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Improved JRC-JCS shear strength formula for soft-hard natural joints
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Abstract: With the help of 3D scanning technology and 3D printing technology, several specimens with the same natural joint but
different joint wall compressive strengths were first made, and shearing tests under different constant normal stresses were conducted
on them. The direct shear test results show that the strength characteristics on both sides of soft-hard joints affect the shear expansion
and shear strength, that is, with the increase of wall strength coefficient A_, the shear dilatation increases but the shear strength
decreases. Moreover, the study also indicates that the damages in the joints surfaces occur on both sides of the soft-hard joints during
the shearing process, and the equivalent joint wall strength JCSeq is affected by the wall strength coefficient A .. Compared with the
hard joint side, the equivalent wall strength JCSeq is improved to a greater extent by the soft joint side, and the trend is strengthened
with the increase of the wall strength coefficient A .. That is why JRC-JCS strength formula has some limitations in predicting the
strength of soft-hard joints. Based on the above analysis, JCSsoft is the basis for establishing the modified relational function f( 4 ) of
soft-hard joints equivalent wall strength JCSeq with respect to wall strength coefficient A_.. And an improved JRC-JCS shear
strength formula considering different wall compressive strength combination types of soft-hard joints is proposed, which is the
complement of current JRC-JCS strength formula.

Keywords: soft-hard joint; joint wall compressive strength JCS; shear strength formula; failure characters of joints

1A = BRI T, SRR A A IS
= MBI R ESEIER, TRSCEIFS, X% Tl
THRAAR A KRR R R PRI I A 4 5 A B R A B ALY,

Wik H 1 2016-12-12
BEWH: EZREMSTRITRI(No. 2016YFC0600707, No. 2016YFC0801605); [ 5 H 48 F}#JE 4 ¥ Bh(No. 41372315).

This work was supported by the State Key Research Development Program of China (2016'YFC0600707, 2016YFC0801605) and the National Natural Science
Foundation of China (41372315).

BRI REW, 55, 1989 44, WLHHI A, BN A A W ELR T RHE /TR 41 BB U ) SR R 9 A

E-mail: song_leibo@163.com

WWIEE: AL 55, 1978 4R, Bk, BRSO, FENFHMT TAREUER. KRB SRR E M. AR MR R i B AE T T AR 7T LA
E-mail: gjlang@whrsm.ac.cn




2790 = +

71 ¥ 2017 4

BRI, B A BREs A AR R B U7 P — H A
P A1 273 B 5 A ] R

FRTTEL BT R R A AR . Rt
BT AR E BN K, H PattonBI%ET B AK 2N
DR SR A 5 N IR — A n 203 H L2 1 B 1) i
FEARLK, ERIMEFAESIRE T HNMER
) S 1 BRI B V)5 A K. B4 Ladanyi
SEVIE 2 FR AR DR B E A AR 2 b, BB
T AR B BT V)5 A 5 Barton ZEB-SILLR
SRATER Y DRI AR, I8 51N EALRE R AL
JRC Sk FRALT B [ 1) TE A FRAERT BY VAT R B 52
Wi, $Eth T JRC-JCS W E BTN A AT
IBIYIAT A2 BTV 77 A ()20, Kulatilake S0 HY
TR DASRAE T B 1) S PR AR AE 1) BY ) 5 5 A 5K
Zhao®% & T W E W GRS, FFDITERMA R AL
IMC FAETT RIS AR, $RH T JRC-IMC IEfH
B 58 A 3 Homand S5V 2l )5 B I ) LA 4541
R, FH 5 AMNESISHORIR =417 3 H 1 B Sk
fiE, FFEESL T & =4S S H ) T E B )R A
s Grasselli SF1OME BT B oA BT f 5
X AR AR e He B A, gy 1 =4
BIUIsRAE AR XiallfE Grasselli BY 1) 205t
FEST T S E RN = 4EBT U5 A PV
i S 2TE 2 R T B — TR SURRAE ) b, 4R
T = 4B SREE Y Patton BUYIREAL, AR
GG T EG S EY TR Z, MBI sREE
A

DL R 53 B ) A 2 220 B3R AL 5 1 T H R
T PER 28, B inE JRC-JCS B 4] 5 i 24 3561,
Kulatilake( 1 517758 A 30, JRC-IMC BIYJ5REE 2
3L, Beleml®Ifry 55 U775 FE 20 2 LA K FV BE S5 02 ) 7y
FE o3, DAY BB TH] (1% B b e 58 P82 SR SR AE T
BV BE A0 s 10 GrassellitOIfy 8T H 5 B 23 2.
Xia SEMIR BTG R A 2L R & s SR RS BT )5
FEE 2 2RO U7 58 Sk 7 BB [T 8 B 0 B D) 5
FERER . FIRBIEI AR #GRfE by N E
RE TR 03 AH [F) (1 250t R ), (BTES TR
A T R 0 £ 7 B BGE T 5 S A — R ), 9 R
LR RIH R R4 A& CPB (cemented paste
backfill) 5 Bl Bl (18 e M (CPB—5 ) [ il
PARH 5 b T AR e R 8 CR A - 4 81
S8 TR R A BZ T ) AR ) (R —
B DOSE, I TR ME MR 2B 70 A B W] I &5
T FLAG AN [ B 1A 5 kRl B R 1) R 249 e
A [7i B T 5 5 B P R e v S, 3 A

J& DABETH] 38 FE BRI I 2= S 8 E A B T S
e, BIHINTETH R R BRI 45 e itk CPB &5
Bl B e T PR R e PRI, 8 R DU 45 7R 3R 1K) 77 2
SHONITESH8, (H Nasirl®143 5% CPB-CPB
WA CPB-AA CAKE) XTI &
B, TEARFRNER R )44, CPB—A A i 18y
P55 B e CPB-CPB iR 14 1 87 1) 4 FF A .
Atapour 2017 B R EE R R RO R, KL
TERRIZAF N, AR ER Ry AR (0 BY D47 o
EFE-ATH, (HA B R AR R By U)o i
KR RE A RE A DT aE-AE MR
JEE o WA B T 558 AR 1) 77 2 S 80 o kit 3
(TS S EU T AR — 2 i 1) L

XL A8, Ghazvinian 25081 DLAE U5 1R -
W HOABE TN &, R IAE B 1) i F = T ke
() B T 450K B BT BT — 0, AR A
T PR 00 R P (R Rl VR ST 7 ik 1Al N /) R
5 8 B TH 7 P HRRAE P Ak - B D) R R N 2. (HAESK
B TRErR, AR B (1 3R 1H Gz LGB 1 IR 1 B T R
F. 40, Johnston ZEWFFL TG R, B4
RSB IUE L5tR 1) P31 A — VR 3 () B
DT RHE, RILEIUAT h S R SA %)
KFo B, A THE AR TR, AATHEREIY)
PN e N A%, FEBT D) A b AR A 38 ) 3R T
— (b T 8 % A2 BY TR, WA 0 B AR AR T
PRI YY) 98 B RFAE I — 2D T

R, ASCAE B 3D i AR 3D FTEREIAR,
BESR T THCES AR E AR T B . b R AL BT 50
ANFI 5E A AR Rk, R AT Tk
R FRIB YIRS MR RIG R, b 7 BRI 5
FERFEXHRAF AT 5B DL SRR AE ) M, 7
UREEAl b, ESL T EVERIN D N HART L, %
JE B THY 558 PR AAE (P XA 1T B2 IE JRC-JCS BY 1)
s JE A

2 BRAEAT R A A o AR A

21 WREAR BRI BT R

HH A WERIES R R 2, SRIEAH
7 R TH T2 SUARFAE (0 5 A1 B R A s R I, 3
1M BRI 2 R A R MR e PR . i iX
SRR, ASCAEBY =4EYe AT R SR 3D TR
BARIRAT S FTEIESURF AT B ) PLA 3TED
B, JER K VERD SR BEH & A A A B AR 2L
TR R REAT BT 7

WP E M BESM LR B 1E S5 A0 R 300 77



510

RFEEA: -1 B AR LA 04 JRC-JCS BT DB A2 5 2791

PRGN 2R . AR SO I M B ) H 5 T T )
TESURFE, AHRIEM BT TR E MRS O
FRAIATTERD, DA B PR KRR B Ak TG vk B 47 b 52 )
AT N E SRR IE IR0 s QIR PR PUERERR 3h
AKUR, DAY RE BEAR T H T (0 A 8], T BRI
T L PO ST O O N s Gl T T 2 S
T3 R ) R

DRI TR AR B 1 BY D) S B ARRAE , DB
TAEIZ I AR I A R R (LK D), JF
IEEUE 1 B XSO FE0 5, HORSE 2 150 mmix
150 mm. AL 3 2 N [ B R 4H A (AR
¥, Wi 1 FiR, i, LLICS 20153 i) B ] o T
AR ZH A, LHICS 4775 3 ) B [ iR 2 g i—
FEfEL A, LMICS ZH 775 B ) B T o 5 (- 55
SRIEHA

| LLICS—ikim)E

LLICS—&3i B

(b) LLICS 4

LMJCS- 431

(c) LHICS 4.

(d) LMJCS 41
B1 A HRAFR

Fig.1 Specimen casting scheme

7 A& AR LU A2 IR 1 58, Ak
Ve RBAHA SRS A 78 R 2 AT IEAS S, 43l B
AN[E] ) IC B VR Bt i A, SRJ5 72 RMT-150C &
FSFRIEH AT Sl R 4, Al s ik
PSR 1 st t, Fod 3 MAS[RIEC B R A 4
TR AN 20 ar A KSR . TRAEREE . &
SEFE 3 M, J1ESEUNER 1 on, Wi 2
FIRe T34h, NRAETT BRI 9 FE AN R 2 & 07 =X
S ST R R RE T 9 P R AR

%=qu/ (1)
O-c_soft

A A, NEEMREREG o o AT ELRE [ 50
BUNMUBIPUETREE ;0 porg 9719 BREE ] 38 B RN

BT R R .
A, LHICS 1. LMJICS 40A1 LLICS 4Lttt
{1 A, 798 3.12, 1.97. 1.00.

x1 ARAEERAHEEHESH
Table1 Basic mechanical parameters of specimens with
different proportions

PENGURIREE  SERE
K 1) M=l b ¢
B} KR AR DK o/ MPa E/GPa
re O 1:1:0.3 68.37 22.58
GREi 1:2:04 43.14 21.27
AR50 1:4:0.6 20.91 12.21
80
Sl
70 +
60
s S0r Fp SR B
§ 40
2 0T o
20 +
10 }
0 1 1 1 1 1 1 ]
00 01 02 03 04 05 06 07
A /%
B2 AARER

Fig.2 Experimental results of specimens
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Fig.7 Shear failure volume of specimens
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Fig.8 Effect of wall strength on shear failure volume
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