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Influence of Dry-wet Cycle on Crack and Strength of Silty Sand

Improved Expansive Soil

WANG Huan, CAO Yi-kang, REN Jun-xi
(School of Civil Engineering and Architecture, Henan University, Kaifeng 475004, Henan, China)

Abstract: In order to explore the influence law of crack development and strength of silty sand
improved expansive soil subgrade in the Yellow River flood area under the action of dry-wet
cycle, the indoor dry-wet cycle tests were designed and carried out. Direct shear tests of improved
expansive soil under four different moisture contents of 11%, 13%, 15% and 17% were carried
out respectively. Then, the image processing technology developed by MATLAB was used to
quantitatively analyze the cracks of soil samples after dry-wet cycle, and the relationship between
the crack rate and shear strength of improved expansive soil was discussed. The results show that
the crack rate, cohesion and internal friction angle of the improved expansive soil decreases
gradually with the increase of water content. When the moisture content is constant, the

development of cracks increases with the increase of dry-wet cycles, and the cohesion and internal
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friction angle of improved expansive soil decrease with the increase of crack rate. When the
moisture content is 11% , the first two dry-wet cycles lead to the rapid development of cracks in
the improved expansive soil. The crack rate curve is steep and the cohesion decreases rapidly, but
the internal friction angle changes little. The correlation coefficient between the crack rate and
the cohesion of the improved expansive soil reaches 0. 95. When the moisture content is 17 %,
although the cracks of the improved expansive soil develop slowly under the first four dry-wet
cycles, the crack rate increases rapidly. After the four dry-wet cycles, the growth of the crack
rate becomes insignificant, the crack rate curve is relatively flat, and the decreases of cohesion
and internal friction angle are less. The correlation coefficient between the crack rate and
cohesion of the improved expansive soil is only 0. 70.

Key words: improved expansive soil; dry-wet cycle; moisture content; shear strength; crack rate

2022

0 351 F

i 1K - 2 B T A i TR A A 1Y 52 B 1 AR
SR FRER B 22 R LT K A T A [ A
SRFRHET L H T 2 2B SR S K b TR e
AOCHER R . MK 7 b [ o A ) — Rk
e T TR B2 A B O R P R AE

T 1 v 2B B A T R 23 7 HE R L A
g Y 52 B OF e AR b 1A 25 A B0 i J3E R R R AR
PEN o TR ST TR A B AR R TR 5 K R0 ik
MR E BAT RRBR R SC. FR . TR v BB I ik
G H MR R 2 LA A B RO T R RRE A
JK KR AT IR B AL 2 R R SF B A K b R
SRAE — A e ) Bl R ) R L xR
(ERERTE NN KPR EP LS S SN TR AL DR G S E RS0
LI G S HRAR RS Bz KRt
YRR —Fh R ARD . BAT 2R 038 T IO J7 8 25 00 4
FHoR B R K+ B A R 9 N A S R T
G A2 3 Xk TR A R R B - 9 TR R A TR
BAFFFE . Zhao SFNURF S TR MR T IR AG BR
Ao o R R K R K g AR R ) 38 A R B
A R PR X AL B AR 8 18 R Atk 3 AT 5] 2 2
BER AL QUAFTURIESY T K v A R Y
JELEAT Lk B ol T 21 P A0 B 5 | R i R e Y
5 BEFEAR S BOA B R RBIR . Rao W T A1
TR R MK 28 2o IR AR R A S B0 5 B R A A
T R BLBE A T RRAE PR OB 3 22 L B R 00 8 S A
/o Costa &N LRI Hh BLJE: h b A 1 45 14 B
B s MR FLBR S B . Lecocq S5 WF5Y T 320 -
PRI T 1 DR 3R LA R 2B 58 B 10 B LA . XL
A A5 o 2 R B S TS [ TR R
X I K e BB A T B4 o R L 6 R SR ] B 5 U

B e I ISR e R R O R A
B . kKSR AT SR IS R 48 1 A1 R o R
Ji e i N R RO e BB 1 KB B R
SR e ) U/ o BT AR o s A A
AT IRAE FR L BF 5T 1 1R AE P A I K 1 2
Bl KBRS N L 45 R 3R A B T IR AR PR R 3
WMk i 2L BUR BBk B 2. B R AN i A K
AR B B I 4 B 5T 1 Bl R K 9 S4B &
0 AT BT 5 EE A R R . 45 SR 3 WA R R A A 1
Y RES W] 2 b A o R K R R E R
WMk - 09 36 28 0 3 BT . D AN RS T
B IR 5 B0 I I 2R A 52 T 45 SR SR R
R A B K ) ZREBR A T RE E REOA JRE I A5 Y 3
AW . 5 B 5 T K R ikt
F4 3~ 5 32 R A B B4 5 0 L Ok BRLK U RE % T
B2 75 I ik (9 0BT 5iR 2 L i A6 A B e s . ELOK
Je Rk B MK 32 T R AE PR AR R R AR /N, L
SCEUHESE T HEZ Xk BRI K i AR
DA B e AR 45 R R A5 K B rh 4 A 30008 P &
RENZ 1 25 P 3% I K 4 (9 0 59 50 B | T T 5l R D R
AP EAERE. R SMCR KWK LR A bk R
50. 206,30 Yo ¥y i - ok R R K - 19 1 el 2 ik 2
33. 5020530 %0 My b 4= 1K 55 % ik 1 Be R AR B K
b Hy AT DA A AR B AR . BIR AT 3
BUREPO b B R AR R B R — LR L
LB B 7 AR R R R A R W (EL R N TR D
KR K b 0 2P RE D7 T Y P ST LD

ARSCLIB Y 4 24 R K AR A ] & K R R R T
PTG P UK 2B K T O IR TE RS G L T i A N AR AU
R PRS0 AR 5T U1 . R T MATLAB K
AL BRI Hr BOR 0 MR BR o AR v T 3R AS A 2B
PG EAT AR B L 23 B AS ] 35 7K 3 00 ok R ik - B 1



%5 E2

KL E L TFRBARSHA LXK EERAERE YA 215

PTG P U R 2B A T ML LA SR B B JRE X A i
53R B AR

1 KEHFR

1.1 KBe{Es

R R 09 4L %8 HK-PZ-SL #J PPS UL B
SAC, a1 R PREY R BT A2 F5h 6 mm, 5Y
PI#EZ M 0. 80 mm « min ', fif % & B I B K F1 43
5% 100,200,300,400 kPa, fir i + 48 R~k 61. 80

mm X 20 mm,

B 1 HK-PZ-SL % PPS MUELH 57 {
Fig.1 HK-PZ-SL Type PPS Quadruple Straight Shear
1.2 e+
156 T P I I R SR T R A R 2 T IR TR
F1 AWK LTERYEERER

2l iR LT 1.50 m, iz B+ 2 FEHE =R R
TR 2 A, FP T 4 5k o BB PR R A T 4 DL
565 DU FR b T 0 e v B A R 1 R A ST 4 4
B, MR CA A TR M) (JTG 3430—
20200 % AR UEA TR IR 5 L L4 BT DDA
SR | A I Ak 2R A 0 A5 s I ik i A B
Fobr (R Do WFE 1AL REH 0 A k%
950,20 % MR HE R K £ b X 8 S R HLTE ) (GB
50112-—2013)"" 43 28 b5 v AT 4 5 Fir B+ FF h 55 %
Bk 4. #rabHECE B AL R B E £ T B E AT
5 PR 0 8 2 T ML XK D - 1) 6 A B B R AN % 2
B .
1.3 {EHE

T IR A R X AR S B 1) A e 5 i B A
T B 3 56 SR L R s 25 ) O 20T i R ik +
PEAT IR AE PR Ab B, R L R 300 M D £k R
T B -, R T 3 I Bk B AR B AR SRR T IR
A S 2 RS AR T JR B B TR R 40 °C L (R
Fr K RTINS AY AR S R A R IR T
2548 34 24 b,

Table 1 Basic Physical Property Indexes of Expansive Soil Taken in Test
R/ % W/ % | MPEEREY/ | BRI/ kPa | RS/ ) | RABEKER/ N | BKTEE/ (g cm ) FI k= %
36.07 16. 10 19. 97 78.50 25. 64 15.90 1.78 50. 20

F2 KBRS EERYEERER
Table 2 Basic Physical Property Indexes of Silty

Sand Taken in Test

RART#IE/ (g em ) | BAEGKE/% | W8/ %
1. 82 12. 30 9. 50

A i SR 56 5 G 30 20 K D 4 0 R Tk A B
E KRR 13.10% e K THEN1.87 g+ ecm ™,
XoF Y 7K A He S TR A7 50 0 A R A B KR
22,95 % I AIRAR AN & KRN 19, 1400, WE BEA
TR 0E I A KRR 1026 ~ 2006, AR HE A i+
TARI AL ) (JTG 3430—2020)7%), 8 7K 346 15 B
F22 00 ~3 Vo, A 56 20 B iR 119613 %
15 % 17 0 AN KR, HEAT 5 IR AE 2 i 56 . A
WAEIATT 2 4 D 1 A E KR 2 24 ik
. FEE R ik Rk P KT B R L i 2 mm
i B B i 4B A 300 M £, i A 105 C 4t
AL 8 h DL b AR e MR AR R T B RN s AL B K
RECE L. RARJIR SN 61,80 mm(EH &) X
20 mm Gy FE) 5 DL 96 U6 JR 52 B R R 7

1.4 KEHZE

(DA 24 MR EE N B RRT, B2 H
A E] 10 %0 & K R AT Y . oA ke R 1 1 K
AR IR T LR A A S BT KA R
] R R I K, B A2 FR a1 1 o 3 L R B T
By K AT Y S 1 WK A e 1 2 T PN
B — B KR B 4 AR T £ T AR AR e
A A B R &I 24 h, BRSO
WG .

() XF R A 20 A3 4k 25 W55 55 i et » B 31
Jo 3R B K 20 V0 I B L oR F LA R AT T g
b B, 458 T B B R EE R 40 °C L SR JE BOH R A
TF 4 T A A HERE v E A7 WK, S &R il 1 1 o
. B R B TOE B K R T A R K B
A A A P AR T 3 A B B & 3R 24 hodg
Pl A3 0 16 Ak 22 i K o 3 H R a3k 3 B KR
10 Yo md () J &, 455 1k LK, E L8 A 1 Wk T i
EIA

OFAH 16 M EESE 2 L il f2,
U2 5E R 2~5 IR T IBAE IR .



216 AEHAFE TRFIR

2022

(4 Ry DR UEF 48 B 380 & R 1 S 4 AR AL [ 7 7
[F] — 5 B B R s AR R (A48 2 80 B TR R S
(2 BB K 1 0B AE AL AE T D7 F k. it SR AR 0.1,
2.3 4.5 TR R 5 1 2l BB K+ i BRI A
KB L RSB AT 2 Hr . 42 MATLADB Ab 31
JE B R 3 iR .

(5) 28 b T 1A 20 J5 % /] — 2 7K 23R 8 3l 43 il
Jifi it 100,200,300,400 kPa 3 E & J7 . 88 J5 LA AH ]
() 59 V1l R AT 8T 156, A5 A S AT T
AP BT 9 E

2 HBEEETFEMHE
2.1 HERHNEX

56 R 24 B 2 B AT T TR
AN

_ =1
or = A

Koo HABRRE 0 RN B FKEGA KR
TAGA N RN,
2.2 HEBEEGHALIE

ST BN UL I 22 N R KR B R
JH A I 2 A B U B ) 2 B e R A A B A K T I
K R i PHOTOSHOP 347 1 kb 2 L 4% J5 1) FH 5
F MATLAB JF & (1 24 I 6 4% Ab B J31 > 1k 47 K
FEAG AR AR 55 A FT 5 45 A SR BT 0 L 4T
M, RS ARG E 2 BF
ARG HAPCERE 2 MR R JBR R AR R LR,
FLATR A0 FH VAR 38 320w L 5 iy kb 38 3 72 &1
3R,

AR REGRR HEANB AR R
(B OGRZERADNE S GTEARX N

mny

X 100% (D

o= X100 % (2)

n, +nw
Kfren, HBEZRRSONDEG e AR S
N

3 AEHBEFENMNERIXGERSHT

3.1 HEFERNE

5 — e AR I K A E AT SR K R K Ok
KA R . (R RE K R Z8 A il fErp s BR 2R
A ] M 2 K B WO T B AR AL R O L A AL
W, 2EBRTT R 77 A . i T R AR KB K L
F s - AR AR 08 S L S B K W4

ANy HEER i — 2 R TR AR K dh 278 K, DT
fefi 4 4% 1) + R UR AL SE i

I & I F R D b R L K8 B R 2 R
J& BRI A 25 FE TR A B 5 7 AR 8% (H 2 AE X
TR R I K £ BB 7 A AT B ks, TR
AN TR 7K 20 R R K - 7E TR A PR VR R B 2B R
Jo 2 AR 1) A Y T A
3.2 KGR AW
3.2.1  FRABRRI AL R L F AL

R TS0 U b A AR AN [ B K R e R ik 1
S 4% B TR AE 0 0 AR AL B LT VR A R OBk A
Ap R BB AR A, 2 i L LR TR N [F] 5 K R
T BE T VRAE R E AR A Ze L i 4 TR .

M 4 AT L& B, M AT PR UBORT 5 7K R B
R 2K - 24 B 00 & AR % B AAE T . R [E 5K
R0 R K BB R KN E AN A
MR H SR LT MEEAR -, YEKER
L1055 1 T IR AE PR AF F S 1 28 B J S A O 5
0 WAHEIRM 3 A5 LA L M kR R 17 %0055 1 IR+
TR AE PR 7= A B R BRI SR O YR AG A L B A I A
WK, ARE KRS R K L5 01 TR
TEI AR LB 0 77 A B LA /b, 2B 3R 4T
G MR T e 2 1 TR ER G .
ZLI A M 2 T U A2 BE L R PR E PR R R B B 2R
4.5 W25 BB R & I IR AR 2%, M BREEA AR T
K
Wl B K SR HE O, Bl R I + 0 B RAE B
WU /N o 3 T R RO K R A B el R K+
B Z WK K52 AE O FUE il — 2
R K R, FE K 43 28 R K B 43 18 18 7 3, L R
W T B AR T 25 40 B0k JOR R HES . KR K
BF e R R K 25 B T 4 e AR — AR ), 2
WORLZ 18] I RE 45 1 K T 46 7 A5 B9 h0 0 g B, 24 R
)=l e ol S B ol o R e =
MRZ RN, MEKE R 11000, ;T L1k
13 7 Nl o 7 N 10 1 O O ol o 2 NP 214
Z ., HH Tk + B A MREEENR A BRI N
S 7K 43 AR MEAE A5 J I ) PR 259 59 43 A1 5 4 UKL 22 1] H
B AT DR =N UE A VA i e o & el TS o I
- AR BT AR TE BB . YRR WK B AR OTF
RIZAK . 2T A G (H R R B A B RE 58 42 1K
52 3 Bk HIR A Y PR R B B SRR B 2
I TR REBRAR ME 55 . 2 TR R AT 2B ) AR
TRV Ak 22 8 il 5 K SR BRI 0 22 (8] /9 2 45



%5 I OREF.TEREEFRSHA LXK E W ERE YA 217

3 HKHEBRBHEBES
Table 3 Partial Crack Development of Soil Sample
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Fig.2 Binary Processing of Crack Image

%
A
Lol
i}
H

:

S| | RN
R

| exswmmrEes |

E 3 MATLAB B fEixiE

Fig.3 Image Processing Flow with MATLAB
A5 %A k%
—— 13%&KE
—— 15% & KE
e\e 3.0F a 17%@7.'(&
g‘_
&
15t

0 2 3

(BN & ¢

B4 FEGKETHREEZSHERREXR
Fig. 4 Relationship Between Crack Rate and Cycle with

Different Moisture Contents
T WA 7R3 AR A W s /b R 46 A 5
TS 3 7 AN W B A S 52 AT B AR TR SR 0 2
B FREE R IR A W7 1) b R TR IR AE A, PR IR
TR BRI K B 2B AR B AR PR R
B R kT RS —H ST k.
MEKERITYR LR A& AR Z K

g3 s BT (VR T AE B 0K S BBl A — 2 R R 7K B
TEIK 53 78 ¢ B b R v o 7K 2 80 7 A2 s Hy T R o
JIBIFEAE s 1 BURLRE 25 518 HE 51 L A% 1 22 (] 7= Az — Fif
IR Ao BT 28 R K B B /IN T N R AR K
i, B URLZ ]  FES5  K T T 4 7 A R g A
IR R B A SRS
3.2.2  ZLRATAR IR E MR

S T WS T RRAIE PR AN 6 [ KR el R Ak
-5 B S A e e RO K R AT T 5 T IRAE 2
Je » 43 WG in 100,200,300,400 kPa (1) 4 Fh 3 H &
FIEAT BT VIR K 15 BN ) 5 K R ek ) Rk +
TETIRAE BT B0 59 58 B S50 Ik 4 iR .

MF 4 LR Y BEE TG PR B 3, AN
[F] 5 7K 3 20 R I = 9 25 3R ) RN N R 4 # R L DR
AN SRR E R T HEE TR MR R
7 S A B - = R v N [ e o N T 5 2
M, AR T T T AR R A, 3R AR B AR L, UK
Gy UG A REE ) T AR TR IR A, S B AR R R
L5 3 A o B RS | v o N B < N o N
F4 T 4 78 B REIR | B AR E T B AR 4 JB0RE 22 ] B 45
JIVE/N B A FE IR T FN B A BN . AN
[F] 9 7K 28 el R MK - Ay oA JEE 4 A RN S BRAEAY SC &R A
5 iR,

NI S ] LU Y Bl A 2R B0 8 FR 1 P R 4R

x4 ARAEKENUREKIZFFERAEHNRIBRESH
Table 4 Shear Strength of Improved Expansive Soil with Different Moisture Contents During Dry-wet Cycles

ok AT T IR AR PR BT 19N B o/ () AN TR RE T ER S o/kPa

/% 0 1 2 3 4 5 0 1 2 3 4 5
11 26. 70 24. 20 24. 80 24. 30 23. 80 23.60 | 210.50 | 178.00 | 148.50 | 146.50 | 118.00 | 105.40
13 24. 50 22.00 23.00 21.00 19. 80 19.50 | 118.50 | 108.00 | 103.50 67.50 64. 00 49. 50
15 22.50 21. 00 21. 20 19.50 19. 20 18. 90 95. 10 70. 50 60. 50 42. 30 37.50 32. 80
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Crack Rate of Improved Expansive Soil with

Different Moisture Contents
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Improved Expansive Soil with Different

Moisture Contents

M6 #1257 LUA . 6 3R ) A RLRRE R U
LMK AR . A5 WA IRAE PR 72 h L AR S KR
For b o A R I 6 288 SR 0 AT B A 2R R 4 g

x5 BREKIFENSHEZZEHHBUEGEHR
BERE
Table 5 Fitting Function and Fitting Coefficient Between
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