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Effect of Mineral Admixtures on Early Shrinkage and Cracking Properties of High Strength Machine-made Sand Concrete
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Abstract; Aiming at the problem of severe early shrinkage and cracking of concrete pumped with low water —binder ratio and high
strength sand, which is easy to cause a sharp decline in the durability of buildings, the effects of fly ash, mineral powder and silica fume
on the working performance, mechanical properties, early shrinkage and cracking properties of concrete under single, double and triple
mixing were studied through experiments. The behavior of early shrinkage cracking was analyzed by low field nuclear magnetic resonance
(NMR) through pore structure. The results show that the addition of fly ash and mineral powder can improve the working performance of
concrete, but the addition of silica fume can reduce the working performance of concrete. The addition of mineral admixture has a great
influence on the early strength of concrete, and with the extension of curing age, the late strength increases with the increase of hydration
degree. When fly ash, mineral powder and silica fume are mixed, the high strength machine—made sand concrete has the smallest early
shrinkage rate and cracking area. The addition of mineral admixtures can reduce the internal porosity of concrete, increase the internal
density of concrete, and reduce the early shrinkage cracking.
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Table 1 Cement technical index
R, EEZSEE/min PUPTERBE/MPa PUERRE/MPa
(m*/ kg) ik R 3d 28 d 3d 28 d
358 240 310 4.8 7.2 23.2 48.3

F2F %0 RBERIRE IS
Table 2 Class F Class II fly ash performance index /%
qE KR KR FEAE AR SO, TR 28 d WIS
7.0 0.2 102 2.0 1.63 0.6 71.5
R3 SIS W HHEREIRIR
Table 3 S95 mineral powder performance index
W/ R EHEIEEUY W SO, H AE AUk bRk
(g/em®) /(m*/kg) 7d 28d FEW% B/% F/% %/ %%/ %
2.9 443 72.0 95.2 96 0.2 0.01 0.3 -0.8
a4 RKABANE
Table 4 Technical index of water reducing agents

i VA g
/% %/ (g/em®) pH {H %LE? IR YRS WKk 2%

FH/% B/ mm
19.6 1. 06 6 0.01 230 19.2
x5 REWHELFZAR %
Table 5 Chemical composition of cementitious materials /%

ME S0, ALO; Fe,0; CaO  MgO SO; Na,0 K,0
JKIE 20.31 5.02 3.41 65.57 1.17 2.89 0.397 0.813
WK 53.67 31.14 4.78  4.01 1.30 0.392 1.16 1.82
Wk 37.60 15.78 0.55 34.92 6.34 1.70 1.32 0.60
K 70.26 15.28  2.03  2.48 0.647 0.01264.57 4.22
ik 69.33 15.79 4.53  3.67 0.54 0.07 2.98 2.69

1.2 %k EEA
RELRAIE 6, KK R 0.3, HEE LM
JEAEG R €60, WkK 45 5 R BE A R B
1.2%., BB 4 BB A D 208 5 s B K e,
PLaliKJe gl A I EL] C1, BBHIEK (20%) C2.
W (10%) C3, BEK (5%) C4, 2B MK
(20%) +WH (10%) C5, =K (20%) +
WH (10%) +FEJK (5%) C6 ZAENXTHA, BFsE
WPB A R s R AL RN IR EE + TAEMERE . 2%k
B LA S TF 24 BRI 2
#6 RELHBRAL
Table 6 Concrete test mix ratios  / (kg/m?)

4 kP mer AT K KK R RER
Cl  490.0 689 1124 147

C2  392.0 689 1124 147 98

C3  441.0 689 1124 147 49

C4  465.5 689 1124 147 24.5
C5 343.0 689 1124 147 98 49

C6 318.5 689 1124 147 98 49 24.5
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2.1 ITAEMAE

2T AARFG BGRB8 TAEPERE,
S C1 AL, SR C2 A dy C3 I, IR
B MYHERE MR T 15 F1 S mm, [FRF, fERE
YHg B3 KR BE L9 B3 K, TR BE - P SE T
[A] 3 BIAER: T 20 130 min, MEBEEK C4, BEEL
IPHEERAR T 15 mm, 1 h PHEEH L], BB
REIK C4 J5, WREELFEE LR K, g
A 170 mm, Y RE N 450 mmx450 mm; C5 F1C6 1Y

RT FHBRERLT T/EMEE

Table 7 Working properties of fresh concrete

JUH i L/ % WIUR/mm 1 h/mm

YELEHTE]/ min

é (=]
Al MK T8 BRI YIERE PRIE YRR PR Wk A5t

C1 205 510x510 195 480x490 485 800

Cc2 20 220 530%x535 210 505x510 505 825
Cc3 10 210 515%520 195 485x485 515 830
C4 5 190 470x460 170 450x450 510 810
C5 20 10 215 510%520 200 500x505 555 865

Cc6 20 10 5 225 510%x510 200 510x515 560 890

REET Y RBESHE KT 10 mm A1 20 mm, JREE+
MRS AR I, BT R FIREE 3R a%

WK DL i O K e B AR BE +, 7 —
FREE L3I T 3R MRR AL, e AR IR BkE K 22 0 Bk
RYGE, RENRERMEN, MR EE - N Z A
FERE T 08/, UL, AR B A B = TR B Y R
FERY RS MR K A B A S PR IR R
PHEERMY R, HREFHEE, ERORRENT
KV, A5 b 2 T BB N, R K K MK Tk e,
AT EFEE YW B KD, SO FIK I B LT,
TRBE T RO BE R LR, Fah kN,

Kk, T YB 6 RERE . B LA =8
W, SEAEAA L, TRE - PEE WM T RE Y Ak
INBI I HYEER W R SR TR TR K
2.2 WERAE

Bl 1 PR ARG Y56 RHEEE L 7, 28, 56 d
BT R B IR Zs SR 3L uEd] C1IREEL 7 d BF
PURSRE (A 57. 98 MPa ML, FRBREIK C2. HiB
WKy C3, FIBREIK C4 HYTREE 1 Pi 5k B2 A A B AR,
4351k 53.90, 55.10, 54.30 MPa; XWi& C5 fil =4
Co R &+ J12= e M FEAL T 6.6 MPa Fl
5.2 MPa, AETYBE K 28 d PrIEsREE RN 67~
68 MPa, iifi it C60 JR#E + 1Y S+ ke iRk, IREE T
56 d ), BABEMEIK €2, AE C5 F1=18 C6 IREE 1
OET ARGy e ol 2

1o 174

L A284d
NN 56 d

3
=1
T

N S|

P/ MPa
o
3
T

- "z o~ %

C6

S N NS

NS

40 ==

cl c2 c3 c4
ikl

1 RELHFEENRER

Fig. 1 Test results of mechanical properties of concrete
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Fig.2 Early shrinkage curve of concrete
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Table 8 Concrete early cracking test results

R REcB moRRgE R JTRIBY JFREK

%'

/min /% SEE/mm KE/mm (mm?/ m?) RECR/ %
C1 110 6 0.734 1 247 1179
Cc2 145 4 0. 456 875 793 32.73
C3 120 5 0. 624 1109 1013 14.08
C4 125 5 0. 587 1 131 1129 4.24
C5 155 3 0.434 730 711 39.69
C6 170 3 0.357 690 637 45.97
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Fig.3 Measured values of concrete electric flux
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Table 9 Evaluation of the resistance of concrete to chloride ion erosion

6 h Hiif/C AHTBER
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Fig.4 T, spectrum and pore size distribution curve of
concrete with different mineral admixtures
F10 BELHZEEERIKER
Table 10 Concrete NMR test results

e FLBR A5 —Uglg WETRHXIRIME B g STuE Sk
ﬁ%/% T &/ ms SHRE/mT  /ms  MAY/ms TE/ms A/ ms

Cl 2.24 0.5607 1744.503 65733 53635 9468 2630
C2 1.45 0.9116 1084.774 39871 34210 4948 713
C3 1.76 0.6442 1257.389 49772 39603 7485 2683
C4 1.85 0.6442 1391.947 54378 44048 8025 1129
G5 1.21 0.7402 766.732 30183 25211 4154 817
C6 1.09 0.7934  615.2205 27004 21005 4497 1501
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Table 4 Low temperature performance of mixtures
with different types of flame retardants

HlR=m =gz TeRHAE HL+ATH HL+SH  HL+APP
AR/ MPa 9.2 9.0 9.4 8.9
e 3078 2988 3 055 2927
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PERE.
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Table 5 Residual stability of mixtures of

different flame retardant types /%
JCRHEF HL+ATH HL+SH HL+APP
85. 65 86.77 87.21 88.54
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Table 6 Fatigue life of asphalt mixtures
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