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Abstract: The range of loose zone in tunnels plays a decisive role in tunnel support, and currently, the measured statistics of
loose zone in tunnels are still blank. For this purpose, the measured data of 47 tunnels and 177 sections of loose zone was
collected. Based on comparative analysis of the measured data, the recommended bolt length in railway and highway tunnel
specifications can basically meet the actual situation. However, in high in—situ stress and soft rock large deformation tunnels,
the length of anchor bolts and cables needs to be dynamically adjusted and determined based on the measured data. Secondly,
different methods were used to calculate the surrounding rock pressure of 47 tunnels. Based on the measured loose zone data,
the modified Finner formula was used to reversely calculate the surrounding rock pressure, which was more than 10 times the
calculated value obtained from Proctor’s theory, Terzaghi’s theory, railway tunnel specifications, and the static pressure of the
measured loose zone thickness. In soft rock tunnels with large deformation and high in—situ stress, the formation pressure can be
calculated using the modified Finner formula, which results in conservative support parameters and is beneficial for safe
construction of the project. Other methods can be used for calculating the surrounding rock support pressure in general deep
buried tunnels. The results of this paper can provide effective guidance and reference for the calculation of support for soft rock
tunnels with large deformation and high in—situ stress.

Key words: loose zone; anchor bolt; surrounding rock pressure; high in—situ stress; soft rock large deformation
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Table 1 Tunnel loose zone statistics
G 3 FEARS) | WA | BEGEEEE/m | B /m | B /m | AR /m
FRI PG B 1 1 12.30 8.00 100 2.50~3.50
JUIN bR 21 52k 8 ARl Il — R oo X H] R 1 3 6.80 5.40 — 1.10
L REED 1 3 — — 20 3.00
LI 111 1 17.33 11.98 40 2.50
KA L g E 111 9 10.00 5.00 400 1.40~1.80
T I M P A IV i 111 5 16.43 13.18 30 1.00~1.30
JKIT X[k 1 1 8.00 8.00 22 1.80
EAUS 2 5 BEiE 111 2 10.25 7.00 100 0.90~1.05
Al RE T 111 4 16.50 5.50 100 0.72~0.83
N2 e 11 1 10.00 12.00 — 3.20
A IR E il 4 18.20 12.41 — 1.80~2.10
57K B il 1 13.00 13.00 1 600 1.90
JINFRI % v 1 14.80 12.73 300 5.00
I g ! v 1 12.30 8.00 100 2.50~3.50
Eab) ST v 1 11.77 8.80 205 6.00~7.00
T A R T v 4 14.80 12.73 300 6.50~7.30
22 P DX R R v 1 8.00 8.00 14 2.30
T X ] R v 1 8.00 8.00 25 3.00
HepgiEe v 1 4.00 5.20 — 2.10
Al ] RE T v 4 — — — 0.81~1.21
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Bkl FlEAGON | Wi A | BEEESE/m | BEEE/m | H/m | FASIEE /m
HLPERRIED v 3 9.25 6.00 20 1.50~3.10
IR T pEE v 1 — — 30 1.00~1.50
PRI RR ™ v 5 — — 400 1.50~2.50
41 SR IX [l X2 s v 2 2.80 2.76 — 1.10
A S R E v 3 14.20 9.00 — 0.90~1.50
A ISR v 2 18.20 12.41 — 2.40
e 3 R e 2 v 1 12.88 7.00 115 0.80~1.60
H N T I R A v 4 16.43 13.18 30 1.00~1.30
AN R T V—V 9 10.25 7.50 220 4.50~6.00
S A g TE2 V—V 1 19.60 14.1 100 6.00~9.00
A< T \% 1 10.25 6.80 100 1.00~2.00
B2 B g E \% 1 17.25 5.00 100 2.00
= BRI \Y 4 7.47 7.47 50 12.00~13.00
7 EL R T v 2 6.46 6.46 50 12.00
BRI T ) A 4 6.12 6.12 50 14.00
Y| BNES STa \% 1 12.00 10.00 310 1.50~1.70
el ) v TR L e v 1 12.88 7.00 90 0.80~2.00
rhR R A \Y 1 11.77 8.80 280 7.00~8.00
R =S h%iED \Y 4 15.50 13.08 140 | 7.00~17.00
e e ST \% 6 13.00 10.00 200 4.00~6.00
rh X g iE A 2 6.60 6.00 800 4.30
(A SER \Y 1 16.69 5.66 15 1.40~1.80
TG R IER \Y 12 16.20 7.00 400 4.00~5.00
FRI PG g 1 \Y 2 12.30 8.00 100 5.60~6.80
REi S ST \% 27 12.38 10.35 445 1.10~7.90
T \% 1 10.00 5.00 28 7.00
VRO R \% 2 8.34 10.01 120 8.34
VOB R \% 2 13.73 11.24 120 13.73
FUPRRIE 8 ShEIE™ \Y 1 5.40 6.50 100 1.00~1.50
ISty 1 e \Y 1 13.42 10.49 1000 | 5.60~6.20
p S ER \Y 4 17.00 10.00 100 3.60~6.00
2% Shg \% 1 8.42 10.20 200 5.50~6.50
IR \Y 1 8.42 10.20 200 6.00~7.00
kg A 1 8.42 10.20 200 5.50~6.00
VOI— A\ 1 8.42 10.20 200 5.50~6.00
B Jp B T \% 1 12.25 7.00 100 1.50
B BRI % T \% 4 13.20 11.50 295 1.00~4.00
SRR \% 2 4.00 5.20 — 1.70
A RERIEN v 2 — — — 1.53~2.00
I8 T R v 2 — — 30 1.80~2.80
DR — B 4140 L1l AR e T 25 A\ 2 4.20 430 — 1.70
e RPRREBEE . TR AATBIREEG — RO OR B 2 VB, SRR AR STk 45t BB R R AR, b S R SR PR R —
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Fig.1 Organization of tunnel loose zone measurement
datas
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Table 2 Physical and mechanical parameters of

surrounding rock
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11 23 150 50 70
111 22 70 39 60
v 21 25 28 50
\Y 20 12.5 22 40
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Fig.2 Comparison of surrounding rock pressure

calculation

2 IR T AN [R] LA GO0 1 % 3 SR FH A& OE
M5 9NN AR B LA R 1720, 35 FGHRE
KUPFEFRIE | Rk % b A BT ) T 45 SR 3
TS A A B B R T R LA R R ), Hoh g
TE 259 o8 2 AR B () B R 488 SR oK
R, Wi/ N R EAER 1720 22, 76 11, 11 A
IV e Els, BRI bR B BT R ) TS 20
Rl R Sy, HoR i RES, FRRE R
RIS, SR KO BE T S0 s B VB RS T T3 1 L
FHE S, 76V HES T, R RES AR 2 A
FETEDN, HUCRCER SRR B BT RLE), IR
JE I TSI A4 BN P TS B T A LA R T, B
FORKRVDFEIIE . AR ST A5 Sl R EE , SR
&1 BTN A 2 BAS 2 B LA o H Al 3 F
FEEDRK DR, X200 FE A THE
IE MR OB ST 2%, i R ARV
SIS R I TS A T i BRIk A,
LA ENR T FRE. BANE0KH TR,
SCPR T AR, AR ZEME RIS KA TR RS E . &
MRy Sy TR, HFEA R EZ LA A HE, 53
WITE2EHAER Ko S4BA ST 7 003
B, e AR bk 3 8 e v g B3 TR & OE
FIZF A R B RMZ R 7, s 2
SRR TR, AR T TN T My
BT A TR E R/, A R R ) . R
%ﬁﬁ%ﬁﬁ¢ﬁiﬁﬁﬂﬁ% ANFIF 32

FE R LA ARG o — e A TR MR g 3 o] R 3
E@% RUPFEIE | (BRI BE TE B 1) F

TSI B KA S R RE TR A R e s
3 4iE
ASCHSEGET T 47 BRI, 177 W AR
SRS Bcdh , RS SRR A TRk A B
B T ML BT SRR, INSEBR I LR, Bk
A SR R RS S A JBE A B 2 52
PGSR, AEAE = R, ) FECE KA BRIE
BRI 2R 1 i AR A S S dhe s A PR R 7
HRKR AR I ETH T 47 28 BRE 19 A Tk
T3, ARG SIS B BB E R SF A X AR
B ELE R 2 IO . RV RERE | (B BE
ﬁmﬁﬂﬁ%ﬁmﬁnofﬁmﬁﬁﬁ\%ﬂf
JibEiE, HH)Z RS AR B R R A %
AR, AR R RS SRR TR, A
MTF TRZ AT HA T % a BlA
M/, FERGHIN T BCE RAL I BEE b R 2
SHEOLP SRS, AT SRR E Az il
FLAEE, — BRI I Al R e . KT
FEHE | (BRI BE T8 BT R ) LS T 52 (i #A 2
JE R B B S R ) AR SR
P I B P SESE Nt SN IR ESIEOS-E /Ao a1
TSR AT HE B9 5 R AL
B 3L -
(1] R, ¥ B3, RAR AR, 45, FLARA S IB BE TR  :m itk 5
JRER(J]. A, 2021, 46(1) :46-56.
LIU Gang, XIAO Yong—zhuo, ZHU Jun—fu, et al. Overview on the—
oretical calculation method of broken rock zone[J]. Journal of China
Coal Society, 2021, 46(1): 46-56.
(2] AL BT, 0HE UK. kUL IR B SR A 31 Lt 43
Hra]. h E ERIE R, 2010,31(5) : 54-58.
FU Hong —xian, ZHAO Yong, XIE Jin—shui. Test analysis on the
broken rock zone of the surrounding rock blasting for railway dou—
ble-line tunnel[J]. China Railway Science, 2010, 31(5): 54-58.
(3] RS, XN R ER, S5 ST HASH B B TR 8 1 BRIE R4
TSR] B AR S T, 2021,21(23) : 10054-10060.
XU Qiang, LIU Yong, SONG Yu—xiang, et al. A method for calcu-
lating surrounding rock pressure of deep loess tunnel based on
loose broken rock zone theory[J]. Science Technology and Engi—
neering, 2021, 21(23): 10054-10060.
[4] &7 L. /NGB I A 5 P 507 12 B s TR 808 5[ D). S
M ABHFR, 2018
SHU Zhong-lei. Study on calculation method of loose zone and ex—
cavation spatial effect of small spacing tunnels[D]. Quanzhou:
Huagiao University, 2018.
[5] &FE AR, B 708, 45, SEK SE 832 T gl [ A b 2l el
AL S]], BB (A SRR, 2018,39(4) :
545-550.



2025 455 2 ] o S BT SNEAE R B E AN S SIS ©59 -

[6]

(7]

(8]

[

[10]

[11]

[12]

[13] £

[14]

SHU Zhong-lei, LIN Cong—mou, CHANG Fang—qiang, et al. Test
and analysis on variation of loose zone of surrounding rock in tun—
nel under influence of water and mud inrush(J]. Journal of Huagiao
University(Natural Science), 2018, 39(4): 545-550.
ATE , TRARAR , E 260, 55 BT A i Il 3 i 20 b
BRBEIE DL ER ST, B AL TR, 2018(3): 136-141.
YU Ding, ZHANG Ji—chun, WANG Sheng—tao, et al. Study on the
disturbance of the surrounding rock of metro tunnel by blasting
load based on sonic wave testing principle[J]. Subgrade Engineer—
ing, 2018(3)' 136-141.
5T, T /NG R I A A SRR 5 4 ). 2 2l
HiAR,2005(1):95-98.
ZHENG Xue—gui, DING Hao. Test and analysis of loose rings of
surrounding rock of tunnels with small clear spacing[J]. Technology
of Highway and Transport, 2005(1): 95-98.
B2 6 RBHE , AL L. KBS IR A BRBRIHE CRD 2 T LA
M SRS 28T, S bRiES, 2008(1) :26-29.
SHAO Xue—fu, ZHU Ju-hui, TONG Li—yuan. Test and analysis on
loosing zone of surrounding rock of big—span shallow overburden
tunnel constructed by CRD method[J]. Communications Standard—
ization, 2008(1): 26-29.
WREA ST, B, ARIRAE . 5 R BB T8 R P S P PR TR ARJ]. B8
MR (Y30, 2018,38(7): 1212-1219.
CHEN Xu-wen, HUANG Lei, ZOU Yi-lun. Rapid construction
technology of flexible support for rockburst tunnel[J]. Tunnel Con—
struction, 2018, 38(7): 1212-1219.
iﬁi?ﬁ T 05 Y0 JEG I T T2 R A A T ) ) 40 5 5 8
ARSI ,2018,34(S1):165-170.
WANG Quan-sheng. Formulation and inspection of grouting rein—
forcement ring in fault crushing zone of Qingdao subsea tunnel[J].
Technology of Highway and Transport, 2018, 34(S1): 165-170.
A bk DX ] B TE R 5 P S R L A T A 5 D). Ab 5
HBE R, 2022,
WANG Bo. Study on range and prediction of surrounding rock loose
zone of metro tunnel[D]. Beijing: Beijing Jiaotong University, 2022.
B . BRI LA A B R BRI AR MBI SE (D). R - W R
BHER?:,2018.
HUANG Xiang—tao. Study on identification technology of sur—
rounding rock loose zone in shale tunnel[D]. Xiangtan: Hunan Uni—
versity of Science and Technology, 2018.
B LRGN SERT R BTSRRI R Pk A A B
R IR, 2% 508 ﬂ& 2018,35(6):74-79.
WANG Rui, YUAN Dong-yang, DANG Fa-ning, et al. Testing
loose circle of surrounding rock using acoustic method based on
integrity coefficient[J]. Journal of Highway and Transportation Re—
search and Development, 2018, 35(6): 74-79.
ARIBOVE. A1 1] %0 FL 5 30 Bl 2 vk Mon F). i TR
2019,48(11):101-104, 144.
DAI Jing —hui. Definition method and application of surrounding
rock loosening circle of Shimen Tunnel[J]. Construction Technology,

2019, 48(11): 101-104, 144.

[15] XUZKHE SRR, /b, 55 20 KBNS A BE A = R 1)
U SRR AN B R BT (0. 48, 2022,39(1):9-15,35.
LIU Yong-sheng, ZHU Si-yuan, YANG Xiao-lin, et al. Study on
damage accumulation and broken rock zone range of surrounding
rock of large span chamber caused by multiple blasts[J]. Blasting,
2022, 39(1): 9-15, 35.

[16] % . 22 U HERBEAT 48T 630 Rl A A Sl Vel )™ Jee ML D . IR«
IR RHE R, 2018.
YI Shuai. The expansion law of the surrounding rock loose circle in
the roadway under multiple blasting loads[D]. Xiangtan: Hunan
University of Science and Technology, 2018.

[17] 22 o B, B A, 2. KR AR BRI Bl s T 24 5 el
PP AL R S 510]. Pk, 2012(3):9-12.
LI Ping—hong, CHEN Zong-gang, XUE You-ping, et al. An exam—
ple of detection by ultrasonic wave through long—term observation
hole in loose ring of large —diameter tunnel excavated by drilling
and basting method[J]. Northwest Hydropower, 2012(3): 9-12.

[18] HABAL, XBSFAER, WHEA S, 45 JERS I [l A6 RS 2l ) 152 B k.
[J]. Bl2EEAR S T2 ,2020,20(2) . 770-778.
ZHENG Xing, DENG Shou—chun, LUO Chao-wen, et al. Wall
tunnel modulus and loose ring thickness test of a tunnel[J]. Science
Technology and Engineering, 2020, 20(2): 770-778.

[19] 5KJE. FETHALRLN 1058 Fla BRGE FA S L WF Y [D]. P94 - 7Y
LT, 2022.
ZHANG Yu. Research on loose circle of tunnel with weak sur—
rounding rock based on softening effect[D]. Xi'an: Xi’an Technologi—
cal University, 2022.

[20] T35, JETHAZH R B A RS iR 18 AP EORWFSE D). 7Y
2 P Tl R, 2020.
WAN Ce. Research on support technique of large deformation tun—
nel with soft rock based on loose circle theory[D]. Xi’an: Xi’an
Technological University, 2020.

[21] XUZE, i, A , 45 5L TR0 BE ARk N A A B T
FABHREIRE(T). 07l TR, 2022,37(4) :58-64.
LIU Meng, TANG Hai, MA Yu-jie, et al. Measurement of loose
zone of tunnel surrounding rock based on apparent resistivity
method[J]. Mineral Engineering Research, 2022, 37(4): 58-64.

(22] FBIEL, A, IR TE, 55, Mo R F 0] BE i [ A b ) R i 52
M 53 AT+ LA PR R 3 Oy 1)), R 3 R 1, 2016,36 (4):390~
397.
TIAN Ming—yu, WANG Yan-lei, TENG Jun-yang, et al. Analysis
of influence of geological factors on loose zone of surrounding rock:
A case study of a tunnel in Chongqing[J]. Tunnel Construction,
2016, 36(4): 390-397.

[23] BE4e. BT H-B HEN A9 BRI FELE FASNIE J- AT 52 (D). P % - P4
LTl R, 2015.
LIANG Yan. Analysis and research of broken zone of tunnel sur—
rounding rock based on H-B criterion[D]. Xi’an: Xi’an Technolog—
ical University, 2015.

[24] E%, ZEF, KR % I T Hoek—Brown 78 3 1 T i) % i
PRl ARSI S AT (). P 2 4o = BB, 2017, 13(3) : 58~



- 60 - oA

2025 4F56 2 1

63. [33]
WANG Rui, YUAN Dong-yang, ZHANG Jin—zeng, et al. Analysis
on broken zone of surrounding rock in tunnel based on Hoek —
Brown strength criterion[]]. Journal of Safety Science And Technol—
ogy, 2017, 13(3): 58-63.
[25] S%AEZE, WRORE R4, 45 BicAb e BTbi o R IR T % 18 61 5 P 30 [34]
FEICAIT L)), MR 28 )5 TR, 2017, 13(4) 1 1047-1055.
LUO Jian-jun, CHEN Bao-zhong, SONG Yang, et al. Experimental
research on surrounding rock loose circle of carbide argillaceous
slate large cross section tunnel[J]. Chinese Journal of Underground
Space and Engineering, 2017, 13(4): 1047-1055.
[26] BhICIR. R =6 By TRE T2 0 S0 47 e B 5057 ks 0 A 2 [35]
M. BARIE I A, 2019,56(5) : 170-179.
ZHONG Yuan—qing. Field monitoring and analysis of in-situ tun—
nel extension by three—bench method[J]. Modern Tunnelling Tech—
nology, 2019, 56(5): 170-179.
[27] %, B4, 8 L. R LR E Bl AL 2l 8 R i 5 50,
P2 Tolb R4, 2014(10) : 815-818.
WANG Rui, LIANG Yan, KOU Jun —shu. Measurement and re—
search on loose zone of surrounding rock in Chazhen tunnel [J]. [36]
Journal of Xi’an Technological University, 2014(10): 815-818.
(28] X172 . KW A 47 425 R T2 Pl W 3l B Y Rl 5 5 R AT 9
). B IR ZESFI ,2022,36(6) : 28-34.
LIU Li-hong. Study on calculation method of loose zone range of
surrounding rock of large cross—section in—situ expanded tunnel[J]. [37]
Fly Ash Comprehensive Utilization, 2022, 36(6): 28-34.
[29] ZEWISE. W RS A5 A % 3 R A A Sl Pl A3 Al LR BIFE (D).
P22 G2 Tl R, 2017.
LI Ming-liang. Research on distribution law of loose circle of tun—
nel surrounding rock under high stress[D]. Xi’an: Xi"an Techno— [38]
logical University, 2017.
[30] #°F- DG BB, EACH, 55 SR0E A B2 Bk T8 742 1 [ 5
SR AEBFI]. KRS TR, 2018, 16(5) - 48~
51,110.
YANG Ping-qing, SHAO Wei, WANG Chang-bai, et al. Surround—
ing rock loose ring shape in interbedded tunnel of gently inclined
mudstone and shale[J]. Journal of Water Resources and Architec— [39]
tural Engineering, 2018, 16(5): 48-51, 110.
[31] SRIGME. 22k 5 5 DU g T8 P PA S B K 5 20 A [ C /2015
AR [ N R BRI 27 AR AR 2B SCHRE. R A e 2o BB TE TR Y
2 TRE A2, 2015:107- 111
GUO Hong—yan. Testing and analysis of loose zone in surrounding [40]
rock of Jiangluling carbonaceous shale tunnel[C]//Proceedings of
the 2015 National Academic Conference on Highway Tunnels.
Tunnel Engineering Branch of China Highway Society, Guangdong
Highway Society, 2015:107-111.
[32] A, 2Tt . WERE S Je AL B R T AA Sl el ICAIE 52 ). L P
3,2018,44(30):163-164.
WU Jun, LI Gui-min. Research on tunnel loose zone tests of crush— [41]
able surrounding rocks|[J]. Shanxi Architecture, 2018, 44(30): 163—
164.

SRR, NI, TR DM . Bk T8 R A 2l R A3 4T[0, SR
A, 2005,5(3):63-64.

ZHOU Yang—shui, WU Cong —shi, ZHANG Qing —bin. Test and
analysis of loosening zone in tunnel surrounding rock blasting[J].
Mining Technology, 2005, 5(3): 63-64.

TR, Bl g, VRS, 25, G4 R T8 ST A A gl e 35
HrlJ]. TAEHBER Y ELA 412, 2011, 8(3) :366-369.

SHEN Feng, ZHONG Wei, LIU Gui-bing, et al. Test and analysis
on loose circle of surrounding rock to large distortion region of
Tongsheng tunnel[J]. Chinese Journal of Engineering Geophysics,
2011, 8(3): 366-369.

R RSO S B BRI 7RI R A v B A Sl B IR AR
NERICYE e A 5 TRERKSRCECTM),
2006:784-789.

QIAN Wei—ping, LOU Wen—hu. Application of testing technique of
relaxation zone of surrounding rock masses of Wushaoling tunnel
during deformation treatment|C]//Proceedings of the second nation—
al academic conference on geotechnical and engineering(Part II).
2006: 784-789.

A PR, SR R R IR A A s N 5 43 M ). g2 Rt
AR ,2007(4):60-61,64.

PU You-lin. Testing and analyzing on surrounding rock loose zone
in large distortion region of Wushaoling tunnel[J]. Site Investigation
Science and Technology, 2007(4): 60-61, 64.

BJEEAT, 5 WAE. B 2 R LR T+ I 10 2 A R Sl i Oy
WAFEE]. BR TR, 2006,26(1): 1-4.

LIU Hou-xiang, FANG Feng—hua. Study on the method to define
the wall rocks loose zone with embeded displacement meter|[]J].
Mining and Metallurgical Engineering, 2006, 26(1): 1-4.

XUT-HL, K0, EAR2E, 2, v B v L R 1B R AR TR X Bt
FA ) B 2 e LR B R[], Bkl 3, 2022,62(11): 103
106.

LIU Qian-li, WANG Yong—shun, WANG Jian—jun, et al. Develop—
ment laws and control technologies of broken zone of large deforma—
tion section in Shanenshan tunnel of China—Laos railway[J]. Rail—
way Engineering, 2022, 62(11): 103-106.

RAURAE. VDRI 8 5 BRI TR A1 43T M AL PRSI, BRI b
#EBETT,2017,61(5):126-129,134.

ZHAQO Ji-hua. Rock—fall analysis and treatment measures for No. 8
tunnel on Fengtai to Shacheng railway[J]. Railway Standard Design,
2017, 61(5): 126-129, 134.

WESC N, E 5T, 55 BT SRS R A 3 R R IR 2 & i
IR AIITIEN]. PR AR (A RBLA4RR) ,2016,47(5) :
1722-1729.

XU Guo-wen, HE Chuan, WANG Jun—yong, et al. Displacement—
based back analysis method using extend Kalman filter considering
excavation damaged zone[J]. Journal of Central South University
(Science and Technology), 2016, 47(5): 1722-1729.

Sk B R ORI I R S e 0 ) A5 AR TR AR R DEE(I].
PARBEEFA,2013,50(5): 146-151.

SHI Ke—-chen. On deformation control for extra—large section tun—



2025 455 2

TR—, & HET SN R BEE THER S ST - 61 -

nels under high ground stress[J]. Modern Tunnelling Technology,
2013, 50(5): 146-151.

[42 R ARG, L, AE o B BRI AR A T A
fEBR AT (). T Bk IE R, 2021,42(4) : 98-106.
TAN Zhong-sheng, LI Song-tao, WANG Jian—jun, et al. Experi—
mental research on large deformation characteristics of weak sur—
rounding rock tunnel of China—Laos Railway[J]. China Railway
Science, 2021, 42(4): 98-106.

[43] I, Ehde s ARmeipe, 45, 1 et 2l R 3 L 7 e ) K
FEN]. TR S ET,2012(7):162-164, 168.
MING Kai, MA Jian—jun, XU Xiao-bo, et al. Acoustic test of rock
wall in Huanglong tunnel on highway of Shiyan—Baihe[]J]. Con—
struction & Design for Engineering, 2012(7): 162-164, 168.

[44] R3F T W JRRIA Bk 3 A B 7K D 3t 2 s st B 0 i 5 L
JEIIVHEL). BB AR, 2012,49(4) : 17-21.
ZHAO Qing —bo. Loose rock zone measurements and rock mass

pressure calculations for a saturated fine silt stratum[J]. Modern

Tunnelling Technology, 2012, 49(4): 17-21.

[45] FIENE. 52 A 5 T A 2 IS BB LB B ST B ARBIE 5 D). i
M O TR, 2011,
GAO Yan -hui. Research on chamber floor heave mechanism in
mining area under complex mixing and its support technique[D].
Huainan: Anhui University of Science and Technology, 2011.

[46] #%. BT IR L PV BRI JRUA 4 25 R vA S8 3305 B AT
FE[D]. SRM AR R, 2017
YANG Bin. Study on calculation method of loose zone of tunnel
in—-situ expansion process based on pressure arch theory[D].
Quanzhou: Huagiao University, 2017.

[47] FAF. B A FA S R A E Jr ik i RIS [D). PG« V6 22 2R

[ K2#,2019.

WANG Rui. Research on determination method and application of
surrounding rock loose circle of tunnel[D]. Xi’an: Xi’an University

of Technology, 2019.

R e ) e e e = e ) N e e A e ) U )

(L% 53 7)

Alabama: A preliminary report[R]. Alabama: University of South
Alabama, 2004.

[2] PADGETT J, DESROCHES R, NIELSON B, et al. Bridge damage
and repair costs from Hurricane Katrina[J]. Journal of Bridge Engi—
neering, 2008, 13(1): 6-14.

[3] WANG H. Water wave pressure on horizontal plate[]J]. American
Society of Civil Engineers, 1970, 96(10): 1997-2017.

[4] FRENCH J A. Wave uplift pressures on horizontal platforms[D].
California: California Institute of Technology, 1970.

[5] PATARAPANICH M. Forces and moment on a horizontal plate
due to wave scattering[J]. Coastal Engineering, 1984, 8(3): 279—
301.

[6] Wave forces on bridge decks[R]. Washington: Federal Highway
Administration, 2006.

[7] SEIFFERT B, HAYATDAVOODI M, ERTEKIN R C. Experiments
and computations of solitary—wave forces on a coastal-bridge deck.
Part I: Flat plate[]]. Coastal Engineering, 2014, 88: 194-209.

[8] AZADBAKHT M, YIM S C. Effect of trapped air on wave forces on
coastal bridge superstructures[]]. Journal of Ocean Engineering and
Marine Energy, 2016(2): 139-158.

[9] QU K, TANG H S, AGRAWAL A, et al. Hydrodynamic effects of
solitary waves impinging on a bridge deck with air vents[J]. Journal
of Bridge Engineering, 2017, 22(7): 04017024.

[10] FRZCEE BT, HEW L, 45, BAGAR SRA R4 4 2 B T AV AT

AT5E)]. AR, 2017,50(12) : 80-86.

ZHANG Jia-wei, ZHU Bing, KANG A —zhen, et al. Experimental
study on wave loads applied on box girders in coastal bridges[J].
China Civil Engineering Journal, 2017, 50(12): 80-86.

[11] JTS 1452015, # O S5 ftiE K SCHLIE[S).

JTS 145—2015, Code of hydrology for harbour and waterways[S].

[12] W25 — o5 TR A Bt A FRA B s TR BT T
[M]. b5t A RS ikt 2018.

CCCC First Harbor Consultants Co., Ltd. Handbook for design of
sea harbour{M]. Beijing: China Communication Press, 2018.

[13] MCPHERSON R L. Hurricane induced wave and surge forces on
bridge decks[D]. Texas:Texas A & M University, 2008.

[14] KULICKI J M, MERTZ D R. Guide specifications for bridges vul—
nerable to coastal storms[M]. Washington: Association of State High—
way and Transportation Officials, 2008.

[15] SkAE M MK R, 45, RHRR AT B SR AL L S 0 e
RRE S [ CL//rh B TR 2. 565+ Fm vh e () T
BEAARTHE 2R 308, dbat R, 2011 :727-731.
ZHANG Hua-chang, DONG Sheng, LIU Yu-liang, et al. Propaga—
tion pattern of oblique waves along an upright dike and the effect
on shore—connecting slope dike[C]//Chinese Ocean Engineering
Society. Proceedings of the 15th China ocean (offshore)engineering

symposium. Beijing: China Ocean Press, 2011: 727-731.



