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Strength properties of low temperature magnesium phosphate
cement concrete
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Abstract: By employing response surface methodology (RSM), the influence of three factors, i.e. water-binder
ratio (M/C), aggregate ratio (G/C) and the mass ratio of magnesium oxide to phosphate (M/P), at different

temperatures (0, —20 °C) on the compressive strength and flexural strength of magnesium phosphate cement
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concrete was investigated. By using Design-Expert software to analyze data, the regression model was
obtained, which reflects the influence of three factors on the mechanical properties of MPC concrete at different
environmental temperatures. The degree of influence of these three factors on the concrete strength under low
temperature was: W/C>M/P>G/C. The compressive strength and flexural strength of MPC concrete
decreased with the increase of W/C. The compressive strength and flexural strength of MPC concrete decreased
with the increase of G/C, increased with the increase of M/P at —20 °C. The compressive strength increased
with the increase of G/C, decreased with the increase of M/P at 0 °C; The flexural strength decreased with the
increase of G/C, decreased with the increase of M/P at 0 “C. The 7 d compressive strength and flexural strength
of MPC concrete at — 20 ‘C showed its maximum value at W/C=0.14, M/P=5.0, and G/C=2.0, whilst the
7 d compressive strength of MPC concrete at 0 “C reached its maximum value at W/C=0.14, M/P=3.0, and
G/C=3.0; the 7 d flexural strength of MPC concrete at 0 °C reached its maximum value at W/C=0.14, M/P=
3.0, and G/C=2.0. The deviation between the predicted strength of the model and the actual value of the test

was less than 10% , confirming the good significance of the model established.

Keywords: magnesium phosphate cement concrete;

environment; mechanical properties
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Table 1 Chemical composition of dead-burned

magnesium oxide %

MgO  Si,0, CaO ALO, Fe,0, SO, P,0. MnO K,0
90.78 5.74 2.05 0.65 0.34 0.25 0.05 0.02 0.02
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Table 2 Design factor level table of CCD

% w/c G/C M/P T/C
—1 0.14 2.0 3.0 90
0 0.16 2.5 40 0
1 0.18 3.0 5.0 20
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Table 3 Mortar performance

mebsE o EE/ BURMRE/MPa HUITIRIE/MPa

/% e min 6h 7d 6h 7d
10 20 21 30.4  45.7 4.9 7.8
5 20 9 38.6  52.8 7.8 17.6
5 0 24 23.7  31.7 4.4 7.0
2 —20 16 45.3  55.5 7.6 11.9
3 —20 28 11.0  15.5 2.7 5.4
4 —20 46 0.57 2.3 1.2 1.6
5 —20 102 0.18 0.32 0.1 0.32

22 AEAFREEETEERZMNMPCERL %
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Ko 06 I8 % . FAE MBI 1, 2R 8 BT, B % K
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Table 4 MPC concrete mechanical performance test results

RS w/C G/C M/P T/C 7 dPTHEE /MPa 7 dHTYTIR S/ MPa
1 0.14 2 3 —20 50. 0 12.0
2 0.18 2 3 —20 33.4 10.9
3 0.14 3 3 —20 51.6 12.1
4 0.18 3 3 —20 47.5 9.5
5 0.14 2 5 —20 59.5 13.8
6 0.18 2 5 —20 41.3 8.9
7 0.14 3 5 —20 61.4 14.0
8 0.18 3 5 —20 35.6 8.4
9 0.14 2 3 20 72.5 9.3
10 0.18 2 3 20 66.0 7.2
11 0.14 3 3 20 70.8 8.4
12 0.18 3 3 20 72.1 7.5
13 0.14 2 5 20 54.7 7.2
14 0.18 2 5 20 40.7 5.6
15 0.14 3 5 20 59.3 7.0
16 0.18 3 5 20 41.2 4.2
17 0.12 2.5 4 0 60. 4 7.6
18 0.20 2.5 4 0 43.6 4.2
19 0.16 1.5 4 0 55.6 8.9
20 0.16 3.5 4 0 47.9 6.4
21 0.16 2.5 2 0 53.5 8.6
22 0.16 2.5 6 0 32.9 3.2
23 0.16 2.5 4 —40 57.7 13.1
24 0.16 2.5 4 40 57.7 6.4
25 0.16 2.5 4 0 50.5 6.5
26 0.16 2.5 4 0 52.0 6.5
27 0.16 2.5 4 0 49.2 4.8
28 0.16 2.5 4 0 57.7 6.4
29 0.16 2.5 4 0 51. 4 6.3
30 0.16 2.5 4 0 51.2 6.7

X & 5 7 d T A R [ AR R A O 22
F=6.558 5 >F, (1 415)=1. 985 3, i} W] 1% %4 3@ 2
K 56, 4520 B4 B3 05 B2 0] DL T 0 . [ e A P
i 0.000 419 /N F 0.01, 2 S & ¥ CV= 10.42%,
Ui B 20 A B M R R ] g R, T AR
T i A I 25 R . AR Y R*=85. 96 %, & W] 1
N A (4 A8 b A 85. 96 % S IR F I iF 58 1 4 A
[l U5 77 i AT LA A A 1 4l 3 4% PR 28 5 i o {22 [
HEL KR, NESHATLAEHR, W/C.M/P. T34
X} 7 d Bt R 5 G 5% e i 2% (P<<0. 05) , 4% P{H
K/NAT 145 I R 5 MPC IR BE + 7 d 305 5 J 5% i)

BB N . T>W/C>M/P>G/C.

XF 26 6 7 dPLHTIR I [ AR A T 25 0T F =
10. 66=>F, o5(1 118)=2. 374, i}i A B 15380 1 A6 56 , 75 51
B Il AR AT AR 10 . [RS8 PAE/N T 0. 01, 3
B [l )RR X MPCTRSE £ 7 d BT sl BE S A R AF . M
FOTLIF & X MPCIREE T 7 d s 5 m
B BT N T>W/C>M/P>G/C,
2.2.1 KEBEFRBETMPCRELHERE NH
W 45 B 28 X MPC IR #E + 1 2% PE A8 1Y 52 i #1
At ) H Design-Expert 84/ R, #1145 95 [ % 58 1
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Table 5 Analysis of variance of 7 d compressive strength regression model

3 S A A ¥y FA§ P i
Model 2760.651 333 14 197.189 381 6.558 526 316 0.000 419 Hokk
A:W/C 766. 14 1 766. 14 25.481 845 56 0.000 144 ook
B:G/C 1.5 1 1.5 0. 049 890 057 0.826 268 *
C:M/P 517.081 666 7 1 517.081 666 7 17.198 155 92 0. 000 860 ok
D:T/C 392. 041 666 7 1 392. 041 666 7 13.039 320 76 0. 000 067 Hokk
AB 4.6225 1 4.6225 0.153 744 526 0.700 497 *
AC 157.502 5 1 157.502 5 5.238 539 145 0.037 017 ok
AD 46.922 5 1 46.922 5 1.560 644 136 0.230 714 *
BC 22.09 1 22.09 0.734 714 241 0.404 846 *
BD 0.36 1 0.36 0.011973 614 0.914 316 *
CD 635. 04 1 635. 04 21.121 454 57 0. 000 349 *k
A? 4.526 785 714 1 4.526 785 714 0.150 561 065 0.703 450 *
B 3.241 071 429 1 3.241071 429 0.107 798 159 0. 747 203 *
c 88.2525 1 88.2525 2.935 281 509 0.107 248 *
D 91.981 071 43 1 91.981 071 43 3.059 293 937 0.100 702 *
B 2% 450. 99 15 30. 07
KA 407.411 666 7 10 40. 741 166 67 4.674 296 313 0.051 30
i 43.58 5 8.72

TAHUEMRE =52 — 5.65XA + 0.25XB — 4.64XC — 4.04XD + 0.54 X AB — 3. 14XAC + 1.71XAD — 1. 17X
BC — 0.15XBD — 6.30XCD + 0.41XA? + 0.34X B> — 1. 79X C* + 1.83X D’

T oo R B 22 5, P<<0.01;0 3R 3% 2% 5%, P<<0.05. R*=85.96%.

A

F6 TAHITEEOAKE T E SR VE X MPC IR EE 1+ 122 P 6 i ) v il 1 1 .
Table 6 Analysis of variance of 7 d flexural strength 3 DA 22 25 T4 F 6 MPC R34 75 — 20 ‘TR 0 °C
ES ) ke -
regression model - - Y
N MPC i 7d¥iE A1 1
P W TR BE 7 AP0 28 B 1 52 ) KL an 141 1
Model 199. 74 11 18.16 10.66 << 0.000 1 7J<o }J\[E 1(3)'—'—‘7145& f 20 Cﬂ T Fﬁﬁ w/

A:W/C 33.61 1 33.61 19.73  0.0003 #*x CH 0. 1488 K3]0. 18, MPCIREE + 7 d FL 5 98 )& 14
B:G/C 3.23 1 3.23 1.89 0.1856 * BEAR 76 W/ C=0. 14 kb 4( JE 9 57 1k 51 % (i B 2
C:M/P 14. 42 1 14.42 846  0.0094 #*x G/CHI 2. 088 F 3. 0. MPC 18I 4 7 d 410 4 -t
D.T/C 90. 48 1 90.48 53.12 << 0.0001 **x o
BN TE G/C=2. 0 kb 35 3 fie KAH ;s MPC R 5 +
AC 4.20 1 4.20 247 0.1336 *
AD 2.89 1 2.8 1.70 0.2091 * 7 d 0 F 5 5 B ML/ P ARG HE i B8 K 42 M/ P=5. 0
cD 5.06 1 506 2.97 0.1018 =* AbIRE 58 B e KA . B E fe K{E 61. 8 MPa ih 8
A? 1. 44 1 1.44 0.85 0.3699 * 15 W/C=0.14.G/C=2.0 M/P=5.0, 7£0 CHis
B 12.19 1 1219 7.16 0.0154 ** T LW/ C R MPC IR 7 d 4 R 5 T
c? 1. 44 1 1.44 0.85 0.3699 *
) — 20 CHIE T —ZGHEH G/ C gk , MPCIREE -5t
D* 38.95 1 38.95 22.87  0.0001 #*x
5 2 30,66 18 170 S i R D) 320 987 2 K 5 ML/ P %) B R D) S BT R e R
2 41350 28.22 13 2,17 4.55 0.0548 Ko MPCiREE L 7 d P 5% 5 K AE 59 MPa th BLAE
2R 2.44 5 0.49 W/C=0.14.G/C=3.0.M/P=3. 0,
TAPiArIRE=6.20 — 1.18 XA — 0.37XB — O._78>< GE A g2 5 LA G R 7 d B R —52 —
WA C—1.94XD — 0.51XAC + 0.43XAD — 0.56X
CD + 0.23XA” 4 0. 67X B’ + 0.23X " + 1.19X D 5.65XA + 0.25XB — 4.64XC — 4.04XD +
e Rl 32 5, P<<0.01; %3 R B E X F, P<0.05, R*= 0.54XAB — 3.14XAC + 1.71XAD — 1.17X

86.69% . BC — 0.15XBD — 6.30XCD + 0.41XA* +
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Fig. 1 Influence of W/C, G/C and M/P on the 7 d

compressive strength of MPC concrete
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Fig. 2 Influence of W/C, G/C and M/P on the 7 d flexural
strength of MPC concrete
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