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Patterns of zonal disintegration and structural control of surrounding
rock of deep roadway with different sections
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Abstract: The patterns of zonal disintegration and stability structures of surrounding rock of the equivalent excavation
rectangular, straight wall semi-circle arch and circular sections under isotropic isostatic conditions are studied through the
theoretical analysis, field measurement and simulation analysis. The conclusions are drawn as follows: the patterns of zonal
disintegration of three sections are different. The zonal disintegration of rectangular section exhibits @}~ distribution; and
the straight wall semicircle arch and circular section show “\/” and “petal” shaped distributions. The displacement
characteristics of three sections are similar; the shallow part of the displacement isoline has an upright "egg shell" shape and the
deep part has a “bowl” shape. The abutment pressure decreases at the main fracture surface, concentrates at the head of the
main fracture surface in the outermost layer, and increases at the complete rock layer between fracture surfaces, showing a
zoning concentration. The abutment pressure propagates outward with the characteristics of "wave trough-wave crest-wave
trough" that gradually increases. The chord length of an ideal square fracture surface has a relationship of a,,, = \/Ean (n=1,2,

3, 4) . After the zonal disintegration of the shallow surrounding rock is formed, it is equivalent to the pseudo-excavation of deep
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surrounding rock. Three sections have the bearing structures of —
multi-layer «p7 shaped surrounding rock. The principle of

roadway stability is to promote the interdependence and
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measures include encrypted, thickened, lengthened bolt (cable)supporting structures. The relationship between shallow and

deep multi-layer bearing structures is established. The stable anchor solid is formed in the shallow part to promote the stability

of the surrounding rock in the deep part. The precise grouting should be employed to repair the main fracture surface of the

surrounding rock and to limit the slip of the main fracture surface.

Key words: zonal disintegration; surrounding rock structure; deep roadway; fracture pattern
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Fig. 8 Drilling peep of zonal disintegration in surrounding rock
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Fig. 11 Basic patterns and displacement characteristics of zonal disintegration in surrounding rock



25 4 1 Vi s 5. TRERAS R B ) X A R3S 5 B 5 S5 p sl 725
bk L JowiE: L \fjﬂiq‘/ bk L
4 s B
- 1 : Sy~
*VZ?: SZZ (MPa) 2L (I:[g) )
N S 70 60
/ gg = 50
40 ] 40
0 o Sl
IVBiE Gt o . =R
(a) %IE (b) HiEp R (c) BE

& 12 SXHEE T AE IS RFE

Fig. 12 Distribution characteristics of supporting pressure of surrounding rock during zonal disintegration

HAJE, RICAT A S AR SR e iR
e 2 AEUIRGS, IR Bl 3 AR RS AT R,
SRS )=, 85 =2 BRI S A R S A & .
S R AES =R BRI ISR R IR XS
o7 A, MSET” ARG M AL . IS
g7 SN B PR A2, Y A XA R A
RN BB H . IREAIE FlE 7E R R
N, KRAEBRNG. 3 W EINE R S E 2
BB AN, TR, AT R A R AE
EBERMAIEHE TR B A ORBO Hish.

S8 3 AN B KBS AR, ERERm
EHELE IR AP B AE, EEADSEATYME,
SEHL T BEAHZR B AL R, EIRNRIES S AR
e, SEEL TR, T L RS R AR —— B 3 2 1R ST
“FEETE” B, WREE B B, RXtRIREEIE
o KRNI R ATE S AEE -

5 SRXWRESEKENERD D

AR ST B S S 3 1) 93 AT R AL A B R s 7y X
BRI e AL LR

e 12, iR, BEREREBMBIEEIEE L A
IR SR SIS X, HSOKE 1P IX
BEA= L O VAE e o di b e S L) S h S R AT
45° J5 IR AR ERERA ISR [FRE, EARIENR
RN 45° J5 1 B ANE ERER L B AR AR
—RERL IR (BB A LRI AR PR R R TR
FR B 3 ST PR SR S DR A BT AR PRI
T PE AR R T 2 8] 1 58 B PR A v o MR 2 i 1)
HIRES, ORISR AR H “ s — g —
B R TE AL AMERR . MR B P IRRE R
G TR L 15 P[5 T W i A R e £ A
FEire IONFEI . B 5 W T A W S5 1) A AT
JE&A, SRS GRS, TR Oy EAR W )
P AL

6 NXWHESEZEEEABLEN

RIS TE 73 XA R U AN [ iR R,
AT RETC PR IR o 43 DX RN 4 Bl o A SR A AE Ao 1 3R
s GE R AR E L A LIS . BRI S S
QTR WERTEAEFRN F SRR 45K . A SR
PR S SR 1 43 DX T8 S o 1) 22 S 7R B 4

XA . B R HEAN R T AR TE 2 X i 5y
AT SRR SEAH LR (1 A AR RFAE A o] LUR I, FHeAr
Fo AU LR B AT MU, AN “XER” T,
TR 2R “T” oo AT DAHHENT o XA 24
R E AU, T RRAR L ARG . AR R AL
S EE SR, o DX S P 45N B 2R T N A A AT e 0
WERER . BEWHEEHSLRR, KRB
B FRoR, 20 THAERS T XEEEE AL
JEARIREE M G RE, E 13~15,

R A T8 5 — J2 25 Wl R T V5 B T8 1R T A RN S A
£ 45° 2B R BN GE, 55— 2 BRI IE
WERZK N a FI—ANERE, F—EFHRm 5
W (WP a, FE D) NAMEXRR.

MR KR
V2
2

WmE 13 (a), BRIEEER T 5 ER A 1%
BRI — B A =AY, FoREEE, TN
—ANEHN CEOTEF A E R0, 1ZIRBAN 5 A
RAVERF REA R, [REELE. w13 (b,
XAk, WRRIEATE GEKNa, ) I
TR, PR ST TS T IO K N 6, —ANIE S
T, MY BGAKN a, KI5 = EWEL, MRS
TERLHE . ke, STEECGE VA U2 IR Y
oy X, KA N a, Flag, 245 DY R IE
T Ca) JEEES, MU THIZTIETE (a,) BT
], SRRHEERSE = ZNHIE, W13 (o). F
— R FEWHE S LR N IMER R Nk, R

(a+d) o 4)

a, =



726 " + I B % #® 2023 4F

g S =) A E7
\
H—E Nt ,”—T—\\
‘ ,’/ Z ™\
é//‘,\;\ (.\—__I /—'~9 e = =)
< /& 3
o :>fo<;4‘| lo
N ‘IQ—J,’ V4
| N
\
wm=a
a1=g(a+b) } ai:/—a;
(a) BB KEHR (b) HE=E KR (c) BHELSXYH

& 13 FERBESXRFIRERTSREERBLEN

Fig. 13 Ideal patterns of zonal disintegration and supporting structures of surrounding rock of rectangular roadway
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Fig. 15 Ideal patterns of zonal disintegration and supporting structures of surrounding rock of circular roadway
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