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A new rock mass rating method based on Mamdani fuzzy inference for rock tunnels

1.2 . . . . . 1,2
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Abstract: The rock mass rating (RMR14) method can evaluate the mechanical properties and structural conditions of rock mass
comprehensively and consider the engineering factors such as the initial ground stress fields and excavation ways. RMR14 is
quite suitable for evaluating the surrounding rock of mountaneous tunnels. But the ladder-like rating in RMR14 will cause the
fuzzy uncertainty at the interval boundaries. In order to evaluate the quality of rock mass more accurately, the fuzzy
membership functions are introduced to solve the problem of fuzzy uncertainty based on the Mamdani fuzzy inference method.
A new RMR14 method based on the fuzzy inference is proposed by using the “if - then” reasoning rules to realize multiple
input parameters and inference rules of the fuzzy inference. The new method is used to assess the qualities of the surrounding
rock mass of Piaoli tunnel of Dushan-Pingtang highway. The results show that the new RMR14 based on the fuzzy inference
can draw the existing engineering experience and appropriately solve the boundary problem of fuzzy uncertainty. Compared
with the original RMR14, the new RMR14 based on the fuzzy inference can assess the quality of the surrounding rock more
accurately and steadily.
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Jriks ARAESCEEVTR B i, BT TBM i
T AT B A SRSV i

I A AR 2R A 5 A TR Hp BT SR A
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BN 6 FIEARSHE, HAPEHsSHAR—RLZHEN,
K2 BRI HE L 7 VETE ok 2 3\ S B I FR
2%, Mamdani FEHIHERE 7 iE IR “if-then” HfEFE
R, HERRLREAR W BRI, 2 ANS L
22 AHE R RO AR HE BB SRARR AEFA o ARSC I A
X RMR14 AR5 4% 550 PF o3 ORI i), 5] N SR
J& PR A R U HERE (¥ 772, 72T Mamdani
BRI HERE 7321 RMR14 BRI 51k, v gt
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1 RMRI14 932%

Celada ZE!"I7E RMR 75938t 1, Gt 4010454
AR SRAEZEG B RQD FIAS & 2L 1 8] #E 1P
I3 PR RER AN IE S AL H F8 A%, FHEBHIN=5 fE 4207 3.
B 3 52 [T 14 B 77 R AR SRR AIE DL R S5 A T 3 e 1k 48 2
T R ZRM HLAHATABIE, SRS RE00 T8 HERA B 1 4
A BB A A & 1 RMR 14 Bl 90 2% 5123

RMRI4=(RMRI4, +F)-F.-F . (1)
A RMR14y, WA EFFHZ R R 1A AR A5 &= T
ars Fo N7 FE A5 THIE 7] 5 RS 4 7 1) % R IME IE

Wis Fo NZ5EITYET7 B IE R B FoONE REREETT
P25 N AR B 1 R H AR I AR SR T
77 RMR 14, [UZRIEQTT

RMR14,=R +R, + R, +R, +R, , (2)
XHs Ris Ry Rss Ras Rs 73 HIDNE A B PTG L
LA RQD MIGE A fE A AN IESE B H . 454
MM CRERENE. HIRETREE . AWM RALTREDD
MO KR A 254 LS A i VAR A 1 PR, &
SHOF LR 1~6.

x1 5ANERETD R,

Table 1 Ratings of strength of intact rock (R;)

AR
>250 100~2 ~100 25~ 25 1~5 <I
25 % IMPa 50 100~250 50~100 25~50 5~25 1~5
A 15 12 7 4 2 )

R 2 NEEEHBITS R, (L2E6%E B RQD MEEHHEEE)
Table 2 Ratings of density of discontinuities (R;)

RN

w0 1 2 3 4 5 6 7 8 9 10
H%0/m

P4 40 34 31 29 28 27 26 25 24 23 22
RN

. 11 12 13 14 15 16 17 18 19 20 21
H%/m

PES 21 20 19 18 17 17 16 15 14 14 13
RN

N 22 23 24 25 26 27 28 29 30 31 32
H%/m

PE4 13 12 12 11 11 10 10 9 9 9 8
RNiE:

. 33 34 35 36 37 38 39 40 41 42 43
H%0/m

¥y 8 7 7 7 6 6 6 5 4 3 3
RN

. 44 45 46 47 48 49 50

H%0/m

Py 02 2 15 1 1 05 0

*® 3 GMIEFETS R,

Table 3 Ratings of conditions of discontinuities (R3)

FiE <lm 1~3m 3~10 m >10m
P 5 4 2 0
FHREFRIE R R FH A P e
LAR) 5 3 1 0
. T e
<5 mm >5 mm <5 mm >5 mm
P 5 2 2 0
AAFRE KRR &AL mAEL e
LAa) 5 3 1 0

&4 WTKBRERIES R,
Table 4 Ratings of water (Ry)

o T KIRAF 251 eETE WO W W

PEIY 15 10 7 4 0

*®5 SAMERRMIEEITS R;s
Table 5 Ratings of alterability of intact rock (Rs)

HARIBIE  osol 6000~ 85%  30% ~ 60%  <30%
B4 1y,

PEIY 10 8 4 0
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Table 6 Adjustment factors with respect to orientation of axis of

tunnel versus discontinuities ()

TRLE A TRERL WEGERCTAT A ET

— R T R T TREERZ  FER
e BURL AL A BR MR mR R

jﬁiﬂh%ﬁ4° 20° ~45° 20° 45° 20° 0°
EE 5% ~ 20° ~45° ~20° ~ 45° ~ 20° ~ o
90° 45°  90° 45° 90° 45° 20

o REF BHF B AR BAR BE 8
N 0 -2 -5 -10 -12 -5 -5

HRIFE T RIE IE R FL 4% F it
2
1+2(RMRVRJ (RMR14, < 40)
100

F:: = ’ (3)
RMR14, —40
132-Y2"2 " 7 (RMR14, > 40)

Hep, 2 F =1 AR ARSI Z N R 2 5.
2 [E R IE FF¥51H N 7 B AR AE B IE R FooN

13 (ICE<15)
2.3J100—ICE

F = 230ZICE s icp < 0), (4
7.14~100—ICE
1 (ICE>70)

A A1, ICE (index of elastic behavior) " hys 47K
Fe8, NRAETTHE K AL RS 42 10 B 0 1) 3B P R
FREEEI3EdR, ICE HHEARWIT:

RMR 14, ~100

2%
37040, (K, <1)
G-K)H
ICE = y (5)
RMR 14, -100
37040, *
GK,-)H
X, o, NWEARRHPUEREZ (MPa) , Ko AK
SRR A] BRAR S T A, H O ORBERIEIER (m) , F
RT ARRY FEUE
Table 7 Values of shape coefficient

(K,=1)

HN TR F
FJERsE, BEAE6m 1.30
FJERsE, A% 10 m 1.00

WMBEIE, 14 m 9% 0.75
25 m FEx60 m & i %= 0.55

2  Mamdani HRH#AHEIE 50X

RMR14 7 R I7EN BRRVE 2 FEVE i 2 51 ke
ORI e, IiE SNBSS, MIETE
S FE R B, HR A Mamdani ORI HERE 55k AL

RN e, RIS S B SRAE TE nA EE ) [
FORVESr o Mamdani BOR L VAR R “if-
then” HEELVEI, TEAR P 2560\ S50 2 HEEL R (1) 45
TR o R AR B A f g 0
2.1 1EHiE

BEORA L0 RO E 25 18 DLAE Bl 4 8 36 1) it b g vr
VS HER N SRR AT R A S8 R W
EREEH @AM ARSI S, %E
FILRE 38 BB S M, A SO R = M &
BTSRRI (LA D,

w0 0, (x=sa)
1th----- X=a (a<x<bh)
—u(x)={ b=¢
— (h<x=c)
0 (x>¢)
o« b ¢ *

u(x)
1

=

0 (0sx=a)
1

______ =4 (a<x<b)
——u(x)= (b=x=c)
d=x (c<xed)
0 a b c d " 0 (x=d)
E1 =A@k (L) k#Ek (T) REIHEIK
Fig. 1 Triangle (up) and trapezoid (down) membership functions
2.2 Mamdani fRH#fHETE
BB HEPE R G2 LA AR Ak . Bl “if
then” 0 U1 1450490 48 30 265 Ll b 0 SEAE SR, oo
Mamdani B8N “ifthen” £5HILL T FIER
géi\ﬁ H
R :if x, is 4,, y, is B,, then zis C, (i=1,2,---,k) , (6)
Kb, b ENEEH, X y NRAZRR, z Mt
AR, Ay, By MG NS i SRAEEN R A% A\ e
t g o A -
Mamdani R HERLRLIFORE 22 g AR B B
BRI BRI OC R SRR & & s AN,
Kl 2 Bz 9 Mamdani A58 B SE BO ARG 7)o

Q

I
I

Min v

- 1A -G
\\ /\ I ]
0 X o T 7

2 Mamdani #HHEIR I F21202!
Fig. 2 Mamdani fuzzy inference process
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5k B, S5 HET Mamdani BORBIERE 1S BEIE S RMR14 7) 2% 2119

TR AL, 5/ T 2 (O i 4
B IR — AR IOBRISE I S AR P
LR — AR P, L (Rt Bl 1
Bl . BRI Kb ) AR (R
W BOAMERIE. AT SNSRI
Jrvk. MTEOWE (COA) [ FIRITHE 11
i, AHFICRFI I AT 2 B0, T 00 S
(TR — 8 SR 1 5 S

Zeon = | 1,2) 282/ [, ()& o (D)

K Zeopa Nz BIREHIENE,  p, SRR 5

3 RMRI14 532%H) Mamdani FR#IHEIE
# &3 RMR 14 5 2 R G0 P AN 2L TH $ H (DN,
ZRE 75 RS RQD AIZS M FE ) HIVFE4 Rpn [AIBBER /N,
VA EGES:, PR P55 R AR e 1t [l ) 48
TEALEE (R*=0.99), ZpHr&h BT
R, =34.25-1.55DN +0.033DN* —3.25x10* DN’ (8)
Xf RMR14 739 5 48 1) 55 A 1) B Sl e s o g
(UCS). Gty 44 (DC). HiF/KIRAE %A (GW)
A A B fEETR L (1) SRR R DLSCA R 55
Sk aE R (DO) L B TE 2R I A (1AE 1E T AT 1O
AER . BN AR RS A, SRR R B R R
WU A 45 PR A AR IX (] 121 FE A R S5 & 2 0.5
FEPURSRRE (UCS) VP2 SO HE s I F2 WK 3,
Kt VVS., VS. S. M. H. VH. VVH 75L& %
EHPUESRE AR N (<1 MPa). 1R/ (1~5 MPa).
/N (5~25MPa). H1%5 (25~50 MPa). K (50~100
MPa). 1R K (100~250 MPa). JE%# K (>250 MPa).
FEIHUE RN VVS. VS, S. M I R = M0 A5
SRR RAL, IR RPTRSEE N He VH. VVH KR
FHBETE 20 AT () S T8 R A . BRI o S AR 41 2R FH
7 % “if-then” MU (WLER 8), FRAZIELLM MR I [ L
3,
7R 8 BUhHESRE (UCS)EMHEIR AN
Table 8 Rules of uniaxial compressive strength (UCS)
75 R0 R )
1 If (UCS A VVS) then (Rycs A VVS) (1)
2 If (UCS A VS) then (Rycs A VS) (1)
3 If (UCS N S) then (Rycs N S) (1)
4 If (UCS A M) then (Rycs ¥ M) (1)
5
6
7

If (UCS A H) then (Rycs A H) (1)
If (UCS J9 VH) then (Rycs N VH) (1)
If (UCS >4 VVH) then (Rycs N VVH) (1)

1‘3’35 M H VH VVH
ﬁo.s
15 W SO T
0 50 100 150 200 250 300
ﬁ J 12
B 9 9
i iﬁﬁﬁgiﬁ 74 “if—then"_» j
H ) 1 = 6
% v | .
LoVSS M H VH VVH e
0 50 100 150 200 250 300
g ucs
0.5
H
0 5 10 15

3 BIMRESRE (UCS) i iEMEIRdfE
Fig. 3 Fuzzy inference of uniaxial compressive strength (UCS)

MR KR AR 25 CGWO PR BB HE R R WK 4,
Kl CD. SW. W. D. F 7Rt F KR A7 51
MR L B W R R KIEAE S8 CD
IR =M AT RIS R BRE, T R KR S+
SW. W. D. F RRAKEE A0 @ ek . R K
RAE SR A ORI HE R 5 2% “if-then” RN (L3R 9),
ARG IE S IR We 7 T8 LR 4

9 WRKIRFRHE (GW) EMAHEEMN
Table 9 Rules of ground water (GW)

5 AGORY) HHE AN )

1 If (GW A CD) then (Rgw N CD) (1)
2 If (GW A SW) then (Rgw N SW) (1)
3 If (GW N W) then (Rgw 9 W) (1)
4 If (GW N D) then (Rgw 4 D) (1)

5 If (GW A F) then (Rgw N F) (1)

M . T

EHREEEE

1 1 1 1
50 100 150 200
GW

EH

El 4 #TKEERG (GW) TS RMHEIREIE
Fig. 4 Fuzzy inference of ground water (GW)

AT AR S () VR BORI R R W ]
5, B s M. F. L 0 RS A i iR oy
N (<30%) HEE (30%~60%) BUK (60%~85%)+
R (>85%). HAMNBAFHEIRECN M. F IR =
AR IR R, A A TR ROy S. L i
K BB TR A0 A B SR8 B . o A T AR 48 BSR4
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HSRH 4 26 “if-then” RN (WLER 100, FRAGIELEM I
IDAITRN IR
# 10 EAMABMEIER () EHHEERN
Table 10 Rules of alterability of intact rock (/4,)
FP5 SR 41 FE )
1 If (Iqy N S) then (R, 4 S) (1)
2 If (Iqy N M) then (R, A M) (1)
3 If (Ip 9 F) then (R, N F) (1)
4 If (I, W L) then (R, N L) (1)

10}
0.5 T
10

0 10 20 30 40 50 60 70 80 90 100

l 8
a6

HATA ([Ey 4% “if-then” =
bS8 5%@1 —E 4
R 5

>

(1)

ENEEEE

1.05|i lM F: L 020 4'01 60 80 100
0012345678910
5 EATAEMMIESR (1) TS RMERERE
Fig. 5 Fuzzy inference of alterability of intact rock (/4,)
ZRTE R (DO) VR BB R IR LI 6, [
{1 VUF. UF. M. F. VF 733 R334 H T E [7]
XPREE S AR AR . AR — s AR AEEAE R
SERJTHE A UF M. F SR = AT 504 (1518
e, MZHTHE RN VUF. VFE KRB 7546 15k
JE R SR E P B HERLR ] 5 2% “if-then” #)
W CIHAR 11D, SRAFZESE e B 18 WK 6.
11 SHEER (DO) HEHAHEIEMM
Table 11 Rules of discontinuity orientation (DO)
5 ASORHHE A )
1 If (DO A VUF) then (Rpo N VUF) (1)
2 If (DO A UF) then (Rpo N UF) (1)
3 If (DO ¥ M) then (Rpo 4 M) (1)
4
5

EH
=3
n

If (DO A F) then (Rpo N F) (1)
If (DO A VF) then (Rpo N VF) (1)

1o YUF_UF M F VF
mOAS—
T 7 TH]
ﬁ 0 0.10203040.50.60.70.80.9 1.0
B l
RS 5% “if-then” g
et Sy e g
o [ (DO) (e
mﬂ ‘ -12 1 1 1 J
1-0VUF e M X F 0 02 04 06 08 1.0
DO
i 0.5+
i

o 5 %5 = =2 o )
6 5MEER (DO) P IRHIHEIRT 2
Fig. 6 Fuzzy inference of discontinuity orientation (DO)

iR AE (DO PRI RS FE WL 7, B
HEEREME (Con) XFRZFI S. M. L. VL 43 HfREL
MK N ANIES: (<1m). T2 (1~3m). BiEs:

(1~3m). FFIES (> 10 m); HBEFREE (R X
¥ SS. Sy Ry VR 43 HlAR R 45 1) A RE R 2 o
SR KRS ARG FRIEMIER (R %R Hard
<5 mm, Hard>5mm, Soft<5 mm, Soft>5 mm 43
BRI LA T TS N B0 H RN T 5 mm, IRAF
HEFERT S mm. #3535 HEE/NT 5 mm, %55 HE
ERT 5 mm; S5HERARRE (R XFRIF UW,
MW. HW. DC 43 Hll A3 4 25 1) 1 A AR BE R IR
oy XA, BRRE. e L. RN S, VL
IR BRI A A (SR R ek g, e RGO ¥R A
ST A B FE R R A 45 M T 2% 1 AR HE B R
256 %k “if-then” MU (WLFE 12D, FRAFIELE 1) ma S [
DL 8, ZEME T A VP BRI HEI R 2 IR 4 NI
e aLfRE. MURERERE . HAWMNRNWREE, ZHA
SR HERE TR HEBEALI) (256 250, PRIL 25 eyt 2%
A (PSR HE B R B 2% o AR SR X Mamdani A4 HE
HOL A, R “if-then” FOHEBEVEI, 884052 2411
Bep ik R, S HER R B ARV IS

BT RO e AL EE Y RMR14 374y, EEK)
2 i) R 2 N % R 2 AH D0 (R 5 A D 73 RMR 14y, FHER 55 45
Fa T A 1) 55 BE T 2R £ S8 RIMAB IR Foo X T
RMR14 M EESE R, H FRMR14 KE£oR, Bk
FKiEXa T

FRMR14 = (FRMR14, + FF))-F.-E. ,  (9)
Hrp
FRMR14, = FR g+ Ry + FRpo+ FR g+ FR, , (10)

A, FRMR, A A5 BT 0 FEAME,  FF i
WIELIE T (s RS R T AE [ A B IE T, FRucss FRpes
FRow MTFR, 73587~ &0 BARDUR S5 . £ 1T 2%
i T KR A i o g8 1 F5 KT O 2

4 GEBKEEE T RIRMEE

5 BEE A T 5 M AT = ZK6+940—ZK 7+060
FRERPY, ZARBRBRIE K 120 m, THARHEIR N 30~124.2
m, BEIE A RN R — i K, A AR
W—EonkE, A 2hHEERSGH, aMmEzo L
BEBREITYZ o R AR B iR R 23 MTFZIH (F1~"23),
HRAE IR 47 T 52 I SR B RAG I 5 A 77 2 1t S RN 254
T2eAE, 239 A RMR14 5T BEAT Sy, FIA
SCHTHE AT Mamdani SR HEEE ) FRMR14 7575
X1z B RS B o AT BRIV 2. RIS S B
A A R L R TR B SRR 2, SR SR
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5Ky, A T Mamdani BOBIHE LK) I BEIE S RMR14 7 2% 2121

R Wt > 2

M L VL

FERR
g
|

0 2 4 6 8 10 12 14 16 18 20
‘ e ‘ %Ziﬁ ‘ %ﬁ;ﬁi ‘35#3&1%

0 AR R
SS S R VR
1.0
il
8 05y — st (oo) |[EEY 256% “it-then” sy
=)

0 01 02 03 04 05 06 0.7 08 09 10
H>5mm | <5 mm | >S5S mm ‘ <5 mm
2 2 5
lgoft>5 mm Soft<5 mm Hard>5 mm Hard<5 mm
% Fi:E=3 = i TREF
HO05F VP P G VG
o 1.0
0 01 02 03 04 05 0.6 07 08 09 10 i
‘ iy ‘ R ‘EP%JXW:‘ KR ‘ Hoosk
0 1 3 5 %
HW 2
1.0
m T T T T T T i T T 1
T 0 2 4 6 8 10 12 14 16 18 20
05} _
7
B

0 01 02 03 04 05 06 07 08 09 10
7 EMEEL (DC) S EMHEIETE
Fig. 7 Fuzzy Inference of discontinuity conditions (DC)

12 HEFEG (DC) EHIHEERN
Table 12 Rules of discontinuity conditions (DC)

75 AR HHE FLA )
1 If (Con “4 S) and (R, N VR) and (R; ¥ Hard<Smm) and (R, ¥ UW) then (Rpc N VG) (1)
2 If (Con >N M) and (R’ VR) and (R¢ -y Hard<Smm) and (R,, & UW) then (Rpc N VG) (1)
3 If (Con °4 S) and (R, A VR) and (R >y Hard<5mm) and (R,, ¥ MW) then (Rpc N VG) (1)
4 If (Con “A S) and (R, N R) and (R¢ ¥ Hard<5mm) and (R, ¥ UW) then (Rpc N VG) (1)
5 If (Con “4 S) and (R, A VR) and (R; ¥y Hard>5mm) and (R, ¥ UW) then (Rpc N VG) (1)
6 If (Con 4 S) and (R, A R) and (R¢ N Soft<5Smm) and (R,, & UW) then (Rpc A VG) (1)
253 If (Con >4 VL) and (R, A SS) and (R; A Soft<Smm) and (R, ¥ DC) then (Rpc N VP) (1)
254 If (Con >4 VL) and (R, A S) and (R¢ N Soft>5mm) and (R, &4 DC) then (Rpc N VP) (1)
255 If (Con >4 VL) and (R, A SS) and (R; A Soft>5mm) and (R,,  HW) then (Rpc N VP) (1)
256 If (Con 4 VL) and (R, 4 SS) and (R, 9 Soft>5mm) and (R,, 9 DC) then (Rpc 39 VP) (1)

[23]3H " BQ-RMR X & (3 10) K3REH RMR14 ¥ AEE R, S x4k, 3 mm 8RS8y #FK
H1 FRMR 14 $F43 #e 5 % BQ, HK 4l GB/TS0218-2014 g iR, ot/ F (- B8 o N e B, il

(LR MO bRt o2 Bl 25 )

PA"2 FFHETH 9, IR A5 45 A BT s 5
FE°8 19.15 #£ MPa; = N IS 55 i HEFa Z0N 93.5%:;
ZERH KN 4.1 m, FREKTTHE 5.7 F/m, 45

R T BT, VR 30 m KT AT A )
BQﬂmm$;%£§§%° (1) FIECAE 0.75. 495 H EHEAh BA SCH B

S I3 IT A2 TFARTH LA R ATV, BORIEEE R
BRI 9, VRN S L TN
# 13,
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GW=98 (IBIR) FRew=3.62
’ * -
(o) 0 15
D0=0.58 (B H|) FFy=—4.87

Rule 1
Rule 2 AN
Rule 3

Rule 4

Iil:i‘fé :';illli‘:i;'
LN

Z2AL

Rule 5

TLlL
N4

-12 0
(d)
(o) PR HERELRERERE () RACBHER LS ot U—
8 SAIE R (DC) 4 HIEHIHIIEHE Rule 1 : =
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