Hans Journal of Civil Engineering /K T.#2, 2019, 8(9), 1370-1379 Hans X
Published Online November 2019 in Hans. http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2019.89160

Study on High Liquid Limit Clay Composite
Stabilizer Based on Orthogonal Test

Chunsheng Liu?l, Hui Sunz, Bo Song3, Liang Xu¢4, Sihan Chens5, Hongguang Jiang>*

'Qilu Transportation Development Group-Jining Branch, Jining Shandong

’Qilu Transportation Development Group, Jinan Shandong

3Shandong Transportation Engineering Consultation Company Limited, Jinan Shandong

*The Second Construction Limited Company of China Construction Engineering Division, Jinan Shandong
>School of Qilu Transportation, Shandong University, Jinan Shandong

Email: "hongguang_jiang@sdu.edu.cn

Received: Nov. 6", 2019; accepted: Nov. 21, 2019; published: Nov. 28", 2019

Abstract

Aiming at high-liquid limit clay in Yellow River flood plain of Shandong province, a composite high
liquid limit clay stabilizer—CGM stabilizer, was prepared by using quick lime, industrial solid
waste materials desulfurization gypsum and pulping white mud as raw materials. The content of
each component in the stabilizer was 0, 2% and 4%, respectively. To confirm the optimum dosage
of each component, the variation of the limit moisture content and unconfined compressive
strength of each group was analyzed by orthogonal test. The range analysis clearly indicates that
the influence degree of the three factors on limit moisture content is in such an order: desulfuriza-
tion gypsum, quick lime and pulping white, and on unconfined compressive strength is in another
order: quick lime, desulfurization gypsum and pulping white. Considering the modification effect
comprehensively, the ratio of stabilizer was set as quick lime:desulfurization gypsum:pulping
white mud = 40:40:20, and the optimal content of CGM stabilizer was set as 10%.
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TR, XS RHE. SR EMBERL. PURSRE. WESMMGTRRERT T, MBI
E[OTMFH TV R i A8 « AR % T B A IEE R GSC BfLi L, Wik X GSC BE R
TIKUEBE 3%, GSC [l 1k 458 B2y Tk e 02 . ¥R S5 [101R H NaOH W i e R K e i) %
TR BB R AMC, FE0E AMC AL i PR B LRI RCRBEAT IR ST, B TC MR BT SEZ . MIP
JE7RAT SEM 94t B G 1 B 0] [E A6 A i 5 REANFLBRAR A RFAEHEAT 1 70 Hr o 3G R[] 48R i 7 2 4 [k
1SS XK £ HEAT Btk IR IR 22 1SS Btttk Ak PG, IR RKRE I T FE, IEAKAE AR, 2
B] K G BERRAR - RURE (]384 Fy 0 9, 5 5 7K I PR o L2 B8 S8 [1 2000 B2 DI AR i PR -3 AT
TS, IR K RO AT M, BE T IRIEKI B S BATCR .

2398 A BB ] R i o AR E T, TR T 8O R 32 DOBTR AR e IR R =, H TR 2 R HME 4
WA KRR JEREAT AL G . BEEE A KRS BR AT S5 R A R BB e vy, 3G T PR b - ek (1 45
BALET . DI, B B R A 0 TRERRE, LR LR R WL ORI AR, W 7T —Fh
BT PR G - B AT o ASCRAMRAE A K(C)s A B (G) MK [ e (M), il T —
Tl T [ PRASRLE) COM i PR B et SRATIESZ BRI T7 7%, HiE 7 S0 mtESE. CGM X
PEFR AT DA Rt st AR RO SRR B K3, S AR B To M IR BT 52 T
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Table 1. Physical properties of testing soil
F 1 I AR R

RARE K% dkithE R oU/% IR /% BRSO, RKTEE gem®  RESKER
39.16 273 50.83 24.14 26.69 1.83 16.87

TRy 50.83%, BYEFEHCN 26.69, JE T =i fRE LHVEHE . RAE/KZEN 39.16%, T
TRBERR, AR T RS KRR . BB RS RS R 99.7%, AR R EIE 76.2%, Bk
23.5%.

BRI AR A KW SE T A KT, IR A B B E AR, WK AR AP Tl . K
SN 2 fin. Hop, AR FEER N CaO, HMEERAK, RN 56.4%, HIMNEEH 5.7%HH
MgO; R4 & L CaO A1 SOs N, 437 i 31.6%F01 36.1%; #1317 = E s N CaCOs, H HJF &1
44.8%, F4MEH 15.3%I1 SiO, £l 15.8%1 Al,O3.

Table 2. Chemical compositions of used materials

2. RIERMEHEFE RS SEE (%)

kL Ca0 SO Sio, MgO Al,O5 Fe,0; CaCO;
Jirksiwar=i 316 36.1 2.3 2.7 0.8 0.7 6.7
TR 56.4 0 0 5.7 0 0 5.9
[E-ASH 4.3 0.9 15.3 13.8 15.8 46 44.8
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B, FRARHBIHAL, (R RIAREEER, ARSI BRI R, 57T - BN, BB IR, A
M mEKEE e, W AT ALOs \TLLS BB AT . A KT CaO &5 b A s E £h——F /KR
RS (BSHLA), BAUA AT AR, ST LB 2, TR 1 B R . AN A R Ak sk A A AR
AWK, MR RIAMEN S, B b PR, R e AR I 5 .
22. A REIT

RN T X R RS N H TSR T, R CABRESIE BT IEY X FRIEIE R ER, %
— M CGM R PR A okt I IEAZEG, PIAEAIK BERA B MR ARBEEN 3 AN
K, BRI 3 MK Ly (B3] IEAIRIGH, 204 8% D 2028 B AT JE 00 B 40 1 5 B 1) ek 28R
=R EME B K5 B 5E N 0% 2%F1 4% . K, %18 IEAZ R 2 HE 9 415G, &40 T nZ 3 Fir.

Table 3. Orthogonal test scheme
F3 EXHWHR

g A 5 (%) A A5 (%) K 145 B (%)
1 0 0 0
2 0 2 2
3 0 4 4
4 2 0 2
5 2 2 4
6 2 4 0
7 4 0 4
8 4 2 0
9 4 4 2

2.3 WEHIZESHRN

FRIE (A B BB NTE) MUE: R KT 50%, YMEFREORT 26 gk, S EREIE NS
Kho PRIk, SOt T i PR A b S PR B KR 0 e SR R VT S A RO I B R A . KR (AR
TARIGHIFEY (TG E40-2007)F g SR 2 /K A4 . B 0.5 mm i N -4 200 g, 35 NECHI LT i el 71 f 4
HHEL AFFBON 3 NI, IIAARFEERIK, HRES KR A EIER IR . s KT YRR 3
PR . PRSI BARE A, 2RI HENREE, TR B R AE

T BRATT I 588 B S AR R ZE T ) I O HKHL A ) s 7 (ORI B R o 2 B g 5 - Fg Tl PR
PUIR 50 B 2 B B T VO I E S L W H T E 0 AR 4 N B (1) B XTI R fE i 1
mm i, FREL 9 4HEFE, B4 2000 9o (2) #&HRERAH T R RISERI S A B E, KRR E 04
FR A SR BRI e & i) brp, PRSI, (3) %I 20% & /K R FREL — & it =
IR IINFEG I AT TR, BKFEE A1 E OSSN, IR 24 ho (4) F&IE 94%) K 5L BRI — &
J IR BT, SR B 07 S, RS BN R BN, fRBHEARHETR Y =
FY . FATd S, SRS TR 5 W (O] T2 P G ) R AT 58 52 1A T A U
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3. MELER D
3.1. WEERRIALE

9 HHAFERE R an ] 1(a) B, eSeEF e 3 FgH oy it e v PR G L BR BRI Ak SR 1] 2(a) B - H
L@ FTHL, BANSMERG, &HLFERIRE YA PTREAC, 3R VG o T B B LR R 2R . XF 3
T2 73 XV R R SO BRI AT b, BRI 2()mr i, oA B e SR oA s, BB E A B 5 E
i 0 KA 2%. 4%, TRBRAE B 49.37%F% (K & 44.59%. 43.09%. XF T4 KAHIHK AV, FEEB RN
I, WERRAE YY) B P T &S . A KRR BT E 8 A 2%k Bl Rt E, HIRRIE S
W 44.51%H 45.13%. HH[E 2(b), XF 3 FhZH 4 X BB IR I et R R ATHE T . AEAIK > A E >
Ve T A KA R A, BB IRAE A BETS B I s AR K35 808 0 I, BB FRAEY 9 26.19%:
BN 2%, B IRAE W42 5 2 30.25%. A B 45 5 1 0 Y K 22 4%0), 2 IRAE H 28.13%3 K % 30.77%.
XTHE AT, MERBEREN, BRESLEASERIKMES, YARREBE 2%, BIREN
29.67%. MEVEIRELE G T F L AT N, R R IE AR B R bR 2 —, YRR EGEOR,
TR R, SR BRI Tk — e . FH I 2(c), MRIEARZEME Ry AT 3 Fhal 4% itk
TREI AR B AT HEY . BRAE > Ak > WA, MERGAEMAEAQKSEREN, Bt
BECEFTBRE. DA BB EH 0 W KE 2%, 4%, WHEEHEH 21.24 BFK = 14.81. 12.32. X F4EA
K, HBEH 0MWKE 2%, 4%, ¥EHEFEEH 20.09 [#K % 14.26. 13.89. BEEHIZK RSB BRI N, B
PR E R E RS, YHBERIRESE 2%, BIEEHECH 1546, X2 B T hiia g/
A K A Ca® AT IR AR R BB BRI RS AT, (RS R AR, AT AR B M B o A
T I BB, BB FR BB AR BRI, BB AT B RH AR A AOn] A I S R 2 7Kk e e R 35

3.2. FofmlBR#T e 3 B i B
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Figure 1. Modified results of limit moisture contents
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Figure 2. Analysis of limit moisture contents
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Figure 3. Modified results of unconfined compressive strength
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Figure 4. Analysis of unconfined compressive strength
B 4. FoiPRITESR & BE 55

Table 4. Range analysis of orthogonal test
4 ERRWIRESHT

s BB 155 (%) EH KB ER) i3 RS E (%) TEMIPRAT 385 (MPa)
1 0 0 0 0.362
2 0 2 2 1.029
3 0 4 4 1.202
4 2 0 2 0.598
5 2 2 4 1.042
6 2 4 0 1521
7 4 0 4 0.672
8 4 2 0 1.319
9 4 4 2 1.215

13 0.864 0.544 0.972
11;/3 1.120 1.129 1.134

/3 1.169 1.479 1.074

R; 0.305 0.935 0.162

Ry AR T Bds (1 Sh A2 E, DRIk, AT DURRE Ry (X 3 A 2H 29 % Jo i PR BT 58 B 1 5 e 2 B A7 HE T«
ERR > BERAE > fIRETR. F, RIESRE LR, VARSI A KB E. Rl ERE
FRREARR LT Ah, B TE T &N REACP RIS . R 4 WAL, SERKNBERE
AR, e R M BR U SR P A AR, AR KB E N 0 KA 4%0, 7 d TEMIBRBUE 55 FE A
0.544 MPa 14K % 1.479 MPa. BEEMINA BB ERES, 7 d LMRTIEREREIEES. iaEsE
0 48K Z 2%, 4%H, 7 d JSFRATE 58 i 0.864 MPa 1 K% 1.120 MPa. 1.169 MPa. 4R, 3¢ [k
X TG PR BT SR EE s S EAN B R, 3 /N R K IR ZE (A 0.162 MPa.  HEfiE HB 2RI, 7 d
MR 58 8 23 KSR/, BB aH 0 39 K% 2%, 4%, 7.d GMIBRHTE R H 0.972 MPa 3K
% 1134 MPa J&, F#MKZE 1.074 MPa. A=A KA = A I A S AT 5 i A B A 2% F1 YR HH ) Si0,,  ALO;
SRS AR AR RS, BRI, AR A To I PR SR L (s e B o 2 . R A B Y CaSO, 2 548
PR IS A B 7K B AR RS (ES LA ) DS b AR RS LA it A ] L ) 1) TG B /KA e R A A /K AL B TR
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PR %, A BB LT 58 AR A AR LA 45 Bl 5ok, TR T % SERAR IR a1, Jfadid
FREHGEN I e X AR 5 A6 240 A A8 R SRR G54, g - R B A SR A I ek, v 1 ek R i E

FEARMIERZ R, F 3AREM 3 MAFACEHE R Ly (3D IERRHE. Xt 3 MHEAIEM
HEAT 5 Z 3 0T[13] [14], 53R n# 5. £ 6 Fimn.

Table 5. Variance result of orthogonal test
F 5 EXRWHESER

K5 A E 155 (%) A KB (%) HIKEVRIBE) R EEE(MPa) X
1 0 0 0 0.362 0.131
2 0 2 2 1.029 1.059
3 0 4 4 1.202 1.445
4 2 0 2 0.598 0.358
5 2 2 4 1.042 1.086
6 2 4 0 1521 2.313
7 4 0 4 0.672 0.452
8 4 2 0 1.319 1.740
9 4 4 2 1.215 1.476
I 2,592 1.632 2.916 K =9515 W =11.472
I, 3.360 3.387 3.402
I, 3,507 4.437 3.222
u Ua = 10.102 Ug =11.274 Uc = 10.153 P =10.059
Q Qa=0.043 Qs=1215 Qc=0.094

Table 6. Variance analysis of orthogonal test
6. EXRWHES

BT ENEE)ES P T F1iE
A Qa=0.043 2 S =0.0215 Fa=0.705
B Qg =1.215 2 $? =0.6075 Fs =19.918
c Qc = 0.094 2 $? =0.047 Fe=1541
e (IR%) Q. = 0.061 2 S? =0.0305
A Qr=1.413 8

AR F, BT Fa=0.705, Fg=19.918, Fc=0.68, 7E/KF a=0.05I%MH T, Foes (2,2) =19.
Ik, AR A K B TO O IR BT He 5t B e 22 IRt A B AP 25 1) 45 5 ) T 0 B 470 s 5 2 1) 2 ) - AN
B GEFBEIERCR, BRI e A K A E . 2K EYE = 40:40:20, CGM i
B EE N 10%.

4. &g

(1) $2H 7RI S R R A ek, BRI N AR R A B AR T .
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(2) BT HIREKERI, 3 MASMBEN IR E/KERE MR R KRN A E > £0
K> AT BT IOMRYUE R RS, 3 PP 45 o0 ol PRPUE 58 5 (1 R R B K BN A :
R > BEAE > HIK AR,

(3) AR TG B Bt s 5 P e 45 SRR AT A 22 A1 7 22 43 AT, W N A A K35 ) T N BR e s 5 B2 v
F, WA ERE RS EEmFEA K.

(4) ZEHESIEBOR, HEERIRR e A E A K A E: HI3K AR = 40:40:20, CGM itk
FI LS EE N 10%.

E&UH

WG T G T HCE 0 ST (WK ) FF U 42(2017P01), 1l R 48 2838 JT BB R S T K1
(2011Y16, 2016B21), # & #iiH 15 kla%E 4 (2016M590636), Ll 4 KA MR- AR kTR B

SE K

[11 2=, #uk, XOKEE, & HIRREAFAR RIIRATE S []. AL TR, 2014(3): 1-8.

[2] Peng, T., Tang, C.L., Chen, Q., et al. (2015) Application of New-Type Soil Stabilizer Q2 in Subgrade Construction.
Agricultural Engineering and Agricultural Machinery, 16, 384-390.

[3] Zzhao, Y.L, Gao, Y., Zhang, Y.L, et al. (2017) Analysis of Influence Factors of Unconfined Compressive Strength for
Composite Soil Stabilizer-Stabilized Gravel Soil. Journal of Southeast University (English Edition), 33, 484-489.

[4] EWM, whocug, 0 BT E T AR S K VeI Bt S R BT EERE T[], A %, 2004, 25(11):
1761-1765.

[5] AEBUE. SRR Y B AL ST RS S B HOR B U [D]: [ 220183, TU % K22 K%, 2015.

[6] Faimg, xidGpE, Eaede, & RABE CVC BELFIE IR Ve A TERE]. K2Rk (E AR M), 2012,
32(5): 1-6.

[M1 #®HIK, T8, 33, . RERE R EEFII]. EEA2iE k24K, 2019, 53(7): 805-811.

[8] XIFE, ALEE, REH, % OPS MELFEK B - TR R I]. 8 R¥EFEIR(ERBERR), 2019,
49(3): 495-501.

[9] FhEER, L. B GSC WAL L/ iR it 7L [d]. LR S35 TF2, 2013, 35(1): 20-25.

[10] #6%z, BEWIM, AL)7ED, 2 AMC [ b e PR A 1 ) 5 B S SLBEASF AR L[], AP A Ml K274k, 2018, 47(4):
838-845.

[11] xiESE, Tifh, A4, % B LA R K LR ] A TSR, 2011, 33(4): 648-654.

[12] #7255, XUk, e, &5, 392 DOBI L mil PR A L R0 SR AL ] I AR R (T 54R), 2019, 49(1):
83-90.

[13] KA, FXRRE. stHg A dbat: B2 s iR, 2002,
[14] Brit. w3t 504 [M]. dbat: IERR R, 2005.

i

DOI: 10.12677/hjce.2019.89160 1379 T ARTHE


https://doi.org/10.12677/hjce.2019.89160

	Study on High Liquid Limit Clay Composite Stabilizer Based on Orthogonal Test
	Abstract
	Keywords
	基于正交试验的高液限黏土复合改性剂研究
	摘  要
	关键词
	1. 引言
	2. 试验材料与方案
	2.1. 试验用原材料
	2.2. 试验方案设计
	2.3. 试样制备与检测

	3. 试验结果分析
	3.1. 液塑限试验
	3.2. 无侧限抗压强度试验

	4. 结论
	基金项目
	参考文献

