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Evolution of vegetation concrete structures under action of drying-wetting cycles//YAN Guoshun', ZHOU Mingtao”
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Abstract: The vegetation concrete ecological base material was selected as the research object, and the samples with six
levels of initial water contents of 13% , 19% , 25% , 31% , 37% , 43% were prepared. The dehumidification and
humidification processes were simulated by drying method and stacking saturation method respectively. The macroscopic
expansion and shrinkage of samples were measured by soil shrinkage meter, and the geometric characteristics of cracks on
the surface of samples were extracted by Matlab software. The structural evolution law under the action of drying-wetting
cycles was studied. The results show that the drying shrinkage process of the samples at laboratory temperature is
manifested as three stages, including sharp shrinkage stage, smooth shrinkage stage and stable stage. During the drying-
wetting cycles, the shrinkage and expansion of the samples are almost equal. The crack development process is mainly
reflected in the increase of crack width, total length and total area with the increase of cycle times. If the initial water
content is too low or too high, the wet expansion and dry shrinkage damage is easily occurred. The average crack width,
crack total area, crack length and surface shrinkage of the samples with 31% initial water content are the smallest, which
is the optimum water content in production practice.

Key words: vegetation concrete; drying-wetting cycle; crack; initial water content

MK ARSI e i AR BT — BRI KA, SJE TR R R R T AR
TR T A R H AR ENT A RRAESE A BRI fE
IR R R4S B R BE LA — R IR Sl R, R TR BE L R R I SR 2 R
N A AR A £ ORIE AYLR RSN ER R, i — RS ALY 22 AL A5 R AR5
MG BTER EE 100 < 8 < 5 : 4 BARRHECHS , FHAS N A50F AR T IR B AR IR FIOK by i

o ami | o FEAE A A A R RMIFEL 4 (121JD201800018 ) 5 I H S8 & 1141 (2017 YFC0504902-02)
YEZ A 2 EI(1981—) , 3B, @2 TR, i+, 2N FOKE TR G, E-mail; 9896140@ qq. com
WASVER A (1979—) , 55 30, W1, FENF DI AESBEHARDIFR . E-mail: 2mt@ ctgu. edu. cn

KA K b A B ,2020,40(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn +33.



THERE 45° ~ 854 R s Y  ME T Z N T
S ESH IS TR A SRS, TN,
PRt A MR A S T PR AE P 04 R ), AR T R A
Z NP/ AN VA BN T a1 O a0
A BRR B T LUA RO A B FLBR &5 ) , X
A KA — 2 W A VR, (S R 1) £ T 52 i)
TR, IR & T S B 46 M e E k4 Ak T
s 2, i TR A s ARSI BEHERR , WA, K
T4 BRI S K 40 A B FIZEBLRE A1, kN
BB AR K 3 0%, B AR A8 1] - R0
RED SR T R B 3 2 R R A
BRI,

ITAER | [ AN A 25 0 BRI o f
TR AT T 2 T ST, A ik
0o S A B 2 IR G FR U B B, g ik 34
Y ) B R TR AR TR AR AE AR AN N, - PR
R R, ke RBOdN, RIEEAESET) X}
TGN TRk 1 0 i 46 P RE UEAT T3 5%, & I
KPR e AN s RN AR TE 5 TR ARG PR IR AL
B L, Wang %55 X435 3+ 0O B 9T 2 W, B
Fr KRR I, AR B Bl 2 AR, L - R A SO 2
PR B 5 IR PR RO i IR ARG . BB H AR Y
K JE A% 25 T 1o T T SR UG SR BT %, AR AL
FARRIED THRHLIB IR SR B A (CT 2%) 1O 48 T
TEAAVEF T L AAZABR A 50T PR a2 1 720 4 16) 52 o T
R, BB R AN AR AN Matlab —AH
TG R G i ik 3 1w 4B A &2 R ML AT T
AT F SR IR G E T K - B & A
B RE, HH BRI 2 B 1 A K R Y
T, DZE R Bar R A S ot T
Bp R PR, EL it 25 Mt 1 e I ) 2 45 | S 4 5 B BRI
AR KB, SRR EE" R R E AR
BB EUR AT B AL AL FR | R T S T B A £ A
JUTEEZE AR AE it — (MR, o i i 15 5
TR AR SR, DL BRI TG
TEIR TSR B PR T 5%

H I, X T A B TR B L 3k o 5 09 2 S i O
B, B Y2 IR RS e AT T IR, A
VA X R G P R A B TR R A R ik A T
TP BTSR BE VEAT T e Meii g, B ARSe S dtar F
TIE T AT Bl TR EE 0 005 BB ) 22 e AR 2 [l A AR
SR, B IFTE I8 AR5 B 10408 3R 45 18 T ol TR o5
TR E KA, R, AR SC AR TR L
RFFERT G FE T = N TIRIE B , I A
TREE L K 45 288 &, 7R H Matlab —{H AL
GRS BCR 1 4 B S 5 (R

P GEE KA BEAE ) | 8 B 0 M R BR AR AIE | ED VL4 34
FLRREE T 200 A T AR DL AL | 5 7648 7 AR
B TR TR T IR, D LAt AR 1k Bt X
P A B A

1 #R5FE

1.1 REw#

IR AR LTS R A 1 K V8 B HLRL S
FIFIK, RER AR H BB T X 437, Zad il
HILEHN2.58, THEEN1.79g/cm’ , RER KRN
16.3% , LB %N 40. 18% , Wi KR H 31. 7% , WAFE Ky
16.9% , WUk g2 A< IR 1, KR RHE R
J& , T S HE ot 2 mm A0 U R 904 A
R+, KR P - 0325 W aERREL KR, T
BHEN 3,10 g/em’ . A HLYPBHE BT SR BB R,
M Bt 2 mm 4006 J5, WU N4, H %K
0.46 g/cm’, AMINF R & B L A= 5 & o =0k
SRICH B I E TRRA B ST Al A 7= B A
TREE SRR, SR AT 7 32 22 o 6L 45 75
B BB REJCR TR ORI B AR R
P SR , BEAS TR LA K YRR . PR AK ST L
BRI PR AE B, 52 A IE R 2 = S 2k U
AR B0 R 1 RE T, o038 3 44 4 (]
SER IR BN MCE A pH BT PR S5 R A EAE
PRIRE B, AKEECTTEL ARk, H LR BT )
F = KUE WL R B TR 1 SR A VS I e
TR 100 8 : 5 4 YERAL, H X SFLAT i
IO HTAEBIREE - 0 AL, 25 R Bon . A5
K BFRA Jrfia Sl A s AR 50
WK 56% 14% 10% 9% 8% F13% .

1S
S

x®
j=]

N
=]

[\
=)

(=]

i Oil 0.0‘l
Hi4%/mm
1 ik 4 B B 2%

FEHIR EE B T R A SRR AR, R
4855 246 GB/T50123—2019( + TR 7 dehr
YEYHME . B GBI 112 — 87 (I ik 1 b X 2 4%
BARBIEY & C WA, KR M Sl 2 R B Oy b 3%
PLF I 2 ~5 em JWH 456 M 6 IR & 1 TR0
FKFSLL, W IR S 7K w, BEE R 13% 19% |
25% 31% F137% M KR E R 43% (T

INFIZRIAE R RSORT B 42t 53 550 %%
IS
o
1S

- 34 . KA K b A B ,2020,40(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



RIRMAE) o HEAR61. 8 mm 553 2 em (3R JI %]
SR AR )25 2 0 3 2H3R0RE 0 )3 S X B 4
A CFATA B CPATAL C, A E 3 AT,
X REZH A SRR AR 58 WU TBCEE 20°C R 3% 77 4
FA T AR AR N AT IR . RIS, AT
H B A C TR 2 S B T = N T RAE R
BT
1.2 KEHZE

SR FH A SO A 0 S SR 58 U k) HR 2
A RFEFE S IR (20°C £2°C) PR 28k, & 2 h
e — 0 2 W 4 1 . WSR3 5 1P AT4 B
FCOIRETF R TR AE PR AL IS, AR A R 41
B B 3 AN AR, e A — IR TE A,

K A 2 XA ( DHG-9035A ) i 3 47
2H B C ke, AR IR O 40°C, 4 2 h U i
FE IEHI TR 9 - 3 0 4 {500 = Jik 4 AR B, HLFR
#, BHEREEA/NT 0.1 g B BRI, KR
GDB-1 7 Z 20 A28 e iR | 12 i PR R K B 55
SERIARE IR BRI K A 1w iR K, DARIIE
TR P A R S HE S, A 2 b B R DU K 45
RO, HFREE, 58 A IRk, S THRIEH
UOBOA RN E BB S W, BORAEE 2 2Rk 0
BT N — IR TR ARG B0 R i A, 457 13
BN SE BT , R H 1 43 B AR AL A Tt T 41
HEHAHAEA HOBAT P == AT >R FH = AN 22 ]
FEFABIL, DA ORIE AR AL -5 3 A 1] BE A7 B 0h A PR F
—F,
1.3 #HiEaIE

AP B R RGB B EE, T
T BRI 2B, DA T8 s 4B, R A T P AL B T
fE. H5E, FIH Photoshop B A4-%F FRIA A 24 B 1Y
R ZR R LRG0 AR 1 R DX a2k B3 im T
A N K FE G SR 5 12 F Matlab 844 %F B4 —
T ARAE BN 2% 0 5 B T2 B (R St DX e 72 Sy R
o, R BEAR Sy 1 I LB XS I 2R 0 R
R IR A R o A B A A e B 4 K i PR R
LRI R AutoCAD #4885 B2k o i
B 24BN | 5 B2 SE 20, et b ek e R 2
BRI RS SRR RIER ] 2 (8] BRI BN TR 24

R A 1A 3 T 2R B 1% JLAAT AR A, A S AH OC 2
HUPIPR A AT AR R B L SBT3 5
FERN T A4 R 4 P g bR b AT | i, SR
K (1) ~ () AR HARBRR RS, HMBKELL S,
SRS FE 1 8, AR BUZE R 6, .

1 n
9, :XEAi (1)
i=1

ARA K A R ,2020,40(6)  Tel:025 - 83786335

1 n
5, =121i (2)
i=1
1
8y = (3)
Ay - A
8, =~ x 100% (4)
0

A, N | ARBT H TE A, mm® A A EE R
B mm? 51 5§ AR B mm L S R
B mm;d R R [E] BE  mm ; A AR 46 3R T
1, mm® , BIER J] AR R TR 3000 mm” ; n LB
SAREL

2 #ER5HMH

2.1 ERTRAHEERNEHEETL

F A SRS S A ) 72 ST A e A o ) R
20 A RFEAE S T 1 [ b e iR i 2k dn & 2
7o B2 BTN A TR B A s il 20T 4k 3
B B 2RISR B B P 22 WA B B RS 2 B B
SR B B TR 2 h N, AR IR
TR B LR T B N PR W 4, LA KU 4 o 3k
0.4mm, 2h J5 iR AR 2% , HE A SR 46 B B
WS B A S i B ST TR B i 2 20 3, B i
FEWCE B T8 11, R R RS, AR e s
IR, ARG B KR LR R, &
LS G- AT e B 7K R0 1 0 2 2 HE K Y
HAPTEWIE & KR 19% ~25% [MAHZEAN K, L4
RN AR T B & SRR S e, HE
SRR THEAF IR & K 139% XA 1Y R &
LATRIN, N 6.25% 5 WITRE KR 43% i i
BRI KT 13.35% . [N, BEE R G K
RN, A2 R g By B i ) o AR 0 AR e, e
WG 7K 3 13% IR R FR 2 BHE A 100 b, T W)
55 7K 43 9% IRAE WS A Feoe I U in 3 180k,
R AR RS AR R — 3R T, s R
JEE R B SAT AR ] D) s 4 38 7K 3 1Y) 225 e i B

301 —wy=13% —— w,=31%
¥ 1s Wy=19% — wy=37%
| = We=25% —— wy=43%
g 20¢r
=
o 15+
§
= 10t
0.5t
0 20 40 60 80 100 120 140 160 180
e fE]/h
2 JHRA A REMBRKEIREE
EIRTHY B B Y48 i A2 h 2%

E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn -35-



IR, PRk S0 4 A B A e ] 5 1 RE 4T 4
TKEIE L,
2.2 FiRBEATAEKREETH

BOPATH B L C iRk 4 & 33018, 15 3 8
PEFIE T Hl o TR 1 ik 4 o R i £ an 1] 3 B
HE 3 AT, 220 Z I TG A G | ARk TR e 1 i
(A 4 e 55 I o 3 - AE A U PR A B TR R
SR E oK E AR RN, Hh TRIE KR 1
AN A dE . DK VR IK AL 5 I A 3 /I b2 U 4 o
@ A A2 A 18 2 e IR ME LR B ST . AN R 49
B A KRR, IR 3 7K 3 13% iR AR T i e
N HR KB 439 R AR Y B B K WA i 5
JiK A Rl 4R KR IR I, B TR K
R 13% M 43% RFETE 192 h J5 & A i i R S 80K
ez 0, TRk T AR B A E R S IR
MR AE A5 JC I AR . AT 24 h BB iR K R
43% A 2L B B K, O 4. 58 mm; W) IR % KR
13% IAAEAE I B /N, o 1,95 mm, ¥ B K& 2
ras IR X IR L A SREER IR

wy=25%

—— Wy=43%

——wy=13% —= w,=19%

6 == w=31% — Wy=37%

I i /mm

0 24 48 72 96 120 144 168 192 216 240

Fisf )/
B3 FAARBMGBEKERESH
W 405 T i B B 2. i
2.3 TRBEARTRERERLAE
Bl 4 ~7 B TIRIEA G X IR A F1F-174] B it

FERY R (AL A, AT LU B IRAL A 5 R0
WP B AR Z M 22 5 BOR, & F A X B

W

g b Y i :
(a) w=13% (b) ,=19% (¢)wy=25%
PP LaEE R bk » -
/ i ; A
| F. o A }
| : g
" L *
bl i M
(d) 0,=31% (e) 0=37% (f) wy=43%

4 IHRE A REVEE KRR
HETFIREH 0 R REEZEUE K

. /
—”

(a) w=13% (b) we=19% (e)wy=25%

(d) we=31%

B5 F174H B ARMNBEKEREE
ETRER 3 RFEHREZELES

(e) 0=37% (f) wy=43%

(a) wo=13% (h) w=19% (¢) w=25%

(d) wo=31%

B 6 F1T4H B ARMBEKEREE
ETRER 4 XA REZELES

(e) w=37% (f) wy=43%

(a) w,=19% (b) we=25%

() w=31% (d) wy=37%

E7 FTA B REGEKEREE

FEFRMER S KRB ELEG
H A AR B KR 43% AREESE 5 ITRAE R
Jei AR /N, LA R A LB (H A5k
SR TIBA AR W RS, BT HRERSE ., T
IBEFE F AT 4 B P wItG & KR 43% iR ke
TESE 2 RGN IG5 I I BB, AR Ui 5 KR
RFETE 3 URAEIR I R 4R H BB, BRI | 58
J 55 TR AR B A T VAT B U R 38 o 38 o, e rp
953 ~4 G R FHIE BN I i, WIAR S K 13%
1 43% FEAESS 5 WHIRAE I G 76 4 I, 53 g

- 36 - KA Kb A ,2020,40(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



KA 0186 5 K 19% F1 25 % IR 24 B
Sy EI A TN IR 7 A R A (H R A 1 4
WG 7KK 31% T 37 % AR RLAR S5 4 5 3%, (™ A
DRI R, D, R WOR R i 2R
& KRR R PR S KR R eT &, 3
Gy RS+ & R T A n R, Rk, A
BEE T RS, A B R 5 1 A S R IR & KR
N A HITE 34% +3% Z [8], LAKE5R TR i Ae e M
2.4 FERERTHEEESH

TURAGEIE R T 2B S8R AR KB L
A R R A IR 8 B, B3 5
JiE SRR SR B RN S R G R b
TR UL G 0T 3 K, I EEAAE S 4 IRIFIA
JEaTRGE

HE 8 (a) AT UL, B4R & KR 13% F1 43% i FE
(RSB X5 58 BEAE S 4 R T VRGP Ik 3 (5 3
FEREIR , 17 At 75 7K 3R R %) 24 B 7 35 T8 B 340 37 1
THaSE . WA S 7K 13% 1 FE 1Y 2L B - 4 T J3g e
{HE K, 5 0. 23 em, FIAR 7KK 31% I FE A 24 B
W98 A fe /N, 0. 12 em, MBI 8(a) FHIIE 8(b)
AT UL 2 st AR R LT ) B B AR AR AR L, 28
T3 4 URAE IR G WG T KR 13% F1 43 % 1 24 B T
FUR IR BN AR B 3R, 0 H At ) 4 5 AR iR
PRI FURAE 4 R S IR TRGE . MRS
TR 13 % IRFE R A RBRTEAR R K, 18 8. 5% , W)
AR 31% 1RRE Y H 28 34 I T AR /N, AR
2.4% . HE 8(c) T WL, 58 2 IRIEFRET, (LRI 4R % /K
R 439 IR IR B L, AR 16 B K R AR

—wy=13% —— wy=19%
025

@ 015}

& 010 F
&
= 0051

01
TEAEL
(a) ZUPRFHy5ERE

B RK /(L em™)
=)
=)

PEAREL
(c) HBRKELL

S 3 RGN G A IR B L, #6564 IRTE 3R
Ja WA S /KR 13% F1 43 % i8R SR K ek 2] i
{8, AR 4G S K R B K LB Wi R 5 S
UGG R A B 7K R 31 % 18R I 2L B K B2 e B/
M8 (d) T L, #5400 46 15 7K 3R 170 2 T AR
R B IE PR UCE Bz i K R RT 3 YohIg kK
W B 5k 22 TR . b B IR SRR 13%
1 43 % R 1 2% T W 400 e W) Wk 3 T LA A7) i 1% K
FRINRE, WA & 7K 31 9% 1Rk il 35 TH1 0 4 A I
FE PE R BUIAE , PR URIE I 122 75 7K 3 0 F TR 0t 1
FoE M 1 A EA ST s

3 #

3.1 MRS R

i TAE B TR BE - P RRIR M, 7E TR SMER T,
HAE AR AL 5 45 241 5 (R 1= oK e A HLA KL Ab
J5R)) iR AR G, T AR 4 0 o i o A
TREE T SR 1Y 80% |, 42 F B4 0 43, R I i
PG T AE TR EE 1 G54 A8 4k SR 1 i 7K 3P T 2%
YIAOG . B TR v 0 35K PR Y B R A Fn S i
A i BB 18% , A A A 1 52 I A #E A0 AN
SRR LR 40% ~60% RS AR G
SRORE DY TR R = PR %) T 553 0 T R S S FFL B
SR TR ] IR SE PRI ES . B TR R R
AT, KA W RSO FLBRAE R B AR | i ARl
ORI RS o R ) AR AL AN TS N, B
KPR BRI A5 /4005 . R K TR AR B K
Al 7= 25 5 A R R Bk - I SR AR AL, BFIE R

—wy=25% ——wy=31% ——w=37% — w,=43%

AR /%

PEA KL
(b) PR

121
;:i 10 B
N
X 6f //
® 2-/"/

0 1 2 3 4 5

TEFRUEL
(d) RIS

8 FREATABVBESKRAFRETHEE RIEERE REKER AERERKGERTH L

ARAY K A B3R 2020,40(6)  Tel:025 -83786335  E-mail ; jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn - 37



W FE Rt R K8 A A2 R A i Ak B N iR
JERY TR E BB fR A R AR R A A A A R
P AT | B TR 51 55 ) Jo R A R 1Y LB, 5 00 B
R R AR R BRI AR AR L I
BN, TR EE T A SARBUR X Has i A2 1k
SR AIR Pedreno-Rojas %{201 KA JE BT 4810
IKAEIE 255 | B 525 B R Y SO0 235 1 453 4 ik B 4
2 UER AR 1~ 4 W i AR I [ R 25 5 | S AR Bl TR B
TE . B, T BOR B AR TS R
BN, AT JEH
3.2 ERETEBATREZTHAII LS

ENEEIL Gy &S i A L e e
AR T il N RE R Y 4 i, bt mT D B U
JE T v AR T A B S A s PR e L
TR TR R B T K o3 2 A B G5 T
VRE 48 5 53— 7T, B R B2 7T DU it /K ek Ak
VERE B4R T — 5 I ] K T Ak 2 e

R T, R 2 h N, IR E -
IRV = W i T BOARE I 4 BRI R, 2h e, K
VA0 Ak 27 Yol 240 25 SR U 557, I s 38 AU 19 2R K W
o T A AR 5 T E IR R E R AL T,
IKIF Y ZE IO B %, i B TR E . e T
PEER R SRRV P R IR 22 T8 K e R Bk AL A
PR AR BT 4 1A I Y S [R) 1E F fA BA TR B 1 A R
R AR O BE TR PR ORI M AR I AR R S 3 IR
B4 WRAEIR G, NEREE AP AR R 3 — e R B,
B R AR K T 4RIR

S8 A 3 A P iU BB 2 BT DA I, JF e ¢
BT AE , SR iR SR T AN AR K 73 28 AN
SIS BN ks TR R v R K
IS MIRRER 2R 2 28 K BUK  IF RO TR TR T
JEERST, S BEOAAE N RS SN R A EAE— D B K E Y
BREEZEME, BUE bR 3032 AR5 S 8O T
S EERZ AL, AR A2 R T3 434 . 24 E AR
I I IR BT i B I, R A Bl 22 7 A
3.3 MEEEKEAIRM

FRAEXS EZH A A2 T 19 A b K 4 05 ]
(B 2) ARG & AR AR TE 2 05T W & 0y 48
AR i CRE e T AR A (18] 8) 4l
AR ALK VR AL FNME 2 kU, 7E 7 d
PREFRA S | K A R iR ik 4 1) 2 25 R R
AN [F] 5 KR Ok, W40 & KR 31% 18R 1Y)
F P e AU T AR AR AN Y e i th T
IR Az BIAR S W4 52 00 1 5 K ZR A SE L, 249 4
7K A AR B oy I A R R R R e A Rk T
AR BE XK, 3% S PR A W i 5 /K BBk, 78

TRAEER BT R ] 5 K R R BOR B
i 1A Iy A 22 K R A A AR )
PO B A R B AR, [RIIRFRAR 5 7K R
R, A I K i B 2O, 2 it 2 e
EAIIR B K F A, AR K e AR R B A FE 0,
TURE )45 1 AR, SR BE R IR B e R AEL, R
FaAR At o HARHE I i Ik & AR WAk, et 5
PR TR, K I HE AR T B E
I, SR A HU R A IR B K R Ik
TENRE AR IR RE R UK, AR IR B, BT
DA Rl s B0 8 35 K R AR 2 A R B 72
TENE

4 & it

a. =i N HPHREE - a0 B B R
Wi B BE -G M4 [ BEAIRR E B B ; TR A e
RS S I IR P AR

b. A[EIER S KB TRIERE T
Yo 2 HARB PR S0 AR R R i AR il
PP UEOE Ik

c. FIHA T 7K AR I A B TR B - R I A G
W, wrin SRR R w4 5 PR EE %
AR T IR s WG 75 7K A8 31 9% 1XRE AR E T B
U E A AEA LB BT

S Xk

[ 1] R ZRF, i, 5. K LK T 47 R v il g
[J]. KK o B $ 9F 2, 2012, 32 (3) : 28-31. (WU
Junhua, YUAN Junping, YANG Song, et al
Experimental study on swell-shrink performance of
expansive soil[ J]. Advances in Science and Technology of
Water Resources,2012,32(3) :28-31. (in Chinese) )

[ 2] VFOCAE, B oRSE, A, 55 A pRBE LA BB i HoR
S 5 SLE[ M]. JEat: A EZKOFK L H R, 2012.

[ 3] VFSCAE, B0, BUKER 55, KL TR P Bl X A e 2 548
EHARBIFE[M]. Je5t Bl i et 2017,

[ 4] BokE:, ZARSE VA 55, TRIE I E S B R
FORBITEERR[T]. KRR AR 2017, 48(2) : 130-
137. ( ZHAO Bingqin, XIA Zhenyao, XU Wennian,
et al. Review on research of slope eco-restoration
technique for engineering disturbed area [ J]. Water
Resources and Hydropower Engineering, 2017, 48 (2) .
130-137. (in Chinese) )

[ 5] W, dk, el 55, - HER 09T iy |l i 5 e 2
[J]. 4 HE 38 i, 2017, 48 (4): 988-995. ( ZHOU
Mingtao, YANG Sen, QIN Jiankun, et al. Review on the
research of soil cracks [ J]. Chinese Journal of Soil

Science 2017 ,48(4) :988-995. (in Chinese) )

- 38 - KA K b A B ,2020,40(6)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



[ 6] Jafd, trith  WISCAR. TG R AN X 2 K £ 32 AR

[7

[8

—

]

FEMERMBIFT[]]. A L L E,2013,35 (1) 2) .
152-156. (ZHOU Jian, XU Hongzhong, HU Wenjie.
Impact of wetting-drying cycle effects on stability of
[J1].
Geotechnical Engineering, 2013, 35 (Sup2 ). 152-156.
(in Chinese) )

R RV S, A5 TIRIERN R I T ik 4 1 g
IR T]. KFDK R E R, 2013, 33 (1) : 62-65.
(WU Junhua, YUAN Junping, YANG Song, et al.

Experimental study on swell-shrinking performance of

expansive soil slopes Chinese Journal of

expansive soil under wetting-drying cycles[ J]. Advances
in Science and Technology of Water Resources, 2013, 33
(1):62-65. (in Chinese) )

WANG D Y, TANG C S, CUL Y J, et al. Effects of
wetting-drying cycles on soil strength profile of a silty clay
in micro-penetrometer tests [ J]. Engineering Geology,

2016, 206 60-70.

(9] JaIfh. B R 4 3 45 A R BR  AL ALAR F 52 [ D] R

[10

[11

[12

[13

[14

[15

]

[

]

]

[

[

DL R BE R DUA £ 127158, 2011
RV EG, EHC RGN T K 2288 CT 5
W5E[J]. BheE 4R 5 TR, 2013, 13 (12) :3509-3513.
(YUAN Junping, YANG Guojun, WANG Min. CT study
on the fissures of expansive soil during drying and wetting
cycles [J]. Science Technology and Engineering, 2013,
13(12) : 3509-3513. (in Chinese) )
BRAH XML, e der. R - 2t 1T 45 Ak B KRR AIE £ R
JIEM [ T]. 5%, 2014, 35 (12) ¢ 3619-
3626. (LI Wei, LIU Guanshi, YAO Ting. Improvement
of methods for crack image processing and crack feature
extraction of expansive soil [ J]. Rock & Soil Mechanics,
2014, 35(12) : 3619-3626. (in Chinese) )
WA TGRS 21050 - Mk 4 A8 08 e S 24 5%
P RERERRISE D], 5t : SHH 57,2015,
TG ZREETL S, 55, TRAGIAE A T ik 1 2488
BRI [T]. A £ J1%,2011,32(9) : 2729-
2734. (ZHANG Jiajun, GONG Biwei, HU bo, et al.
Study of evolution law of fissures of expansive clay under
wetting and drying cycles [ J]. Rock & Soil Mechanics,
2011, 32(9): 2729-2734. (iin Chinese) )
ERIN, IMESE, T, 45 R TG C-V BARLREE 2
WA EMR AL R BT HI ()] 5 A 25 TR AR,
2015,34 (# ) 1) : 3074-3081. ( CAO Shugang, SUN
Chuanmeng, GUO Ping, et al. Image processing and its
applications of meso-crack of coal based on modified C-V
model [ J]. Chinese Journal of Rock Mechanics and
Engineering, 2015, 34 ( Supl ). 3074-3081. ( in
Chinese) )
JARAE AR GRARAE FX AR 1l R S5 - 0 B iR 1Y) 5 e
(3], i B K B AR 3 R 22, 2014, 12 (2): 8791,
(ZHOU Mingtao, HU Huan. Effect of freeze-thaw action
KA K A 2 ,2020,40(6)

[16]

[17]

[18]

(19]

[20]

[21]

[22]

Tel:025 -83786335  E-mail ; jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn

[J].
Science of Soil & Water Conservation, 2014, 12(2) ; 87-
91. (iin Chinese) )

BR8P, IR MR EE 1A B YR )
WISREAERI SR [ T]. &+ S5, 2011, 32(6): 1719-
1724. ( XIAN Zhenyao, XU Wennian, WANG Lehua.

on vegetation-growing concrete shear strength

Research on characteristics of early strength of ecological
slope-protected base material  of
concrete [ J]. Rock & Soil Mechanics, 2011, 32(6):
1719-1724. (in Chinese) )

VESCAR, TR TR BE -+ 2R AL AR50 . CN1358685 [ P .
2002-07-17.

AR T s, R, 4. SRS XL B 3O T2
RS [) ] B A 4R, 2017 ,42(8) :1994-2002.
(DENG Huafeng, FANG Jingcheng, LI Jianlin, et al.

vegelation-growing

Mechanical properties of red-bed soft rock on saturated
state [ J]. Journal of China Coal Society, 2017, 42(8) :
1994-2002. (in Chinese) )

JABE R X, 5k, A TR EHIN K e 2 &
FEERPRH R [J]. TAERL 2240, 2019 (3) < 1-13.
(ZHOU Xianliang, LIU Changwu, FENG Bo, et al.
Effects of dry-wet circulation on cement-based composite
filling materials [ J]. Chinese Journal of Engineering,2019
(3):1-13. (iin Chinese) )

PEDRENO-ROJAS M A, MORALES-CONDE M ],
RUBIO-DE-HITA P,

cycles on the mechanical properties and microstructure of

et al. Impact of wetting-drying
wood waste-gypsum composites [ J |. Materials, 2019, 12
(11) :11-18.

CAMILLIS M D, EMIDIO G D, BEZUIJEN A, et al.
Effect of wet-dry cycles on polymer treated bentonite in
seawater: swelling ability, hydraulic conductivity and
crack analysis[ J]. Applied Clay Science, 2017,142.52-
59.

WG TERS AL, BT, A K YR ME I K A AR Tk PR
RGN AT [ 7], RERRER I 4, 2018, 37
(2): 649-659. (HUANG Wei, WANG Shiji, CHENG

Mingshu, et al. Effect of dry wet cycle on cement

modified expansive soil under erosion environment [ J].
Bulletin of the Chinese Ceramic Society, 2018,37(2) :
649-659. (in Chinese) )

(Wi H #1:2019 - 11 -27

G TRAE)

.39 .



