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Abstract

Stabilizer of high liquid clay named SC-1 was developed in this paper. The stabilizer is made by
bulk industrial solid waste materials such as desulfurization gypsum, fly ash and fluidized bed
combustion fly ash as raw materials. Based on XRD diffraction test, the chemical compositions of
high-liquid limit clay, desulfurized gypsum, fluidized bed combustion fly ash and fly ash in Yellow
River floodplain were obtained, and the modification mechanism of SC-1 stabilizer was proposed.
The effect of SC-1 stabilizer on high-liquid limit clay in Yellow River floodplain was preliminarily
compared and verified. Based on the limit moisture content test, the optimal ratio of SC-1 stabiliz-
er was determined to be 6%, which could reduce the liquid limit and plasticity index by 4.06% and
6.74%. CBR value and resilient modulus of modified clay were both greatly improved, which could
satisfy the requirements of subgrade soil for heavy and especially heavy traffic. SC-1 modified high
liquid limit clay in the Yellow River floodplain could be used for roadbed filling with significant
economic, social and environmental benefits, not only reusing the bulk industrial solid waste, but
also realizing the effective utilization of abandoned soil.
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WHE (AHBIERHTEY) [10E: WIRKT 50%, WYERHORT 26 M4ikit, A5 HEEE
BIFOREe SRR AUE FIAE LD AR TR L T R A B BR B s B2 DX AR JL X s BRI AR X
K, BCERRE, AZiEEt, MiRg 2 MR RE L, RIE KRR GRS HRK. KT
S BRI 5 AR R TR KoKy LR SERE A [2], NREERAE IR, PRz EF AN,
R 238 1 B R AR YRR Bl R i) R

MR A A e 2 i TR B RE rp, A2 s VR A S MEAN R S50 T EAT 1 ORI 7T,
PR [ 3 vt PR K B P PR REREAT T AT TT, IR NS il BR AT AR B, T TR W VR PR A 28 1 i 4
AR, CBR KIEHRTE, ATHME RS R A BRI B R BRI 2[4 0 R ZL 55 £/ CBR AT T
WHE, BT ST 4 SRR IR K 4 d (7 CBRABAN REH UG O T8 85 O B 205K AR K SR [STRIT AL T 45 20%
WO el R VR IR R L OB 2 RE, WU RIS RS RS MR HULSR . H9T58 2. CBR EAUKARE
PEXIREAS RIS . FRESE[61WE T 1 A7 A ANK e el el PR &G IR/ AR 1k, A B S i A s VPR 6 1
IKAEENEAR 2, A OKJE ARG, A MUK 38 mT A R T B PR G - ok e g vk, fE 2 IR TR A
IR R R o 207 HR [T AS R B PR B - i e B O iR Bt AT TR IE, 18 AN A PR 6 %
BB R 10%~25%. BEIRI[812R Al A7 A Rl bR - BEAT S5O, A AR S0 R e PR R - (RO L2
BEAT THETE, BAAK)G, BEEA KSR, SRR RWZEI R, LR R 4E 8ok, £
AN FUARALBR ORI, KA BRI 2 . SR )5 2ERIRE . WG 70, MR SR I H A
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Table 1. Physical properties of testing soil
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Figure 1. Grain-size distribution curve of testing soil
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Figure 2. X-ray diffraction spectrum of testing soil

2. I AR X SHEITH G

I LA OB AN [ B A 350K B AR T, A2 k2 B . Hodr, R E LA CaO
1 SOs AE, 45 h 31.6%F 36.1%. FHEKFE K LL Sio, Al AlLOs AE, BfKd Sio, & 51.4%,
ALO; 7 28.1%, [T SiO, 7 43.6%, ALOs 15 30.3%, 7403l E 6.8%F1 10.3%[) CaO. @ H
HRIe i & JEARHE B A EE A m (B B )im OB ) :m ([ B A = 60:20:20.

Table 2. Chemical compositions of used materials

= 2. I EMRHMEER 5 SEE(%)

MR Ca0O SO; Si0, MgO ALO; Fe,0;
TR 31.6 36.1 23 2.7 0.8 0.7
iy 6.8 0 51.4 2.8 28.1 7.4
[ 5 2 v 10.3 9.7 43.6 33 30.3 7.0

BT E R IR A AR S R, B X R R R 0 R AR B KR v T iR A K 20% LA b, dE AR
Fe AR N FHE AR R, 25 B8 K Bl B it TR ER M e S KR I, BRI F5 22 4~7 K, 1M
T L AR ™ E A G . X F A, SC-1 StPE A w78 FZKVE . A AR St b AT B K R HEAT T #1205
Eoo Hodr, fk. KPEAT SC-1 B NEYIEN 4%, EIEFEFR & 10 kg, %R LB NS KEMEFE 7
APERE, & LR HAREKER 40%3ATHI % . LRERCHIE A RHR S B B T = N REFEADT 24 h, L
SR G 38 SR A o K1) 2% 58 UG IR RE I IR BTSRRI b, MEERE Y 10 em. FKE
R E M AT W 4% 1.0 em) (5 em)s F(10 em) = UM TBUREAS I, HFBCFIEREAT X IE, AR 45 R4
3 R,
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Table 3. Variation of moisture content of testing soils with drying days

3. BET IR A SR REER

i ERES ERES EEPS EPES EEPS
BT sRmpH. 11°0-24C 7C~16C 6C~16C 5C~19C 7C-20C
M 1B 33% 1B 50% 1B 35% B2 30% B2 33%
=t 39.16 27.17 2436 9.18 5.65
1 4% F K 3387 2325 16.83 5.56 517
1 4% SC-1 3921 2696 2326 8.03 5.45
% 4%k 3733 2894 2401 9.49 5.61

TERRAR E/K BRI, BIMANAERAKIE, A RKSGE LR RKS KRB, KERY T+
MK 5, I KRB, RERRBRBGE— Bt L oK K. R, A KT FR AR S KR
BCR B R  - FEELB KU, 45 SC-1 A B AF B K BOR , Bt G AR B 7K 241K 0.8%~2.0%« SR RIFE T,
FithH SC-1 #fbf5, SC-1 HHEE T BB TE&NMHE FEHR DR LR rm. M1, BRI
HZ R, NS 2 L RO R AR B 5R, TR IR ], R BRI SR K PRI ES (7K 5y e g 4L
R AIEOR[16]. Ca® Al Il H AR U MBS, FRACHBIHA, (R, MM ah b e )
TUHATKL, A5 TR0 B, BBVERRAR, MRS KAEN(17]. A B LUERMERIENH, £HS5 T
AIAE RO 3 — B KB R RS (B LA, FSBA AT DUREE s, DORR LBz b, ATk 1 s i A%
P AT R AR WA, TR B AN A, B LR TT2REEAE A o TR A5E A0 A0 2] it 2K 1) A A K
ALK LR B A B R KPR T . i AR AR, DR B e 1 S R

ek AR R R A PR AR A S N AR A B R ) CaO /KAL) Ca(OH), SRy K « [EI BT A 1) Si0,
ALO; X M43 %] CaO-SiO, Fl CaO- Al, O, , XL Wit — LKA TE R EE, WxX(1). RQ)Fw. AR (2)
tEAE ) CaO - Al O, 22 SR E i) CaSO4 SN AFRNESEAT, Tk — B - T m i PR &G L s 5,
KB @) PR,

xCa(OH)2 +3Si0, + mH,0 — xCa0-Si0, -nH,0 (1)

xCa(OH)2 +Al,0; +mH,0 — xCa0O-Al, O4-nH,0 )

3(Ca0- AlLO, )+3CaSO, - 2H,0+32H,0 — 3Ca0- Al,0; -3CaSO, - 32H,0 + 2Al(OH), (3)
3(Ca0-Al,0,)+3CaS0, -2H,0 +47H,0 — 3Ca0- Al,0, - 3CaSO, - 32H,0 + 5Al(OH), 4)
3Ca0- Al,O, +3CaS0, +32H,0 — 3Ca0- Al,O, -3CaSO, -32H,0 5)

3. SC-1 B4R IAR
3.1. REBPREEYR

WA (AR TR ALY (JTG E40-2007) [181JF R AR & /KR IRLE . YR AL R SC-1 X i
WPREE A —E M ESUR, B5RBEAGKMESRES —EMZER. Kk, SUEdH s E IR
143 B FERC LE

B 4 RO 3 AT, AR A R PR TSR 6 LR PR RO i i, T BRIRVRIR 5.77%, 1T BRI B M 4R L
10.19. 4%. 6% 8% SC-1 ZtPEF 7l AT BEARIE IR 2.94% 4.06%F1 4.3%, BFIKEEPEIESL 4.88. 6.74 FI
7.19. 4%BEKPE ] FRAKHEIR 2.75%, FRAREEVERREL 5.12, AIOL SC-1 StMERCREAR T/KVE . bk =Ff
SC-1 B 7 R BRI AN, B SC-1 BEMII, SR A AT s, (H15 6% 8% SC-1 B2
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BERAK, 8%BEALL 6% B EZ BINKIR 0.24%, [FALBIEIEE 0.45. K LE S %A
MR, K SC-1 B LILEN 6%.

Table 4. Results of the liquid limit and plastic limit under different modified methods
F 4. PRMMARTERRF LR, ERMELSER

B TR (%) (%) WIPEFR AL
=+ 50.83 24.14 26.69
B 4% A K 45.06 28.56 16.50
% 4%7K e 48.08 26.51 21.57
# 4% SC-1 47.89 26.08 21.81
% 6% SC-1 46.77 26.82 19.95
# 8% SC-1 46.53 27.03 19.5
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Figure 3. Modified results of limit moisture contents

3. APREKERMLER

3.2. SHECIRLE

SR R 7 = AT LA s, I TR R S SRR R, I A BROR T S A
L) SR A 4 B SEhZnT 7, SR 6%5 8 SC-1 X Bz X s i PR &S L T ek Je, s
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Figure 4. Compaction curve
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Figure 5. CBR values varying with moisture content
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IKEZEFH R A 20%K0), it 1 CBR EIR/INA 5.43%, WI/ER N B RIEREEAT IS0 T o 24 & /K 238 1l 22%
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Figure 6. Expansion ratios varying with moisture content
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3.4. EEERLE

N R R SE I [l A R B BRI T M RSz —, (AT TE)  (JTG D30-2004)H1 41
SE, TN I S — O B R T T [ R TR KT 30 MPa, ST EACHE . AR E AT S, + 3k E 5
BB K T 40 MPa.o % (14 1] SHfUR 5 s L 0T B8 T AT A RSP o 18, A S B[R B AN A2
PETH S50 ETEAT o0 B R AR R = AR R IS e, 5] S B R K I A R 8L 7, S MRE i 1is
B, PR, B R s v R PR A T B S U R (Y B RN R A

AR SR P ARG 58 A F el S A B . 2 RS 3 VR PR R AR B K R e L e G R M PR i, R
BB K BB AR S KRG S UL b, B 17%. 20%. 22%. 24%FH01 26%: FRTEHLE HIBR R X RS2 K N
MET 94%, F ER DA TRHEM R SLA SR, B0 ESEE K 73 H 88%. 90%. 92%F1 94%; 475
IR TCVFIE B e R SR, OO AT T & a2 A A e e A e (i A7 0
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30 MPa [ER, SKENT 19%HESRE KT 92%, wJ i 2 FEACE . 5 55 A2 10 1% 3 T ] £5¢ /)~ o] s o B
40 MPa MJZR. MASMEG, FLEKE P, 22% 8 /KB T IS LTE & AR SRR mT
JERRIE B/ [T BB 30 MPa R, T T B ACHE  RFEACIE, HKE/NT 22% H R SLEERT 90%,
ELT 35 L 4% 5 T T A5 /)N [ A B 40 MIPa FRIEESR o 36 T st TG A B B K O 286 - B S EL ke i, TT K o
TR, s TR, BARZENETRE. MHE 7 vl8, 6% SC-1 BT, 20%. 22%MH &
JK Rk - 16 [ A R T 5 17T 2 B PR IE 11 24% e /K R B T VB BR K 26% B /K AR PR M S
[ st & A7) AN RIS F 30 MPa.
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Table 5. Comparisons of resilient modulus by modified method
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Figure 7. Comparisons of resilient modulus by modified method under different moisture contents
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