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Experimental Analysis of Soil Curing Properties of Industrial Waste Residue Soil Modifier
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Abstract: This paper studies and compared the effect of cement and soil modifier prepared from industrial waste residue on the
improvement of road bed soil. The results showed that modifier 1# and P + F 32. 5 cement have almost the same modification effect; due
to its higher calcium content, the CBR and 7 d unconfined strength of modifier 2# were improved more significantly. The material cost of
modifier was reduced by 10% ~20% , which had obvious price advantage. Compared with cement, Environmental damage was not caused
to the surrounding farmland. With the traditional cement curing agent application process, it had the advantage of no additional
construction cost. Meanwhile, the improvement effect of modifier 2# on the bearing capacity of roadbed and elastic modulus of solidified
soil layer was obviously better than that of P + F 32. 5 cement.
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Table 1 Basic parameters of soil

iR/ mm @E /%

Bt R/ % PR/ % IMPEAEEL % A HIEKR %
2 1 0.5 0.25 0.075
1 33.1 18.5 14.6 39 100 97.6 93.1 86.2 79.3 57.4
2 39 21.7 17.3 45 100 100 92,32 89.73 84.22 62.31
3 38.7 21.6 17.1 59 100 98.8 94.3 88.6 81.4 51.3
4 48.2 24.3 23.9 45 100 100 97.6 94.2 86. 4 55.9
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Table 2 Main chemical constituents of industrial waste residue
soil modifier

BRAMS  Fe,05  ALO;  CaO  MgO  SiO,  Si0;
RF #  6.94 1533 31.57 6.24 16.42 13.54
EF2#  6.10  12.17  42.71 491  13.62 10.06
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Table 3 Physical and mechanical properties of different curing agents
YiERE/MPa  BEL5M A]/ min SR T
3d 284w &g Ami/ke) /%
MR 1# AF 12,4 345 720 1410 404 2.57
MRF2# AF 146 375 630 1140 382 2.86
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Table 4 Test results

Gy - BEL% R T TAE KR CBR/% T BR BT 58 B
/ (g/cm3) /% 93 [X. 94 [X. 96 [X. /MPa (K=96%)

PR 14 3.0 1.873 12.9 27. 4 33.7 45.2 0.59

PR 24 3.0 1. 860 13.2 31.3 36.5 50.0 0.67

K 3.0 1. 890 13.4 30.4 33.8 43.0 0.62

! BRI 1# 4.0 1. 862 13. 4 47.4 50.9 57.6 0.74
PR 2# 4.0 1. 851 13.7 50.5 53.2 61.9 0.90

KR 4.0 1.882 13.6 46. 1 50.2 58.3 0. 80

PR 1# 3.0 1.876 13.8 17.6 19.7 25.9 0.56

R A 2# 3.0 1. 868 14.2 21.2 23.0 28.5 0. 60

K 3.0 1. 893 13. 4 18.7 21.0 27.8 0.57

2 B R 14 4.0 1.857 14.2 33.7 36. 4 42.9 0.77
R 2# 4.0 1. 850 14.6 36.5 39.8 47.2 0.85

KR 4.0 1. 870 14. 1 35.2 37.6 43.8 0.76

PR 14 3.0 1. 863 13.3 45.1 51.2 59.6 0.55

R A 2# 3.0 1. 857 13.8 50. 4 55.3 65. 1 0. 64

K 3.0 1.884 13.2 43.2 46. 1 52.6 0.59

3 PR 1# 4.0 1. 842 14. 8 59.6 62.4 67.4 0.73
PR 2# 4.0 1. 831 15.6 66.7 71.1 81.2 0. 80

K 4.0 1.855 14.6 57.2 59.5 65.8 0.70

PR 14 3.0 1. 825 12.8 44.2 47.3 50.6 0.62

R A 24 3.0 1.818 13.0 53.5 54.9 60.3 0.67

A K 3.0 1. 840 15.0 40.8 42.3 47.9 0.57
PR 1# 4.0 1. 820 14.7 53.7 56. 4 67.6 0. 80

PR 24 4.0 1.817 15. 1 64.9 69. 8 81.8 0.85

KR 4.0 1. 825 15.2 55.1 56. 8 65.2 0.76
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Fig. 1 The trend of maximum theoretical density of soil T Fezoﬂéﬂ A1203 , /E‘,\ﬁﬁg CaO Hy affu 2HI



6 3 ARSI Tl R el WA S A A P RE 1 0 B

SRR TR 14, e, AT S AR S K SO, AR Y R

160 BEB -5 OBV BJZ (0 0 B T R 3 T A7 5
1551 Zo Sefinie (o) B, bR L IR 2 0 e B, Bk ORL

—A— kil (3%)
150 F v BRI (4%)
—o— WEL2# (4% )

—— kil (4%)

[ASHERR F0/), AR AR N 2K B DLk
RS E T AEdr AR R s, CBR (A B
o IR AR AR R BB A Z AT, B [ L)
BRI, WP TR AW T, CBR AW T
[ A [ fE 7] 24 B4 B R E5 865 B, CBR 20353

=
W

FAEEK S 1%
=
(=]

2 AT
130 | 3.3 7d A FREE R
.y . . . . WA R R A B KR U R e K T, SR
’ ' pian ’ ) TR V4 AP B AL 3% . 4% 18R F I 50 mmx
B3 R AR 50 mm (19 IFEE PRI, 5 00 7 40 3ot 7 s o 3
Fig. 2 The variation trend of optimum moisture content of soil /%ﬁ: ( 20+2 °C , /JEIKE > 95%) ‘I:‘ 3%?}:: 6d , 7]( ;:i::{,)%'_c
3.2 A& ML, T Al L L 0 B 3

AR . AFBE T 96 KRB g ikl i e H 1 mm/min, Jo 00 B0 8
b (CBR) 4l 3 firzn, CBR Z LMFREW,  sempnzza &4 s,

AR f9 25 (a3, 2+ AR CBR 10 e e G
bl 3%
A VSERESS . XTRIZEEE &, 3 b LA L T
—v— E)’(E?F'Jéz gi;/o;

)

CBRETHICR, 4%BEW R T 3% B &, FE  oof R
T, SR A PR 325 KIREEA BA ARG \‘\/
PR, HORR 2# TR TR AR S R, S 08

g
CBR HLTH A ] 5. 5 :::>>¢<§§i3;j;jj
90 = 07
s
80 = \0/./.
ol W
70 -
05 1 1 1 1
or ! 2 zigw 4
R
Zs50t B4 TH7dEMREBETHBES
< Fig. 4 7 d unconfined strength variation trend of soil
w o R (%) TR LRI FEALA], RIRE R R 7 d TR
| TR SREE NI 4 7% 7 d FEO RS E 52 - (R K B
4 D () AR I 2 (%, Of LS CBR AR fl k%
20— : : : 2 IR, XREEE -, FBRT, SR 14
R FIP « F 32,5 /KURFEAELA AR BOROMEBCR, th R
B3 LHRIL TGS F 24X 7 d T PR 5 B PR A RCR T, 3 FhE AL

Fig.3 CBR variation trend of soil

RIS + CBR (B LM L gy P A9 BREXE 1 7 d G0 B 3 FE LA )

BRI 5, SO IR L BB A Gy, F ) S%HBHL | .
75 UK 2 TR T 500 B0 2 4 FR A9 7 d A FRAL TS5 AL 9



WIS &

37 %

SETAN BB £ v o 3 PR D - 338 [ A 57 5 - R
L7 A AT Al K B A B 4 AR, e T
Rz 8], fd A AR AR bl SR B s, P
DA 68 G R BT e 58 A P 2 e

4 MBS

4.1 %ZFaE
T T Bl R 55 A5 e 1A D T A 59D it T T
SSEAE, A B O 4 R
Pl BFHL, HBEHLAE, JORe B U AT A Ao 1
WA K UEME— AR AR AR A, Tl [ R
2 RS R PERA AN 5 R,
£5 FRELFANELE

TableS Price comparison of different curing agent
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Table 6 PH value and heavy metal ion test value of leaching solution
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Fig. 5 Comparison of modifier and cement in the test section
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Table 7 Compaction and bending test in the test section
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