344 680 120 1 100 155 4.8
C30P20 0.45 344 640 160 1 100 155 5.5
C50 0.32 484 800 1 060 155 4.8
C50P5 0.32 484 665 35 1060 155 5.8
C50P10 0.32 484 630 70 1060 155 6.8
C50P15  0.32 484 595 105 1 060 155 7.7
C50P20 0.32 484 560 140 1 060 155 9.7
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Table 5 Workability of concrete mixture

WEE kR , o PHEIE TR BT
BB kg it AR K em Sum /%
€30 3.4 fE ERREIE AHCRMAK 160 420 2.0
e CHEH \
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C30pP5 3 By P HHEWK 180 50
. . B,
7 T 5T
C30PI0 4.1 5y el k85 %0 Lo
C30P15S 4.8 R BlF BT 190 540 0.8
C30P20 5.5 BT BT BT 185 580 0.8
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DEWIK 185 550 0.6

€50 4.8 T BT
C50P5 5.8 ikt iy /ea

C50P10 6.8 Kt RiF RiF 190 600 0.5
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C50P20 9.7 ¥ e R 165 400 0.3
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Fig. 1 Early age shrinkage curve of concrete
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Table 6 Slab cracking test results of concrete

AR LA AR AR AR Y
WREg S CFRITRE R REERHE SIFRE AR
/ (mm?/bar) / (bar/m?) / (mm*/m?)
C30 27.23 2.08 56. 64
C30P5 38.76 2.08 80. 62
C30P10 65.33 6.25 408. 31
C30P15 53.69 6.25 335.56
C30P20 69. 25 6.25 432. 81
C50 62.23 8.33 518. 38
C50P5 68. 63 6.25 428.94
C50P10 72. 60 6.25 453.75
C50P15 95.54 8.33 795. 85
C50P20 106. 86 10. 41 1112.41
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Fig.2 Compressive strength of concrete
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Table 7 The characteristic peak area of T, spectrum and pore size distribution

R T, Hh ki A LB L %
BIEEA 0.01~1ms  1~10 ms 10 ~ 100 ms >100 ms  0.0001~0.01 pm 0.01~0.1 pm  0.1~1 pum > 1 pm
C50 1224.7 48.3 841.8 211.6 123.0 3.9 68.7 17.3 10.0
C50P5 1 089.3 240.0 633.6 159.5 56.2 22.0 58.2 14.6 5.2
C50P10 786. 8 119.4 510.6 134.3 22.6 15.2 64.9 16. 1 3.9
C50P15 725.7 113.3 478.9 98.8 34.8 15.6 66. 0 13.6 4.8
C50P20 836.4 148.5 509. 6 143. 4 34.9 17.8 60. 9 17.2 4.2
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