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Mix proportion optimization of ultra-thin cement-based paving materials for
old cement concrete pavement

MA Shibin HOU Licheng LIU Yuezhao ZHANG Junfei

( School of Civil and Transportation Hebei University of Technology Tianjin 300400 China)

Abstract: Rapid repair of old cement pavement was a technical problem faced by highway maintenance personnel and ultra-thin
paving was a low—cost and high-efficiency maintenance solution. In order to obtain the optimal mix proportion for ultra-thin
cement-based paving materials based on the analysis of the strength development law and early hydration mechanism of cement—
based cementitious material system the reference mix proportion was determined. Then the water-binder proportion auxiliary
cementitious material replacement rate and cement-sand proportion were taken as independent variables and A-optimal mixed
design method of three factors and eleven groups of experiments( 311-A optimal mixed design method) was used to optimize the
mix design. The influence of independent variables on flexural strength compressive strength and fluidity of design indexes were
systematically analyzed. Three mix proportion combinations were obtained through simulation calculation and a comprehensive
analysis was conducted on the economic technical and workability aspects. The results show that the optimal mix proportion of
material mass percentage obtained by 311-A optimal mixed design method is water-binder proportion of 0.32 auxiliary cementitious
material replacement rate of 15% and cement-sand proportion of 1.0. The error of mechanical strength and fluidity between the
predicted value and the measured value based on the indoor verification test is within 5%.
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Tab.1 Chemical composition of 42.5 rapid-hardening-sulphoaluminate cement

/min /MPa /MPa /
1d 3d 1d 3d (m? kg™
=25 <180 =30.0 =42.5 =6.0 =6.5 =350
45 150 37.2 45.1 6.0 6.7 410
2 425

Tab.2 Technical indexes of 42.5 rapid-hardening-sulphoaluminate cement mass fraction %

Ca0 ALL0, S0, $i0, Fe, 0,

45.30 18.60 12.50 7.23 4.30
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Tab.3 Technical indexes of silica fume
Sio, 1% 1% /pum /( ) /(geem™)
96.65 2.10 0.1 20 1.8
4 S95
Tab.4 Technical indexes of S95 slag
/(geem™) 1% 1% /(m?ekg™)
2.84 96 0.4 0.02 472
5 S95
Tab.5 Technical indexes mass fractio of S95 slag %
Si0, Al Oy CaO MgO Fe, 05 TiO,
34.11 15.31 37.25 8.49 0.73 1.94
1
Fig.1 Main instruments and equipment for testing
1.2 N
N N 40 mm-+ 40 mm. 160 mm
(20+£2) “C. 95% o €
. . Y GB/T 1346—2011)
(30+1) s. 2 400 N/s
50 N/s. X ( XRD)
1.3
1.3.1
o {
(JTG/T F30—2014) 0.32 149 kg/m3 466 kg/m3
0.7% o
5% 7% 10% R+*SAC P+042.5
XRD R-+SAC ( )

0%~ 25% -~ 50% ~ 75%  100%

XRD

10% P-042.5

)
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311-A (X))~
(X,) . (X;) 3 3d
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6
Tab.6 Horizontal and varying spacing of each factor
-2 -1.414 -1 0 1 1.414 2
(X)) 0.02 0.28 0.29 0.30 0.32 0.34 0.35 0.36
(X,) /% 5 0 3 5 10 15 17 20
(X3) 0.20 0.40 0.50 0.60 0.80 1.00 1.10 1.20
7
Tab.7 Design Scheme for Mix Proportion Test of Mineral Admixture
( ) /kg
X, X, X3
( ) ) ( )
1 0(0.32) 0( 10) 2(1.2) 386 33 47 149 388  3.26
2 0(0.32) 0( 10) -2(0.4) 386 33 47 149 1164  3.26
3 —1.414(0.29) ~1.414( 3) 1( 1.0) 471 37 16 152 524 3.67
4 1.414( 0.35) ~1.414( 3) 1( 1.0) 377 29 13 147 419  2.93
5 —1.414(0.29) 1.414( 17) 1(1.0) 398 37 89 152 524 3.67
6 1.414( 0.35) 1.414( 17) 1( 1.0) 318 29 71 147 419 293
7 2(0.36) 0( 10) -1(0.6) 336 28 41 146 675  2.84
8 -2(0.28) 0( 10) ~1(0.6) 454 38 55 153 911  3.82
9 0(0.32) 2( 20) -1(0.6) 340 33 93 149 776  3.26
10 0(0.32) -2(0) ~1(0.6) 433 33 0 149 776 3.26
11 0(0.32) 0( 10) 0(0.8) 386 33 47 149 582 3.26
2
2.1
2.1.1 R-SAC
. . 1 ( AFt)
o 2 R-SAC o 2 R+SAC
100% P+042.5 o
R-SAC 7% ~10% 5% ~T% R+SAC
7%  10% 28 d o
3 R-SAC 3d XRD o 3
(C-S-H) ( Ca( OH) ,
CH) . 34d (C;S) CaCO,
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2.1.2

(a)
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( C,A) AFt
AFt ( C,AF) AFm CH AFt
CaS0, (C,9) . " . ReSAC
0 AFt C,A
R+SAC SO AFt
R*SAC 7% o

(b)

Fig.2 Strength of mortar with different R+SAC cement content

3

3d

XRD

Fig.3 XRD spectrum of maintaining 3 d age with different R*SAC cement content

R-SAC

75%

C,A
AFt
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(a) (b)
4
Fig.4 Strength of mortar under different mass rato of mineral powder

to silica fume and requirement of normal consistency

5 3d XRD . 5
CH AL, AFt CH AFm
CH C,S
10% .
5 3d XRD

Fig.5 XRD spectrum of mortar with different mass ratio of mineral powder to silica fume at 3 d age
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6 2 XRD o 6
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R+SAC-0PC CH R-SAC
CH AFt R+SAC-0OPC
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6 XRD
Fig.6 Quantitative analysis of XRD phase
8
Tab.8 Reference mix proportion kg
466 386 149 33 47 625 3.26
2.2
2.2.1
311-A 3d
N 11 66 9 o
9 311-A
Tab.9 Test Results based on 311-A optimal mixed design method
3d /MPa 3d /MPa
/
mm
I I 1 1% I I 1 1%

1 27.4 27.5 29.7 28.2 4.59 5.65 5.66 5.74 5.68 1.00 161
2 25.5 26.1 27.0 26.2 2.85 5.42 5.34 5.50 5.42 1.48 154
3 28.1 29.8 31.7 29.9 6.09 5.54 5.65 5.81 5.67 2.40 151
4 24.3 27.7 26.9 26.3 6.80 5.01 5.71 5.33 5.35 6.55 166
5 30.1 30.2 28.8 29.7 2.62 5.56 5.60 5.69 5.62 1.19 158
6 24.1 28.5 28.6 27.0 9.51 5.63 5.40 5.12 5.38 4.74 172
7 24.0 24.5 23.4 24.0 2.24 4.82 4.80 4.78 4.80 0.42 167
8 32.9 31.9 32.5 32.4 1.61 5.71 6.70 6.34 6.25 8.02 148
9 24.8 26.1 27.7 26.2 5.58 5.20 5.20 5.10 5.17 1.12 165
10 26.4 26.5 26.0 26.3 0.99 5.18 5.62 5.15 5.32 4.95 153
11 26.8 28.4 29.2 28.1 4.44 5.57 5.78 5.80 5.72 2.23 160
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2.2.2
7 3d X, ) L Xy
) X, ) (Y) . (V) (V)
Y:b0+b1X1 +b2X2+b3X3+b12XlX2+bl3XIX3+b23X2X3+b11X?+b22X§+b33X§ o ( 1)
MATLAB
regress

Y,=5.720-0.231X,-0.021X,+0.063X,+0.01X, X, +0. 132X, X,+0.017X,X,-0.023X; —0.093X;-0.043X;
Y, =28.100-1.607X, +0.032X,+0.500X; +0. 113X, X, +0.493X, X, +0.057X, X, +0.206 X —0.281X2~0.225X>

Y, = 160.000+4.939X, +2.649X, +1.750X,,-0. 125X, X, +0. 189X, X;~0.35LX, X, —0.031X>+0.344X>~0.625X> .

P 0.020 1 0.05 o P

2.2.3
Xis X, ( X, )

Y, =5.720-0.231X,+0.063X,+0. 132X, X,-0.023X>-0.043X>
Y, =28.100—1.607X, +0.500X,+0.493X, X,+0.206X>~0.225X> .

(Yl) (Yz) 7\ 8 o

7 8

Fig.7 Flexural strength interaction curve Fig.8 Compressive strength interaction curve

. X,



0 o
X}( Xl) Xl‘ XZ( XZ‘ X3) °
2.2.4
Yl
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1
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00.063 0.132 0.017 —0.0865%25
50
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Y, 0 -2
2 X,=-2 X,=-0.113 X,=0.733
1: 0.28 9.44 % 0.95,
Y,
oc o
-1.607 0412 0.113 0.49300, [
Yi(X) = g 0.032 0.113 -0.562 0.05780 'O=¢ ,
0 0.500 0.493  0.057 0.4505%2
50
X,=-2 X,=0.06 X,=1.11 2:
0.28 10.30% 1.0.
-22 1
125 10
Y=0.71p+1 (2)
Y V@ o
3d
YIBYXJFI'3(] YZBYXf‘c3d (3)
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164 mm 1.05
X,=0 X,=1 X;5=1
3 0.32 15% 1.0, 3
10 9 o
10 3
Tab.10 Predicted value of three best combination schemes
X, X, X5 X, X, X; /MPa /MPa /mm
1 -2 -0.113 0.733 0.28 9.44% 0.95 5.92 29.7 150
2 -2 0.060 1.110 0.28 10.30% 1.00 5.81 31.3 151
3 0 1.000 1.000 0.32 15.00% 1.00 5.64 28.2 164
9
Fig.9 Regression prediction values of different schemes
3 11 o 3
5%
12
11 3
Tab.11 Verification of three best combination schemes
/MPa /MPa /mm
/% /% /%

5.92 5.78 2.42 29.7 28.9 2.77 150 151 0.66

5.81 5.71 1.75 31.3 32.0 2.19 151 157 3.82

5.64 5.42 4.06 28.2 27.7 1.81 164 167 1.80

12
Tab.12 Final mix proportion per cubic meter of mortar kg
PO 42.5 R+SAC
466 363 149 33 70 466 3.26

: R-SAC
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