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Tensile strength characteristics and calculation methods of the
cement stabilized soil

WEI Hongshan', WANG Weizhi', XU Yongfu*, BAI Yufan’, YAN Zhengiang', WANG Hao'
(1. Shanghai Railway Key Project Construction Headquarters, Shanghai 200003, China; 2. Department of Civil
Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: Cement stabilized soil has the advantages of high strength, small deformation, simple construction
operation, easy quality control and remarkable economic benefits. It is widely used in subgrade filling, foundation
pit backfilling, slope protection and foundation replacement. Soil-cement cracks affect the normal operation of
roadbed engineering and may even endanger the safety of railway roadbed. Therefore, the design of cracks and
deformation structures of railway subgrade or foundation requires a certain degree of understanding of the tensile
strength of the compact-filled soil, and it is of great significance to determine the tensile strength of the cement-
improved soil. The crack resistance of the cement stabilized soil is an important factor affecting engineering
application. Tensile strength is the key parameter to measure the crack resistance of the cement stabilized soil. In

this paper, a direct test method to measure the tensile strength of the cement stabilized soil is designed in the
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conventional unconfined compression apparatus. The effects of cement content, curing age, water content and dry

density on the tensile strength of the cement stabilized soil are systematically studied. The tensile strength of the

cement stabilized soil increases with the increasing cement content, curing age and dry density, and decreases with

the increasing moisture content. The exponential function relationship between the tensile strength and e/A (e, is

the void ratio of cement stabilized soil) is established. The correlation between the tensile strength and unconfined

compressive strength and matrix suction is also statistically established.

Keywords: cement stabilized soil; bored pile mud;

strength; matric suction

K e R A A A AR A il B e B el A,
K YE A B A P, AR e ) ek o Je 45
AN PR G i S o A, T il S A Y K 98 R R
JK VB R A JC M BT R i B ST RCR AR 2, i &
VPSR IT I T R ARG K Je L TC M BRBT TR PERE 2 N
BB WE ST, B EE X 7K 8 L 470 T R B A R ) A 3
7K e - To M FRA7T S 55 38 [ 3 B ARG L K TR 4B AL LS
SRRV R, BE TR B U o S B R kL
AR B R A S ST TR K D¢ L A RE REAE
FIC 0 B SR DAY O AR, LD A K U b B 2 T i IR i
ey, IR SRR AR RE X 22 SR MG, B R AR
AE S ST N /N By R Ok R . PR
£ PN AN I QA | = L S VRO RV RACY) s S A
J12E R B W R, B e AR LGN, R g -
2 B A R e e 0 S G R 0 i KRR B TR
T BY R AL O B — BT UTRIR, $E 77 0 R ) i
FEEL N 1.62 ~ 2.02, YRES K & 01 56 J3E 55 i 480 %
(1456 28 ] eR B R

JK 8 B B A A 6 R R 5 16 2R A 7 A R Al
SRS E= UG- o = T 35/ % o S E AL
SRt B 2 AT Al (18] 1) 100 gl ) SR 2R
B (1] 16) 12 A2 1] i 243086 (P 1) ™™, =Bl i
g8 (P 1d) ™ 10 i A gk B i a6 (15T 1)1 AR
Y - T2 R | il e e 2R AN AR ) s 25 230
2y PSR B o (TR AR

atz% (D
oa=% 2
chﬁ (3
R @
0't=£ (5)

uniaxial tensile strength; unconfined compressive

AP RAT5 B 1R

|-

(d) =fhduf (e) FHl iR
1 HRSEEIKIR T %
Fig. 1 Method of tensile strength tests

Consoli %50 #4542 1a] He 245000 & 7 /K e L B
R R B, N T R R B S n/C(n 2 ALBR R,
C IR & ) Z A 8 Bk B & o

- A | Al ) JR R RN AR 1) e B4
Vi) 2 000 3 7 i, T 4 O 4t vk 48 A 17 PR, EL UG 5 2RO
RE B4 S Il 2 o ir e i B8 100 =gl A g R B
Bz A Sy B 1y i, H e B R e 4
YRR SCH B T, (AR SRS 5 A TB) A9 3% e 2



2022 4F

BRUELL, 45 KRB R b i L fe 58 8 AR R OBy i - 83 -

AR A M 2

ARSI R E DA BT W o S A G Y e ol = 1 B2
E %) Te) T, R VR O i A T AR 2 ek . David
A € CE VA 07 W o LA e g - 2 ] e ST DAY R
05 & T AE — R, W0 A B A A, a0 &l 2(a) iy
7 o Ibarra 85 P 7E AR 4 AE b H B2 i BR 4
AR, T RS R A B g R, i 2(0) TR .
Lakshmikantha 4§ 4 Stirling 55 > 0 & T X = f1 ¥ i
i il 9% 4= AF B 0 AE 5 ik, Wl 2(e) T s o Tamrakar
SEPT IR T ORERIE P S A, T A
SR, WE 2(d) Fios .

(¢) M=MIBLH
B2 HEENHRENTEESE

Fig.2 Improved method of soil samples for direct tensile test

(d) BORIE LA

OINHERT 7 SIZ2 NI E AV (RN e w10 21 K DA DIV
AN ) 1Rt o = ol SO (BRS8N A 7 W e = S
AARRZAL: FAERIVER 2%, T REARMECRIEYS 2] | 4% )
() M 5 A 0 07 A T B |l 5 25 5 7 AR v g B, R
fr s B G B 5 5 O 2, SR FHRR R B AR
A D Y o AR B L OE R S b A R
{1545 225 . Namikawa %8 9 X} b T BRI 5 +
sty g A5 A K e el R AR AR B, - 2R A
TR0 DU A5 1Y 7K U 20 R A A i B2 AH XF N — 2k HEE
R U WO DA i 9 NI N | L (O S s SEE A G e 8 g
W 7 B BRI 0, KR R A P AR R 32 O T
K e B [ s R T, B T K U8 48 A & R0 A AR Y
SERRRE . K Ye Rl R A R A g 45 4R RE, X 7K U8 B
R i A B B 58 R AR 2D, KRR - R T
R RAR A . A JO M B R 4 30 15 4 8 T B, X
KU B R A A T BR 4T e 58 B F 52 #7843, Consoli
1| Lorenzo S50V #EST T /K Y 2kt K 4= 9 Jo i FR Bt He
5 BE 5 AR S (n 51 e) FIZK U & i (O) 8K e 18
(AWK FR . BRI H, KV B A 0 $7 {5 B
S5 A SR K U R K U8 AH OGS i Y bR

o A SCR N B AL AR I & T K9k B i
SR BE, 3B T K DB 40 . W)L 5 7K SR 4 B X
JK YR B BRI AR 5 R B, SR K D8 - B FLBR
He) 5K R (4)Z M (e/A AL &, 52 KK
KBRS0 B 5 e/d BRI C R R, TR K
R B L R

1 ffRilie

1.1 g sk

Bl B P O A R 2k bV Bt T VI ARG AL
VEVENEIE T304 (18] 3), SR, Bk A LT & &t
K 0.5% i UKL Ay A R W E 4 s, RLAR KT
0.075 mm [ FUKE 5T 5 7 o 28%, /N T 50%, J& T 40
TR = S i o b g 2R o S R A R U S IR
IR, BRI ARYEAE B R M . A LRI, SR 4 B B
RN R T 10, B )8 T PR + s B R 1,
Al DARE 24 AR BB i+

B3 ghigmile
Fig. 3 Sample of the bored pile mud

100

HRE S /%

0/001 001 o1 1 10
UROR A /mm
B4 ShiZrymsr sk

Fig. 4 Particle-size distribution curve of the bored pile mud
1.2 By ik

BBt Kt R, PRI B i+ £, IR E
PR KRB ZE K T, AR G 4R R



- 84 - 7K SC b B TR M 556 M
or BZ:|w,=50% m—— T

ol < IR TR e BL A 7 358 5 1 7 -0 A O 2 il 28 A

_ < V7 7 o AR R, K VR B 2 B I 4

~20f &\ T, A6 3 B0 1 3 37 2 7, 7 4o 7 7 i 25 7 25 44 o i

ol o ) BN o AR U R ) 50K e, T

[ IR RE O IR . 25 7K U 2 B, K U B £ Y

L MR 7T 2 8, K U B - £ A

0 1 1 1 1 1 1 1 1 1 J
20 30 40 50 60 70 80

5 Shit7EZME EWME
Fig. 5 Plasticity chart of the bored pile mud

17, #E 12 he ITE T RKRBAERMKIE, 78
SrREG JE S BV iR A (R4 3 4), AR S b b i
55 AR H AR T8 RS KRR A R T,
O3 5 S TE IR N 3% 2k 52, ) K U R e
h=80 mm, FL1% d=39.1 mm, &2+ 2 [6] FH /N J1 ¥4 5)
B, DRUE TR BB AR PR A S P . A R iR AR
i A 2 5, AR EEAE T, WG AR, A PRI T
H R R, SR T Al e

K FH A Bt oy Ao 0 422 0 K U 2 R A A
5o JIE 0 B R P R T A SR T G, S I SR
LETWARSE AL A PP EEE ST RS VA 2 %) | Sk A BT S
7 0.4 mm/min, 15 5 ECHE SR AW 11K/2s, H 2R
FEWE IR o 7Kg iR 5 5tk 40 A3 A9 To0 A% [] >R
HI AB R4, L AE 5 T, K HE 22 [R] A9 B2 45 01 255K R
T AE o o B2, RS A8 Sy A HL B 5 B 4, G A Sk
W I8 5% ] AR OIS |, an &l 6 i .

6 THSTIREENEETE
Fig. 6 Fastened method of the test sample

KRR HHKIBBAE (L) E XL H:
A="%100% (6
my

A me—— KV i

JE R s BEAE T RERE 0, K U8 R R e A A iR R 3
s BEE 5 7K RGN, 7K PR A A 58 2 I/

JK 8 e R A A A e DR A X R B O T T
PLAR R 3 B8 T A 3, A AT 8 B o KRB R+
ek ANl VR R A U E DR ) LTI A LTRSS
(TR =RE ) | ANt

2 hIfHsEE RS

2.1 EWHEE S

KV R PR 2K R AR '
W SRR B e, PSR 5K A=
G I 2 N e N S 1 S S T ES I TN
Kl 9(a) fir7r, Pifinm i 5K Je s A B4 IE A OC ¢
, THER 1.6, 1.7 g/m’ il FEHL AR B 5K B A &
A LR M ARERIEIT . KU R WP 9 3 5K
et At S 2 PEAH 56, PR I 7K 8 A L - 1% 7 £ 58 5
PR B —Ff, #RE KRB AR PR G

A& 9(b) B, P AT BE 5 % 300 0% % 5 2t ek 1
MR, M T THERN 1.5, 1.6, 1.7 glem’ iXFE, i H
T2 BE RGN, i I I 00 6 BORE OC L4k R
B R, BB 2 T R R, A 5 5 ST i A
JEROIN . SPUERE —FE, KRS R AP RE S
U U P o S A R M A O

WE 9(c) Fizn, Prfam 5 & K J 2 4 M fuH ¢
KR, MTFTHEEN 15, 1.6, 1.7 glem® iRFE, BEE T %
JEE BTN, PSR B 5 A K R A 3G B 1 R RN, R
B 2 R0, A 5 5 5 A RN B S B

W 9(d) Frw, Ao B 5 T %5 B2 3 {ol i 52 45 5L
IEMIE LR, XTI 28, 60 d KR, B % i 1) 44
i, PSR B S T R A OC ELZR AR, B RE A
5 TR0, AR R T R R0 A e DR )N
2.2 SRR

K U Bl R A 04 B A A S B SR A OGO &R
WE 10 Fros . B KB B 4 W hr g i 550
SRS O LU OC R, S — AR RN A



BRUELL, 45 ARV B R T P o 58 8 R I G 5 1 - 85 -

2022 4F
60r — 4=4%
— A4=6%
; ———eem 4=8%
d
< 40 /
Ay
e
S
R
el 20 F
0 R S R R
0 0.05 0.10 0.15 0.20
P AR e/ %
(a) =28 d, p=1.6 g/em’, w=16%
o w=13%
—_— w=16%
— w=19%
< 40
[-™
e
S
R !
i~ 20 F
0 R SR SR SR
0 0.05 0.10 0.15 0.20

FLR AR e/%
(¢) =28 d, p~1.6 glem®, 4=6%

60

- =7d
— =14d
— =284d
----=60d
<40k ST
g '-II ‘.
© f 1
DA
={ 1]
= ra [
Byl
1 -
O - n 1 n 1 n 1 n J
0 0.05 0.10 0.15 0.20
PN e/ %
(b) 4=6%. p=1.6 g/em?, w=16%
60
— p=1.5 glen?®
ATV =— p=1.6 glem?
jomeee p=1.7 g/lem’
s40F i
A~
£
5
R
i~ 20 F

0 0.05 0.10 0.15 0.20
FLIV AR e/ %
(d) =28 d, 4=6%, w=16%

B 7 kiR Eh i O i 2%

Fig. 7 Tensile stress-strain curves of the cement stabilized soil
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Fig. 9 Factors affecting the tensile strength of the cement stabilized soil
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