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Abstract: Since the Wudongde reservoir area is located in the dry-hot valley area, the rock mass in the
hydro-fluctuation zone is in the heat and wet cycle state. In order to study the damage evolution mechanism of
sandstone joints under the action of the heat and wet cycle, the heat and wet cycles and repeated shear tests were
designed and conducted on sandstone joints to analyze the shear resistance, the joint surface morphology
characteristics, and the evolution law of energy parameters. The research results indicate that: (1) within 12 heat
and wet cycles, the shear mechanical parameters and dimensional morphology parameters of sandstone joint
surfaces show a degradation pattern of first rapid decrease and then slow stabilization. Among them, the

degradation amplitude of each parameter in the first 3 cycles is significantly larger, and then the degradation trend
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gradually slows down, and tends to stabilize after 8 cycles. (2) As the heat and wet cycle increases. the total energy
and dissipated energy of sandstone joints gradually decrease during the shear process, and their changing trend is
consistent with the mechanical parameters. In comparison, the change in elastic energy is relatively small, and the
trend in dissipated energy is obvious. (3) The shear performance damage mechanism of sandstone joints under the
heat and wet cycle includes three aspects. Firstly, the damage effect of the heat and wet cycle on rock wall
strength and joint surface morphology. Secondly, the change of joint surface morphology caused by repeated shear
and the damage effect of rock mass within a certain depth range of rock wall. Thirdly, the mutual promotion effect
of the heat and wet cycle and repeated shear sequence on joint surface damage. The relevant methods and results
can provide a good reference for the heat and wet cycle damage degradation analysis of rock joints in the dry-hot
hydro-fluctuation zone of the reservoir bank slope.
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Table 1 Water quality components in Wudongde reservoir area

BTG W /(mg + L)
Ca” 41.94
Na’ 176.92
Mg 420
ar 11.40
HCO; 200.75
S0 193.80

TEKBER AT I RE R, B 2R KA 1) Jo
BKIE, R IR I Bt . 2 IR BT U
BIg, w2 frr, BEE “GMi” $HKe,
TERXAABTEISRE, T V& A R B 4% 52 21 A
WM K - 5 1E R R BEME B R 8T U0 /E 1 2L R B
W 7ECME IR R I A R A i, &
BEEK - AER Mg, R0 R Bt H G 5
VIS . O T RERE BATE /K - 51 AN B By
URE R ELA R ) PERE I, RETERT AR K
REFA FEHBIEHK - EER Y, ST ESE
PIA5 .

G [ R A B85, = P9 SE N i = 4 P 1 ) A e
ITEEEY), —J7 T nr M 2 SIR YR, 5
— 7 A H S 3] )5 B0 M RE RS AR 23 ) At
SEPGRAE IR K - 5 F B A0 B R BT )R A i R i 45
7o AR AR B FLR 5012425, SR FH B% 2401 4% 1)
BT IR PEAEWIIRIR S F 25T 6 YR E R 8T HL Y
DItEgeRa TR e, WiEAEK - HERT, 3 WEXR
B R R TR e . L, R i i
HEBYIRE. BEEHRIGTE YZW - 1000 B b=
il Bh B 8YA k4T, #18 0.5, 1.0, 1.5 #112.0 MPa
St 4 Wik ). R T R R INER 2 iR .



.« 1842 . NS TSR 2024 4F

PR RIHMIF(2G332)
e ZiHR(2G333) —+— RILFE(ZG397) _ 1600
- ST R(ZG331)
g 1801 R #(2G396) 11400
£
ﬂlg 160 L 41200
Z .
& 1000 £
= 2R
140’; 4 00 ?,;
120F E
] 100 |- 1 600 g
5 % < 400
Z 00
M40 4 200
20 1
0
= = = < o~ o
(=) — f=3 (= [=3 —
~ o~ f 55} ® °,_°
= = ) = = =
N o N (o} N N
3

2 PRI R AR h £k 16)
Fig.2 Cumulative deformation curves of typical reservoir

bank slopel®]

®2 BRI TT R
Table 2 Test plan of heat and wet cycle

R NE K SHL W5 H 1
VIR — 77 A48 22 BTk BT 1)
. Eﬁgﬁg SERR A 05, 1.0, 1.5, 2.0 WBIEM, %—IHE
) MPa; BEEEVIXRE: 6k IEEEYIFEIE D
- BUSRE TR
v AR 70 °C T L
2 THETR pa 04 FHGLH
I 20 C s
3 WERBSE B 20d ﬁj&;ﬁ;ﬁg’“’-ﬁm
KIEFT: 0.3 MPa F RIS
PURIERR RS 1, 3, 5, 8, 128 ..., e BT .
4 AR R 05, 10, 15, 2.0 COFIKSIIIEL
HEEEY] MPa; EEIVIRE: 3K

3 POEEIMER THIETERMEERK
M

3.1 REEMEATHEEEYIEES EHRE

FRR A 2R A B S BT T AR LR (LR R AR
CRIBTEIMEA” ), JBRIBIYIN J) - B4 A
& 3 Fron(bh 0.5 MPa Al . A TETFXFEE
BT, BRI BRGNS 1 R3] h 2 2|
F—ik, w4 R,

HE 3, 4 ATLAEH:

() EESUMEA T, WEEmEYIN ) - 871
PR s, PUBY SR BE IR/, 3 IREE D)
JE AN H LA B B R R, -h RSB WE T A2
T, X5 DR R AT AR — 8,

(2) ARIPRIEA T, BTN /) -
BN RS IEA—3, T RIEE, Sfkn]
Iy RTRVER B AR BORE VR B . Bl A
TR AR, BYYIN ) - BYUIAL AL Hh 23z

5 IRE B

1.0
0.8
£
S 0.6
2
=z l e
5 0.4 _:-'j - gﬁ”/}_\'%t}]
e B2
; FE3KEIY]
- - - PARETY)
0.2 FSUKEIY]
- 6IRETY)
00 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16
B YA/ mm
(a) VARG
0.8
0.7
0.6
]
0.5
2
.R
= 0.4
=
i 0.3
02 — HLRIY
....... %zyk%ﬂ‘w
0.1 H3REY)
00 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16
BI YA % /mm
(b) IRIEFR 1
0.7
0.6
0.5
<
[=%}
=04
]
1’% 0.3
&
0.2
— FLKEIY)
ok F20K 8]
: 3B
00 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16
I FS/mm
(c) FAIRAEIE 3 1]
0.6
0.5

<
~

VIR F3/MPa
(=)
W

N
, — BRI
ory H2REI)
EXN ¢y

0.0 1 1 1 1
0 2 4 6 8 10 12 14 16

BI04 /mm
(d) IRIEIR 5



Fa3E FE 8

HSHERESE AN A B TR i D o R S AL T 7T

* 1843 «

VIR #3/MPa

b

B8 /7/MPa

0.6
osk o
04
03
021
— SB1REIY)
org e gﬁzﬁ(@t}]
FIRETY
00 : ; ! L L 1 1 1
0 2 4 6 8 10 12 14 16
Egt}”ﬁ%/mm
(e) #HIEHE 8 11
0.6
o5k —
041
03F
02 |
— SELRED)
o+ T %277\%@]
| 3R]
00 : I ! L ! 1 1 1
0 2 4 6 s 10 12 14 16

BIP) 625 /mm
() PIRAEI 12 4

PIRMEAER T BV 77 - B9 A 28 o = 0.5 MPa)

Typical shear stress-shear displacement curves under the

heat and wet cycles( o = 0.5 MPa)

3
Fig.3
£
S
BN
g
=
R

YRR ALES /mm

0.8
0.7
0.6
0.5
0.4
—— YIERE
0.3 —— HARIE 1Y)

) L5350
0. —— JAR(EHS ]
o1 PURIEF8H]

: —— HIBIE 1230
O 0 1 1 1 1 1 1 1 ]

"0 2 4 6 8 10 12 14 16

B YIA#%/mm
(a) BYYVIRLS) - BYYIAI RS 2%
R
------- PIRIEIN
0.4+ RG]
———- HIBIEEASIH
PIRIEERSIH

031 —— - HIRIER 120

02F i

o1k 47/;/

. e 4

B U1/ mm ////
0 46 8 102712 14 16

0.0 ‘\?\\I‘ T I"“I_:_—/-f T T 1
70'1 .

(b) EFIfrRE - BIYIALRS ih £k

4 BRI R BTN ) (R AL RS ) - BT UIALRS 2k
(o =0.5MPa)
Fig.4 Typical shear stress(normal displacement)-shear

displacement curves of joint surface( o = 0.5 MPa)

T2, SRR B 2R R BV BT ORI LI H N, 1A
B Je AR (0 B VIO RS B BTG K

(3) “EL BT DI RE A ik A AR th 2 W] o Oy
BT EY B AN BT KB Be (& 4(b) A AR L1l 2w
B4, IEERIRBIIK), FIARME/CIRAS F A B 32 22
PABYAKR N, UERIUS R I RN &
1 RPIRAEIAAE G, =5 B A B9 AR AR WY S0 5
3 KAGRIEAERG, IRFASEAE B DI a6k BeRT
B BB AR B, AEBTUIAEAZ A B 10 mm /247
I 3 B 5T U]~ k200, i S HE N BT B B (H BT K
AT RN A2 RIREMERTR, BT4EAR
e RGN, BIKARTE AR>S A R
EoE M T AR E R B UIOP R T R B
THTAEL R PR BRAR B T3 BRI, ELARAE R SCHEA
gr#.

WRYEBIYIN ) - SO 2k, X5 2R i 408y
ST T giit, S LRI AR, 8Ty
A7 = BIUIAIAS th 247 W] V(B , G 5 P AR
NZIRBIYIERE T HUBY SR s 48T Y1 /) - BTV
REF% H LT W] IR, S8 — BT U)ALEE 10 mm X}
JS2 (SR AR E R BT 9, SEit 4 RanlE 5 Fior .

P 5 & HAGRAEPAE ] R 7 B A DY 9 5
FHUEHBWIE, DAIRIRESRIE 1 R DI 58
SREEAENVIIRBIBTSREE, 1, 3, 5, 8, 12 DHWRTE

Lor . H1KITY)
o E2KEIY)
F3XEY)
T v AR
- RN
S sk * B )
@ ¥
= -
ER07; a
B
| ]
0.6 2
| |
[ ] l .
05 1 1 1 1 1 1 1 1 1 1 1 ]
0 1 2 3 56 7 8 9 10 11 12
PRGN
(a) o =0.5 MPa
tor . 1KY
1.5% © H2R85Y)
FH3EIY)
14% v FAREIY)
g 3 SSIKBTY)
S 13f * FE6IREIY]
%12— .
R L
g M .
1.0F 2
H
0.9} 8 n
08 1 1 1 1 1 1 1 1 1 1 1 ]
0 1 2 3 4 56 7 8 9 1011 12
FIRAEERJE HIN
(b)o=1.0 MPa



1844 1S TR 2024 4
22r " 1K) 0.20 CJo0.5MPa
* B2 EIY) 018+ [ 1.0MPa
20| 3R] [ 1.5MPa
v SE4RETY) L 016 I 2.0 MPa
HSKEIY) &
§ 1.8;"- % 6T g 0.14
= @ o.12
26t " =
ﬁ' 2 4R 0.10
2af . %Q%
. =
- . = 0.06
12 B 0.04
1 0 1 1 1 1 1 1 1 1 1 1 1 ] 0.02
"0 1 2 3 4 5 6 7 8 9 10 11 12 0.00 —
PIRAGIJE AN ' 1 3 5 8 12
(c)o=1.5MPa PRGN HIN
268 » KT Bl 6 HUBIEIR BT E BT T B E
o H2UREIY) ; ‘ot i
Jat 3R] Fig.6 Deterioration values of shear strength of joint surface
v EEANRETY) caused by the heat and wet cycle
s o) HSETY)
& 4 v i
oot " . ] 1.0MPa
gz ’ 2 040 I 1.5MPa
b - 2.0 MP
B 18F . g 033 - ¢
. iam
16 F . =025
i R
1.4 1 1 1 1 1 1 1 1 1 1 1 7 {:}:\p{ 0.20
0 1 2 3 4 5 6 7 8 9 10 11 12 sl
HAEFF WIN iR 015
(d) o =2.0 MPa Eo.10
IS HORARER A T B A0 AR % A MU 005
Fig.5 Deterioration law of shear strength of joint surface

under the heat and wet cycles

WG, ARENER R )R B8y 58 B 55 7 AR T
10.53% ~ 11.42% , 22.75% ~ 24.17%, 27.28% ~
29.15%, 30.32%~32.72%, 31.52%~34.08%. Lt
M TR BT BT SR AERT 5 AN AN B IRE
K, 8AFEWIE, Pl EmHESET L.

9T S RORAE IR . B BT T R
THIPL BY 5 P 32 R AR A 8, 2 ol o SRS T
FH AR A A5 3500 B0 Y 5 B 451475 A0 R BT D) 3 8K
MBS, BRI R © 2 N A
B FAGR G PR E A S 8500 79 3 I T BT SR Y B 4k
B, BPAZE N—1 ANABSSE 1 IRETDIR 5T e 58
ESE NA WS L RSN by se ) ZE: @
55 N ASPRAE IR P B E R SR S S0 B
HPLETSRE M B A AE, BONEE N AN 1K
BIPIRR S | XU ST sR R 2 (E . i, iF
SR B AR AE PR A 2 R BT D) E 43 il 3 8
[Ty SR S ARIE, w6, 7 Ak

2R 5~7 W LUE

() %1, 3, 5, 8, 12FEWE, NENERMN
J1°F HAGRIEIME S B0 E T P R M B S

0.00

0 1 3 5 8 12
HARIEH A N
K7 SRS BURB TR 5 S

Fig.7 Deterioration values of shear strength of joint surface

caused by repeated shear test

U TE BE2r 5N 6.73%~7.10%, 8.33%~8.68%,
2.23%~2.50%, 1.22%~1.52%, 0.44%~0.54%. L
BIME, # 3 ARG RN S 800 B ey
SRIE S RONA S, SRGIZHIEK, 16 8 Ml
TRAE IR B FE 0t T 4T BT 55 R4 B SR8

() MRS FW =0), HEEITUIER S
(s BRI ST B SR B BN R, 4 RN TR
I HALIEE A 14.46%~15.49%; 1M 5 BEE PIRIEER
JE SR 0, o E B U)E FS S00 T B P BT
FE LR IRTS, 1, 3, 5, 8, 12 MEME
XS B T T Y 9 FE B B 5 AR BE A il oA
4.08%~4.65%, 5.82%~6.25%, 3.70%~4.17%,
2.99%~3.58%, 1.29%~1.49%.

(3) HHRTIA M Al 0, b 5 3 40 BY 5 1)
Bt 54 ARG IE AR S R B UL RIVER, XFE 4y
MrRBl, %1, 3, 5, 8, 2AFEBE, MEFHHTS
BRI PUET 9 51k o EL A 62.20%~63.89%,
60.34% ~ 60.96% , 37.97% ~ 38.15%, 29.25% ~



Fa3E FE 8

HSHERESE AN A B TR i D o R S AL T 7T

* 1845«

30.25%, 25.43%~26.66%, i B HAGRIEIA I A
b A PRSI 5 LU A 1 A ) U g 38 hn 2 20 0N J 18

Wi T RE A Ay o
AR SR - BN, WRREH A E 1 090
VB YA iR A T B SR S G AT LA, T 3 085
— )
lg] 8 Fﬁ/j_\‘o i
3; 0.80

—=—R% e -*- WEEMe A HLIREE R 1)

WA 2k Mgk T HREN EEAe) 0.75
450 0341,-024510.082x0.635" 730
070 1 1 1 1 1 1 1 1 1 1 1
425 H 25 01 2 3 4 5 67 89 1011 12
PIRTEA A FAN
A0 o 120 ¢ (a) ANFIE S,
s s = 1.00
& 375FS 152
{%\ i 7\\_3 0.95
€ 350} H 10 -
= 0.90
325F 5 |
o 085
g
300L 1 B
5 6 7 8 91011 12 = 0.80
Y T =
PORIEI N st

B8 ORISR R B ST Y 3 S A 1t 2
Fig.8 Deterioration curves of shearing mechanical parameters
of joint surface under the heat and wet cycle

=
e
2
G

S
2
=

O'650 |1 |2;4; ; I67I ;39|1|01I11|2
HHE 8 nTLUF H, FGERIEFAE R N 15 H R AR SN
SONMP BRI BEHR S, SRR L, 2 o0 O RERRS
i 3 AR IEER R G, BT S0 A B A 4 R ‘“@ﬁ:
/N 19.02%, 18.54%; 8 ANJEHH)E 4359 23.95%, EO"S- —¥—2.0MPa
26.41%: 12 AR 73518 24.69%, 27.72%. L osol
LA s, /T 3 AN RIRIEERE BA S IR B, 3~ g
8 MNEIZRWILE, JHE 8 NEMEBTRE, = osst
S8 I RI PN B B AT ARG B T B i AR A () §
AT DA 8 ek B U A 0801
3.2 ARBEHMMEATHEEERFET NS A
NT Git o M AR AR R RN EE BT D)4 T 0 123 4méﬁi;ﬁgﬂj 9 1012
TTESURFE R, SR ST500 =4l =3k H (©) BB S,
1.00

e BRASOR AN R R ARG A F 3911 15 BRI AT = 4E 30
IR VTR, AT A R IE
Wifa 1 IRBIYR RIERSEt T4t . 2% LME
T BRI A 2 b B BR P, S T B T T 5
SHERKFES, « FERITTRS, « WELITTR S,
AEIFHARLL S, PUAZHGEAT GE T 70 A (L ik
w LS, MR BRI T IR S, N ARS8, B e
J W R B R VAR R EE PRI DL 5 RE S R o0
T B B E AN s I B TTIR S, AT i
FALL S, NEERFFESHL, A BE STy B #8 BR 1)

e
o
Y

e
o
S

JRIFIAR LLS o)A — L AE
= )
2 &

0.75

0.70

1 2 3 4 5 6 7 8 9 10 11 12
IR FE N
(d) BRI S,

WA, R RESADRI RIS, N o i s s in R LRI
TETX et ZE A EaS, X &80T 7 H Fig.9 The variation curves of parameters of joint surface
—AAbE, BRI 2 WA 9 B

morphology parameters with the heat and wet cycles



.« 1846 NS TSR 2024 4F
tH I 9 AT LA i 24 —ae05MPa
(1) B HORAEER B0, AR |3 1 R 7 Ji| o Lo

T & BHILRER, BE BRSNS —¥—20MPa

Biife 3 JHGER SIS, e 8 DHIEI G =]

TR . WEETRSS I SRR ST

SH RS, Xt 50 L T M A 2ot ,«*///J//A

A MR 5 2 T O T S0 AE 128 A MR 2 35 ) = ol

LEESN ool e
(2) MEETHIIRIRE, 3 IRPGRIER G, FIES 0 . : : PR E TR

ZHS, Sy Si M Sy FAIRIE 53514 7.49% ~
20.13% , 8.39% ~ 22.41%, 10.18% ~ 15.20% £/
12.06%~16.31%; 8 IXHIRMEN G, FSH AR
FE BN 11.24%~27.33%, 12.28%~29.36%
12.90%~19.46%F1 17.26%~25.35%; 12 IXHJEIG
WE, &ZHHURESHN 11.81%~28.69%,
13.02% ~30.63%, 13.41%~20.21%F1 18.16% ~
27.05%. 59T RIEHAE A L), $ORIEFRE
M T RS BREE N R, XFEL
R ISR I 1K - AR AR, WELI Y
PR B IRGE, AR PR A O ]

(3) bRy Ar B, R B P EY 9k T AR
WS HIESUFIEZ VIMOE . fR 4 AR L 2 56007,
5 P I (RS FE R4 JRC 571 FRHI (4 3 B 45 75 AR
Sy, A BGRAH SN, THEAF B RV R B R A5 2]
T FRRELRE P R B O T He e, 3047 7 IR — (L AbEE)
AL ZE U 10 FToR. FFLHIAS [FE ) B F4E H
N W ER S TTAR S, R Y 2R AR S O%
Zihze, WK 11 o,

ATCUE H, T EEEHRE FEAE AT 3 AN AR Bk
MERERER, WJG1E 3~8 NMEMAN Hibitah ez, It

1.00

T RE )T — A

8 9 10 11 12

075 1 1 1 1
01 23 4 5 67
AIRIEI BN
P10 9B [EHELRE B2 A — P B B AR P J SR A2 Al
E23

Fig.10 Normalized JRC deterioration curves of joint surface

with the heat and wet cycles

0.75 0.80 0.85 0.90 0.95 1.00 1.05
WL TTRRA— L fE
P LT A0 Y o B 3 R 1A T R 5 e A o £
Fig.11 Degradation curves of shear strength of joint surface
with slope root mean square

fE 8 MR G TR E . M H, TR ST
SHUBT IR T BRI ARSI, 150 IE RS M R
TEAVERIS, RLEE SR AR A S B BT R
AN EEFEH 2 —, WIERIX— RIS
R A AL 3 T BRI B ) ) AR 54k
3.3 RERIMEA THEEEESERILAE
BRI SRR S 2 A AR RO AE &
BEGL R R EM AR, RN F T 53T
IR AR 22128, 3 LR R R0 1 72 Hh Y e
BEHAT T Rt tr. EBTYIE R ik e B E
EANE, HEYINAL, ERZEAHNR N 2
FULMEHE TR 250120, TR R ) R4 e
SRR, [F RSB U R TR S A Ao
A, BB B ACHHRAE BT (o S BRI
AR, XLERERSHEMA N 2 MY, — oA
HYERE, J1—HBr NAEHEE, W PR:
U=U,+U, (1)

X USRSVl A MR R U,
U, 7 N8 Yl R vh 7= AR R RE AN R BE

B 12 9 B U AR T & sE R AT RN
K. 2% =ik e i8S 0t 5I0ER, Xt
syl Rt RS Gk T g, e, SR
A RS BE R U N BT DN ) - BIUIZ RS 2k S5
HpTE IR, SRk RE U, FIFERRE U, 20 ik
TR S0 0 TS 0 TE RS AR 5D 28 Y 2 - (] P T A

T ASCREATE RS, &% OfA kT
RERTHET7IER, R WIE BT DI L K, Bl AX
EIERBIUINIRE K, BEAT TR SRERE . SRR REAFERL
REMRITH SR 3R s «



F4a3E FHSM AOAEESE: TR R 3 V8 T b 1T 5 AL AT 5 © 1847 «
Bk ’
= b0 B SPEREALI B
2 ek, ‘ . .
= | |
| |
y | |
FERLAEU, ! e |
/ 1 | |
i I I
i = | |
i 1.0} ! I
=1 2 | |
L FHERED, | !
! | |
M 05k VEMA —— BEERU
| —e— GPEREU |
! ey
OCi A 1 1 1 1 1 1 ! ]

BIYIARS
12 75T g ) A FE R A A B 1 BE DG R
Fig.12 The quantitative relationship between dissipated
energy and elastic energy in the shear process of
joint surface

U=A[ " 7,du )
Ar®  Ar?
T o 3)
2K, 2K,
iy 7’
(Q:U—Ugu{hqu—zm 4)

At 7, NETOIRLRE Y p I IIBTUISE /), A 753
A .

SR HAREAE B VNS AR P 1 RE S AU BE B D)
MRS R 2 an i 13 Fiom . Bl o5 SRR A 2 1
XG0, F ik RN T e BE R 1 95 A A i 2R L
Kl 14(a), LA 2.0 MPa i [H N ) 0%, s hes. s
e AFEHCRE I A2 A AR th 2 an 8] 14(0) T o

SFEEAr AT 13, 14 Al

(1) BIYIE s R R R U BIERE U, FIFERL
Re U, ¥IBE BT YIRS 1 3G i 36 o, A5 DUJE Rk 208
b, KR ESHCSRAE R IR AT S A B R,
BARRIN: R B, #k 5 B 2K T FEHkRE,
{EL P RE P 355 ol 5 0 BR 2 /T REHR R 1 3
FE, MAEENIBIERY BE, S R bl BT DAL RS 3
AR AP435, 7RV R BE4E 4 F R FEHLAE SUR
.

(2) IR F XS T H B U AR R AR R
SR RECN BE, WE 14, £
PEAERT, S ReRIE#Tk>, AL THIRIRES,
25t 3 RAVBIEMER 5, ARNER N IR SR E
VR/NIEFETE N 23.32%~25.68%; 8 KHGRAEIR
&, JEREERVMEEVEECY 31.42%~33.89%; 12
RARIEA G, EReRE/NEEEE 34.33%~
34.97%.

______________

0 2 4 6 8 10 12 14 16

Xx YY) B /mm

015
—— EfERU
0127 ——gtkfkU,
G
0.09 -
=
I
&
0.06 -
0.03 -
0.00 Lot '
0.0 02 04 06 08 10 12 14 16 18 20

BIY) 4% /mm
13 S RE R 2 A BT V)AL FS 1O AR AL 25
Fig.13 Typical variation curves of energy parameters with

shear displacement

(3) KBl 14(b) i & fe 5 2 HpE PR G
BN EASF AR A, e R RE AR BE IR IR
FR A ECR B R, AR S %25 E
SH— B, TS A BE PG AE PR R R
B0, U B S AE B U R v P 7 S MR e
REIZ Mk, (A HAS AR FE R/ o DR I B 1 21
VB £ BN B U F2 A ek g = Az sg b im
AR B BEE RN

N T BARS W RGRE R R FE B RE T ER T
BUPIPERE IR, 43 0 R S RN B U0 AT RS 44 A
FEBLRE (5 L T geu, Wl 15 FoR. i RS AET 1)
KRS 2% s b A BRE o5 HU 35 BE AR 20 3 T 1
MEHR/N,  HAT 3 ANE AN SRR, )G
FHiEaRHgE, HE 8 MEAMEBETRE. 2
F BRI T R HME R S 80T R S A
1 B A BER S, AEBT DI FR HR KPR T 1 e 118 T
BAG, BEAE S KA IR, o B AR IE R
MY T RAER RN, BB T B R

AR,



1848 1S TR 2024 4
35 —=—(0.5MPa
—e— 1.0MPa e .
0 15MPs 4 POREMERTHEESI YIRS
25l o SeLk ]
8,0l
2w | F R SR 25 R AT, R O B
”5\\*\ﬂ&5\k‘\‘: SLYI YR R T 9 HT YY) b B 25 (35 )
LM\\\L\A; B, MRIEHZ R, E S MR Y
1 I e s 5 B TR /7B DA SEE), Tk
001 2 3 445“?5?)@;};]7%1\]8 9 10 11 12 MU EFEESMT 3N FME:
(2) RN 1 A R LA 2 (1) FIRAEPE R T BT 5 B3 SR s
r BEW . O T S LM A TSR RO, 8 R 08
30 WG ey, FIREAT 1 — 4 s s . 5
251 A PIRAEIAE F R 5 A o B 95 4 A 2
227 Kl 16 . ATLAE th, $UBIEIMER T & A ko
2 1st EHAESB YR, T H R R T T
10F —— BRERU TRAEACY, MR, FEHRRIEIMER T, ERERIHIG,
osh I, B T UMERF IR AT HOK - AR R 5 2 4100, 38,
o | FERT IR BRI IR T 220 U REr O
O e R R ICZ I A B R R A, 1Er
Q T BT AR IR I, B PRURL A IR S5 W R AEAS
0100 BN, RN, S B Y RIURL A] )
BRI, AE AL REL USRI
005 PUBRL LT, AT S B 1 B 5 RT3
2 FRAEAR AL o =19 B ARRE RS 2 AR AL MR et &1 10
- i, % BN FEER
0.090
2T o R
90% - - - Wik
0085 1 1 1 1 1 1 1 1 1 1 1 ] \
01 23 456 7 8 9101112 851
PIRAGIE N £ 4
(b) #AEEALIM L o = 2.0 MPa) %m” ' JCS=59.134+32.695x0.662 1Y
P14 R RS RO MU 2 I EE1 NN (720989
Fig.14 Variation curves of joint surface energy parameters :: 2ok \
(o =2.0 MPa) i o
651 <y
070 o BRG] 0970 60} ST s
X x BUYI RS 28 RUALFERLAE (5 LL 2
0.965§§ 550123456789101112
= AN
ww§ Bl 16 193RI BE 5 B2 B SR AIE P & 39 10 95 A A A th 2
g\f Fig.16 Deterioration law of JCS with the heat and wet cycles
28
E BT - /5% A=t
”ﬁﬁ (2) HEEETYIE 3307 B TS AR A B

0.40

K 15

1 1 1 1 1 1 1 1 0950
4 5 6 7 8 910 1112
ARG N

Lo
0o 1 2 3

BRI R ARFERLBE & LEBE IR AR A 1A Ae R

Fig.15 Variation law of dissipated energy proportion at each

characteristic point with the heat and wet cycles

—EREEEE A . EBTYERE R, TR
HEWE G B AR R A DI ST R B 451 48 A7 200,
—J7 I, TR RPRLRE AR AR S B PR, b
A B AV BCRE AN i AR th i % S R B )
DR INTZET N, — 3 B & LB AR,



H436 H 8l

AR TR R TR D o TR (LT 7T

<1849+

BET T B B B VI AR R A T
17, R AR A T DI RO A B W,
Al EARLE B DI R P AR BCH BB, (BN
(RELNEE e SA = L ST NIITRS 3 G B TRt PR
JEE FE N (1 B A A5 A0

(3) FRIRATIA AN BT YIRS EE T 1
BOAFEM AR, — i, R BIUIEAE
JR AT T AN SR S0 o N FARABI K - A AE T SRR Y
SN, T3, AR & S ECA B
e FLBRAREUR &, B AR BT U R
DTN . R FH PR, AR A
TR R RS B S . B 17 ARG
A JA T B URE 2 BE X SEML A

(c) AAMRIE 8 ] (d) FGRIEH 12 1)
B17  ASFAGROE A S R EC SEM IR
Fig.17 SEM photos of typical joint samples in different heat

and wet cycles

ATLAE H, WILERASE, 7 RRiHE %,
BARGEMBORNE SR, AL ERSTRUMOFLER . 2
S 17(a)), &0t 3 IRBGRAEIN G, JREe BEiE
P IR S R SRR A RS (LB 17(b)), Bl e A
s, FUBR. RO RSB R, BARL
BEHE T AL E 17(c)).

AR AW EL BV 128 RS
AR ES BT AN 7ERT 3 AN IEERE 1
P, T BT S B A SRR e, EL AR TR AR
K, 1ESUNS AR AAE RIS %, BY45 AN
2, BYYIERE oy b By AR 2, FEHAR
Pk, HEm S8 B SR S 50 124 S 500
FHUNRERR s 75 3~8 NHBIEHE P,
AT R B A B D, BT SRR D
BYY b R (0 TE S B G i O, 320 L 2
BUYRIY B, A RE IR RSURFLIRZR TR & ¥,
AE B 2 BFEELT S L SORIFLBR I 508, X R % T

MSEMN NS B SNRE MRS 1 8 NHE
TR G R R SURAEAL A BE R 55 R
e TR E, DIULBY DI R A n] R R RE AN A
TSR TRRE

5 & g

() TERRIEAMEZIUIRFIER T, BE
ER () BYY) 7 25 S HORN Y 30 2 505 B A 3 o 2
Se U PR S 1B TR I 5 AR, BIET 3 AN JE A
WHAER, 3~8 AN B IEMWRLE, WifE 8
MEAME-E TR, Hrb ARG R B
4% o5 LU A 3 38 T S 2 S IR A R AR AL
B METHIEIRES, 23, 8, 12 NMHBIHHE
WIEMF R HATREE 08 19.02%, 23.95%,
24.69%, N PEYE A B AGTRFE 73 1A 18.54%,26.41%,
27.72%.

() EHIBIEIMEA T, TR B PIE AR
BRS80S AR —
;. SYIRIRESHEL, ARERFMT, 53, 8,
12 AR A R 8 1 5 e B8 = 10 /0N T FE 40 A
23.32% ~ 25.68% , 31.42% ~ 33.89%, 34.33% ~
34.97%, HJE MR SFIBT YA R ¢ nl A IFERRE o5 L
BRI, UL RGBS 800 B SR
o A B, AR TR REE RN, R T
B R (1 RE = 4T

(3) FIRAIGIAE X b T B BT )M Re 1 Bt
AP RS 3 N O RBEAEHLRES
b T E A BT T ERTALRE B PR, @ &
S B3 P B D AN RR A S 0 B TR RS
BREAEG, 1 LI PR 00— 5 oS P88 38 L A 2 B = A 45
@) ARG AN 5 BT R X T A A7
AHEAEREAE, =5 B E L R W i AR S0
PIRIEAAE B T3 R SR T, 1T HRAE R
R AR A FLBRRIR AT R & 445 B H /F
B R A B2 B B BRI BE A . AEIX 3 NS TR
JHFEERT, SEE T HEPUB R, brey
PR R4S

2k (References):

(1] EBEG SR, A 7K R X R KO R R e 57 36 05
R [T]. TAEHLT 23R, 1996, 4(3): 1 - 9.(WANG Sijing, MA
Fengshan, DU Yonglian. On the rock-water interaction in reservoir

areas and its geoenvironmental effect[J]. Journal of Engineering



* 1850«

HA1E S TR

2024 4

(2]

B3]

(4]

(3]

(6]

(7

(8]

[9]

Geology, 1996, 4(3): 1 -9.(in Chinese))

A, SRIETE, Ak, &K - B IR RIXI S B ) SR B
O EEMIRIFEIRT]. A 0%, 2018, 39(7): 2 344 - 2 352.(DENG
Huafeng, ZHANG Hengbin, LI Jianlin, et al. Effect of water-rock
interaction on unloading mechanical properties and microstructure of
sandstone[J]. Rock and Soil Mechanics, 2018, 39(7): 2344 -2352.
(in Chinese))

BEAK, BRERT, R, A IR X SR STT T A IR LR
RIS S BUE BRI LW L[], 40 )% 5 TR, 2014, 3304 1):
2 677 - 2 684.(HUANG Bolin, YIN Yueping, LIU Guangning, et al.
Comparison study of physical prototype model test and numerical
simulation of Gongjiafang landslide in Three Gorges reservoir[J].
Chinese Journal of Rock Mechanics and Engineering, 2014,
33(Supp.1): 2677 - 2 684.(in Chinese))

5o, By, F T, % ERTHRENEINENZ S KT
F—LAZWR X R T PSSO EI]. AL, 2021, 54(3):
259 - 269.(MA Juan, ZHAO Wenyi, QI Gan, et al. Study on the
multi-parameter early warning based on universal equipment: a case of
Kamenziwan landslide in the Three Gorges reservoir[J]. Northwestern
Geology, 2021, 54(3): 259 - 269.(in Chinese))

XUBTER, S, BERA, S AR B R AE R
WRRBIGHI]. AR S TR, 2020, 39(7): 1321 -1 332,
(LIU Xinrong, JING Rui, MIAO Luli, et al. Reconstruction models
and typical case analysis of the fluctuation belt of reservoir bank
slopes in Wushan[J]. Chinese Journal of Rock Mechanics and
Engineering, 2020, 39(7): 1321 - 1 332.(in Chinese))

S, WK BEE, FOET ZUEERRREZIE IR
il e PN ], Hu SR @], 2021, 40(4): 162 - 170.(TONG
Defu, TAN Fei, SU Aijun, et al. Deformation mechanism and stability
evaluation of Tanjiawan landslide based on multi-source data[J].
Bulletin of Geological Science and Technology, 2021, 40(4): 162 -
170.(in Chinese))

XUHAR, %, FAGH, S (YK - AEH TTRME TR S
ARG AL [)]. A R TR, 2008, 30(9): 1298 - 1302.
(LIU Xinrong, FU Yan, WANG Yongxin, et al. Deterioration rules of
shear strength of sand rock under water-rock interaction of
reservoir[J]. Chinese Journal of Geotechnical Engineering, 2008,
30(9): 1298 -1 302.(in Chinese))

VO, %O&, A, & RIS TR YIRS
W), A0 /1% 5 TAEAR, 2012, 3103 2): 3897 - 3 903.(XU
Jiang, WU Hui, CHENG Lichao, et al. Experimental study of shearing
failure properties of sandstone under acidic conditions[J]. Chinese
Journal of Rock Mechanics and Engineering, 2012, 31(Supp.2): 3 897 -
3 903.(in Chinese))

FTEE, AR, WA, & AKEER TR TER AR EIY) )) 2 4%
PEERACIUER D], TR AR, 2021, 61(8): 792 -
798. (DOU Zihao, ZHAO Zhihong, GAO Tianyang, et al. Evolution

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

law of water-rock interaction on the shear behavior of granite
fractures[J]. Journal of Tsinghua University: Science and Technology,
2021, 61(8): 792 - 798.(in Chinese))

A, BRFY, SOKHE, S TROEHEH R B B ) ke
PEEAEE]. A %5 TR, 2018, 3704 2): 3958 -3 967.
(DENG Huafeng, DUAN Lingling, ZHI Yongyan, et al. Evolution of
shear mechanics properties of jointed surface under dry-wet cycle[J].
Chinese Journal of Rock Mechanics and Engineering, 2018,
37(Supp.2): 3 958 - 3 967.(in Chinese))

Bere, XM, ¢ 1, 4E K - A EHTT BRBICE B TR
AL L], A%, 2020, 41(11): 3 671 - 3 679.(DUAN
Lingling, DENG Huafeng, QI Yu, et al. Study on the evolution of
seepage characteristics of single-fractured limestone under water-rock
interaction[J]. Rock and Soil Mechanics, 2020, 41(11): 3 671 - 3 679.
(in Chinese))

ZHOUML, LIJL, LUO ZS, et al. Impact of water—rock interaction
on the pore structures of red-bed soft rock[J]. Scientific Reports,
2021, 11(1): 7398.

/N, BRIERY, B, & KERG T RILZHCE MOAs 1
TESAHHIBE A I]. TAREHUT 43R, 2019, 27(5): 966 - 972.(XIE
Xiaoshuai, CHEN Huasong, XIAO Xinhong, et al. Micro-structural
characteristics and softening mechanism of red-bed soft rock under
water-rock interaction condition[J]. Journal of Engineering Geology,
2019, 27(5): 966 - 972.(in Chinese))

EkigE, BB OF, ZAE, R CTRIEMER RS B
FARFE VT[T, Bk TAE SR, 2022, 42(5): 976 - 985.
(WANG Linfeng, CHENG Ping, XIA Wanchun, et al. Analysis of
damage and deterioration characteristics of marl under chemical and
dry-wetting cycles[J]. Journal of Disaster Prevention and Mitigation
Engineering, 2022, 42(5): 976 - 985.(in Chinese))

M, NER, =W, & TRIEMER T e B iF
IRFEFE[I]. Bl Ik TFESR, 2018, 38(6): 911 - 917.(LIANG Yue,
SUN Zhiwei, YUAN Ye, et al. Experimental study on disintegration of
mudstone particles under wet and dry cycling[J]. Journal of Disaster
Prevention and Mitigation Engineering, 2018, 38(6): 911 - 917.(in
Chinese))

XUMERE, sk, B K, . RP A S TRIE 2R R
WAL R AR ]. KITR BB, 2020, 37(8): 101 - 105.
(LIU Pengcheng, HUANG Wufeng, BAO Tai, et al. Experimental
study on mechanical properties of argillaceous dolomite under dry-wet
cycles and its constitutive model[J]. Journal of Yangtze River
Scientific Research Institute, 2020, 37(8): 101 - 105.(in Chinese))
SERIM. K - AR SRR 2 A e i SRS W 7 iR S
AL ]D]. R K%, 2016.(WAN Liangpeng. The
diagnostic method research of safety life cycle for typical landslide
under water-rock interaction condition[Ph. D. Thesis][D]. Wuhan:

Wauhan University, 2016.(in Chinese))



Fa3E FE 8

S e

XSS T T T

W T BB BT 5T

* 1851

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ERME, & & KUK, & BGRIERME R SR A I )
HRFL). BA SIS TR, 2018, 37(3): 699 - 708.(WANG
Lehua, JIN Jing, ZHANG Bingyi, et al. Experimental study on loading
and unloading mechanical properties of sandstone under heat and wet
cycles[J]. Chinese Journal of Rock Mechanics and Engineering, 2018,
37(3): 699 - 708.(in Chinese))

X FE wBHRE, WUH, EORFDK - SRR RICE A 1R
PELARIGHT L [T). K HEAEIRRIS, 2023, 41(2): 182 - 185.(LIU
Ke, GAO Yangyang, PAN Hongyue, et al. Experimental study on
deterioration of rock mechanical properties of bank slope under
different water-rock interaction[J]. Water Resources and Power, 2023,
41(2): 182 - 185.(in Chinese))

D7 K = AR R B BLA AT TS B VIR T A BRI 7 [
LB SC[D]. HE: =K%, 2018.(FANG Jingcheng. Study on
the laws of seepage and shear of single jointed rock mass under
water-rock interaction[M. S Thesis][D]. Yicahng: China Three Gorges
University, 2018.(in Chinese))

e N RSN [ SR S 41, GB/T 50266—2013 T2 iR
36 7 AR UELS]. dbRt: A BRI B BR 4L, 2013.(The National
Standards Compilation Group of People’s Republic of China, GB/T
50266—2013 Standard for test methods of engineering rock mass[S].
Beijing: China Planning Press, 2013.(in Chinese))

AAeeE, B, SRS, & FERIABOETETK - A 1E BT T
JES D] =Wk HABEAR, 2023, 45(5): 95 - 104.
(DENG Huafeng, LUO Zuosen, ZHANG Jingyu, et al. Progress and
prospects of research on water-rock interaction in reservoir bank
slope[J]. Journal of China Three Gorges University: Natural Sciences,
2023, 45(5): 95 - 104.(in Chinese))

HKEE, EOR, WA, & TR U I B 8 YR
B [T). K HEREIRRI2:, 2023, 41(3): 140 - 143.(ZHANG
Jingyu, WANG Wendong, FENG Yunjie, et al. Study on shear
characteristics and deterioration law of rock bank slope joint surface in
dry hot valley[J]. Water Resources and Power, 2023, 41(3): 140 -
143.(in Chinese))

At W ORE, Ak, & EEETYIE RO B AR SR
TELGAIED. A TR, 2018, 40(34 2): 183 - 188.(DENG
Huafeng, XIAO Yao, LI Jianlin, et al. Degradation laws of joint
strength and micro-morphology under repeated shear tests[J]. Chinese
Journal of Geotechnical Engineering, 2018, 40(Supp.2): 183 - 188.(in
Chinese))

£ OB T - BAGIME R R B A BT U) ) SR 5 A RS
FL AR SC]D]. HE: =Bk, 2017(WANG Zhe. The
deterioration rule of single jointed sandstone shear mechanical
properties degradation effect research under dry-wet circulation
function[M. S. Thesis][D]. Yicahng: China Three Gorges University,
2017.(in Chinese))

FrApak, AR, BRULE. AT B AN FALTE B S 8D

[27]

(28]

[29]

[30]

1]

[32]

[33]

[34]

T[N, A 1% 5 TRESAR, 2006, 25(1): 56 - 60.(DU Shouji,
ZHU Jiandong, ZHI Hongtao. Shear tests on rock joints under
different shear deformation histories[J]. Chinese Journal of Rock
Mechanics and Engineering, 2006, 25(1): 56 - 60.(in Chinese))
YANG Z Y, LO S C, DI C C. Reassessing the joint rughness
coefficient (JRC) estimation using Z,[J]. Rock Mechanics and Rock
Engineering, 2001, 34(3): 243 - 251.

AR, DA, 5k 7 AR RIR L R R RE R LT I
HERED]. MRS TRESW, 2021, 17(3): 975 - 986.(LIU
Jicheng, MA Linjian, ZHANG Ning, et al. Research progress on
energy evolution in the process of rock deformation and failure[J].
Chinese Journal of Underground Space and Engineering, 2021, 17(3):
975 - 986.(in Chinese))

TRUAEYRE. RIS [ T H e P B DG A2 -9 57 e R A R S [
FEAB D] BB T LREHARKS:, 2021.(ZHANG Fengyuan.
Experimental research on shear creep and fatigue energy evolution of
deeply anchored jointed rock mass[M. S. Thesis][D]. Fuxin: Liaoning
Technical University, 2021.(in Chinese))

YA, B, BAs. BETRERRAUS R UR B s A
BARIEND]. B 5 TREAR, 2005, 24(17): 3 003 -3 010.
(XIE Heping, JU Yang, LI liyun. Criteria for strength and structure
failure of rocks based on energy dissipation and energy release
principles[J]. Chinese Journal of Rock Mechanics and Engineering,
2005, 24(17): 3003 -3 010.(in Chinese))

Mg, 2, 8 i, 5 CRAVEEKAIEHRRAIE SR &
RERBAIIET L], A6 %5 TSN, 2020, 39(2): 311-
326.(LIU Wanli, YAN Echuan, DAI Hang, et al. Study on
characteristics strength and energy evolution law of Badong formation
mudstone under water effect[J]. Chinese Journal of Rock Mechanical
and Engineering, 2020, 39(2): 311 - 326.(in Chinese))

YA, EER, B M, S CAATORREE S TR A
F1% 5 TR, 2005, 24(15): 2 603 - 2 608.(XIE Heping, PENG
Ruidong, JU Yang, et al. On energy analysis of rock failure[J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24(15): 2 603 -
2 608.(in Chinese))

ol FERER], TSR, A BTVIGERCT TRE S5 T B AL RE T 1L
HUHIBEFC[I]. H A 1% 5 TR, 2016, 35(6): 1111 - 1 121.(GE
Yunfeng, TANG Minghui, WANG Liangqing, et al. Strain energy
evolution of penetrative rock joints under shear loading[J]. Chinese
Journal of Rock Mechanics and Engineering, 2016, 35(6): 1 111 - 1 121.
(in Chinese))

A, A, XA, EORE - RTIEMEH XA ALY K
WIRFFIERZ B FE[]. 4+ TRE%A4R, 2012, 34(9): 1620 -1 626.
(DENG Huafeng, LI Jianlin, LIU Jie, et al. Influence of immersion-air
dry circulation function on deformation and fracture features of
sandstones[J]. Chinese Journal of Geotechnical Engineering, 2012,

34(9): 1620 - 1 626.(in Chinese))




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


