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Abstract: The disposal of used tires causes many environmental problems, and the crushed rubber powder can
replace fine aggregate in building mortar. The content and particle size of rubber aggregate in mortar are the main
factors affecting the strength of rubber concrete. Alkali-activated slag can replace ordinary Portland cement and
improve the environmental friendliness of mortar. The influence of multi-factor coupling on the compressive pro-
perties of rubber aggregate mortar was studied. By testing the compressive strength of mortar, significance analysis
of the test results was completed and the multivariate nonlinear regression model was established. The micro-
scopic pore measurement and SEM test of mortar samples were carried out to explore the degradation mechanism
of rubber aggregate on the compressive strength of mortar. The results show that the increase of rubber aggregate
content in mortar will cause the decrease of compressive strength of mortar. Compared with the control group, the
average compressive strength of alkali activated mortar decreases by 49.93% and the silicate mortar decreases by
66.62% under 40vol% aggregate replacement rate. Under the high alkaline environment of alkali-activated mortar,
the average compressive strength of mortar using 0.38 mm rubber aggregate is 69.65% of the control group, which is
the optimal value in the test group. In the low alkaline environment of silicate mortar, with the decrease of rubber

aggregate size, the average compressive strength of mortar decreased from 61.46% of the control group to 37.98%.
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Table1 Main oxide components of blast furnace slag

Oxide component  CaO SiO, AlL,O; MgO SO; TiO, Fe,O4

Content/wt% 49.51 25.61 13.23 5.51 2.34 2.131 0.421

“0425 mm 0.15 mm
1 RIHAS IR R

Fig.1 Waste tire rubber aggregate

FEWI R KW R TR 3 NN E
i, BEE BB AR B 5 N KE, B E kB R
4K, WO pH (B 3 K-, 43R T
BB 8wt%. 12wt% . 16wt% [ NaOH i, i
SR OH mol/L J5 Al RIS pH Hh 143 14.5,
14.6. AN A 3 4 LIUL ) pH (H N . — A8 B Y
SRDIRAE Jp o5t A5G, SRR AR EION IE S AR AR
5x4x3=60 ZH+XTHRZH 3 4, =5 FIXTHRADKIK N 0.45,
AN 50%, EARTT W% 2,

K2 WHREWRTEERSE
Table 2 Designation and classification of alkali-activated
mortar group's variables

Factor Smbol of Level Designation
variable
Hvalue of sodi 1 pH~14.3
pH value of sodium 9 He14.5
hydroxide solution h P
3 pH~14.6
1 10vol%
Volume substitution 2 20vol%
rate of rubber aggregate ' 3 30vol%
4 40vol%
1 1.70 mm
icle size of 2 0.83 mm
Particle size o ) 3 0.38 mm
rubber aggregate
4 0.25 mm
5 0.15 mm
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Table 3 Designation and classification of silicate mortar
group's variables

Factor SY“_“bOlS of Level Designation
variable

1 10vol%
Volume substitution 2 20vol%
rate of rubber aggregate 3 30vol%

4 40vol%

1 1.70 mm

. . 2 0.83 mm

Particle size of X 3 0.38 mm
rubber aggregate

4 0.25 mm

5 0.15 mm

R AR PRI I, K A AR R RS D i
JeF R . BET B kAR RS A R K g AT
W S95 1 i K 5 B — R I AR SRS FERL A,
TR 3min FEFIG L), MMAZIRKE 24h 5
) NaOH ¥ 3, P+ 3 min B L& B ik, ¥
% AN B ) T RO R U0 8 = N R c i Rl
BRIEH AR BE R, g — e i Gk
Bl 0.5x220) X T il 3K R 25 20 s BRI, K
De ST PR-F- JF 0 24 WA

AR 5L T R 9 4% IR ASTM C109/C109 M-
02 ARiECT AT, AKHEIZ AR ER AL 3 A4 34
Ko 50 mm 7 5 (R B AT HIRE 7R bR E S5
P = 28 K5, M 5 %0k J7 AL (SUNS,
WDW-1000) il 72 $t J& 38 B o H B 42 #50 mmx
20 mm [P 8 73R 6 b 2R GRURE 2 4T A 08 L 235+ 2
WREE, LW ITk R RS 80 240°, 320%,
400", 600", 800", 1000", 1500", 2000%] 3000°/]
S W A 5 i 45 RGBS DG AIL (Re B, TR-1Y)
XA AT AT EE AN B, B R O B R AT
o, MWK BEAFRE TS, 7R MO R TR A R AR
FEGURE, T 5 R OB R 1 A1 TR KA R SR
M, PRETER AR, 6 Ak TR B AL S AT Y
(%, TR-ASH), HZH BN E 2 fros . i3
BL2S T4 5 BURE 34T SEM (Hitachi, FlexSEM 1000)
T TE 55 43 7



EEMRER

‘Displacement control unit

&2 BEALIREE L AL BT

Fig.2 Stomatal structure analyzer for hardened concrete
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Fig.3 Comparison of alkali-activate mortar compressive strength under

the influence of pH value of activator
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Fig.4 Comparison of alkali-activate mortar compressive strength under

the influence of rubber aggregate particle size
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Fig.5 Compressive strength comparison of silicate mortar
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Fig.8 Pore morphologies of alkali-activated mortars
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Fig.9 Pore morphologies of silicate mortar
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Table 4 Significance analysis of alkali-activated
mortar's factors

Source Sum of Degree of Mean F-value Significance
squares freedom square
A 1464.388 2 732.194 758.883 ***
L, 171936 4 42.984 44551
C, 2313.327 3 771.109 799.216 ***
L L 23.364 8 2.920 3.027
L,C, 13.789 12 1149 1191 //
G 160.447 6 26.741 27716
LGy 20.204 24 0.842 0.873  ***
Error 115.780 120 0.965 — —

Total 74 288.445 180 — — —

Notes: **—Significant factor; //—Not significant factor; F—Test
results of homogeneity of variance.
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Fig. 10 Correlation coefficient matrix of alkali-activated mortar's factors
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Fig. 11 Nonlinear regression model of alkali-activated mortar
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Table 5 Significance analysis of silicate mortar’s factors

Source S;:;f;s g:eg(ri((eﬁr?f xf::;e F-value Significance
L, 391.441 4 97.860 61.322 ***
C, 1173.307 3 391.102  245.077 ***
L,C, 72.638 12 6.053 3.793
Error 63.833 40 1.596 — —

Total 16 296.580 60 — — —

ek R S R0 J 70 M o 90 LA 0 v 119 0 3 1R K P

fdi 1 SPSS A5 A7 %o i R 5 28 D 71 s it J3E XA
25U 5 B R] AR 5 R BT 0 A, TR A
KAEBR, BEIMCRBOE WA 12 s, i
RABWI LRI RERRER RN I AR B &
BHE BRI BORDRLAR 5 BT 5 B 52 B AR G
MR RN R SCEHT, L, G, AR R L

G, 0 pEy 0

LZ C2 T2
T,—Compressive strength of silicate mortar
B 12 FERRERZS DI R 2 AR DG R BUE RS

Fig. 12 Correlation coefficient matrix of silicate mortar's factors
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