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Experimental application of the industrial waste to the

waterproof curtain in underground engineering
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Abstract: As one of the waterproof curtains, trench cutting re-mixing deep wall (TRD) possesses unique
advantages of fitting most layers and getting good qualities, however, the high cost hinders its
popularization. Thus, if cement can be partly substituted by cheaper fly ash, slag and other industrial
waste, the application scope of TRD will be greatly enlarged. In order to verify the performance of the
cement replaced by industrial waste, the authors conduct a lot of strength and permeability tests. And
results show that fly ash and slag can substitute partially for cement and there is an optimal mixture ratio
for the composite cement soil. The best mixing ratio and water-solid ratio is 30% and 0.6 respectively for
clay, and 40% and 0.6 for sand. Generally, the physical and mechanical properties will be superb when fly

ash mixing with sand, while slag is more suitable for clay. The long-term strength of clay is close when
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adding fly ash or slag, while the average strength of sand after adding fly ash is more stable and 2.4 times
larger than that of sand adding slag. In addition, the average permeability coefficient of clay and sand after
adding fly ash is about 35% than that of clay and sand adding slag.

Keywords: {ly ash; slag; unconfined compressive strength; permeability coefficient; TRD
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Table 1 The clay physical property indexes
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Table 2 Test material sources
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Table 3 The physical properties of fly ash

L7pii iR R/ (geem™®) £ Y KR/ %

BUE 2.05 11.6 0.21

Table 4 The chemical composition of fly ash

w4 SiO, Al O Fe, O CaO MgO SO, Na, O K,O
/% 51.4 28.2 3.4 5.8 1.3 1.1 0.9 0.7

xS WEBELERDE

Table S The chemical composition of slag

W4y SiO, AL O, CaO Fe, O, MgO MnO SO,
SE/% 33.59 16.19 39.20 0.60 8.12 0.19 2.45

1.2 REAHR
S2hr TRD TAR o, B R BEAME T 0.8 MPa, 3k 28 d 91838 ZECAME T 107 em/s, ¥4 M ik & ik 56
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Table 6 Experimental design of add only cement

W5 KB/ % BB/ % K I E
1 100 25 0.6+ 1

®7 BMEREKRBSKRRARERIT

Table 7 Experimental design of fly ash replace part of cement

BAK/Y%
% = BBE/ % KBEH /% 7K & L
K8 IECYR AR
2 10 78 12 0.6:1
3 20 69 11 0.6:1
4 30 61 9 0.6:1
25 3
5 40 52 8 0.6:1
6 30 61 9 0.8:1

7 30 61 9 1.0:1
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Table 8 Experimental design of Slag replace part of cement
BAH/ %
G T RBE/% KBEH/ N K [ L
K LTS VWS
8 10 78 12 0.6+ 1
9 20 69 11 0.6 ¢ 1
10 30 61 9 0.6 :1
25 3
11 40 52 8 0.6+ 1
12 30 61 9 0.8:1
13 30 61 9 1.0:1

1.3 R EEFIME

2 A 1 2 B OB 4 BR B R U8 T 58 TR 45 i [ 46 500 RSB 5] B Rl E BE B A e BT A 2 207
FralRe AR RO R R AN B0 N 3% 9 Fr s o JC M BR AT 1 56 B X 6 M 18 328 6 19 4 b T a8 05 0 s D)

(GBT 50123—1999) #47.

F9 AERHBEMAER
Table 9 Number and type of samples
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Table 10 Part of the test results

FRIP I/ d KL/ % BAW/% Fea Lok I# 16,55 5 J# /kPa
7 0.6 30 w4t Wk 130.78
7 0.6 10 B+ Wi 260.31
7 0.6 10 B+ B K 267.01
7 0.8 30 Bt BB K 477.08
7 0.6 40 B+ B K 758.18
14 0.6 20 b+ K 261.20
14 1.0 30 B+ B K 419.83

14 0.8 30 Zh+ K 501.66
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Table 11 Clay sample permeability coefficient curve fitting results
Y(B#EREO X WA T R
7 A K BAL Y=1.6E °—9.0E 'X+1.5E *X*—6.6X" 0.99
14 d+# R BALL Y=7.8E *+5.1E ‘exp(—X/1.4) 0.98
28 d+ K BAL Y=1.9E *+1.3E *exp(—X/1.2) 0.99
7 d+uE BAL Y=19E °*—13E "X +24E°X"* 0.99
14 d+9i& BA Y=2.0E°—14E "X +2.7E X" 0.99
28 d+# i BAL Y=16E °—1.3E "X +29E *X* 0.98
7 A K K I Y=—9.2E "+1.6E°X 0.99
14 d+#y K K [ L Y=—55E "+8.9E "X 0.92
28 d+ A K K E H Y=—15E74+23E "X 0.96
F12 WIAKEERBHMENEER
Table 12 Sand sample permeability coefficient curve fitting results
Y(BE R KO X WA r B3
7 d+ BB BAL Y=—2.5E 7+ 1.0E "exp(—X/32.8) 0.99
14 d+# R BALL Y=—4.7E *+1.5E *eXp(—X/11.0) 0.99
28 d+ K BAL Y=2.2E *+4.9E 7 eXp(—X/9.5) 0.99
7 d+HE BAL Y=—2.5E°+2.0E "eXp(—X/20.8) 0.98
14 d-+4 i BAL Y=—2.7E °+1.9E 'eXp(—X/18.6) 0.94
28 d+# ik BAL Y=—8.0E *+8.9E "eXp(—X/9.5) 0.99
7 A K 7K [ L Y=—55E'+1.5E X —8.8E ' X* 0.99
14 d+ B fE R K [ Y=—3.8E ' +9.9E ‘X —59E ' X* 0.99
28 d+ A K K H Y=—29E*+7.6E*X —4.6E*X? 0.99

%9 M AR LF . T S TR T TAZ AR R MR 6 X 5 23
24210
FePB I/ d K EE/ % BA/ % AR ER el i J¥ /kPa
14 0.6 20 i+ IR 615.9
14 0.6 40 i+ IR CY/ 637.3
14 0.6 100 i+ ORIy 2 388.33
28 0.6 30 it B 255.77
28 0.6 100 i+ IR 2 795.11
2 BERRERRSHN
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Fig. 1 Relationship between permeability coefficient and the cement mixing ratio in the clay samples
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Fig. 2 Relationship between permeability coefficient and the cement mixing ratio in the sand samples
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Fig. 3 Relationship between permeability coefficient and the water-solid in the clayand sand samples adding fly ash
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Fig. 4 Relationship between unconfined compressive strength and the cement mixing ratio in the clay samples
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Fig. 5 Relationship between unconfined compressive strength and the
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Fig. 6 Relationship between unconfined compressive strength and the water-solid

in the clayand sand samples adding fly ash
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Table 13 Curve fitting results of the 7 d age test

Y (T B 4 5 B X WG IR LEPE R
B BB K BAL Y=14.4(X+12.2) 0.99
i+t BAL Y=14.0(X +18.4) 0.97
i+ By IR BAL Y="7.7(X+10.2) 0.97
[ e BAL Y=5.2(X—3.7) 0.99
it K 1 H Y=—591.7(X —1.6) 0.99
b+ K [E b Y=644.9(X—1.2) 0.95
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Table 14 Curve fitting results of the 14 d age test

Y (e BRI 58 B X M T T R
R LB R BAL Y=22.6(X+9.5) 0.98
i+ BAL Y=23.1(X+2.4) 0.99
W+ By IR BAL Y=15.0(X —0.86) 0.96
w4+ ik BAL Y=11.7(X—10.8) 0.95
it K 1 H Y=—1192.6(X—1.3) 0.93
i+ K I Y=—564.0(X—1.2) 0.92

3.1.3 28 d##
H 28 d I g R Lt KU G TR T 458 .
D AR5 B A5 DR V8 00R R R 1 286 - B RF R 030 3 55 R Jon 7 32 1 B e 9 3 R R — B0, 100 D AR
138 o 28 K 0 A R
2) MR T A ) A BOR B 4T
3)0.6 MY 7K [ HELAT BT Y B AL AR
F15 28 dWMMRBMBMAER

Table 15 Curve fitting results of the 28 d age test

Y (TG A B 0 58 ) X LA 7 LB
B+ By K BAL Y=27.5(X+3.7) 0.99
Fht ik BAK Y=28.0(X+2.1) 0.98
B IR BAL Y=22.0(X—3.3) 0.98
b+ 4+ BAL Y=22.1(X—13.1) 0.92
Hit KT H Y=—1307.9(X—1.4) 0.95

wt JK & EE Y=—1204.0(X—1.1) 0.95
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