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Research on Surrounding Rock Classification and Support System by
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Abstract; The Norwegian Method of Tunneling is adopted in the branch tunnel project of the NEOM
tunnel in Saudi Arabia. The surrounding rock category is divided according to the Q) value determined by
the geological sketch, and the supporting structure parameters required for the project are determined.
Based on the detailed analysis of the parameters and calculation methods of the surrounding rock
classification method of the Q system, the geological work flow of the “advanced exploration hole-
geological sketch-TDMS tunnel file management system” is formed from the aspects of advanced
prediction, tunnel face determination, hidden engineering record and so on. Meanwhile, the Q system
classification method is used to divide the surrounding rock support grade and select the corresponding

support parameters. The support method of grouting bolt + shotcrete can be mainly used when the

surrounding rock grade is good. It is also necessary to use the grid steel frame/steel frame + steel mesh to

ensure the safety of the support system when the surrounding rock grade is weak.
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Fig.3 Excavation support process

2 O EEEHNRENMT
2.1 HHEIT%

FRAE I - T RSB A 2015 1 Q &
GEFITMN 0 (6 EE L 6 MRS 52
T S

RQD ) ).

0= J 7 “SRF (D

SR RQD U BB (B R ) 5 )

HATER R IR R b s

B0 T, S BT 505 SRE S 7 7 570, 28 50,

J

i, R;?—D L8 T AIRSERAES T, T (G T b
B Si{F o T TR,

O {EFEHE M 0.001 ~1 000, %140 H 9 A & 25
4041 (L ph/INEL K, 4 IR PR e M2
B 2 B A R SR 0 1 G



2024 No.7

I #UDHE NEOM BERIE Q R GEMH & 7028 M S R R 5 31

®1 QRZEEEDR

Table 1 Q-system rock classification

®3 J, BERE
Table 3 Standard of J, value

Qfi o001 01 1 4 10 40 100 400 1000 B FI5E brife I
FUAER R s dEw2E 2 — W I JE% I W Rl A BERBOIR, TO7T7 B /D1 3 0.5~1
B 14 2
2.2 SHRESEHUE c 1 41 AT BEHLFE 3
2.2.1 #A bk ROD D 2 4T EE 4
" Eﬁxf%*ﬁﬁ N [N . . E 2 2 IR AL T 2 6
10em AR A O BE 2 A5 24 e R A 4 L, i G 3 41T ALY B 12
WLL 5 N FEHUE , fEBFANERE R, SR P e H 4éﬂwIiLJL,ﬁ%ﬂﬂfh,h\ﬁ%ﬁ‘?ﬁﬂk% 15
] WELE A R 20

PRAY TR H AT

RQD = 115 - 3.3/, (2)
A, MEAARAY T B H . RQD HUE LI 2
FIis

2 RQD BUEHRE
Table 2 Standard of RQD value

®4 J BRERE
Table 4 Standard of J, value

EX TN F AR RQD &
A iz >27 AT H/m? 0~25
B *= 20~27 AT EL/m? 25~50
o — 13~19 A~ 3/m’ 50~75
D I 8~ 12 NI/ m? 79~90
E (333 0~7 AT B/ m’ 90~ 100

2.2.2 TTRRA%L,

AHTF) B 48 PN F () — #4403 4 FH T 1 B i) AH B
FTEE T AT 0715 B, FR A 5 A Jo R L BRI
BEECK Y BAR A BEML T BE  FERRE b T, Y
PHAAEL T, WA, MR 3 1A S HE o0 1 B 2H 4
WhE , J, P IUE I A ] B A5 11 B A B30, FE BR
A SCITEL 37, , 76 R T 1T H 2, AR B A i
= 3 fis,

2.2.3 THIHIRERELJ,

T ELATEIR | SHRE (4 U AR W S
fil 77 =X, N SR AR RS AR B T B R BRI B
TR BHERE (Y R A 38 R ORLRE T OBl AR
T A /N REE (mm, em ) FOHURS B2 SEATHE R
AR B AEARTE W AR KRB (m) 1Y
RS P HEA T A

FEITER Q (ERT , T B 5 FF 200 T A OC 1Y i
AFITT R J, 8 (5 R8T B ) 53 % 4 2k 1)
MISCER IFA—E Jds/MA) | RIS 2 59 U i m]
ek, WNSRARSETT BT AG-F X R BE KT 3m, 0] J,
IE AT 1.0, - B %W i G R BBt 5y 5 i
fi%,J, ATH 0. 5, AU E R HEANER 4 PR,

2.2.4 PRURARZREL T,

BT FEAELRE B2 A1, 47 B 7T S 4 19 P X 5 e (]

PUBYsR B R oI o ) A B T )

R B bR I
A R 4.0

L B RIS R AR AR A 3.0
DGR R 1.5
bﬁ%gggéﬂk E KU s R SR 206G 15
PP, T A 1.0

G GIERY,SFERY 0.5

WA R DU |

¢ B E ik P4 285 '

ANRE i T A JELRE JE LA BELAG 9 BERE B it

e s 1.0
FRRD o AR B B Y

FAPRELRE FEE RN RERE o XFei iy 19 8, S Tmm 52
AR Lb 25 BE 3 i 5 SR T, St T AEURE RS AR (45 2, AT
e B L KL B LK,

B Y AR SRR X T g, (A H
AUCEMAER . K& S ) o 3 78 4 AR
WD A0 BRSO K T AT I
M AR+ R 2w K R e] 51 Rk
PR 2 g ith e J, (EL

WATPEAR 25 5 0 B BT A T ERAL W J, A, FETT
B Q EB, W20 FH X A2 R M f AN B Y
JAE (T B E ) 5 = A E KR, IEA
—E IR KAE) , BV A AT R & AR BT VI v 3A, J,
B ELARBUEAREINZR 5 IR,

2.2.5 HUKITIMAREJ,

7B BRI A7 R 2 ot s b ] G
Y FEIE) Uk /D BRI % JBE 82 DT R AR LA 5
&, KR AT ARRAIG Ty BEEE b (35 1] B g, (i e ol
AU Q ARG F A UK RS J,
A Hb T AKOGT LA B A 5 ) AR T T R B
K R B T S A R TR T, B B LR
JEM TR A K R E SR | B O g M HE K R A, B
HUEAREANER 6 PR,



32 Jil T AR (3 30) %553 4%
x5 J, ERE
Table 5 Standard of J, value
7 HRRE F2 il 2 ) TR R IR FRARNEERSM @,/ (°) I,
A LS, S R ARk — 0.75
B B RAR R, (UG AR 25~35 1
T 53 B fih R 47 C PRI AR AR W35 2 0k AR+ e 25~30 2
D 85 sRb T ) B e 20~25 3
E AL IR RS L0 W 5 )2 8~16 4
ORI E UIY YA 9% - oY & =R R L 25~30 4
11 T2 DY A AE 10em (8% G B ELS AEHALE Y 16~24 6
LY S A 42 H i (G 255 - 7y 12~16 8
J HKES e 6~12 8~12
K s A, SR [ 2511 16~24 6
L B+ PR s e A A 0 DX R | v AU 1 285 () sl AL e 12~16 8

I A2 55 15 PR 1]

M IZMHEZ £ R RE IR FS K/ NBURL 1Y E 4 L 6~12 8~12

AN b R Y N JEE )3 252 IX Sl 286 7 o 2 T 45 ) 12~16 10
O JEE % 2 X Rl 26t Ry, v/ {1 BE A 3] 45 7 12~16 13
P LB 2 DX R Rl 7, O T 28 - O/ INIBURE B T 23 L 6~12 13~20

&6 J, BERE
Table 6 Standard of J, value

€74 F e AR Jy
A TR TR s S /N Gl b /> .
7K
B A KR (A B S (I 2K 0. 66
TEE ) 5 4 A K B AL I :
c B AR FEIEAY H A R RE A A7 P KoK R 0.5
K ’
D JOKFEGE K, WE Y KR 0.33
. @ T = A W i 1 B R 0.2-0.1
BRI T BESR G T
. KK B R K B S AF AR T B A T 0. 1-0.05

AR, 3 BORRHI 2R 3 T RS B

2.2.6 LTI FREL SR

— R UL, SRF 3R 1 M T A RE FE Rl A 0 1 Al
ASRJEZ B FR R 7 52 R F ] DAFE % T 1
BEHWEAGR, i TE R A B R LA R ik
S BRI E R ST B4 v UL 2 B AT RE 4 200 — 2e
[] AT LA AR P 1 RIS B8 | SR FE AR i A B
YRR o, 53N o, Z I8 Z 8 ] 1 R
N oy 5 o, ZIAMKEERFITE SRF, 161 FEIZBY
BE,SRF 1T LIARRE 7 552 F i FE AR AE ol [X dal o #)
2RI ME . SRE BUEFMEINE 7 FiR
2.3 Q{HEpI

DL 4 5 35 405 DE3 R, 54T Q (115,

1) AR FE R RQD

R 1 S5 B BT SR, S R 1 1 R
H J.=18.75, it ,RQD=110-2. 5], =63. 125,

2) THRLEL

MR 1 R Al 5 B 91,02, 03 3 4 B I,
JR1,JR2 AL 2R, M4 BB AR, T BRH 5, = 12,

3) T EALRE R AL S,

HRAE I b 25l , TR DR 26 2 2 AR s “b
5530 10em 119 FREERR AL fil . £ RLRE SN REI f
SFER”, TR R, = 1.5,

4) TR R B S,

R 30 37 1[5 28 4, b SR O VA R A 1 2R
PRRE B (To Wy s ek A R RS ) | T
BERRTMAR I, A ) 35 2 Rb R FAEREE 5T
W AR R T, =2,

5) THEKITIR AR J,

FRAE B b 5T 2 4, A TR 2 I s
KU (TR AR ), T BRI R T, = 1,

6) I J1 4TI 22 4L SRF

MR b T R, 8 TR A A, A
A N Tl SONE 7 3T R %L SRE BUECR 1, £5 1
AR Q H:

Q=@X£X ]W

J, J, SRF

T ERE T AD-3, 141534 AD-3A,
3 EEXPERET
3.1 [FA S sy

REAMEI AL IR 5E R AZ )5, B %l b o7 TR 0
TTHL TS % Q R 4 KBS EGH AT T
THA Q 1, MR b B 2= i i 15 0 Q (B 2 S 4P 2
H52H, ATHARE Q B3] 5319 KA KRR K5 T
W 8 FiR , £ SIS S HANEE 9 Bk,
3.2 BRI RALS TSR

H1 3 8 AT, AR5 H i WA S 28 AD-2
FIAD-3,4n[&l 4,5 R, P28 AD-2, BAE IR I
TEEE R R Sm, 4 W JF 4%, W5 IR B R R

=3.93<10



2024 No.7 T VDR NEOM %I Q REERIA 2 K IR R 5% 33
&7 SRF BUEHRHE
Table 7 Standard of SRF value
J1E B2 5 T TR o./0y 0y/0, SRF
A TR BB S B R RRESA , FEA I H AL 10
s » B 1EELA AL (TR ) B AR IO A P A SR N i 2 A BT D0 7.5
L T”?,;:*Jjjg;‘zﬁg C FUA R ELAT B Al 41 1053 B VR < 50m) 5
D FASHSRIT T HR, AT AR B b, ™ T P a2 /N HOIR & 5
E B SR EA 524 00 A1 i 55 DX (%R > 50m) 2.5
F AR S7, U 3%, 5K T B >200 <0.01 2.5
G AR T IR TR E 200~10 0.01~0.3 1
0.5~2
=N ! 1 ZE ~ . 3~0.4
10 B R N ST AR R A, — A TR E 10~5  0.3~0 o
J HURA R Th J5 7= A b B PR S 24 5~3  0.5~0.65 5~50
K HURA A, U450 P9 77 A Al 2wl A 43 3~2 0.65~1  50~200
L Bk, A, 7k B 3 AR e <2 >1 200 ~400
I B RS A, SR M %R R 1~5 5~10
FEMA T S BN N EE MR R >5 10~20
s T ST 0 BBk 5~10
IV IZKAE A, o IR 3l PRI 10-15
e x TR Y BN A SRS A, R R B TR B 7 ), 5 R 105 8RR TR E , SRF HUEH 2.5
x8 QENAZIPLEBR LI
Table 8 Support type of O value and percentage
AR Q1MH 15H/m  25F/m  35F/m 45H/m  55H/m  6%FH/m WEEEKE/m /%
AD-1 >40 207 200 375 565 307 115 1 769 21.0
AD-2 10~40 225 252 512 668 389 410 2 456 29.2
AD-3 0.4~10 367 415 827 1168 674 244 3 695 43.9
AD-4 0.05~0.4 20 52 205 104 23 0 404 4.8
AD-5 <0.05 12 14 35 18 12 10 101 1.2
it 831 933 1 954 2523 1 405 779 8 425 100. 0
x99 BXPRBMIPSH
Table 9 Support parameters for each support type
, SPN . TREEL . i B A mm
. iR =i WK S e
> ) B [ =| 3 =| A
T QfH Dk HER/ T W R/ S 0 HEZ EEZ AT
m mm <150m =150m
AD-1 >40 5 50 RURNAT 10 30
AD-2A 20~40 5 75 3 000mm@ 2. 5m 25 95
AD-2 10~20  4WimE 5 TG 75 3 000mm@ 2. Im — 25 95 —
AD-3A 2~10 5 100 3 000mm@ 1. 9m 35 155
AD-3 0.4~2 3 100 3 000mm®@ 1. 5m 35 155
AD-4A B TP e - s R4 % - -
AD-4B 0-05~ e Kot 1.5 i1 250 3 000mm@ 1. 5m P95-25-30 — 30 HZ A393
0.4 it
AD-4C LR G 3000mm@1.5m @1 500mm — 75 W2 A393
AD-5A T I B At TR A
<0.05 ﬁiﬁf fii : 300 — 245UC107 100 — —
AD-5B I L i @1 000mm
AD-5C 3 000mm@ 1. 5m FE MR 2 30 WZ 12
AD-5D <0.05 LTFTHEME 1 e 300 6 000mm@ 1. Om P95-25-30 — 40 A f 1 R
AD-5E 6 000mm@ 1.0m @ 1 000mm 50 100mm
75mm , FEAFIEIEE 2. 1m; SZ P28 AD-3, FRAEIR T 4 HiF
HER g 3m, 4 W 0T £, 6 IR 5 1 R Q B4R AT RS X W PB4 R B0 1772 ik 5

100mm , #FTFE]HE 1. Sm,

BEAN X s e b R SR v R 4 B o R 1
O, R L SR A A9 I R B0 I R B4 5 1%, By Lk e AR

R VR

BT AESEBRIT H R R R B 3E A AT
BAETE, R, SRS R o 5 SO S B e %
5 Q HB YIRS, 1B 35 B i n] 2
“TEIEGHAT + WS TR BE 1 50 3307 5 S R SR



34 HETHAR (P30

553 &

, |
=t 7 1 i
i 75 JEE R L

4 AD-2 ZiPZHE
Fig.4 Support type AD-2

] _;m%*ﬂiﬂiﬁ 1.5m
100 B AR %L

5 AD-3 ZipZE
Fig.5 Support type of AD-3

B AT B B R M R B AR+ A D
T RS IR R 24
B v ] i o B Ok i 22 b A VA A1 R S R T

H, U NEOM BE3E SR IUH X Q REE 7ML &

FE 5 SRR R E FMBIHT, AUE T RAE 1 55

H At T 22 4 50 T o i, o 4 )i TR 2 50 H A I

SRR T F 585,

SE Lk

[ 1] R, s L0 R T Al SR G R S e S SR B2 7).
%4%,2022,44(3) :64-85.

MA W B . Development and prospects of key technologies for
drilling and blasting of railway mountain tunnels[ J]. Journal of
the China railway society, 2022, 44 (3) . 64-85.

[2] Mo BkiEEEE A EAR BQ SR @ EguEx LS T

SBR[ T]. TR ,2020,49(S2) : 183-187.
YANG X Q. Comparison and engineering practice between the
national standard BQ and Norwegian (Q-value classification
method for railway tunnel surrounding rock [ J]. Construction
technology,2020,49(S2) . 183-187.

[ 3] EREFH,ESE. ORIRER S Hb X IR 27 G B F 0T TR 5 12 F
FELI] M THACHIES) , 2023, 52 (10) : 83-89.

WANG K X, GONG L. Study on comprehensive advanced
geological prediction method of tunnel in carbonate rock area[ J].
Construction technology,2023, 52 (10) . 83-89.

[4] EEW, 00, i, % BT AR raists 0 KR

SRR TTIR[T]. BRI T R4, 2008, 28(3)
274-279.
WANG Z T, LI X Z, ZHANG Y S, et al. Risk analysis method
based on rock mass quality index Q classification system [ J].
Journal of disaster prevention and mitigation engineering, 2008,
28(3) :274-279.

[5] #AE3C, A, /IR, 5. AR BUIEIN St 5 ik
HAE e oy Bt R ()], R A BEBe 4, 2010, 27

(6) :30-34.

HU X W,HU S M, LU Y, et al. Statistical method for the
number of volume joints in rock mass and its application in rock
mass classification [ J]. Journal of Changjiang River Scientific
Research Institute, 2010, 27(6) :30-34.

[ 6] @ar V. v [ o e BE G [ A o 200k M Q B 75k Kor Ak

RMR T RESC R RIT[ )] SR BB 5 Bk, 2013(3) :203-
205,224.
JIN L P. Discussion on the corresponding relationship between
China’ s highway tunnel surrounding rock classification method,
Norway’ s (-value method, and South Africa’s RMR method
[J]. Urban roads bridges & flood control, 2013 ( 3): 203-
205,224.

[ 7] B8 XURN. FR5R BT A% 15 T BE 38 T PR R S i ik &
[J]. P E kK ,2020( 12) :20-34.

ZHAO Y, LIU D G. High performance support system for tunnel
engineering under special geological conditions [ J]. China
railways, 2020(12) :20-34.

[ 8] M&/NE, 8L, BRI, ARBTE Q REIrZEEBHMTLI].
r I SR S B AR, 2008, 19(4) :91-95.

KANG X B, XU M, CHEN X . Q-system classification method
for rock mass quality and its application [ J]. The Chinese

journal of geological hazard and control, 2008, 19(4) :91-95.

( #5528 1)

[ 4] KONONENKO M, KHOMENKO O, SAVCHENKO M, et al.
Method for calculation of drilling-and-blasting operations
parameters for emulsion explosives [ J]. Mining of mineral
deposits, 2019, 13(3) . 22-30.

[5] BT JRFLK B ALEE R I35 [ 0], B0 Hmk, 2005
(4):10-12.

SHAO X N. The calculation on hole wall shock pressures of
water-pressure blasting [ J]. Coal mine blasting, 2005 (4): 10-
12.

[ 6] /i, At il 2. JHZEM R BESEEDIEL]. A
1% 5 TSR, 2008, 27(11) ; 2184-2192.

LU W B, ZHOU C B, CHEN M, et al. Research on transient
characteristics of excavation unloading [ J]. Chinese journal of
rock mechanics and engineering, 2008, 27(11) : 2184-2192.

[ 7] SkEF, skPCH], X, BEYHEM]. Jeat KTl
At 2009.

ZHANG B P, ZHANG Q M, HUANG F L. Theory of detonation
physics [ M]. Beijing: Ordnance Industry Press, 2009.

[ 8] X, WG, #l, 5. AFEEALM R FLALIE BTk

FEHERER SRR ST J]. KR, 2010, 27(2) : 10-13.
LIU L, WANG X G, YANG Y, et al. Experimental study on
compression resistance characteristic of emulsion explosives with
different sensitizer in deep water [ J]. Blasting, 2010, 27(2) :
10-13.

[9] LEEYH, LEE S C, LEE E S. The effect of performance on
loading impact of emulsion explosive in long vertical borehole

[J]. Explosives and blasting, 2007, 25(1) ; 45-52.



