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Compaction properties on Yellow River silty soil stabilized with lime-flyash

YAO Zhan-yong'?, LIAN Ji-jian', Al Yi-zhong®, SHANG Qing-sen’

(1. College of Civil Engineering, Tianjin University, Tianjin 300192, China; 2. Shandong Express Highway Corporation, Jinan 250061,
China; 3. College of Civil Engineering, Shandong University, Jinan 250061, China)
Abstract: Through the experiment, the compaction characteristics of Yellow River silty soil stabilized with lime-flyash were
studied, and the microstructure of Yellow River silty soil was analyzed with the electronic microscope. The influence of
compactness and compaction water ratio to the strength of lime-flyash soil was studied, and the key factors to compaction and
the influence were analyzed. The reasonable compaction craft of construction was put forward through the in-situ tests. It was
indicated that grain of Yellow River silty soil was of high psephicity and low surface strengths because of the long transport
function of the water and a great deal of sphericity silty particle in flyash. It was difficult to form available contact between
grains and to be rolled well. The low degree of compaction and the high compaction water ratio could reduce the strength of
lime-flyash soil obviously. As for the Yellow River silty soil stabilized with lime-flyash, the grain size of 0.005 mm was the
limiting grade that reflected the function of filling. The content of <0.005 mm grain and lime-flyash could influenced the
optimum water content and the maximum dry density significantly, but the influence of lime-flyash ratio (1 : 4~1  2) was not
obvious. Silt stabilized with lime-flyash was sensitive to amplitude and frequencies of vibration, and high frequency and hard
oscillation could attain the degree of compaction of 98%.
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Table 1 Particle size distribution and plasticity index
. UKL £ 2 75 %
f*ﬂi =) BifedaE (mm) dgy/mm  dy/mm  djy/mm G, Ce 1/%
77 750075 0.075~0.05 0.05~0.01 0.01~0.005 <0.005 <0.002
Tas 0.3 5.6 50.5 15.9 277 15.0 0.016 0.012 0.001 16.00 2.250 17.5
Tois 0.3 13.8 65.3 7.0 13.6 9.1 0.032 0.026 0.003 10.66 2.667 12.6
Taos 0.2 6.4 55.0 13.8 24.7 14.9 0.020 0.015 0.001 20.00 2.450 13.5
Taos 1.7 28.3 574 4.5 8.1 3.1 0.043 0.037 0.007 6.143 2.076 11.5
Tsig 0.4 7.1 61.8 12.8 18.0 99 0.025 0.019 0.002 12.50 2.000 12.2
Tss0 0.3 3.7 479 18.2 299 17.6 0.014 0.011 15.2

ik BFESRY Tayz, x AORGIIEL yz 285 171<0.005 mm [5TRS B (%), BRI

SCHLHE, SCHESUM R 2K, RS AR bR UL B A B
(14 e s i T R AR (R AR /D>

T 1 R 2 R 3R A o i P 1 S A L i A
Bz " SRR IR ) 2% FE R OW 45 4 5
RARG KM RS, T HSEI T &R ik
LGP TR R S TR . AR SOl I E A R
WA, KHEMRE R G BURBH I A R S 0 K
R e SLSE AT TR, IR T A RIS
e T2 WEF0AK, TR KBS, 3
FP G BB RS0k ELAT w5 10 B (5] 5 R 11 2 10 5
FE, NI A BB B KSR AFAE, A4S T i)
TR ORI AN RE T BT R, A AR I IR
e SIS R gy PO 5 7K 238 2 o 4 11 53 % W 8 e
f€: 1-1<0.005 mm (FPRHE S BT ph YD) BUKY
R A A R SRR, 2R R K I
BN TR I S A K A B KT P AT WL 5
W, T AKEE (1 4~1:2) [RSemARE, K
S K TR IR A R ), AR i T A
S FEIR 5] 98% .

1 B G 8R4

IR T 2088 A IR A R B A, el ot i
6 (BRI 2 THARMVE) (JTI034—2000)
SR o kB R S A BRI ST B R, Y
sEmph G Bk 1.

1.1 TRYIBIEHR S B R AL
W . e AT (A B b TR R )
(JTI051—93). RIGLE AL 1 FIIE 1.

2 UME 1 EBoR, BERROMEHIRE -,
RERAC S oAb iy, ZRA0AE 82.1%~95.2% 2 10)
Pk IR ECh 10.9~11.5, ¥ idh H e Ech
12.2~17.5.

B2 R T IRPEFR A AR (/N1 0.002 mm,
0.005 mm) FHICR. HE 2 AT, <0.005 mm [f)
UKL Fr a0 Y PEFR BT, 5 <<0.002 mm (1 R0RE 7

Bl

S m R IR R . XA A 0.005 mm
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Fig. 1 The particle size distribution curve
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Fig. 2 The relation between the content of the fine grain and the
plasticity index
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WA, LA JIVEHTT 25 5 A ok () (R AH FLAS B .k
A E doR R AL, /DT 0.002 mm [RRLAR 2D,
25U [ PR R 25 4 > 70%, 5200 A2 O BRIR B0RS |5
RRMIEE], BoRiE B4 —, L. 2L,
WEPR e B AR g 2O, R R (6 B K hn T
W AERERE . R, Byl pp G BUR I K+
AT A DA SE R PR

2 ERIERRM K58 E R0
2.1 EREXERERIF

TURESSE TR TS A S A AT K
LR, i s P Y 3 AT O R (]
4). HE 4 TTH, TIKEE Tog L HSERE A 95%42
= E 98%, IRIEMINZ) 25%, MIF K& AR
IR VG 0 - H T R B S . xS SR, Tk
WRERF S S AT L SRS 8%. B
PN G IS S 3N N 1 by = o ) o £ 91 P D
AESE M. K1 180 d (W3R, JESEEM 95%4
5] 96%, —IKELIE Taps M Tags KI5REE 73 4 5 16%
F17%; M 96% L 515 97 % » 555 53 I #55 6% F1 10%:
M 97% e FE 98%, SHEENAIIAWIE . Kk, JR3E
PRI G BUR T K SR e, L
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Fig. 4 The effect of compactness on strength of lime fly-ash soil
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Table 2 Unconfined compressive strength of the lime fly-ash soil

with different water contents

R |- TR R 32% o A b A 36%
St KB I2 K113
Wopt 5.73 5.81
Woprt2% 5.19 5.66

Wop 4% 5.10 4.59

3 ZIREHERAEHEIZREMAR

TR A KA IR 24%, 32%, 36%
40%, 48%F11 14, 1:3, 1:2, 440 4 KEE
TR RHEATE N ER G IGRK . WO ERERIT (A
PRICHLES A R E M RS R ) (JTJI057—94).
3.1 M-I EXTEESEESKERZNE

M40

(1) =MW KRRl G Bk i
K S R ) 5 i

XA —Fh 1t (Tae), RHAIARFR KSR K
BEAT i 92 . BB 45 A LK 3.
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Table 3 The optimum water content and the maximum dry density
of the lime-flyash soil (T5,4) with different lime-flyash

contents and different lime-flyash ratios

~ o KT
5=
by R — e 3% 0% 4s%

1:4 18.8 20.2 21.0 20.5 22.0
LA A e 32
hx%‘}éi_%‘ 1:3 19.0 20.0 20.5 21.0 22.0
ot 1:2 194 19.8 20.3 21.5 21.5
e e 104 1595 1541 1501 1479 1.445
BRTHEE 1:3 1584 1542 1497 1489 1439
1

Pusl(@ M) 0 Sen 1550 1495 1492 1442

PORER AT S X ARV PSRRI =0) | R, 3 i p—
KAy e AT A, B.

X K% W, Fa=310.2 > Fyos(4 ,
8)=3.84, ] Fp=0.3<1, YiW{Ea=0.05 W&MEKF T,
K7~ A A ] ZKSPRale 45 AT 2 52w, 1 ikl-f B
(AN ) A5 1k &5 AL AT 3 25 1k 5w

SHEHE T KRN, Fu=21.8>F)5(4, 8)=3.84,
Fp=0, U w0 K A E S ACR 2 B A

BFEYE, IKIERISEmAR A

IR AT/, B, A KR
T KRR 1 RSURE 25 IC A RIURE 45 48) 55 M A — 2K 4 s st
PROIRSE . RS BGEAE, D,  RE EX s

G BB K RS R . KL

12d~1:2 20, BRERBBEAR, X =K
SRS M AR X /N o DRI ] 220 0 LRt ] v
I BURY I K A e KT8 5 e A 5 /KR I 5 )
(2) T ER . K Gk R iR KT
JE 5 B A K 52
A e (123D, A AFIA R K S
25 2 K A 9G4 B WL 4 R 5.
155
PTE 1.50 *_/\\ ——24%
E ;%‘ —e—32%
E 1.45 —1—4316):
¥ 140 :ﬁ——//\-\. —a—48%
135 1 1 1 ! | )
4 16 18 20 22 24 26
K%
(a) Tas KL
1.65
7 160 m—\ ——24%
i 1.55 o’—m —i— 3290
g 150 r/‘/_‘\‘ I:‘ﬁ:
B 45 ”_:"3 —n—d%
H-
1.40 | 1 ] 1 ] ]
14 16 18 20 22 24 2
HKERIG
(e) Typs —JK 4+

E5 FE+HES5FE=

AT XU 1T ZE 53
X KT # R, Fy=758> Fyos(4, 20)=2.87,
F,,=44 1>Foos(5, 20)=2.71, HMfEa=0.05 & 1EK
FF, B A B IA uJ/k T a6 45 RAAT 855
Wi o DRI RRFAERE D K B R s KT
LIRS ISEATE
S AKE, Fa =17.7> Foos(4, 20)=2.87,
Fp=44.1>Fyo5(5, 20)=2.71, UiH] L HRFIERIZE |
YRERT00 B ok 3 ) S0 AR IR SR TR 4
Fa4 ZIRtkAh 13, FRLRM-EBEN —REHHES
KEERXTEE
Table 4 The optimum water content and the maximum dry density
in different soils with different lime-flyash contents (the

lime-flyash ratio of 1 © 3)

e o R
sty R 24% 32% 36% 40%  48%
Tws 195 207 215 225 232
Tos 190 200 205 210 220
ARG AKE  Tgy 196 206 208 213 23.1
Wopd % Tyws 202 210 215 218 235
Tis 194 200 212 225 245
Tew 218 249 256 260 273
Taws 154 150 147 144 140
T,s 158 154 150 149 144
WA TER Tge 163 157 154 150 144
Poad(@ccm®) Tas 162 156 154 150 145
Tne 158 154 150 147  1.44
T 152 149 147 145  1.39

. 1H1<0.005 mm BORE &4 R X

IR Ao T KR S g K3 FER S i R 52
K5 o, TREREBR T B KSR LR
B BT 0.005 mm Rige) 5 EEE b S A PE R
Ak, B SRR, K S K R R A
i, FAEMO, KT/ B RRL 1

_ 1.60
'IE 1.55 ——24%
‘_H;D 1.50 ——32%
= —&—36%
B 145 e
'f 1.40 TS -—13:

1.35 1 1 1 1 1 | |

14 16 18 20 22 24 26
FIKFE %
(b) Ty Kt

1.60
o o1ss ~
= V/_e\ ——24%
:‘n 1.50 r_‘_/r/—‘\ —e—32%
< 145 g T 36%
H —_—
ﬁ_li 1.40 _._,;,‘2?2

135 1 I ] 1 1 ]

14 16 18 20 22 24 26
K%
(d) Tipe —HK 4

mEEMITREAEHER %

Fig. 5 Compaction curves of the lime flyash soil in differert soils with differert contents of lime-flyash
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Table 5 The maximum dry density of the lime flyash soil and the

regression equation of lime flyash content

ZH Ji B 4 R

Tyas 1.7265  -0.6125 1.x10* 0.9744
Tayy 1.7460  -0.6500 1.x10* 0.9858
Taos 1.6860  —0.6000 2.%X10° 0.9931
Taos 1.7905  -0.7125 0.9954
Tsis 1.8240  -0.8000 1.X10° 0.9981
Teo 1.6575  -0.5375 9.X10° 0.9711

T y=Bor B, x N BCE N, vy T
F6 _REREBKEEZRAREIAFESH
Table 6 The optimum water content of the lime flyash soil and the

regression equation of lime flyash content

2 B B R’

Tpas 13.510 0.226 0.946
Tows 16.000 0.125 1.000
Taos 15.675 0.161 0.976
Tass 16.785 0.134 0.957
Tsis 16.040 0.140 0.946
Texo 17.200 0.220 0.920

P y=Bo+ Box, x IR, vy R R KA

A 5, 6 WL, KRS K RO T
g fEf /KRR RIFMZMECR. R 5 AL 6,
XS CGROBUR I =K+, HEEA 50 R /T 0.005
mm (FEURLE hE, BRI O ST K e
K58 A B KR o IR S il S 1 6 1 Bl e it
Torp e S FE S AT R S AR .
3.3 THMFERRESEXTEERNXR

TORARKTEES AR 1+ 1<0.005

mm PRSP R I 6 F1 7. Kl 6 F1 7 nf I,
TR BT B A SR R B K R X g
AR, x{tumﬂﬁﬂ fRECR e 5 kG, K
TFEEZRMCR. WKL KT ®ES
<0.005 mm IR 5 S R AP IA OGP . BRIk, X
TRl G B K+, 111<0.005 mm Figk

E AU S+ A S s 4R by, e et
rmmﬁﬂm (1) FE BRI 2 . <0.005 mm Figl 7 R fER A
ERE RN T R G B ) f A B H ORE 2 A
WO . X FANH R SRR ph G B R K
+, 1+ <0.005 mm R RAE 17%~27%0, K

TIRG RN R TR R, R R SEERERUT .

1.65

1.60
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3 —&— 36%
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Fig. 6 The relation between the maximum dry density and the

plasticity index

- 1.65
”E 1.60
% 1.55 —— 24%
e —s— 32%
# 150 — 6%
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g 140
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Fig. 7 The relation between the maximum dry density and the
content of the particle < 0.005 mm

TS GROBUR L, #1978 T 0.005
mm 7 2 AR N I K SRR A e b
b <0.005 mm (R BB, wl i ek ds b
RRE ARSI RS fE

R I R T L 11 <0.005 mm TR 5
R RBEAT Z e, GRASHAE 7.

F71 ZIREBRATFEES L H<0.005 mm FHRHEEHXR

Table7 The relationship between the maximum dry density and the content of the particle <0.005 mm

KGN % a b c d R
24 -5%10° 0.0017 -0.0115 1.5446 0.9979
32 -2%10° 0.0007 0.0024 1.4503 0.9784
36 -4x10° 0.0015 -0.0133 1.4956 0.9770
40 -1x10° 0.0003 0.0052 1.3832 0.9888
48 -3x10° 0.0011 -0.0088 1.4173 0.8568

i y=ad+barevtd, x <0.005 mm SR G A (%)

v R A R T
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Table 8 Roll project and test results

W T2 i 1 il K¢ S
Bl 2 ki 85.7

Fos 2 d+0 i 5545 1 M+ ks 1 3 89.7

(TN Bk 2 3+ 00§54 1 i+ 2 91.3
FoE 2 d 500 7] 9540 1 e 2 4 00 i) SIS 1 M+ 2 i 96.7

FaE 3 i 87.2

) Fe s 3 -0 i) 9540 1 R+ b 2 00 i) ARG 1 - s 2 96.7

Rk 4 it 90.4

R FRUHE 4 38+ i 954 1 36+ 1 2 J 90.8

) Fa 4 00 i 594 1 M+ 2 0 i il 1 3+ 2 99.2

e SSRGS, 132 (R, 165 CPED. 200 (GRESD; SRIEMAIE. 210 OIS, 26.5 CP4RD, 30.2 (RdD.

4 REIZB9MML

BRIZAAS ] L B B pp G ALK AT i
Ik T2ARAREE . L KRES R Tog 0. FLA LN
12124 164, I KTHEN 1.54 glem’, fAEHKE
H20.5%. JEEEHLRI YZ18 #ah kbl (HE 18 1)
FIYERE RS 175 TRERHL CHTE 20 0.

BEIE 5 = iR g R LR 8. X 8 R, KA
SER OSSR CIRIED) HELLIAF] 95% LA F ik
SR PRI FomdR CRARIR) BEAE s 52 B 38 i 31
95%, FAIEE N o ) A S R P F 98%, KA
SR L R R R R A AU . HeAh, 6T IR B
T2, ik Z BT K A e 92T W
FH o He S BEAE 85% 2 A7 T i 55 9 Hs , He 55 KT 90%
TFURSRARAE s, K L R ) R P .
BCRH LRt T 1.2 UK 2 0 i 5598 1 i+ E
2 -+ ) AR 1 2 .

5 & g

(D) KK oz, dmp G Bk 5
LB I R vy, R T iR S A o R 08 A 2 o o
MRk, A0 TR R & 1 > T70%, S2O RS0 ERR
FORL AR L B RE  X TORPRE K BEAEAE,
AP G BRI K B P s SR i) xfe L 7
AT R IR, AEAN T3 AE 2% 5 e A4 SO ) () AH S
), I AE LA S PR .

(2D Fi 52 5 M R S 25 /K 386 BT ) U T
ORI AT B . X R, RS R
PERT AN, SRIEZIHEIN 8% X TR ISRIE,
JESEREIR 97% L L, 2 B (R4 e ) i P88 (1) 5 i AN
PRI

(3) PP QIR BU KL, KA 1!
4~1 12, ZIKLGI AR XS K b dg T3 B R A 7
IKERPFEMIA 2, ] A EERAEE + I SE 5w

(4) IR A RN L (R FRE & B0 K R i i
KRG K TR B, H SR
o TR TR BT B A KR R
RUFIEIERR. R KR, TUHESH — K 1
95 N R A B I R B U E s o i S G LT
it b s S BE R AT B 2 %R .

(5) X F- STl GO AU K 1=, +7<0.005
mm R AN AL S IR B P ) R bR, R
e S (R B AE R SRR 2 . <0.005 mm )R 2%
FrAEAROCRE R R N T B p G B I S R
SO R RL G R o 6 AN R RS i ST ol G
BUO R KA, +<<0.005 mm Eki S EE 17%~
27%0, IR EIRARIBR TEERS. Jhh<
0.005 mm 75 HEFARE;, /bt bk oG ot ol
TR A SRR

(6) ILAESSHR, Tom ot G AU B K - kLA
IEF 95% LA BRI . AERAR R, REAEI IR
2 JEHE 1 B 95% » feg ANUAR 54 W] A6 He S i 3] 98%
TORESER LR IR AN SRR U o X TR B i
TE, 2B R K b i R SE R W 1
o BBCRA “Fals 2 H+X00 554% 1 i+ 2 dE+
B iR 1+ 2 087 il T

S 30k

(1] WEDCAR, Whoti 93, XA, BT = ffy 9 X0 8 11
PEWFFEN). ARASEFHE, 1996, 13(3): 10 - 15. (SHANG
Qing-sen, YAO Zhan-yong, LIU Shu-tang. Research on the
characteristics of soils for road engineering in the Yellow
River delta region[J]. Journal of Highway and Transportation
Research and Development, 1996, 13(3): 10 - 15. (in
Chinese))

[2] Whody 03, WIPSAR, OB, A A BORH R E B G
BB LT AT PR (0], AR MR 22 4R AR R RO,
1999, 2: 78 - 80. (YAO Zhan-yong, SHANG Qing-sen, LIU
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