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Experimental study on mechanical properties of cement soil under different stress
curing conditions
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Abstract: In order to explore the influence of curing stress on mechanical properties of cemented soil, a curing
device and corresponding testing methods for cemented soil samples under constant temperature and isotropic or
deviatoric stress conditions were developed. The impact of curing stress on the unconfined compressive strength
(UCS) and modulus of deformation Eso of cemented soil was experimentally investigated. Using this curing
device, the specimens of cemented soil subjected to isotropic or deviator stress were prepared under varying
curing time. The unconfined compression tests were carried out on these specimens of cemented soil to obtain the
stress-strain relationship as well as the evolution patterns of UCS and Esg of cemented soil over the curing time.
The following findings were obtained in this work: The high confining stress in curing period reduce the strength
of cemented soil. The UCS and Es of cemented soil specimen under ages of 7 and 14 days increase with the rise
of confining pressure but under 28-day curing time decrease with the confining stress increasing from 0.1 to 0.3
MPa. The UCS of cemented soil specimen under 0.3 MPa confining stress is less than the specimen free of



confining stress. Comparing with that of cemented soil without confining stress, the increases in UCS can be
observed under small deviator stress, while the decrease in UCS can be observed under large deviator stress. The
strength of cemented soil specimen increases when cured under small deviator stress (axial stress ratio less than
the critical axial stress ratio), while decreases when cured under large deviator stress (axial stress ratio greater than
the critical axial stress ratio). Based on the regressive analyses of the test results, the development model of the
UCS and Eso accounting for the confining stress under the curing condition of isotropic stress, and the correlations
of the UCS and Eso with the axial stress ratio under the curing condition of deviator stress were established
respectively. The concluded remarks obtained in this work can provide insights for the impact of environmental
conditions on the mechanical properties of cemented soil, and guide the engineering practice for cemented soil
applications.

Key words: cemented soil; unconfined compressive strength; deformation modulus; curing of isotropic stress;
curing of deviatoric stress

E ML, |z 0 A R 25 A AR = . B R E A BE R R RE , K LAl 5 5
X KR S RERER A R K e £, BRI EA T T2 T, HEEair. &

Hom . EHEARSE M A, 2 TR S, ARG SRR, KR L IR B T AR 2 I R

CERZR ST WP MR A B EEM . HSIAO F1 PHANDOIGF 71 1 1B [ 547 B 5 6 AN R P2 /K V1
BURE SR B R, 186 R W BB S B 1 2 B3GR, /K TR PR 5 (UCS) 18 Hn, BRI iy AR

ARG B SR AT B iy K B AR R L AE S8 A N IR FRAP SR AR R IS RN R B 9 574 7 R,

RUBEE TR N AR, R R R E A HE RS . RABBI 2P, KUWANO 1 BOONIIL) &
SUZUKI 2R 50 1 7K P8 1) = Sl FELE 7257 N 1 2644 T o BE Bl 88 B AR 40, 7K T8 - lRE7E 58 4 0 PR 1)
SAETT, HEINR A IRy R AR I E SRR . B E . SRR AR HEKPUBYsR

LB ATIR, BFEPEEK, HEBK. YILMAZ 2R T —2KiE L 58 MR~ K 7R3

B, KA GOmBRINKE LIRS Ty, SURFRRY: Se MRS, Mohn & s a8 Kk
LSRN, IR ST R MK LA Z BIBON R S (<0.3MPa) FRIT, K R AT BTN .
BEAh, BB ST KU 575 A REFE JE M R 2% A COURE IR 2 1 e 1m0 23D R BEAT IR 4P RIS
MIRGTLIREE , S RABUAEAE — DR TR N AME, HFRPRIIRFER, R To il R 5T s 58 5 s i
. sEbr TREA, K -LhEEZ B MK EM, ERrEaimaet, T o MR, mH
IKYE EAEAEREA I RE A 2 B IS (B SRk S sk (52 SRS MAEM .
X T H8 3 R 2% A T K U8 AR A A R 52 8 A I sl A Jm S R R AL AR ey,
BRZ B ARGEURNRIBT T Jyit, A SCBHUKYE AR A A 72 i) s B 32 IR, 8 I S A A IR AR T
IKYe EARKETRI AR E, A A S 5 A e 77 37 2% A T AN RS S0 g K e R, 7ol e ) BR s 4 il 6
(UCT) , A58 e Al i s IR 47 A5 0T 7K e - Jm 170 24 B R 52 M) Jg BGRB8 T 7

IR ZE YNGR RS

11 AWAMBERE

ARYARIE BT FH R H KD T M. SIS BRI RRE E N 1.88 glem®. RARETIKEN
33.2%. tRiLbE A 2.68. MR N 35.05%. RN 20.04%. WIEFEECA 0.88, itk Al H)E HON IR
WPRZS . R AT ih 28 () Bl R 2% C=4.51, AL R C=1.18, LMK RiF. REHKJE N P.O
42.5 IR Th KU «

KV AFEFR 3 E (B D B =G e TR, RS i 4% H R B s Ml e K/ o 2 Bl
EEAE e, DA HE BRI B A X 558 B (1) 520



B1 =ZmieBleERYPEE
Fig.1 Triple-specimen curing device with constant temperature and pressure
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Fig.2 Stress state of specimens cured under one-dimension stress, isotropic stress and deviated stress
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Table 1 Scheme and results for isotropic stress curing test of cemented soil samples
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95 IMPa /d IMPa
1S0,7d 0 7 1171
1S0,14d 0 14 1.953
1S0,284 0 28 2.392
1S100,7d 0.1 7 1.312
1S100,14d 0.1 14 2.119
1S100,284 0.1 28 2.498
1S200,7d 0.2 7 1.436
1S200,14d 0.2 14 2.168

1S200,284 0.2 28 2431



1S300,7d 0.3 7 1.676
1S300,14d 0.3 14 2.173
1S300,284 0.3 28 2.325
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Table 2 Scheme and results for deviated stress curing test of cemented soil
W T 1% #7 60d
W2 3 Tioad RS R e 3

wiems EE g, o) R SRR o O,

/MPa / MPa

1.094 0.55 0.50 1.563
DS7d,05 7
DS74,06 7 1.094 0.66 0.60 1.447
DS7g, 07 7 1.094 0.77 0.70 1.354
DS7d,0.8 7

1.094 0.88 0.80 1.074
DS14d, 05 14 1.391 0.7 0.50 1.578
DSi4d, 06 14 1.391 0.84 0.60 1.451
DS14d, 0.7 14 1.391 0.98 0.70 1.413
DS14d, 0.8 14 1.391 1.11 0.80 1.255
DS2sd,05 28 1.541 0.77 0.50 1.661
DS2sd, 06 28 1541 0.92 0.60 1.573
DS2sd, 0.7 28 1.541 1.08 0.70 1.467
DS2sd, 0.8 28 1.541 1.23 0.80 1.339
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Fig.3 Testing procedure of cemented soil cured under deviated stress
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Fig.4 Typical stress-strain curve of cemented soil
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Fig.5 Stress-strain curves of cemented soil cured under different confining stresses with varying curing time
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Fig.6 UCS and Eso of cemented soil cured under different confining stresses with varying curing time

6 NEEE IR K TR MR YU 5 5 AR AR B Eso BRIV 2.t &l 6 Wl -
O F—HIE oc T, 7K+ BT BRITE 58 gl MAZ AR Eso I i JIHE K T HE K
@ KL BREAERIYDY 7d A1 14d I PR JE O PR 70 1 5 B2 AN AR FE AR B Eso 2216 45 R I (R0 im0, 3%

5 3CHR[9-141 e e AR FRA (PR IEAE TR 260 T RBlia g A SUZUKI SEMIERTRY (<7d) 45
TR SEAE T RIS R Y) & o (ARSI REN], AR Bk 28d i, X FIRIEEL oc 25109



0.1MPa. 0.2MPa A1 0.3MPa fJilFE, HIEMRHUERE 5B TEETE Eso & F T oc FIEKTIR/DN, HZ2
0.3MPa BlEF=H N AFE R TEMIBR P& o AR T B EFRY F R, XM EE R r%E N
710 FRPR KR AR I T O PR o 5 FE AR T T8 B R R P R B FE IS, TR A K e s B R 97

PRI L PR RN, e AE AR SCHR[9-14] h I AR A HL

L R G SR R A WA T, — 7 T TR I SRR, FRA 7 5 26 R A% 14 4
giky, AESLBAKIZETHED , FRARA IR S /KR, 3G ROKYE - ulhe dh ok s i Bt i A, /K P8 7K
SR LR BREAT, AT o A B K . MRE Chitarbiram (7K AW EEE 06, KU i H 5Kk
PRI E R R, AR KA BNANTE 70 (I FR I TN, Bty R AR KA s ML JRE A TR, DR e A R 47
BUN A SR G KON o (RS KA SN AN S8 A, 70755 3 1 4 B BRI A 2 B (R R N I
W2, FREIC o S RIS, AR MR E R IR E G, BT R A5 LY 2 1B W 591K, Hsiao A1
Phanl®lff i 5e 45 B IESE TIX— /. 53—, S5 RMRIRF AT, HamRRy &4 T, R
7 B ARG T 7K A B R sl BE K, K Jg il AR M A, R R AR S5 R IR R, I FE Y
A AR AL, SR AT TR B
2.3 KL TMIRIMEBRE SLERARE Eso FURILIREY

HAT, 55k T 7KV L IO BRHT 5 B B R S UL A T LEBOR NI 8. WF Fe 4 RO 190 0,

SR FH U 25 R B3R AR S 3T K e T JE M PR P 558 2 5 A TEAR B Eso ITEALARTY, AT & SEPrt i, 1M H
R ST o BRI, A0k AR 8 2 X 2 bR SO

t
Quy = atbe @)
Eso = — )

Horp, qiSONSEEFE FKR L TEMIRHUETRRE (MPa) ; Eso NBTEME (MPa) ; CHFEF T (D
a. b, c. dABEESH.
K 20 2 1 o ASTR] Bl s B 4 LR 7R P B 45 R EAT [ VA 70 #r, S5 5R 3k 3 518 7 s, WIBA
A RO R AT
RIFEARY TRREEAMPBIAEREL EHAEF Eso = )TIRICAER
Table 3 Regression equation for UCS and Esp of cemented soil cured under isotropic stress
FpEE o EURGEmE RS g IR Eso BERZH e
IMPa EIER %= a b MUEE [l Y35 A A 2 ¢ g fuE

0 qiS, = t/(3.64 + 0.28t) 3.64 0.28 0.992 E5, = t/(0.056 + 0.0024¢t) 0.056 0.0024 0.983

01 ¢ =t/(3.03+0.29t) 3.03 0.29 0.990 Es, = £/(0.059 + 0.0017t) 0.059 0.0017 0.989
02 ¢S =t/(242+0.32t) 242 0.32 0.990 Es, = £/(0.050 + 0.0022t) 0.050 0.0022 0.978
03 ¢S =t/(149 +0.37t) 1.49 0.37 0.997 Es, = t/(0.033 + 0.0029¢t) 0.033 0.0029 0.988
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a=—70.+3.70, R? =0.98
b =0.28+0c% R?>=0.99
c = —0.502 + 0.0720, + 0.0562, R? =0.99
d = 0.035¢62 —8.5x 10730, + 2.35 x 1073, R?> =0.93
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Fig.7 The evolution of UCS and Eso for cemented soil cured under different confining stresses
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Fig.8 Stress-strain curves of cemented soil cured under different deviator stress ratios with 60-day curing time
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Fig.9 Relationship of UCS and Eso over axial stress ratio with different curing time
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Table 4 Regression equation for UCS of cemented soil with different curing time
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14d Qugoq = —1.48722 +0.6201 + 1.685 0.951 Ego = —154A% + 121+ 140 0.966
28d qD%0q = —1.26712 + 0.5781 + 1.685 0.998 Ego = —1684% + 451+ 140 0.868
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Fig.10 Relationship of UCS and Eso over curing time with different axial stress ratios
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