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Compositedamage model of jointed rock mass under freezing and thawing load
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2. Beijing Anjie Engineering Consulting Corporation, Beijing 100037, China)

Abstract; For the frozen thawing rock mass in the engineering practice, taking the initial damage state of rock as
the baseline state, the damage caused by freezing thawing and loading is considered as meso damage, and the
damage caused by joints is regarded as macroscopic damage. According to the hypothesis of Lemaitre strain
equivalence, a composite damage model of jointed rock mass considering macro and micro defects was derived. The
effect of the penetration rate and the number of freezing and thawing on the deterioration of mechanical properties of
rock mass was analyzed by this model. The results show that when the penetration rate was constant, the damage
evolution curve increased with the increase of freeze-thaw times, and the experimental and theoretical peak strength
(or modulus of elasticity) curves decreased with the increase of freeze-thaw times. When the freeze-thaw times
were constant, the damage evolution curve was positively correlated with the penetration rate, and the experimental
and theoretical peak strength (or modulus of elasticity) were negatively correlated with the penetration rate. It
indicates that the penetration rate and the freezing thawing times have a certain effect on the deterioration of the
rock mass, and the freezing thawing effect of the saturated test group is worse than the natural test group. The
calculated results of the model were compared with the experimental values, and the theoretical curves are in good
agreement with the experimental curves, which verified the rationality and validity of the model.
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Fig. 1 Schematic diagram of calculated equivalence strain

H4E Lemaitre {15 A 15
E, =Eo<l _Dlz) s

{E,:EO(I—DI), (14)

E,=Ey(1-D,).

el (14) A (13) W] 77
D12:l—(1_Dl>(1_D2> (]5)

1-D,D,

XFFECLS) PR S L - 1) 24 D, =0, 4%
HACAK(I5) a[45: Dy, = D, , A AR S35 15
AREERLSE TR I MR A8 B 52) 24 D, =0 R
A (15) 153Dy, = D, , RIS 2 A A 5 5 475742
i Y NOE VR LTt i

AR T S 1 A % AL A A X (15)
R 8B A AR T RSN A A1 B R RS
Tt B R AT R 5 A543 Dy , 5 A T O Rl
5 i B8R 1 P 5 RS B8 0 0 A UL 0 D, 4 i
] 1 B A R R e I R R 5 DR A B i
WA D, U (15) 28

(1-Dy)(1-D)

Do=l-0 (16)
Hep
Ei
Dy=1- (17)

A By U AR RS By D S8 B A AR
WS PIRAS T AYSMERCR. D, B35 SRR AT



52 1

WRHA , 45 URRAT AT 19 B A B2 5 1 s i g - 103 -

2 BEA LG5 2

Shy itk — 25 B UE AR Y A 0t KA B 51 SC
k[ 35 ] rp i A , Sk a0 SR = e X A
YE DA I =5l 45, FLHEE 2 1524 10 MPa, i il
A B E A 300, JAMA L o = 0. 11K 4 B
AR S 4 A A o 2R A T 0,40,80,120, 160 YR Y1 4
R, 25 SRR B, VR G PR U BB R, B K R
1R, B R A, 3k 0 0 B TR ™ AR AR SOk
(35 1B i, e 1 TR, A4 A S BT 4 57 1)
PR, 23 0T A RE Bl R (K =0 (8 %),
0.25,0.5,0.75) 5 ¥ B4 34 for 2% vk % (0,40, 80,
120,160 ¥R ) ZERSRL R G ROR . S REZ 1 e &0
S4B P JE R IR R AR R ) AR B B, ZE N
i AR b, SRR 2 R 4 S B B S e B 0 N

S AL S [ BGOSR I T hR iy 2, BT
IR 22, B RIS, AR AROCR B A e U R, L
BRI A R IS BEE LI BT R, AR 3
I B VAR A A R 1 I AR SR S i B
i, ST B AR T AR PR P i O D Y 2 A1 Y
e KR RN TT U (ELAT,, R, mT LR I8R5 AR Y
P (ELAE DA 7 2 A IR 43 e B ) — >k v
A (4) 75 58 B0 0 32 i A T B9 20 0845 3
D,k BN AE & MCUAE 10 28, WA (07 748 AT 3l o Sk
[35 ] i At AY © 0 DA (L 55 32 5 PR BT
P, Y & = o WEEIAZRS , RAOIRZS T W4t D =
0. 066, {FARZS T A543 D = 0. 079. -f1 VRl 3
(D,) t=0(6) iHEA 1, X (10) P3R4 R RS
A T 0 D, X (16) L (17) 5%
JEZ AR R A A IS DR A5 D,

®1 ZHESTHYENZSH

Tab.1 Physical mechanics parameters under three axis compression ™"

[35]

‘ o WEAH 3 FE o/ MPa
AR VRERREL X

PRI E/GPa

LA K=0.25 K=0.5 K=0.75 SEak K=0.25 K=0.5 K=0.75

0 171.80 152.35 135.46 114.00 26.80 24.47 20.25 18.19

40 161.76 138.21 125.50 104.90 24.22 22.74 18.55 13.24

PR 80 153.97 134.42 109.34 90. 54 21.09 17.87 15.58 12.69
120 146.93 124. 81 103. 88 82.07 20. 66 15.90 13.22 11.59

160 144.23 120. 00 98.62 76.39 18.81 14.58 12.43 10. 41

0 141.21 129.33 114.13 100. 36 22.67 18.61 16.91 13. 44

40 120.33 113.10 97.84 83.67 20.43 16.03 12.13 8.24

LA 80 110. 34 102. 10 74.63 59.97 17.54 10.27 7.30 4.52
120 102.35 90.26 58.42 53.74 9.07 7.15 3.60 1.72

160 99.11 80.00 55.80 44.09 7.24 5.23 2.95 1.61

K2 S RIR SRR T B BE AR R 2R 1
KeryAe Ak, nT LA H 2% B 4 104007 22 Bl R Rl e
B0 T T 2 3 1 A 28 A R AR AR S TR 4% B R
AR 0 7 FE R B B R T R ARRES , 7R BLil A K =0
AT BT, RRATE PR UCRAE 80 TR, PIFARZS T Y
PO AEA 22 S IEAN I . 80 W2 )5, W03 ) BL ] fid
AR 2501, U A AR 22 0. 4. it 58 A4 Wi
R, IRIRES T B4 458 47 I8 R il U 80 4 72 A 2 ¢ B
W 22 5, ELURRI O RORE 22, 25 S bl ) k. 7 VR il
120 YR (A4 120 YC) 5 17 T 2 39 1< R Btk
M 120 Ui, ARt R gz , HRRRES T 3
e hg 7 B ) 2 B A VR R RO 3 i R )
1, FRRAS T K =0.75 %57 04 i 2461405 e ol T
HBRAE 3 ) T+ 0. 55 15 0. 91 ZpHr W, i 7K
AR R P, PR R 30 4 A 48 0 T 7 il T 50 22
PR B U, HL 5 /K A8 R 0t 17 1™ B, W2

SSACBOR, PUARTERE LS5 . MO R # ) T 1, %W
HIRI KA AR SE e , I R R AE , X4
A B A —5E IR

—— R

#AK=0
o RIRREK=0.25
- RIRREK=0'5
e %%‘ ‘?&K=0.75 o j
08l u“,§§K=o —
P e AR K=0.25 o
> ARG K=0.5""
o HFIREK=0.75 »
QE 0.6 e
& 04
0.2}
0

0 30 60 90 120 150 180
URRE IR Hn
B2 AHRETEREZRNERGBEFERRIEHETL
Fig.2 Total damage of each connectivity rate varies with the

freeze-thaw times under the two conditions



- 104 - MR U

T ok ko

i 551 %

P 3 S AR 55 1 AR TR 45 AR B B2 405
OB R R/ INVEAIHE. 7T RIE I, 2R EIR PR R
A7 it 5 3 3R B AN DB 9 A 2 0 ) . RARR S
N FERAR AR BRI, 41 40 U, SR 3 e B
T AR I AR AL ARELDR, ih2 AL 5T MR 4G, Y
VREEE PR IX 80 Y Jm , M 4B BT A A3 KA R
ARLE IARAR ML R L IR K M RS R, 45 Rk
YCBCT B Ja A5 1 B 5 188 R A B i — AL T
PR, BRARAMRA T BURR. X LE PTACIRZS T A4
P £ A B, AR AR, £5 VR RS UORUR] Y S5 15728
P 2 B8 22 (ARSI, JEHAE 80 UK ERRIAE 2R
ZJe, IR B O bl 8 AR A 22 S 3K,
(LR FRAEARA K 1] T 1. 75 120 R EREAEER S, Pl
RETIIRMAE K=0.5 F10.75 {50 F , REVIRES
TR AR R 0.5, A ADIR S TR B 0 A R i
0. 8, 1L APIR AR A 475 A8 B2 B 7 5, 453 5 R Gk 1) 1.
VEITE MR LIRS T A A 2 BOR MR R IE BRS¢ 42 0]
AR AR ST, DA R s B A A 3 B AR AR 0 e A
IO 3. FARAARELL 14 00 3 72 5k I B 5 114 16 o 22 Ak
AR, T AR A a6 2 A 450 475 7 S il B R Y
IR AR, H 4757 ., 56 B B0 3 F) v A A1
6 20 A8 (A2 R R B R SR K 2 R B

—a— RARIREZOWK —o— RIRIRAF40IK
- RPUREBOK + FRIREL
1.0 -+ RARE160%K )
« HRRAEOK > ;%ﬂgmozﬁg .
o BAIRESOY + HAIRE IR
o HFVRA1600K e
0.8} . / .
>
s o >
F 06} > >
o v
@ 04) - " —
. > : =
r— A
.//‘77 /,,/< -
0.21 o /7//:/”/:///
—
0= 02 0.4 0.6 0.8
FEEK

E3 mHRETEFRMABNERGERERNTN
Fig. 3

Total damage of each freeze-thaw cycle varies with the
connectivity rate under the two conditions

P 4 Sy W FR S T 2% B0 AR 4 i 0ik 5 15 7
T W A 5 T B O R G 3R R B AR k. i X (9) K
A (16) AT, 25 S8 2% A WS & 11 5 RS B i 5
ISR T AN 1o, = B (1 = D,) & +2u0;,
Horb e WUE(ENE o, BN 7,0 =0. 11 243H
AL, KIRARE E, =26.8 GPa, fIFIRZS E, =
22.67 GPa, HAZ B0 CIRTR. th ] 4 R, Bl R il
PEPR YOG I, PS5 106 h 2 AP L 2 2 1k
BRI A e (LA L) & R4 5] 4
AR TR AR, 280 160 YRRLIERR G , KIRIR

o
AT WWEEREDNA o, =116. 62, 102. 87,
83.92 MPa, 5 AR URRIHIAH LL , 58 B 43 5| B#AIK18. 5%
20% ,22.9% ; AR S T A IE(ER B o, = 84. 93,
65.3,63. 65 MPa, 5 AR VR Fl HiAH L, 55 B2 3 1] B A
29.7% ,39. 1% ,36. 7% . H.rh i FOR A T 5l %R
K=0.75 i, e (A 59 (E B R P R DB R T 1Y
BRZE L. i B B iR 25 K P TR AT e 2 53 5
B, AR AR R AR 7 A R RO Es A T
THLG R B BGE A, A0 R AT BB SR B AKOR B R 32 4
SRR S R e AU DDA B e A AT A AR E
KINEER R R T, B R Rl SO 0, A A6 20 7Y ik
JE UK, LR R R BB 7 T Bt

160
140
120
100
80
60
40
20
0

U4 {8 55 B /MPa

140
120
100
80
60
40

1

V&8 58 FF /MPa
S

20 —a—
-

o
S
S
o
S
—_
)
S
—_
=N
S
)
=3
S

120

100

80

60

4l e AR
o RARRE R
20 o PR A B E
- HLRIR A R

0709 40 80 120 160 200
VR IR Hn
(©)K=0.75
4 FHRETERERNEGERER RN TH

Fig.4 Peak strength of each connectivity rate varies with the

U8 58 FF /MPa

frequency of freeze-thaw cycles under the two conditions

XL 4(a) (b)) | (e) KB, 4 518 T (Y il
AR B IIEA T L EE S B TR, PR B
Ve (RS S I I (E I (E 58 B 22 160 YR R R 35



52 1

WRHA , 45 URRAT AT 19 B A B2 5 1 s i g

- 105 -

Ja 3 IR R, S5 S BRARAT , (ELA% B R VA5 S
FEARPORREE AN [R], B30 5 M, WA (L 5t J32 3 il e /™
. AT, B AR, K BUE A B, SR K
RE 8o , EVR R AE SRR rh K IURIK 1 588 )
B S IO ) 2 i RSt B S el e P il . A AR S T
(1 EH Y A 5 38 15 3 FEL AR T IR SRR I
SREE, TEHT 120 YCHRRIAE PR R SR 158 2 1 e {5
JEAR A R ARSI W (EL 55 P S D A1, i A AT
16 2] WA {8 32 ol 24 R A A , D (L 8 e D . 7
B, BUE R R PR R B 5 7K 3R B AR
AR B A — 2 R

S S PARARS T 45 VR Rl R ) U (L 5 2
SR (E BE B AR A TR, SRR R ER
UCBCT , PR -5 6 1 {1 5 B2 AT i 50 4 A 1 K
SR L A IR B, A5 URRIOCRC , KAR S A
AR B AR5 B2 I AT A4, R A 2, Sl
PRRAR 5T W (L 9 58 5 Dol 1) T 3 L AR A ). % LE
B S BB, B ORI PR KB I, KRS
PR IR A (L 55 2 pHh 24 B) F) WRf (D 22 738 K, R Rl AT
PRIRF)— i YCEL (120 Y sk A [ B 22 A2 A AN 151
A, T BT 23R AR DR /N o D (L 56 38 R i 114 3 R 2 )
S5/ , T AT 0 U R3O0 W (L 5 8 1) SR DBl 2 M K.

180 160,
160 iig 140, * .
£140 . £ - & 120 =
S 120 : . =120 . 00 I v ‘
100 : ; 100 v . B . '
H e = 80 e v 80 v
o - ReREESE 2 60 CRAREEBE D 60, rappmip ;
A A . INDEY a RASH
2 L wRRERBE 20 L mARAReE 200 T ATASRRE
o3 04 06 08 0 02 04 06 08 90 0z 04 06 08
BIERK FHARK Bl EK
()R B IR Hin=0 (b) ¥ il X $in=40 ()R MK Hin=80
160 .
140f = 140
2 120 o 120
g ol - . . S 100
” —4 . N .
5 80 ~ O G * :
@ 60 ; Nt m 60 e
= RARRSHE A u o RAVRSH =
- T RDIR S F N RS H
200 AR A 8RR E R
0% 02 04 06 08 O 0 02 04 06 08
RIBEK FEEK
() AR Hn=120 (&)X Hin=160
E5 WmMRESETEFEMAHNEEZERRERTL

Fig.5 Peak strength of freeze-thaw cycles varies with connectivity rate under two conditions
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