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Abstract: In order to optimize the C40 box culvert concrete. the influence of water — glue ratio, external admixture content and
fly ash content on the compressive strength and flexural strength of concrete was studied through single factor test, and then the
response surface model was established based on the Box — Benhnken response surface method to obtain the optimal mix ratio and
verify its utility in practical engineering. Based on the model, the optimal mix ratio is 0.38, 24% and 1.46% respectively,
and the water — cement ratio is 0.37, 25% and 1.5% respectively. Based on the Maximization of concrete mix ratio, the
concrete performance improvement effect is obvious. The Weibull model was used to analyze the results of freeze — thaw cycles on
concrete samples and to estimate its freeze — thaw life, which is relevant in practical engineering for the use of C40 concrete in
plateau and windy areas.
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Table 1 Physical and mechanical properties of cement

ST A Lo/ MPa PSR/ MPa

/(m*/kg) 3d 28 d 3d 28 d
R 25 345 5.0 8.2 20. 8 50. 6
HAR B R >300 >3.5 >6.5 >17.0  >42.5
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Table 2 Main indicators of coarse aggregate

PERERE bR

NIRRT JeRl% E R %
16 ~26.5 0.4 9.6 3.7
9.5~16 0.8 14.7 6.5
4.75~9.5 1.2 25.1 9.2
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Table 3 Main indexes of fine aggregates

G R RWEE  wER ER
/% /(kg/m~?) /% /%

o 0] &% A 1.6 2 650.0 28.9 6.2

BIRE R <20 <2500 <47 <8
F4 BAKFIREER
Table 4 Test results of superplasticizer

I Wk % WAKEI/ %  FRE/ % 28 dPURREELL
LioaIERES 31.0 35.0 3.1 239.0
AR R >25 <60 <6.0 > 140
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Table 5 C40 concrete original mix ratio scale

ke " . K 173 5~10 10~20 Gl "
/(kg/m*) PpR i i /(kg/m?) /(kg/m’) /(kg/m®) /(kg/m?) /% KM
344.0 21.0 175.0 728.0 216.0 863.0 1.0 0.4
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Table 6 Effect of different water — glue ratios on indicators
- - MBI WOKR PEEUE S PR
éﬁ 7 7J(E/)C e =X =R T 15
B/ %  HE/ % SE/MPa 5REE/MPa
1 0.35 21.0 1.0 39.0 5.3
2 0.40 21.0 1.0 42.0 5.7
3 0.45 21.0 1.0 32.0 5.1
x7 WEXRBEIERNEEEE
Table 7 Effect of amounts of fly ash on indicators
N A\ A ‘{“7 1l 7 A )‘ii 2 A
R ORI &&R fﬁﬂ ?%hr ??hﬁ
Bht/ % o/ % 3 £/ MPa 58 B£/ MPa
1 0.4 0.0 1.0 36.0 4.6
2 0.4 10.0 1.0 43.0 4.9
3 0.4 15.0 1.0 46.0 5.5
4 0.4 20.0 1.0 47.0 5.7
5 0.4 25.0 1.0 49.0 5.3
F8 EKFE&EXIEERN R NNIE B
Table 8 Effect of admixture content on indicators
BE ORI wmEOR WOk CPEPUE RS
’ B/ %  GE/%  WE/MPa HEJE/MPa
1 0.4 20.0 1.0 46.0 5.3
2 0.4 20.0 1.1 47.0 5.4
3 0.4 20.0 1.2 49.0 5.6
4 0.4 20.0 1.3 45.0 5.5
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Fig.1 Effect of water — glue ratios on the average
compressive strength

Fig.2 Effect of water — glue ratios on the average flexural strength
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Fig.3 Effect of fly ash content on average compressive strength
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Effect of fly ash content on average flexural strength
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Fig. 5 The effect of admixture contents on the average
compressive strength
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Fig. 6 Effect of admixture contents on honeycomb and hemp surface
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Table 9 Experimental design of C40 concrete
mix optimization response surface

o - IR K PR Yrdram
H KR g o /MPa /MPa
1 0.37 25.0 15 47.0 5.6
2 0. 40 30.0 5 38.0 4.3
3 0.37 25.0 1.5 51.0 6.1
4 0. 40 25.0 1.7 41.0 4.9
5 0. 40 25.0 1.3 40.0 4.5
6 0.37 20.0 1.3 4.0 4.9
7 0.34 25.0 1.3 38.0 4.4
8 0.34 30.0 L5 36.0 4.2
9 0.37 25.0 5 49.0 5.8
10 0.3 25.0 1.7 40.0 4.6
1o 0.37 25.0 5 46.0 5.5
12 0.3 20.0 5 33.0 3.8
13 0.37 20.0 1.7 44.0 5.2
14 037 30.0 1.7 45.0 5.3
5 0.37 30.0 1.3 43.0 5.1
16 0.37 25.0 5 49.0 5.6
17 0.40 20.0 5 35.0 4.1

FREIPUREE Y, MPLProRE Y, A EIAEIR, sk
(1) (2) Pz, 20 W AR [ AR 5 2 0 B 46 2R UL

%10, 11,
Y, =48.4 +0.875 x A + B + 0.875C - 0.25 x
AC -8.33 x A* —4.58 x B* - 0.325 x C* (1)

Y, =572 +0.1 x A +0.1125 x B +0.1375 x
C -0.05 x AB +0.05 x AC - 0.025 x BC - 1.07 x
A* —0.5475 x B> = 0.0475 x C* (2)

H 3R 10 A R0, K b 5ok K 45 1t 10 58 BAE ]
FRSRIA L P (H <0.05, /KR, MHE KB =, W
KAV G R BR RN PAE >0.05, BHIKE S H
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Table 10 Analysis of variance of the regression model for
the compressive strength of concrete

Fads  FM 7 Uk P{E R
Model 423.0200 47.0000 18.8500 0.0004 g3
A-W/B 6.1300 6.1300 2.4600 0.161 0
B-coalash  8.0000 80000 3.2100 0.1163
C - admixture 6.1300 6.1300 2.4600 0.1610
AB 0.0300 0.0300 0.2610 0.0332
AC 0.2500 0.2500 0.1003 0.760 7
BC 0.0050 0.0050 0.06290 0.8453
A2 291.810 0 291.810 0 117.060 0 <0.000 1
B2 88.1300 88.1300 35.3500 0.000 6
2 0.4447 0.4447 0.1784 0.6854
§ 7= 17.450 0 2.490 0
E=EiNIEN 2.2500 0.7500 0.1974 0.8932 AE¥
MARS 440.470 0

11 REIHITCGEENEAREGEST
Table 11 Analysis of variance of the regression model for
the flexural strength of concrete

iy Ff 7 I P{E R
Model 6.8200 0.7576 22.0500 0.0002 B
A-W/B  0.0800 0.0800  2.3300 0.1709
B-coalash 0.1013 0.1013  2.9500 0.1297
C-admixture 0.1513  0.1513  4.4000 0.074 1
AB 0.0100 0.0100 0.2911 0.0463
AC 0.0100 0.0100 0.2911 0.6063
BC 0.0025 0.0025 0.0728 0.795 1
A2 4.8400 4.8400 140.970 0 <0.000 1
B2 1.2600 1.2600 36.7400 0.000 5
c2 0.0095 0.0095 0.2765 0.6152
W7 0.2405 0.034 4
S 0.0125 0.0042 0.0731 0.9713 AE=
S 7. 060 0
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Fig.7 The impact of the combined influence of the two factors on the compressive strength
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Fig.8 The impact of the combined influence of the two factors on flexural strength
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Table 12 Comparison of the experimental and predicted values
of the optimal mix design

, . HHE IR IR PR Yo
TR e s /MPa /MPa
W 0.38 24.00 1.46 48.00 5.60
R 0.37 25.00 1.50 50. 00 5.70
R 0.26 4,10 2.70 4.10 1.76
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Table 13 C40 concrete optimized mix ratio scale

KT TR Ik b 5~10 10~20 SR i K
/(kg/m*) B/ % /(kg/m®) /(kg/m*) /(kg/m*) /(kg/m®) /% *
344.0 25.0 170.0 728.0 216.0 863.0 1.45 0.37
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Fig. 9 Results of rapid freeze — thaw test — quality loss rate
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Fig. 10 Results of rapid freeze — relative
dynamic modulus of elasticity
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Fig. 11 Results of rapid freeze — loss of compressive strength
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