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Yieldable technology of lengthened bolts for high-stress soft rock roadways

WANG Fei, LIU Hong-tao, ZHANG Sheng-kai, SUN Jian-hui, LI Yu-ji, CAI Meng
(Faculty of Resources and Safety Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China)

Abstract: Due to their large deformation and plastic zones, the high-stress soft rock roadways, for stability control, need the
support materials which have high elongation, and are anchored to the deep layer of the roof rock. Based on the theory of
“strong support and yield pressure”, a new type of lengthened bolt is invented to adapt to the deformation and failure of the soft
rock roadways. Its length, elongation and broken load are 4 m, 17% and 195 kN, respectively. The constitutive models for
lengthened bolt support system and bolt-cable support system are established. The result shows that the upper limit strain of
constitutive model for support system should not exceed the maximum strain of support materials in order to guarantee the
stability of support structure. The new lengthened bolt can provide more yield-pressure distance than the cable, which exactly
assures both the stability and the support strength of the lengthened bolt support system in soft rock roadways. Under the
experimental conditions, the resistance of the lengthened bolt support is about 170.2 kN, and the theoretical rock deformation, 0
m to 4 m away from the roadway roof, is 264 mm, which is close to the actual deformation value. The goal of “yield support” in
high-stress soft rock roadways is effectively achieved.
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Fig. 1 Structure of lengthened bolt in joints
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Fig. 2 Tensile tests on lengthened bolts
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Fig. 3 Stress-strain curves of bolts and cables
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Fig. 5 Observed results of deformation in roadway roof
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Fig. 6 Generalized Kelvin model of roof rock

3 TMR-ZiP ARG AHIHEEY

TR ZR 498 - TOUR PR R B R A ] 4
KA SRR G, RIS S R A 15
R TG AT AR IR L 10 S i i A T A i 1),
3.1 AR IO

TR A 5 m AT AT SZ N, TR KA AT
A [ I 4 o TR 0 AN R L, LS Ry
W 7 Fiose R R BE K 4% 1 m ik, AHER
P [ B R A AR T, W S5 m AAF 2238 5 B B
N4 me WHEAKHEER “ B4 BT I IE A R
FHA& B BB B, R 5 m a2 e
76 0~2 mFl 2~4 m NI\ RV AR 5 25 7l N AR B 1Y) 172

of e

Ey Ey

7 ATHEACHET SR R RIREL
Fig. 7 Model of lengthened bolt support system
(1) FE N EIF/R SO, B ITER) 2 ]2 IRk
K, RIS H 3 g MW AR s A2 AR R R
1
fo=e=6, =06 (M)
o,=0,+0, +ko, , 2)
A, g0 6,0 &, 700N T EIT /R SOBRL I BN AR 1
S N AR R MR JE d8 N AS R, &, D TR AT W AR
s oy 0, o, 2R R ERIT R SORERY AR R N T
SRR N g MEHJE & Y ), oy S AT KA AT Y )
(MPa); oy by TR AL TR A T2 A AT 18- 24 5
H, H/m’.



1670 a5 oE L OB ¥

2014 4F

TR TR, AT AT N BB AR T
e, STt A e
o,=FE, ,
o de G
vy
o, =0, +K[¢ _<331 -&)] . 4)
A Eg R EB I 2R SCRE AL B 5 1
(MPa): &> 0 &, 5r BN T4 K HIFFI 18 M2 B
TSI R 46 W AR F MR IR PRI T U N AR s o
o, 73 I R TR T (8 R g A0 5 e i S AR B
71 (MPa);  ny AAGAR N FER h BE & 4% 1) A= 1
PERE Ky A B e M i A S S PR ASE AR (1) i A,
ZH (MPa/m),
¥k (3. () AKX (2) 1, Al FEIFR
SR R Y ) Ry

de
o, =E,¢, +nthV+k, {o,+K e, — (g, =€)} »

)
AL (5) M3 (D), A% REUM 3 5 i
(FUTE % A
o, —koy + kK (s, &)
E, +2kK,
BTN, L A SRS, O
(collf, T DL AR AR SCBEI, 3 B
SR T
: _ 0y —ko, +kK (s, — &)
e, = E, +2kK, G
(2) 75 BT /RSO, B ITER 2 18] 4 Ik
K, ZH NEIT /R SO Y ) 5 AR T S A
RS FEL B 0 I 11 AR o Ay
lime =% —ko,+kK (g, —¢,)
= E, +2kK, - ®
Ref g MR SCRI0 MRS i o, LT
IRSCRERLEIN. J) (MPa)s Ey A EBTF /R SCRERL
SRR AR (MPa); n, 4 B BT /R SORERS R
R AR R E T i
(3D THURR L 5 520 1k A DAy b MR F T2
SRS N AR, HLAS T AT AR AT T I (R AR

&, B

~(Eq+k K1)t

+Ce ™ o (6)

& =

EpTE TETE —& ©)
HE 3 TSy ARH R AR RE nT LUE Y, ik
BT 5 A AT I ZE P 2 AL, HLZE K T 2R IR S i
R, TR G ARRE A b n] R B I 21 ZE R R 1T
), 3 MR RS Ss BT e AN R TR T, A
5 DU A MR A 0N
3.2 YRR BLEXIPAMH
MARTE TSR “H#iAF -+ R” BEA S,

PO 7 AT R A R L (R, R S
A ZREH (L 8). 2.4 m HEANFTFN 6 m TN /)
HRARST M A BB 2m A S m it & BiRm
W A S A i TN R AR H R BRI A I, DA 6
m PN SR 2R G AE 0~2 m Al 2~4 m BUEf %
07 2/5,

8 TR A i R A RE
Fig. 8 Model of bolt-cable support system
(1) FE NI /R ORI, B ITF 2 18] )2 JF
PRI AR, DRI S 4 2R G A 20 o 7 R A A LA T 5%
A

2
E =&, =¢ =32=§s3 , (10)

o,=0,+0, +k,0,+ko, (11)

L gy & 20 AW A AERITTRON. J f 2% 1 AR

B0, oy 23 R R A TRONE ) 2 IR Y

(MPa); ko, ks 39 oy PR T AR THURR A <5 308 4 AR
N R T8 HR/m®.,

E NS3¢ N NI Bk A RSN 8
BEANSBIEA TR BL,  Gvh 5T T /R SORERYARE I )
lime =04~ k,(K,e, +0g — K,e,) —k; (K&, +0g — Ky&gs) )
= (E, + K k, +2.5K,k,)

(12)
K, o, o 20l A B TR TN ) i 2R S A
ISR S) (MPa)s &g, &g, 23l A5 30 Al AR 1
N R IR IR S AR, g, g, ool
TG AT, )4 R TR W IR N A s Ky, K3 47
) A9 L S AR TN, ) G R ) 2 PR i A DRI P AL 1
ik ZE (MPa/m).
(2) 15 EF IR SO oh, 2 TOA R 2 T Ik
KR, S NEIT IR SRR Y ) 5 AR [ v Sk f
B IR SCRE AR S ] 1) AR £ R

2

&, =& =6,=—¢& , (13)
5

Gu = Ge +GV + k203 ° (14)

TR AR T ORI, TN ) B RN A T
BB T SR R R IR (1 s N AR Dy



%59 T AF RN ECA BTG AT R SRR 1671

. —k(Kiey+0, —K
lime, = o, — k(K5 + 0 3Es3) . (s)
1> (E, +2.5K;k;)

(3) Tk A AR 11 e I A B A R T /R
SCRERL R AR, LA T TN ) B R IO i 1R AR

&=, B

£yTE, T E,7E —8& (16)
U TR ] A 2 g o A K 8 28 TSR s 1)
KNAFEI, S RGP HER KRN, B k=0 I
lime, =— | (17)
lime, = o -k, (K, + 05, — Kyéy)) (18)
1> E,+K,k, °
X (17D, (18) Wl AN, IR HA IS HLEA
THER MRS, SCH RGN AR R R
R JRIAY
3.3 #AXFLE
(D RIAFTELE R “HIAFHR” AT,
$ 20 mm X 2400 mm 10 G AT 1) 255 )5 B K IR 2
4300 mm, 7 THAR 0~2 m P LS A H 9AS T
%129 187 mm, DRICASAFAN 2 B TR 2FF R LE AR PR
TMREHT; ¢ 17.8 mm X 6000 mm T 742 22255 Ji (1 Bt
KAEAREANAT 170 mm 2247, 5 N ) 0 AR B TR 0~
4 m W ELEA AR TR S n] PLA S 368 mm, T 6
m B R N KT, B R LT SIS Sk
TE TR LA AR H
(2) ¢ 20 mmX 5000 mm AT CH B %
4 m b LT A &= 734 195 kN I 685
mm, 1] DU ] BTG S AR RS 5 =2, R
PEARIE B A TR AR (1 H 2K PERE, 685 mm Y LB
KT RSCHT7 L AR [ 1R e KR TE & 433 mm,
WG T AR RO, R TR S R & ik
PR, RBESZY RGeS AR e
Zi LR RS RN ) HCEARIE R, TR
RINEMRAL, ARSI @SR, SEU
BRI AT S TN ) R AL, BeER it
GGk IR, (RS TR AR B &Il ORI, W]
P ) “rRbHAL R R bR AR RIS S RGN

2E o

4 TIEMNA

h TR CHAF R B S S AR KA
A O N AR T R R, i T T
KHAF S %, HEL AT ) H B R S 4y %
F P87 FF 28R
4.1 FAHEKETXIPEERSHRT

AR AT e KA FF (A T AAE 15 TR 4, Wi T

AEERKEIM SZ T E LK 9. KA ¢ 20 mmX 5000
mm  A] 2 KA AR S T R TR ¢ 20
mm X 2400 mm FH A5 ¢ 17.8 mm X 6000 mm T3
JVEEZ, MARTE MR ¢ 20 mmX 3700 mm 4 #
BT o

800 | 800 P
0p
Y
§ )
3 KT
5 $20x5000 mm %
= FELY AT
S $20x3700 mm =3
8 g
V 5400 o
5600

9 AHERHEIZIFAER
Fig. 9 Support scheme of lengthened bolts

AT S 7 S S B BRI B AT+
R WG ST ZEMETIBRAR, HARRI S S8

(1) THHBCRFH ¢ 20 mmX 5000 mm #7852 K4
Fro &5ALEAR 28 mm, #iFFHIHEEEIS A 800 mm. 1]
P 2222 IR 2 AR E R 500 mm W JIE 24545,
T H7 120 kN,

(2) PR 620 mmX 3700 mm ¥ 44, LL
fROATARTE Y LR rh, % T EE I AMT AT R
()R, ANFLELAE 28 mm, EEFFIHER 800 mmx800
mm, “PATATE, 7] 100 kN.

4.2 PR R SHTIE

ST VG =R DX AR Hh iz i T AT A A S
Jii» FAEVRIG ARG TR N B SE T 6 AN 32 7 Wiy F
3 b2 AL AL AS IS, 23 AR ARTE THAR 0~8 m A [
2 TR e T e KA T AR RE AT T R
L 10, 1D MBS H 583 Bon, TR g
SHZ ) ARG TRE .

z
R
g
H —O0— )_J—;_[Z
o ] i
—— W4
130 3y —o— W A5
—— 6

0 5 10 15 20 25 30 35 40 45 50 55 60
A [E)/d
10 SEM AT HEK AT SRR T

Fig. 10 Measured support resistance of lengthened bolts



1672 a5 oE L OB ¥

2014 4F

FH B 10 20 AT AT 40, AT B KA 2 22 I 1) TV ) 3
ARFFE TRV R, G AT TARIRES R I
S I AGLE 165~176 kKN 2 [f], “F-#4°4 170.2 kN,
HARBAEMMIING, ZI0 a5 R ar R T T K
BERF (0 = BHERE,  HRORAIE T S8 0k S5 L (1 i 5 T i
P

gt (9 BT R, WK R
5000 mm, B4 20 mm, EHifLEAEN 28 mm, W
LR 1000 mm, HAEN 23 mm, HhEEKE%
100mm v, #iF 2R a5 i) A B L4 3500 mm,
B RIEMEZN 595 mm. i 3 Al KT AT 14
RIS T4, ST S 120 kN IS, ml K AT
FEARFEZ) N 20 mm, AR SCHPH 4 170.2 kN
I IR ZE B2 9 284 mm. TR [l 10 B AR T 45T
AT AT 1 AR T S TR N IR AR T R 2 22,
R R A Al A4 e Y LS 3R R T =200 264
mm, I3 45 R o T B S bR AR T w34k 279
mm CJLE] 1D 230 45 R W T BT S R 4
AR ] DL TR S AR 0 1) S S50kt

300

1 1 1 1 1 1 1 1 1 1 ]
5 10 15 20 25 30 35 40 45 50 55 60
B[/
11 TREEERE

Fig. 11 Rock deformation in roadway roof

5 4 it

1) AT T LA [ 21 TR A AR O B 11
wET, BAEBENSCY A R, A
AR RN GE B K rT LUA 2] 195 kN AT 685 mm, A
DAk s THURR AR T 3k K A A4 BT 2 3

(2) TR LA R 3 BT 45 B - A PRAIE
XY EERIRGE, S RGN AR F AR
TS IO R RN AR R, S R GRS AS
S AR RIS PN AR I R RGBS
MBS FE I S A PEREAHUCED, XA REE N THURR 1K
TERFIE, 5y FECRMBWT AR AT R 5 TN )
HERAL, BEFALRCR MR RRE B, fEAs I TR

T EEORI, WHEACHA “ R R REPERE
RS R G IR E

(3) ZEMRIHIN S 5 m AT (17353247 FH
%14 1702 kN, Tt 0~4 m NHEAHBAE &N
264 mm, SRR R AT EKHAT AT A4 A
298 284 mm, /N TIEKMEME, BUFMERT
e N R AR TE AR AR T B K R TR I ] 1)
MEGE, AT SRS

SE K-

(1] e, A& LA HI M. AR o B K R,
2013: 186 - 194. (HOU Chao-jiong. Ground control of
roadways[M]. Xuzhou: China University of Mining &
Technology Press, 2013: 18 - 194. (in Chinese))

(2] 7, ST, PhRI. Boa TREJIEMI. dbat: Bl
B AL, 2002: 21 - 24. (HE Man-chao, JING Hai-he, SUN
Xiao-ming. Soft rock engineering mechanics[M]. Beijing:
Science Press, 2002: 21 - 24. (in Chinese))

3] mgd%, E3eE, STUIRE. IR AR S R R R N
[0]. ‘& LR, 2008, 30(5): 632 - 635. (BAI Jian-biao,
WANG Xiang-yu, JIA Ming-kui. Theory and application of
supporting in deep soft roadway[J]. Chinese Journal of
Geotechnical Engineering, 2008, 30(5): 632 - 635. (in
Chinese))

(4] T, =2 B Emed, 5 OBrErh A A RECAE KR
TedEHIE AR IR [T]. 540 01285 TSR, 2013(3):
433 - 441. (HE Man-chao, YUAN-Yue, WANG Xiao-lei, et
al. Control technology for large deformation of mesozoic
compound soft rock in Xinjiang and its application[J].
Chinese Journal of Rock Mechanics and Engineering,
2013(3): 433 - 441. (in Chinese))

[51 £ B, ZARA, B0, & bR R
GRIERR A YRR BT KN [0, %%, 2012, 23(11):
3374 - 3384. (WANG Qi, LI Shu-cai, LI Wei-teng, et al.
Analysis of combination components coupling of pressure
relief anchor box beam support system and application[J].
Rock and Soil Mechanics, 2012, 23(11): 3374 - 3384. (in
Chinese))

[6] MEMEA, £ . Py ik B BiAF B v S HO IR AR E AR
SEMESEM M), TR, 2013, 3500911 2): 452 -
458. (LIAN Chuan-jie, WANG Ge. Influence of design
parameters of prestressed yieldable bolts on stability of deep

Journal of Geotechnical

mine roadway[J]. Chinese

Engineering, 2013, 35(S2): 452 - 458. (in Chinese))



%59 T AF RN ECA BTG AT R SRR 1673

(7] ke, Tty SR, & BJRRZE = KIPERAEE R

RIS AN WITII]. A5 TREAR, 2011, 30(8):
1619 - 1626. (ZHANG Guo-feng, YU Shi-bo, LI Guo-feng,
et al. Research on complementary supporting system of
constant resistance with load release for three-soft mining
roadways in extremely thick coal seam[J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30(8): 1619 - 1626.
(in Chinese))

mechanical analysis of anchorage segment of pressure-
dispersion anchors[J]. Chinese Journal of Geotechnical

Engineering, 2012, 34(5): 917 - 923. (in Chinese))

(12] ®3C5t, 5 &, 4 H T IR A A AL

DIGE AR S LSO e T R 0], R R,
2007, 29(5): 671 - 675. (CAO Wen-gui, MO Rui, LI Xiang.
Study on statistical constitutive model and determination of

parameters of rock based on normal distribution[J]. Chinese

(8] GKAGHE, TXEM, M5y, S WIS RIS mBl ik ks
BARB I R 5 224 TR, 2012(1): 33 - 37. (in Chinese))

(ZHANG Zhl-kang, WANG Lian—guo, SHAN Ren—liang, et al. [1 3] ?;J ’EE, :Fﬂqz %ﬁ*?i*fj ,5 E]%—l‘;:g EEK?F:‘ZH/‘J Ij]‘iﬁﬂ ‘ﬁ [J]
Support technology of high resistant and yielding property W9 22 1, 2004, 29(1): 12 - 16. (TANG Lei, WANG

Journal of Geotechnical Engineering, 2007, 29(5): 671 - 675.

for deep roadway under dynamic pressure[J]. Journal of
Mining & Safety Engineering, 2012(1): 33 - 37. (in
Chinese))

91 £ P, ZHEN, FAFL, A& KRATBHIAT R PRl s
KBIIRRTIE[T]. 5224 TR, 20122): 191 - 196.
(WANG Ping, JIANG Fu-xing, WANG Cun-wen, et al. The

Wu-ping. Coordination between bolting support and
surrounding rock affected by ground pressure[J]. Journal of
China Coal Society, 2004, 29(1): 12 - 16. (in Chinese))

[14] FIEM, UL, 5. TN ) B CE A5 T8 fT 5L
PHARBEFI]. A7 5 TR, 2005, 24(16): 2890
- 2893. (WANG Lian-guo, LI Ming-yuan, WANG Xue-zhi.
study on coordination for avoiding impact using bolt and
anchor cable with large deformation[J]. Journal of Mining & Study on mechanisms and technology for bolting and
Safety Engineering, 2012(2): 191 - 196. (in Chinese))

[10] BRBJe, 5Kim5, M0k, 5. IRAASTE A 2 DRI
ZI IR 5 DL WD B ST ST [0). A R AR,
2011, 33(1): 70 - 75. (CHEN Xu-guang, ZHANG

grouting in special soft rock roadways under high stress[J].
Chinese Journal of Rock Mechanics and Engineering, 2005,
24(16): 2890 - 2893. (in Chinese))

(15] R, ERA. §T s a2 E ML Jeat 1ma Tkl
1, 2011: 53 - 58. (LI Jun-ping, LIAN Min-jie. Mine rock

Qiang-yong, YANG Wen-dong, et al. Comparative analyses

of model tests and in-situ monitoring of zonal disintegration mechanics[M]. Beljing: Metallurgical Industry Press, 2011:

of rock mass in deep tunnels[J]. Chinese Journal of 53 = 58. (in Chinese))
Geotechnical Engineering, 2011, 33(1): 70 - 75. (in Chinese)) [16] %l (], JIARAE. B 0% TREM]. ot #
(1] B B HIeh, BiaA, 2. R4 Smas 2 5 B 2 HURR AL, 2002, (CAI Mei-feng, HE Man-chao, LIU
T EREG BT [0]. b TAREEEHR, 2012, 34(5): 917 - 923.
(RUI Rui, XIA Yuan-you, GU lJin-cai, et al. Field test and

Dong-yan. Rock mechanics and engineering[M]. Beijing:

Science Press, 2002. (in Chinese))



