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Systems Integration and Operational Safety Management of Underwater
Road Tunnel
CHEN Shaozhang', SU Zongxian’, CHEN Yue®
( 1. Guangzhou Metro Corporation, Guangzhou, 510030;
2. Hongkong-Zhuhai-Macao Bridge Authority, Zhuhai, 519015 )

Abstract: Tunnels have always been the traffic accident prone sites of the urban roads and highways. A
variety of disasters, accidents or equipment failure will not only cause loss of lifes and property, but also
cause secondary accidents and even endanger the structure of the tunnel if misconduct. The operational
management of underwater road tunnel rely on multiple systems consist of various equipments and
facilities. To ensure the safe operation of underwater road tunnel, inspiring the functions of each system
and equipment, combined with operational management needs, taking the linkage control as a target and

taking the system integration as a method, is needed to achieve the overall advanced features.
Keywords: underwater tunnel; operational management; linkage control; system integration
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Study on Using Natural Wind and Energy Saving Ventilation Technology
on Balang Mountain Tunnel
Zhou Ren-giang' Li Hai-qing”Wang Ming-nian® Li Yu-wen'
(1.Sichuan Provincial Transport Department Highway Planning, Survey, Design And Research Institute
Chengdu,Sichuan 614202,China2. Sichuan Provincial Transport Department Highway Administration, Chengdu,Sichuan

614202,China 3.Department of Civil Engineering,Southwest Jiaotong University, Chengdu,Sichuan 614202, China)

Abstract: Two-way traffic Balang Mountain Tunnel is the longest one-tube highway tunnel in China. A
parallel-guide-pit is constructed beside the tunnel, and there are nine passages between the tunnel and
parallel-guide-pit. The study based on the S303 Balang Mountain Tunnel. The annual probability
velocity of balang mountain tunnel natural wind is 3m/s , and the proportion of wind direction from
Yingxiu to Xiaojin is 34.5% while the proportion wind direction from Xiaojin to Yingxiu is 65.5%.
Calculation of boundary condition is proposed by meteorological data of Balang Mountain tunnel that
was monitored for a long term. Based on studying between the longitudinal jet ventilation which
uses natural and saving energy and applying parallel-guide-pit forced section longitudinal ventilation
which uses natural and saving energy, the later is better. The energy saving mode has tow ways. One
is real-time control, the other is time block control. Using natural wind and energy saving ventilation, it
would achieve annual average 9.5% energy saving by time block control(day-night).

Key Words: high altitude; tunnel ventilation; two-way tunnel in one tube; using natural wind and
energy saving ventilation

1 #iik

W& T8 B AR K i H R TR o O TR A ANIREE 3R RS AR XSS AR 2 AN TR
TPEBEIE A A TE A, IWTIFEREE WM™ I 22, TR € I X RN AnT T
A BE I T T AR AL R e E AR XS] RS AR ST IR A H R 7E H AR KU I 72 A AR A XU, ] 1
SRR R AAMEEEZE L TR FORAE SRR S S A R4 2R

F AT P AN RGBT, ARG v, AU E, BRI ARSI RS, RE (A
I8 % T TR I ) T (UTJ026.1-1999) HEFER A v,=2~3m/s, 7E3E X504 —BAE AR /%
& DS AR R R/ INF T ) B 2 I TR) S A R AR Ak, IR BLRESE R AN R], 7R3 KGR Gt R A
FEAR AR, ARRBUCAE Y, AR RIABN T, HAERIBN IR, % B8RRI AR

EFE A AR (1979 5 5, WARFHA, WL, TREN, FZENHERBESM T TR LR LE.
E-mail:swzrq@163.com
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BEAT AW REIE X, K EPIRFNTRACR, WICEMRRANIZEEE 318 L RElBEIE, (CMAH
SRIRBIT ATl R AR, RORT 4y 1l XBERE .l LB AT AT AN S48 158 W 78 70 ) FH AR KGEAT 7 g
PR A R

2 BRLERERER G R

2.1 BRiERR

B8 303 R ELER LB TAE, HhARDU DR PU R 2, o TR0 TE iR H A M N 4 L DA
RINE DO EMN =B AL

BB L % 3 A LR X ) A58 o T AEAT ARy 40kmvh,  FETE AT A AR BRI B 9.8m,  BRIE HETT S
7.05m. BEIE AN EWIEAN 57.94m°, BEIEAAKFI B 7.82m. N TR R BERER, HES
FIPATIE S, 5P S5 3 A% B EATHIEE R NATHOEE, P NREE T 5.32m, &
6.38m, “FFNZEWIEHAA 2928 m®, 5N EKF BN 5.69m.

2.2 BEERSH
=1 EER LR IE S MR
Tablel Parameter of Banglang Mountain tunnel
IS .
. N 518 5
Bt 247 (R P Wt 1K oo
(1’1’1) + (m
= =+ K99+180~ 795 1.44%/570, 0.63%/3600, -0.5%/3150,
R i K107+134 4 -1.28%/620,-2.95%/14
il - 3876
% F PK99+180~ 795 1.44%/580,0.63%/3610,-0.5%/3140,
v g PK107+135 5 -0.5%/620,-2.141%/5
iH
=2 WEINEA R (peu/d)
Table2 Traffic flow forecast (pcu/d)

FEAy 2015 2020 2029 2034
ik 1913 2983 4701 5814
ERLE KT SEWETT,  ELRE L BEIE I X7 SR T3 3 26 B TE - ) U X, T8 KT 56

WK
| i A f L ‘

Ei | - - - <« - = = - - - | Ei
BE < ¢ 0 v =i
e TE H— = = = i Ex— ==1{ 72
[ | 78 | =8 | ama

=3 K1 B kEEE KT R R
Fig. 1 Banglang Mountain tunnel ventilation diagrammatic sketch
2.3 Iﬁiiﬁ%mé

T A B 7 X S P X 545 S 0
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*®3 EHILEEERXE (m3/s)

Table3  Required amount of fresh air for Banglang Mountain tunnel (m3/s)

LG
rancalicl
Cco S STUN it XU Bt K

2015 183.29 148.97 402.22 402.22 6.94
2020 265.01 215.38 402.22 402.22 6.94
2029 364.52 296.26 402.22 402.22 6.94
2034 418.01 339.73 402.22 418.01 721

3. BEALLEREF A B AR T sE B 5=

3.1 BEBLLBRER AR B E

7E ELBA L AR R T (RO BN RAEIE S IEIE) . O CNE H BB B K8
SE T AN N AT E SIS, LI A 2009 4 10 I Z R, 2009 4 12 A 1 HIERZTS
G, AT T A A S GO R S A IS S BE HEAT BT, R
DFSEAE, BATREIE A4 F AR RS, B 95%MFAIEER, ABEIE FARIXCN 3m/s, [ ARIXT [ B 75
W] /N2 34.5%, /NGRS 20 15 65.5%. EARKTHESE B~ (BL 2009 4 2 H 4 Al
HAAMELD.

2 F E BRI B

! N ]
4 1, N NN ANV 1
(o’ 0. (N AN Ty
2009:22’1 0:00 /J \ ?,042\’2*3 O:R(‘)’\]J qu\ ,%012*2\*5[1\2}:‘;}6 k /2012*\2*7 0:‘40 \ f2012*£;9 OZOO \ ﬂvﬁmsﬂf 1 0:00
} HUr\f/ S N Wv/ M LV/ N \vJ

) (d)

B2 FEIE 2009 4F 2 H AR KX 746 B
Fig. 2 The tunnel natural wind velocity distribution in 2009 February
M AR LA HBEE A E SR XK /N K 5 a1 BB 25 I 8] B AR A T Ag Ak, EL B B o B Dy X A2
i, I8 R A AR E AR RS A KRN R, 5 CEXTE) HE BRI T, 2257
BUK, DRIERAR T H AR v R AR 5% R i) 8 B AR UM T2 ) S, LI 201 8E H .

3.2 FI R R ) B A SR e

1) FI

@ HUBRE R XA S8 AT URLER B2 B8 AR T XU 1) 5 2838 X5 17 5

@ HERRNHER T Bk Kk, HA s 50 ik A28 R RERUR R, 58 28 B 2R K

@2 B IR KN T it Wk, HARE S 4 0 Il AR E R 2, THR #80 KUL, #8
LI SEE:

(2) FE s

M R AT REIE WU i) 07 30 B 70 I Beds il A S 1 o

@7 i Bz il RIUR S v A5 20K B AR KU R, R4 R1 7 B R4 N B, RS2 i
BAZAZIN BEN 1 B AR PR B0 EAT F2i o

@S 2 AR BETE A SR 5 AR KUK D, 0 38 IR 6 SIS s
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3.3 BRBLLBREF| A B AR RIS REE R

(1) FREE X7 R TT

HH T AR TE A A A 58 ARG B K, N 6.94~7.21nvs, AR THEAS B RIE 2 95%1H)
EARIRK/INA 3mis, T/ G ATh 3 X, D] b e S S A8 1 R S 1 88 AT g B XU 56
AL

BT WS-SR EA 9 FRUHE, 455 ABEIRE BRI ZIFLITRIETTT, HBRhe
WGBS AT ROETE Z A AR, TR 2%, Ehim, SAa5iE, ARBIEHERER A LR
REIE N7 %6 AR Al 2 Al XU RIN, ASTTREIE A XL, Fe2F T B 2R RKGEATE X
2 AR BE T A2 F 70 Be 38 T SR I, A8 5 S B T R REOE T8 Dy 3 IR AS Wk 78 38 i KGEAT 1 g
P Hrp IR BEIE NS AL E R B AR NS AT R, Rl T 7 &
BB IE A RURHLRTE L. LA E SR MR TS W)/ a9 REIE KT S8 S LK 3.

75 i AR R[] HUBRUR ] ING
L, L, L, L, Ls Le L, Lg Lo
Ei
x o3 BTN BT PR 13- T F5= T F13°)
Z]] ] Q: 0, Qs Q4 Qs Qs
1# 2 3# 44 6# TH 8# o#

& 3 7 A RN RN TEE
Fig. 3 Using natural wind and energy saving ventilation diagrammatic sketch
(2) BB R
AR R, P % XBCRT KR IR 2l T B R A AR CO, THRAS 2
AR & 8 XX B s KU, LR R
#4 AREHEGSERX B FRE (mYs)

Table4 Required amount of fresh air for each ventilation section in different years (m’/s)

E% LE LB LE LB L& LB L& L& L&

2034 4EH( 42.14  42.61 43.08 4542 3933 4027 42.14 41.21 40.93
2034 “EJ5 4996  50.51 51.07 53.84 46.63 4774 4996 48.85  48.51

(3) FiRembr

N T AHTTREERACR, ASCUL 2020 FAHKRSEL, A RRAINA 3m)/s,  HIBRFE R /)
eAB, EREEIT EITE 6 A AT HUEE XN BIRAEAT 7 BAX, BOEEIT R 5 1 5 R
Jl— AN XX 2% 5 3 P38 XD 2% T 55, % R T XU 70 E B UL 8, A5 R 19 HEZ) 23.4%,
A IEIE 7> KR T A

Ly
j]% L, L, Ls L, Ly Ls Le Lo Ls: Lo
A
9‘% 3"{ %Ey ﬁE, 5# ﬂ:Ey }FE, ﬂ:E’ ﬂ:Ev
- - Q:3§. Q:3?. Q=40. Q=42. Q=41. Q=40.
- 77m’/s 33m’/s % 27m’/s 14m°/s 21m’/s 93m’/s
5 1# 24 34 an | | OF TH 8# O

B4 2020 4 H AR KT — /T BEE X TT 5
Fig. 4 Energy saving ventilation with natural wind blowing from Yingxiu to Xiaojin in 2020

B & A THER B AR L TT AN ZIE ARG, sl i@t A5, BH
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I3 A RANRBCEAT KL, IR A RO EAT et 70, TR BEIE T 2 1 e
9.5%. % H A0 T REE XTI R LATRERCR IR K-

Ih&Ekw 1100
1050 /'\
20
1000 |
\

950

v

—t—

300 1 -

850

AV I “
750 i 4 = LRI

700

OO 2¢O 42 T 3¢ OO 6 1 42 O e T ¢ (1 X o e Ol o e el 35 R B
I o T 00 (0 (0 U0 O O OO O O O O O O 0 O O T

MO Qo
ﬁﬁﬁﬁﬁﬁ

K 52020 2% A0 H I E ORI BEIE RUXDLZh 3 K R0 R
Fig. 5 The fan power and effect of energy saving with using natural wind and energy saving

ventilation in each month of 2020

4.2510 32N

(D EBALRETE B AKX 95% M RAEZR XS K /NR 3mds, H IR KTT 1A HBRR TS IR R /N4 2
34.5%, H/NERIABRTSZ) H 65.5%

(2) ABEEF|FH B IR RGEAT 15 R K i E R AR I B T3], TR L) 9.5%, #
Py Badt— DA 5 nIAS 2R AF T RECR,  (H TR N5 B e R il .

(3) ZEBEIEIE )5 xF F AR XTI S, AR 5 AR S F Ak Skt il X R G il —
(IR, BB IE T B35 i SR o
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SIRFFHCHIZKBEORICHI S RSB

B &L xR, Tae
(LB SRR TR AR (e, DU AP 610031; 2. PEMACASE: A TR2BE, DU AL 610031)

3

W 4K 81.58km IZRIGRFK /K BE I TR AL T R IQX — b [EAER /0 St 2k b, e TBM jt LB Sk 3t 7
ZRRKTTIL 22.93km, it T3 DAFR A FSE T AR 0 o BRI TR it T3 X R XU A R A LA R TR 1 XU AE 4
A B 3 AT S DU R T AT X M (i T @ AR R LB, FRAERIGBEIN 3 5. 6 SO T 2 NES)
w%m,ﬁﬁw%ﬂmequ&ﬁﬁﬂDm GUB ST RS E 2 W o e SR 5 PRt 38 XU 22 A0S
FR R B SEN B, @ xR B BEAT T B BB R B R, O B 22.93km JEk i Tl B
FEH B HE SR

KR SIOGHE TR IR R BE Bk Sk it IR SR B b

hESTHES: U4535 SCERERIRRS: A XEHS:

A long-term monitoring research on the meteorology of Qinling
extra-long water conveyance tunnel
Guo Chun'?, Sun Zhitao '*, Wang Mingnian'*
(1. Key Laboratory of Highway Construction and Maintenance Technology in Loess Region of the Ministry of
Transport, Shanxi Transportation Research Institute, Taiyuan 030006, China; 2. MOE Key Laboratory of
Transportation Tunnel Engineering, Southwest Jiaotong University, Chengdu 610031, China)
Abstract: Qinling tunnel whose length is 81.58km is located in Qinling Mountains the climate
boundary of China .And the TBM blind heading distance can be as long as 22.39km which will easily
make people realize the difficulty of the ventilation. Ascertain the air demand for the construction
ventilation and Masting of the the wind pressure law in a year is quite necessary which will provide an
important reference during the later tunnel constructing . We have built two auto-monitoring stations
monitoring the weather situation during a whole year nearby the no.2 hole and the no.6 hole to get a
long-term climatic factors monitoring datas at the TBM area and we record these datas,which will
provide the data support for the ventilation dynamic control of blind heading about 22.93km by a
further accurate analysis on the discipline of them.
Keywords: Yin Han Ji Wei project; Qinling water conveyance tunnel;super-long distance blind

construction ventilation;analysis of meteorological data

1.3 B
Bk PG48 51 D0HFIE LR 2005 4 45 B Stk i s i i /K AR, B 176 4 1St 5 o s X 7™ EE ik
TSI, FURIA 4 P RS /KB TR = 25 s /K T2 2 —, e i ik A B K i — T T 2
ZIGBE A 4K 81.58km, it & 70m3/s, F-FH5iI/K & 15.05 /2 m3, RAE##E+2 & TBM
/zﬁﬁﬁﬁi FURITHA 6.5 4F. Wi H BEE 10 FERIHEAE e T Bhi@EE, & T IX ik T8 XI5 R H K
g RN R I1RE TBM JEZEHLE T B KA 39.40km, TBM T 3.
6 TR HlE R 3.532km A1 2.390km, 1% B fe K38 MR 251k 22.93km. [E Py 4RI 20km
EI’JTBM zm;kﬂ?dﬁ%LJr“”Jm DT AR B e S it T XU I R TR, TR FH B A i T
RS T, R B .
ZIRWRE DA HLIX, BRI L AR X, BRK e, AR, LA EN; RIRIGHELIL
HiX, EE A IRIER S KRR ik R Ak, AZRSES, EEEm, RRMFBER. |
TR 1 4h S G 45 P2 0k it T 368 XU A2 S5 o 7 2 LRI, O T HERR 23 BT 3h A it T

{EHERT: HEFE (19790, T, L, FIEIZ. ETNFREE LT TR %R K7 . E-mail: gouchun@swjtu.cn
HEEWH: EXREARIFEIS (51108384); F @i AR L% B W7 4 (2682014CX062); U144 # & T # BRI H
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ARG B AR RE AR, TE A A e it i XU R, PR P 28 0 [T K B 1 Sk it T e
KUEIBRBEAT, 7 BRI 3 5. 6 S 2SR . AR XGRS
PG Z KIS, FRoF ot LU o A e .
2 A0S S E R TER R

ZR U [ VI e T 38 75 LA I A B R R A LR UM ARS8, EEZMEERE RN G A
SIHAE L NIRPLTR A IRE, T TBM B EEHEN ARG, FEAAEGE, FEX
H WAL SHEB LA v ReAFAE LA N I LTSS B A8 RS B,

| DA _E S AR R & B O T U A EVE L, 75 B A0 N T S B3 S i £
e pE A, AR E I ML ST NI T e G AT PR T o T3] 11 PR A58 IR 3R 4 IR (R R 2 LR )
IR RESE, XT3 22 B PRI ] 5 it B2 2% Fe SR O hn S X B f i, ben, X T =i
P IX (14 B e T30 XU 25 FE B It S R I AN BB R R G . ez, IO AR R &S0
TRt TE R 2 TR DR [
3 BRS SV ARER

(1) HER G WMN R GG A T EL R

HEIR ST, AR E A SR R R R R RN R, OSBRI 1.
Rl AGRISRE R
Table 1 Requirements of the sensor precision
R\ RA WEEE | 2 LT
R T | -50~+50 0.1 +0.2
AERHREE | % 0~100 1 £3%
M | m/s 0~60 0.1 + (0.3+0.03V)
NG i 0~360 25 £5
SR pa |0~1060000| 0.1 +0.3

(2) HER R ARG R

H 30 S I 2R 508 12% BE NS I KL B3 IR PR IR . VI A AR A P A B S et 1 )
RGEL R R AERRRE . KRR E SRR R EASYE, Bt e R G R Lt
TR A76E ARhgs O T EAL LA T 5008 58 I R G A7 S 190 o RLRERE LA 1 4H/20 5 )
SRR R BAEHAT ERAFKAE, FFE I T2k W 4% B 28 W 4% 5 0 S R SN LE B2 S Bl st
Biftisd . BB RENEEA —ENBIEFEAE, A e Ea KRR RERTEA S E
Ko HIVRMNEE RG: R HADFLE RN 1ZEE — @ WARetE, R SR e S MBS R
AR PAK e TR RIS R A
4 FISEERSRKIM G Rt

N T ARGFHOG ZR & 5T 3 IR 6 SR LS R AT R I, %000 B 07 B
T A TR 10 38475 b S 00 J VR 1 BRI S X T 7 AR BE S AR R TR 1 SE AR GOtk HL B BGE A
AT W TAE (A7 BRI B 23RS T PN F B Gl o TEXT S R sl i 1o B 1 e iz S A
S5 GRS ZMMITE) B4, BARE] 7. mEEmR. KR TR RS KNS
& BSOS TRARAE N

GEA R TR TRERE 5, 7ERRIR 3 59 M2 6 SR ST 2 AN A 5 Wi b 255K 3
G o AR B BRI T SRR R IE PR ZR IS BRI 1) H 2 S SIS AR D 3%, B3
NI SR RN SR PH S REN (LRSS WC-1 B XE D, iR
FEAGIRES, WAL IR DA S URAE S A ORI BN A SR BIEREN S O
SH-ENLZ AR GPRS T2k )y s,

Z2 U Bk T U 00 P 2 L HE RIS, RGBT XU A K A KR T KU 43 KU
R RGH S AR e KRG R AR — /& AR s B RSIR. AE
YRR /MR A E. REAE. BIRAESEES RS

AR OISR, TS ERGH R U R . X TEE, Mg
— BRI (AT — BB 0 #T . ZRUR BRI ) H 3SR M A R TAERE i A %R N 4% 4l
K1 s
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Fig.1 automatic weather stations connected by GPRS

5 FIREER S RATNBIEAIE R 24T

F 2010 4F 4 H 30 HE@ L AZS RS 2013 49 A 9 Hib, C&xRIRRIRS R &M
ITIEI 1228 K, 7oA FAds SR BRERER A 1 H/min, 52T KEMIHGEGE, Kb 3
SR VS S I 1] g 2010 4F 4 H 30 H—2012 4 4 H 19 H, /S Suiuimlsta A 2010 4 4
H 30 H—2013 £ 9 H 9 H. LIRSt a08, 53] 3 S, 6 S DAL 44 P & W& bR
A A3 AT G O o AR Z3 04 B TR BT i85 b X () S A m AL B B 5 20 A 2010 42 5 H 11 H—2011 4F
10 A 30 HFHARS G380 DU SR A5t LR B i Tl KU mtE R R . LR ESERL S AN
BIAH T 3 5. 6 SO FERE . AHXHEE . KREERIIRS A ZEE, BRI 2 fis.
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Fig.2 Frequency distribution of four Climatic factors nearby the no.3 hole and no.6 hole taking
May as an example('C)
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Fig.3 Histogram of average month temperature (°C)
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Fig.6 Histogram of average month wind speed (m/s)
6 FiLREW

3BT ARG M DU DT DA R 20 I it 1 XX B A A 74 A o S 0T e S A S 4 o X P
ZRIRIX — [ A A Sk ATt B TR ST TR R K AT 78, REfSIRITHits S RI4 R
TR 0 R, H R % 8 B R f s X TR i T B KIS0 E

SRR A, W LMR RS R GRS SR . MR . KRR, KIS R3EA
I

(1) #E. 3 S DRI E A B 45 B oR, S VPHURAE 13.9°CA A HhEER &R
Hty N4 A~9 H, HHVFHEETEEN 16.8C~252°C, “FHIEE 20.6°C. 6 S i A% 5 4b
R EIR, FFHRIRE 13.7ChEL; HPRERENAM 4 H~9 A, HAFREEHE
N 19.5C~21.3C, PR 20.6°C. AHLLRUEL, 6 ST HRE AR GE .

(2) AHRHRIE . 3 530 D U E e A B LS R B IR, PSR 68.9% K A HA 4
SRR AN S H~10 A, HH PR ETEEA 76.3%~84%, “FIIFXHERE 79.5%.
6 i I FRE B Ab HE 45 SR BN, P AR ELE 67.8% A HrP B R S A A 7
H~12 A, HAFHHAEEIEEN 70.5%~87.4%, “FHIMIHEE 79.6%. NS, 3 S
KRR K A4 b 6 S RBERT

(3) RAE#E. 3 5. 6 5 H RS ERRI /N T AR RS, 3 5 I o b 22
SRR, FPHRKAERRE 92.1kpa A7 HA KA BB A MmN 10 H~3 H, H A
KAERIEHEA 92.2kpa~92.9kpa, “T-¥J KK 92.5kpao 6 5l 11 A0 I s Ah B 45 SR B R
P RS RSRTE 93.7kpa o 47 HA KSR M HA M N 10 H~1 A, HHA PRI EEE
BN 94.1%~94.8%, “FYIMX IR 94.4%. FEIN S, 6 5K L K—1Lt,

(4) KGE. 3 -FIFIEHE P25 R BoR, P RGERAE 1.97m/s s Hod XUEBOR
Htr 12 H~5 B, HHFHXETEEN 1.99m/s~2.54m/s, “FHXE 2.16m/s. 6 5l 1 XIHE
ML BE AL R 25 BB oR, PR XGETE 1.62m/s A4 Hh XoEEmEmAm N 2 H~4 H, HA
P RGETE Y 1.83m/s~2.16m/s, “FIJRIE 2m/s. 2, KOEMARATE FIAS K.

(5) FFEH DX GEAR AT IR, oA FAUEE Ko it T8 sz, 68T T —Fr
Bt 22.93km 3k it 138 KU A
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Researches on the Calculation Method for the Over Static Pressure
Difference Causing the Natural Wind in Extra-long Tunnel
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(1. Key Laboratory of Highway Construction and Maintenance Technology in Loess Region of the Ministry of Transport,
Shanxi Transportation Research Institute, Taiyuan 030006, China; 2. MOE Key Laboratory of Transportation Tunnel
Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Take natural wind pressure in extra-long tunnel for the study, conduct research on the
formation mechanism and the calculation method of natural wind firstly, analyze the utilization of
natural wind pressure. The theory of atmospheric pressure to form a natural wind pressure is focused to
come up with the concept of over static pressure difference. The traditional calculation method is
questioned and calculation model of over static pressure difference was established for long tunnel.
Then the calculation method for over static pressure based on the horizontal atmospheric pressure
suitable for tunnel with single (inclined) draft or multiple (inclined) drafts is deduced which is
convenient for programming calculation. Finally, the data from the calculation method and numerical
calculation meets accurately.

Keywords: Extra-long tunnel; Natural wind pressure; Atmospheric pressure; Over static pressure

difference; Calculation model
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Fig.1 schematic diagram of the horizontal pressure gradient
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Interchangeable and standardized LED tunnel lamp and its application
in road tunnel lighting
----- Energy-saving LED lighting project of Shanghai Dalian Tunnel
Shi Yongquan, Zhang Liang, WuHaibin
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Abstract: The background and main content of shanghai {LED tunnel lighting application guide) and

(LED tunnel lighting application standard ) were introduced in this article. Based on the
implementation plan, energy consumption analyze and lighting performance of shanghai Dalian tunnel
LED lighting project, the article discussed the key technology and innovation on interchangeable and
standardized LED tunnel lamp, standardized LED driver, Zigbee wireless communication and control

technology and LCP—SH control protocol .
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36.8 35.7 354 34.9 393 35.9
SRR 38.7 lux FREESS 51 0.902

Al I T P LRREIE GRPE IR B TR A 26T RS B B AR -
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T 4 A ETEHV P R AR R SR (R Tux)
51.5 51 51.8 54.3 52 57.3 56.3 54.8
68 66 66.8 66.6 62.5 70 71.8 69.8
57.4 54.6 57.3 55.5 59.7 58.8 59.4 58.2
SRR 59.6 lux MRS 0.856

RS RN A FEERH R E AR R CRAL: ux)
43 42 39.3 39.6 40.1
40.5 41 38.7 38.4 39
34.5 37.2 38.8 36.5 37.5
SFHHERE: 39 lux PRI SR 0.885

LB, I LED MBI LSO GAT B SE Bl 1 i 51 B2, i B 50% K REFERE

HERE T 55%!1!!
T BRAIE R B PR TE N TG ZR G RE . OB 65% ML B b AT T HE BN, RRFE 0 Am
W N RR:
R 6 HEEMMEIREMR (65%5)
xT )
57.4 57.6 58 59.2 59
62.9 62.9 62.5 63.2 63.8
65.2 64.9 64.4 65.2 65.5
64.8 64.6 64.3 64.6 65.2
64.4 64.2 62.2 63.8 64.6
Iy g 2
TR 62.97 lux | B 0911

M T HTHIL, 100% 02 R I T34 IR 8 92.6 lux, IR 65%I SF B E Y 62.97 lux, SEBR
BB A (62.97/92.6) *100%=68%, 5FEiEFF&HIT .
2013 4E 1 A 21 HXH A —FKBALH— & B T T B 3047 7 =00, MR 4s S R
7T HEERIEEE AR (100%5)

xT *T
90.4 83.7 83.4 85.8 82.6 84.4 86.5 85.4
87.6 97.2 97.2 96.8 94.8 94.9 92.3 98
99.9 98.5 98.1 97.7 95 94.4 97.3 97.9
98.5 97.5 96.8 95 95.6 96.3 96.4 97

gk

IR . 93.5 lux ISR 0.88

5 RTINS AR WG, MBS SRARZE 1%. 5340, AR T G RE v EAT T e R

wl, iR
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V DA

V¥ S50
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| SECE1 GK)
J

A oK)

8 AR SEEE VST A A

R 8 MRS LTSRN 45 R

Y] 100% 90% 80% 70%
= FF /cd/m2 5.07 4.61 4.14 3. 69
s 0.73 0.73 0.73 0.72
SEEYN A H 5] 0.80 0.80 0.80 0.80
3G R\ A S 0.94 0.92 0.92 0.92

H_ER M1, LED SUSE 5 M AGEB BB LT 70%~100% 650 H BRI, B -T2 725
B IIEESRN 2.5cd/m2, HEEHTEE SIS 0.72~0.73, BieE PR m IS A
0.8, ZEIEHLIFISIERIEE] 092 ULE, fFE (FEREI) FREHEFRIAHCER, Bk
I i KA
4.3 REABUEF AR BIF R
43.1 EREBERAHDSI T LED BETHRELITR RN EiR

ARG = AT B RS T PR SR IR EE O DR IE A4 SRR
HLYERURS o KT BAME RS2 07 T AR AEAL, S B B 3+ AR, PR R KIS I T AT
HAE . SR ) A

B9 =AN I B, G DAL 2SR L XS P S I B AR HEAL
4.3.2 BERERERAHRA TR ERARELR LED BRET

AIRBOEFRIL T ONEHEAE) ST R 8, SEHLS MG RAT BRI B #o' i
i, BAGR THT R ONEDLIED AR ariA 2] 25 4ELA b ARG P SR sk 248 I A7
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e, AT EHAR SRR CIRAREAL, S T S GBI BRI 4R 5 2, RS TR

A TRV B bR UE(L LED BEE (T A KN E R LED Jelskith

AT EBLFRAEA LED BT B 2574 B LED JeUish
C HOGUT BHAREIL LED BT C 260 H st LED JLURELs

K10 Jeiliinl & #briEtk LED BEIE )T

4.3.3 EREREREA PR AFRE L IRTI BT

AWREGE R T e (EHETTREE LED FRBARN FHARIE S8 W) BoRIIMER S K w37
SR e I RS FRE, B R RS R B SR T SEE T RRAT $E ) 28 5 LED 3Kl H R AR K
BRAR T RAS, FESCEL BT IAR ThEE . IR R, 3 AOARHE DR 12 Sk 4 20 3 5 O 40t SR AR KA
Fl.

11 e 2 Bzl F Y

4.3.4 ERERERAIEFIREHDRAT Zighee LB MIEHIRAR

N T SEBUEREDGINRE,  FFI T IR ) F Geh AP A S IR P R B A i A AT AU
A5 H AE RS B o CR A T R AR T Zigbee ToZGIE I HIHOR , 8 % 1 HHT 2R A
LA RIOAE, AROBIRR T A, K 7S], g 1 AR LT S L
B REAE IR, Ny REE IR W SOE KU BRI DI RE R R T 4.

MR Zigbee TLLIE AW EIA HL A e (32T, BATEBIZAT 7 TP, iE
BN BETE I AT T B KR AR L Gl OB M R R Z BT
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K 12 Bl Zigbee ToLR A5 50 ¥ IO T4

4.3.5 ERERKERPRNIEH RS PRA T LCP—SH B AEFIHY

RRHGE RIS R UCKA T (Ll iikEE LED BN AR SR e i)
LCP—SH & F# P, FIARYE 2 8BRS pEIE A IR BT LED 4T H 10 e LL i esa il
JeAEH RGREE LA BTN A PUT A, SRR R e R P Al TAE RS,
BFAERR AR R a6 45> LED BREAT (0725 sSe Bl i . AL 3% = Fhdaihl 7 =0, R
A EAITNRE, KR SERRRSE B S &4 LED BEEAT s 4T 522540, LED BB
AR AR B, MAT BamE—thhl, mTSeBURAbiEE, B Bisinaraeiat. T
(1388 F 4% ) s LCP—SH Bl 4 Ja 3 il A T g gt 1 R
4.3.6 ERECHE T AEHAZE R TRRAZE

T ABEIE A 24 /N IS E B ERE, ARSOEAREAACE, THE. EERK 2eRE£.
BTG B0 il T ARV I E R 120 00—5: 00 [ 18 S A I B I i B P — MR 428 7t T, A S
ERFET, ARKEIER#EE.

Bl 13 AP A I8 A 00 B B0
4.4 RIABUERRTEE. MR, REWEHE
4.4.1 XA/ N TAE S5 LED 4T R, K T fe
4.4.2 1@ ReAEHI 77 3, AL T R R I R RS I Y PRI T I B s B (FE RS VR
D, AMYSEIUNTRE. EKAT H Ay, Wb 1) HE BH 0 B o v s iR e A3 m) LR o R AN 3
4.4.3 B R dEH 1077 NAE LED AT B 2382 i v vh iy, J8 i Bk D 2 e i s
SCEE, ROk Gt G AT BAE A I R B I ) FRLRRIR 2 . 7ERSIENZ B ] LED B
EH BAR IO ZROB B PRGERE,  SE A IR B 28R
4.4.4 1 TCR I LED Y6, S NFRfE.
4.4.5 fEHDCIRBEIAT B, Jex@id Wt EeRE (5 73/ RSB o, T B AR
RIMF, BT AR AT GRS, DA /N BRI R T R IR B RS B 4R
4.4.6 L WIHEARDTE TEM, &M, EWMad, N TEHEHE.
4.4.7 = H RGO BRI AR, BER ISR B ARG, AT B A, B
B RGRA, WIHT B2 ashisRam, DRIEREIIZ .
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5 HRiE

76 LT (BEIE LED FRBARN AR S8 W) Hat B350 (LED Reis g B N B
G sl T BT ERACERH R R SME AR E S LTIk 2 @R AE R RSN E i,
T 2014 4 5 A 9 B tdE R il TREERITE, Fi—4%i'5 8 DG/TI08-2041-2014, [ 2014 F
8 H 1 Hiksii,

ERIEREPEIE R LED 9 REC0E T2 TC IS 7RI WA R R A 2 1 RE AR LIS T R 47
FIZRTERN, %00 H RS2, AR IGIE T (LED P i IR N P H R BETE ) A i 4% i
AAgkr, M E A EEELERRE R b R LED BoAR . HESITREHE TAE K% 7 EEEH.
KIEPRPETERGE] LED 7 Ag ol 56 e, il i A0 o F Pk 1 LB A 43 R A AL T 'R
A 4 LED FEIEAT DA & LCP—SH &6l P B el R4, X s LigREE LED I C
258 A ) S8 A EARAE A AL S AR, AT T B I m A 1 S YR ] 5 4
ez AR
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(1. ZHEAABITREEHRAR, B, 6502005 2. HKZEKY, iﬂibﬁ%ﬁm, HEK 400074; 3. BRI R, IXFFE
5k%iE TREE R E St E 2, B 400074)

FHEE: fERREREIGUR, 7050 FH B ARG BEE BB E, PRARN R B A, TR SRR TE N 1 BUR
WIFT R RO L — o AES G = IR S B L BEE A B ARG, BACE 0 LED (T 24 BT g
N [ TR R P SS9, o 5 RV B S (E R B A 7, 733 TRETE N N B & X Bt A S8k LED /T
R T BRIE R B AR, X RERCR BT TN . A R DS EA A B, NIRRT IE S A
AT RET LIRS .

X T BEANDBG BEETREREN] B

Experimental Study on Energy Saving of Composite Lighting in Tunnel
Entrance Section
Wu Guilin', Xiao Yao” (corresponding author), Liang Bo’, Pan Guobing’, He Shiyong®
(1. Yunnan Highway Development & Investment Co..Ltd.; 2. Chongging Jiaotong University, School of Civil Engineering and Architecture,
Chongqing, 400074 ; 3. Chongqing Jiaotong University, State Key Laboratory Breeding Base of Mountain Bridge and Tunnel Engineering,
Chongqing, 400074)
Abstract: In the tunnel lighting field, make full use of the synergism of natural light effect on tunnel
lighting, reduce energy consumption of artificial lighting is one of the effective ways to realize tunnel
lighting energy saving in entrance section. This paper base on different depths road illumination
measured in Lushan tunnel which under the condition of natural light, natural light and LED lamps
composite lighting, contrast measured data with the standard values, get the distribution law of tunnel
illumination of composite lighting, evaluate its energy saving effect, at last provide the reference for
tunnel lighting energy-saving in reasonable use natural light and artificial light composite lighting.
Keywords: composite lighting; tunnel entrance section; tunnel energy saving; road illumination
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TREIAE . A SRS 2 i ORI i A 6 B L L BRIE , B 0 BE TE B R S R &, IR E SR S
MVEHUE EREAT X B, PR I B 206 5 ATOGIRE SR N R RERCR, v H e & BAM A E 2
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FE: Oy 1t obiRe Ll B ESGE R E 10 2 AE B KT, B REEIE T IR KR F SE R GUR 4R
FEIEW K TARRE,  ASCE AR BRI 5, R SEPris AT I R AR IR KK, SEm fE 4%
PR EENIRE RGN RBE, FEt, KRIRERESRAE . WBOR LARIIE T RBERE IS Bt IR 28 A T K RIRE
RGMRIZ T
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On-line Evaluation of FBG based Fire Alarm System in Operating
Tunnel
Du Xinmin', Wu Haibin®, Zhang Liang >, Shi Yongquan’, Wang Wenging®, Yan Zhiguo’

(1. Sensorlead Inc., Shanghai 200237, China; 2. Construction and Development of Dalianlu Tunnel, shanghai, 200082,
China; 3. Tunnel Engineering Inc. , Shanghai 200082, China; 4. Shenyang Fire Research Institute, Liaoning
Shenyang 110034 China; 5. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)
Abstract: In order to continually improve fire safety of urban traffic tunnel, a new method in evaluating
the fire alarm system’s sensitivity, stability and fire alarm threshold is investigated based on temperature
data collected by quasi-distributed FBG (fibre Bragg grating) fire detectors in an operating tunnel. The

results from Dalian tunnel , shanghai, would be a useful for all similar road tunnels.

Keywords: FBG; fire alarm; operating road tunnel
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Fig. 1 Scheme of quasi-distributed FBG fire alarm system.
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Fig.2 Arrangement of fire alarm detectors in the tunnel.
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Table 1. SD and Tpax-Tmin of temperature data during any 60 seconds collected by detectors at

entrance, middle and exit of the tunnel, respectively.
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Fig. 3 Temperature vs. time of detectors at tunnel’s entrance, middle and exit, respectively.
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Table 2. SD and Max-Min of temperature data during any 600 seconds collected by detectors at
entrance, middle and exit of the tunnel, respectively.
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Fig. 4 Threshold should be choose between upper and lower limit value. The lower limit: 7c for each

detector, and upper limit: maximum temperature gradient measured from a fire experiment in the tunnel.
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Fig. 5 Temperature relative variation collected by a serials detectors, #1 to #11, in the tunnel at
midnight, 2014/02/21. Video camera found that a huge tunnel cleaning vehicle slowly passed
through the tunnel at the moment.
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Fig. 6 Diagram of alarm time — position of corresponding alarm detector when a tunnel cleaning
vehicle working in the tunnel with a moving speed, 5.4 km/hr.
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Study on halt pattern of burning train in emergency exit of
Single-hole railway tunnel

Li Qi, Wang Mingnian, YuLi, Luo Xinyu, Li Bo
(School of Civil Engineering, Southwest Jiaotong University, Key Laboratory of Transportation Tunnel Engineering ,
Ministry of Education, School of Civil Engineering, Chengdu 610031)

Abstract: The fire train can quickly select reasonable parking model in the tunnel exit or refuge
place, which can be in the maximum extent to ensure the safety of evacuation. This paper
analyses the factor of the evacuation safety, considers the factors of the size and the direction of
natural wind in tunnel, the main hole slope, fire point, train personnel distribution density, the
number of person who must pass through the fire point in the process of the evacuation. The
research conclusion: the burning train of extra-long Single-hole railway tunnel in the emergency
exit and evacuation parking mode as three types: Qif the first half train on fire, the train tail
parked near the entrance of the emergency exits or evacuation;@if the train half after fire that the
train, the head of the train halts in the emergency exit or evacuation near the entrance; ®if the
train near the central on fire, it depends the train slope. When the train drives uphill, the tail halts
near the entrance of the emergency exits or evacuation. When the train drives downhill, the head
of train halts emergency exit or evacuation near the entrance.

Keywords: tunnel fire; emergency exit; refuge ;evacuation ; halt pattern
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Table 2 Halt pattern
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Fig. 1 The first parking model
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Fig. 2 The second parking model
T T
P?:!.”.”..”..”.”?.J}‘*
K3 154 3
Fig. 3 The third parking model
7 &g
AL KR FZEAE KRS J7 P i B 55 20 R e s P2 ZE A = i R R i 7, A9 31
TR
(1) 520 K R FNZEAE B 20 TRIBEME T N 1 A ZEASE ) = SR 25 D VR 5 A0 U A
4!74%0

(2) RIS KRB AL RETE R T FUREERE T 4 5 S PRI I, (e A9 31 =

58



Ao

(3)  HFIERTFEE K, WHIZE R AR 2 S 1 BGREXEpr N 1.
(4) MV FEE K, WP KA AE B S 1 Bt e e A B
(5) HFNEARERIGLAE K, WARARSI AT R E . 25 F EIATRE, MRS R S

HY EEREXE T N BRI 84 AT, SRR AR K S ) SRR T N B

BE ik (References)

(1

(2]

B3]

(4]

[3]

(6]

(7

(8]

A L A T R U R 2 i B A K il BE 37 93 A U8 T AT (9] Hb R 73 1), 2003,23(6):191-195. (Yan Zhiguo, Yang Qixin.
Experimental Study on Temperature Field Distribution of the Fire in Qinling King-size Highway Tunnel[J].UNDER GROUND SPACE,
2003,23(6):191-195. (in Chinese))

P, T BSR40 4 2 P o MR T S (R B AL 56 2 BT [J]. 4 R = ] 5 T A2 2%41R,2008,4(3):569-571.(Yang Qixin, Wang Mingnian,
Zou Jinjie. Analysis On Character of Smoke in Tunnel under Fire Model Test, [J]. Chinese Journal of Underground Space and
Engineering, 2008,4(3):569-571. (in Chinese))

AL AR BT, 2 5 35 P B K 5 043 A BRI R [J]. 7 R K 254 41R,2013,44(10):4257-4263.(Zhao Hongli, Xu Zhisheng, Li
Hong, Jiang Xuepeng, Li Dong. Impact of slope on smoke temperature distribution in tunnel fires[J].Journal of Central
University(Science and Technology.2008,4(3):569-571. (in Chinese))

AT BRI I BEFEE (¥ K TN RN AR J3 43 D], 3R 2% 1) 5 LA % 41,2009,5(4):686-690.(Xu. Lin, Zhang Xu. Analysis on
Effective Pressure Difference due to the Stack Effect for Sloping Tunnels[J]. Chinese Journal of Underground Space and Engineering,
2009,5(4):686-690.(in Chinese))

B R AT R ARG, S T A8 T R A T K MR ST B IR 7 [J]. R 2 A AR PR R E A R 2011,7(5):10-15. (Li Yanfeng,
Fu Chengyun, Li Junmei, Du Xiuli. Study on the slope effect on smoke propagation in urban traffic tunnel [J]. Journal of Safety Science
and Technology,2011,7(5):10-15. (in Chinese))

V2 PR A KR A TR B ORE M. A I op [ R 22 B R O 2% Hi A, 1995. (Fan Weicheng. Short course on fire science[M]. Hefe:i
University of Science and Technology of China Press, 1995. (in Chinese)).

A R A B K 9 RS A 1) R BRARR PE A 73 [D). o B R %45 R K %%,2006. (Hu Longhua. Studies on thermal physies of smoke
movement in tunnel fires [D]. University of Science and Technology of China, 2006. (in Chinese))

Hitoshi Kurioka, Yasushi Oka, Hiroomi Satoh and Ssmai Sugawa. Fire properties in near field of square fire source with longitudinal

ventilation in tunnels, Fire Safety Journal[J] 2003(38)319-340.

59



KR KEEERIE X BIEF R R E T RAIPIR

T, THF, T3, WUE, &K
(FHACER AOMBSE TR AR NS5, A TRESE, A 610031
¥ B B ZRHR SR i, TR BRI P H L TR 2 PR R B S BB R« b T BT A O A IR
WA IR BUR T R A IR LA R F SR R BUR OGN o 10— R A M AN B 7 ok et . Be#% BARBEAE — e L
AR R FHE AR I, E G TR BRI, B, ROk BETE T RE A Y CE HEAT 2K,
FEBEELAE X0 9 FE SR AR BEAT PO, TS5 G REIE B SRS ni i S8 22 2 0 70 bRt AR UEFRERE S OR
BRI FEIE S BETERE T R BN WA BRAE, DAIYDNERBREEIE, Rp e KRR R FEE S BETE R BT R TR AR -
KRR KORBRBRBEIE, BRER: 220 %: PiRidal
PESES: U25 SCRRERIREE: A
Study on safety rank of long railway tunnels
and railway tunnel groups

Yu Li, Wang Mingnian, Xie Wenqgiang, Jiang Zhiyi, Fan Yu

(Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, School of Civil Engineering, Southwest
Jiaotong University, Chengdu 610031, China)
Abstract: With the improvement of railway standard, more and more long railway tunnels and tunnel
groups spring up. Because of length addition and distance reduction of two tunnels, more and more
disasters may appear and the results my aggravate to some extent. Thus, some measures should be taken
to prevent such disasters as collision, fire , derailment, and so on from happening or to reduce risk to an
acceptable level. However, in consideration of construction budgets, tunnel management must then find
answers to the questions: which tunnel must be equipped with these devices or facilities first and which
safety measures are to be implemented for the greatest benefit. In this paper risks which are faced with
long railway tunnels and tunnel groups will be sorted based on a number of risk examples, then safety
rank would be given according to tunnel features and risk degree, finally standard for facilities and
devices would be set up for railway tunnels. Also, from this study some more useful advice could be
given for construction of railway tunnels and tunnel groups.
Keywords: long railway tunnel; tunnel group; safety rank; risk design
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Tab3 Categorisation classes of damage
RESFH T AE ZOAE PssERE o

I 0 0 <0.5
I 1-2 1-5 0.5-2
111 3-5 6-10 2-10
v 6-10 11-20 10-24
\Y > 10 >20 > 24

® 4 REBFEL K

Tab4 Categorisation classes of frequency

PR AT TR R K ER
A <0.01
B 0.01-0.1
C 0.1-1
D 1-10
E > 10

MRIELR 3 AR 4 HIRAFI R FELL, MR8 9E KIS PP AEN, @7 SRR BEIE 1 9 7 207
k. BVF-NHER, Wil 2 st By N EAXIR, SRR ESZ X, ALARP XL K
AR X S5k
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Discussion on rescue facilities planning in long railway tunnels and

tunnel groups
LiQi, YuLi, Wang Mingnian, Luo Xinyu

(School of Civil Engineering, Southwest Jiaotong University, Key Laboratory of Transportation Tunnel Engineering ,
Ministry of Education, School of Civil Engineering, Chengdu 610031)

Abstract: With the increase in number of long railway tunnels more than 20km long and tunnel
groups, people are increasingly concerned about the issue of disaster prevention and rescue. In order to
program the types of rescue facilities in long railway tunnel and tunnel group, based on a large number
of research on railway tunnels and tunnel groups at home and abroad, the railway tunnel group is
divided into adjacent tunnel, continuous tunnel and single tunnel, which is based on the length of the
train and fire smoke scope. And plan the layout and smoke extraction pattern of rescue facilities
(emergency exit, refuge, rescue station) in different types of long railway tunnel and tunnel groups.
Research conclusion: rescue facilities of adjacent tunnel were considered to emergency evacuation
passage-ways and smoke facilities in the tunnel, platform widened and the expansion of the hole section,
and double-hole tunnel should set up the smoke wall outside the entrance; Continuous tunnel rescue
facilities were considered platform widened, the settings of inside and outside the emergency evacuation
passage-way and the shelter in tunnel portals; Single-tunnel rescue facilities were considered settings of
transverse passage-way and smoke extraction pattern inside.

Keywords: fire; rescue facilities; railway tunnel groups; rescue station
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Fig. 3 Schematic fire smoke spread
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Fig. 6 Schematic of layout planning in bridge connecting adjacent railway tunnel
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Fig. 7 Schematic of layout planning in subgrade connecting adjacent railway tunnel
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Fig. 10 Schematic of rescue station layout and smoke extraction pattern in single-hole tunnel
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Study on standardizing method of railway tunnel accident investigation
Yan Guanfeng, Wang Mingnian, Fan Yu, LiRuifeng, Chen Yingjun

(Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, School of Civil Engineering, Southwest
Jiaotong University, Chengdu 610031, China)
Abstract: With improvement of the economy of our country and the traffic equipment construction, the
number of railway tunnel in our country is larger and larger. However, the possibility of accident and the
level of damage are increasing. At the present, the railway tunnel accident investigators do their job
based on their work experience, which varies from person to person and will lead to low efficiency and
deviation. So standardizing method of railway tunnel accident investigation is necessary. So, based on
present regular investigation methods, according to classification of tunnel accidents and purpose of
investigations, this paper brings out a standardizing railway tunnel accident investigation procedure with
direction, which is proved by a construction example and provides reference for the related engineers.
Keywords: tunnel accidents; classification of tunnel accident; purpose of investigation; standardization
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Research on Transverse Gallery Intervals in the Single and Service
Tunnel Construction Form with High Altitude
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Abstract: For the single and service tunnel construction form with the altitude exceeding 3500 m,we
can get personnel available and necessary time to escape in the high altitude by setting up Fire model
and occupant evacuation model. Analyzing the two time, we can infer that in order to ensure the safety
of evacuation in the most unfavorable fire conditions at high altitude area, the interval of railway
tunnel’s transverse gallery should be 250 m.
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Figure 4 Smoke distribution variation over time
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Figure 6 The visibility-time curve of measuring point in downstream of fire source
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Figure 7 The visibility-time curve of measuring point in upstream of fire source
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Table 1 the time into dangerous state of every measuring point’s visibility on both upstream and

downstream side of fire source
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(a) Section of longitudinal temperature distribution when t=200s (y=0 in the main tunnel)
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(b) Section of longitudinal temperature distribution when t=400s (y=0 in the main tunnel)
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(¢) Section of longitudinal temperature distribution when t=600s (y=0 in the main tunnel)
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(e) Section of longitudinal temperature distribution when t=1000s (y=0 in the main tunnel)
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Figure 9 the temperature-time curve of measuring points on the downstream side of fire source
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Figure 10 the temperature-time curve of measuring points on the upstream side of fire source
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Table 2 the time into dangerous state of every measuring point’s visibility on both upstream and

downstream side of fire source
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Figure 11 the time into dangerous state of every measuring point
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Table 3 the value of different people’s evacuation velocity in the simulation calculation
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R B TE A RS (K=0.4) 0.49 0.41 0.32 0.3

2. NGOt

FEAHE N O3S LA [0 ZLR I 1) o N D3R B T] = B i i BN AT R B ¢ 3 BT 81 K e
WE 5, AR AN RSN E X B 8], S WA TR 5% iy S sk 6 8 ok 5 Ik 3 S B A
TEREIE A AZIN ] AT N 120s, 25 & B ik IS ARES NMERRIRHE RGEH —E o, 15 A\ g
M, PPEVRE. [RMLESE, AR AR N GBI BERISENA WA 4 Fros. BRI, S B (] 22 B
P XA 5 RN, AR AR T RN G S S MR RE D 130s. A B BRI A],
a2 AMIEBRBUL FE B BIHFA RIS BU, N RS I ERIN TA),  5IRC R AT &

K 4 AR AR N G306 EE DI BE I 52 2
Table 4 the impact of human cerebral function at different altitude height

R (m) | W RBUE eV RNV et 5 FIr Ay

88



2500 83% 100% 97% 100% 100%

3500 67% 83% 91% 95% 98%

4200 56% 70% 83% 92% 95%

5000 48% 57% 76% 86% 90%
[ RN 51 R AR LE .

@jkﬁﬁiﬁﬂm@u%%,ﬁéﬁ%%%ﬁ,AﬁﬁﬁWﬁﬁﬁﬁéo

K12 N R s T

Figure 12 human evacuation model
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Theoretical Study on TBM Tunnel Segments by a
Thermo-mechanical Model
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Abstract: The previous theoretical models cannot solve the thermo-mechanical problem of the TBM
(Tunnel Boring Machine) tunnel segment in fire. That is mainly attributed to the nonlinearity of both
material and geometry. A method is presented to analysis the nonlinear problem of plane curved beam
with elastic constraints under elevated temperature induced by fire. This method employs the tangential
displacement and axial displacement of the deformed segment as basic variables. Based on plane
cross-section assumption, the beam section is layered (e.g. three layers). Combined with continuity
conditions and external force equilibrium conditions, governing equations are formulated and solver
matrix containing 12 parameters is derived. The method can describe the real situation that the segment
is heated on one side, namely, the even temperature field distributes longitudinally while the uneven
temperature field distributes laterally. In addition, in order to enhance the feasibility of this method,
Eurocode 2 is imported and utilized as demand. The application of this model is further analysed.

Keywords : Tunnel segment; fire; thermo-mechanical coupling; theoretical model
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BARIRZ(15°C,50°C, 100°C), B e (150°C ) S5AF R, 52 m TR RE - -ARBR S R 45 1k e ) E 22 R 3R 40 Tl A2
TRE - O BT U 5 R MR R S 70 SR BT DD BR T, AN 45 77 ST RS S RE

XA iR JEMBERIE  WHC StmE ORNaivERE:

Experimental study on the shear properties of interface between
segment of shield tunnel and the steel plate after exposure to high
temperature
Cheng Yang"*”, Zhiguo Yan'*’, Hehua Zhu "

( 1 State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, 1239 Siping Road, Shanghai
200092, China
2 Key Laboratory of Geotechnical and Underground Engineering of the Ministry of Education, Tongji University,
1239 Siping Road, Shanghai 200092, China
3 Department of Geotechnical Engineering, Tongji University, 1239 Siping Road, Shanghai 200092, China )
Abstract: Applying the steel rings to reinforce the segments of shield tunnel is a widely used
reinforcement method. An oven is used to heat the specimen. 150min is calculated as the heating time
by using the finite element analysis software Abaqus to simulate the heating process. This paper
focuses on the shear properties of the interface between C50 concrete cube and the steel plate after
exposure to high temperature ( 50°C~200°C ). The experiment results indicate: the failure forms of the
interface include form A and form B; the shear strength and shear stiffness of the interface increase
first and then decrease with the increasing of the temperature. The optimum temperature 7, of the
interface is about50°C and the failure temperature 7, is between 150°C and 200°C; The remarkable
factor affecting the shear properties of the interface is the shear strength of the concrete and the bond
property between the blinder and the concrete, the bond property between the binder and the steel
plate respectively after exposure to relatively low temperature( 15°C,50°C, 100°C ), relatively high

temperature( 150°C ).
Keywords: high temperature shield tunnel the steel plate interface shear properties
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[ ARG 8 P RE PO AR AR, AN EORT ARSI [ FE e B8 T 657 Py T JE A P 45 A4 917 K P RE PRI L i SR
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2.1 RIHHR}

SRFE €50 B 37 77 PR DU MR s IR ST A7 PR B o P T VR
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Table 1 Parameters of experiment material

. MRS
MR 0% o %% am) BUE ()
TR B R 100 100 100
R 130 100 20
R 457 45T 100mmx100mm, 5 A 3mm

2.2 RIERMABRT S

NI R JE M BEIE AN LTRSS R, R AT mE I A . ARSI
SEAeFEE, BB E THEFE N, 2 5I7E 50°C,100°C, 150°C,200°C R E 24 EE N #— B
], AR5 JLRRIR H AR 0. BRI INAGE — AN REAL BRI RE, N T PRIEANAR 5 R - S
FEEEFIR BB e PR RE, 75 Brf e AR N AR 1) o okt T (0 o2 T DAAR A 5 6 kA B8, R
A BRICEKA Abaqus XINFGT FEREAT #uiE SR, f 280 e TE IR I FA T [

(DA BRIGIEBY (1)ff 2

MR RS2 Br R, @57 T 3D A BRI, PRy K 25 REAE Y (1) #u % S R R 3 4 43 A
FFh A4 8L 3% B Heat Transfer 2.6, W1& 1.

104



Kl 13D AR oA

Fig.1 The 3D finite element model
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Fig.2 The variation of the thermodynamic parameters of concrete with temperature
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Fig.3 The variation of the thermodynamic parameters of steel plate with temperature
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Fig.4 The temperature field distribution of the specimen
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Fig.5 The temperature field distribution of the blinder
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Fig.7 The ultimate temperature of nodes under different temperatures
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Fig.8 Loading equipment in two-sided shearing bonding strength experiment
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3. REGRESH
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Fig.10 Test specimen after exposure to 200°C
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Fig.11 failure form A after exposure to different temperature
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Fig.12 Failure form B
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Fig.13 The variation of the displacement with the load
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Fig.14 The variation of the failure load with temperature
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The Influence of Urban Rail Transit Tunnel Disease on Bearing
Capacity

Zhou Shuai', Zhu Hehua', Yan Zhiguo', Dong Zeyu', Chen Qing'
(1. Department of Geotechnical Engineering, Tongji University, Shanghai, 200092)

Abstract: The health evaluation of shield tunnel in soft soil is a new study. It is the precondition and
basis of tunnel maintaining, repairing and reinforcement. The rational method for health evaluation is
of great importance to estimate the status of the tunnel and to repair it. The influence of the tunnel
disease, especially lining spalling, deterioration of concrete and additional load, on bearing capacity
of the structure is investigated.

Keywords: shield tunnel in soft soil; disease; numerical simulation; compressive stress
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The design and implementation of a highway tunnel test vehicle

Zhu Aixi, Liu Xuezeng
(Shanghai Tongyan Civil Engineering Technology Co.,Ltd., 20092,Shanghai, China)
Abstract: Based on image analysis method, Several key techniques of data collection and dat
a analysis of a quick test vehicle for tunnel structure is given. With laser scanning range and
visible light photography, realize the deformation of tunnel structure and surface disease rapi
d acquisition. the crack image characteristics, based on CTA measure algorithm, get the effect
ive identification method tunnel structure cracks. According to the characteristics of the leakag
e water four of the image with the improved algorithm of LTA, realizing fast identification o
f leakage water.
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Fig.2 The tunnel contour scanning figure

3 BaESHh

B Ia, JURE NG EDE DU m s BT A . TR, EEONRENETR
IKEBAR
3.1 REEE BRI

B T IREE AR AN 501, IEH RINSCE A 5. Bk, FrRERREERETE =5
OAGHBRIAA ., BTRETEREAR, HKE, . WEBAR. RRETEY
HRPEAMIL EE T BRI, tha SBERERGHEIAL, HERRY, R4EE
B IEH RS R A . RGN G R D PR RIER LR IR R MK
A SREER K EEA TR EE. XTH CCD BHUENIARAI & A REEM KL BEH A fEE
B SRR BUR R G G AR AR 73, RIVER e v ) 22 o LR A AR A, o — AR
s REERR RHH 2K, WRENK SR WAA R FHTE. 51554
WIBRATE T UATRFAE, RT ASRICHE R EE T3 7 (4 A0 € 1 T R 1k e SE SR A JRE 7 7] L F) 28 4% 9 AR At
REHERTS

122



B, FRATAT DARA A R R RGO R AR L T

1. 2445 UG LU R L s DX S (e s

2. RERGEENE DG

3. HEWGHIEHRNKEHEAES;

4, Z4% 2R ACIRAE S FRHIE

5. gL FERHIE: KT

SCHR 2 FRE A CTA P BE R ZERG 7 DUR =07 TH 2SR RHIE - (1) ZRE8 A0 IK FE 905 ) R EEAIG
(2) REFFBEFMKESMNRF A (3) R —IWBEA— A0, %7 hE 22N
.

KSR — P T 248 5 A A IR FE R, FF HARGEAE AN T7 1) b I R Sl 1 S5 R Ak ik
ITREERTI, EARR. SRR s, AR .
(D TR BB (Inspected image) s B BIXT LU, SRR BLAY B G T4 2 5
B, BlanE )y B s, (a5, HoA B A8 A A R BOSUSIE 1) 77 AT B4
(2) XN EHEGRHEES R, SRBUES MRS . B RS M IEN A5 R
Rk, ks, HRMITERE, HERIGLKEER;
(3> EXF (2) FIRAMER R 0°,45°,90°,135° J5 A, M 5 T 2444 K B 24 52 0 5

W

AR
v
By B L
v
b 157
v
sl

v
B S

K 3 2848 FGAGIN R iR 14
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Fig.5 Crack image recognition effect 2
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Fig.7 The original image superposition gradient image

LTARE FHEE BI45 R A

¥ 8 LTA XU B 25 1 K%
Fig.8 LTA double threshold image results

125



TS RERAEG

Ko A RIE R B G

Fig.9 The image after morphological operation
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Research on the GIS-Based Mine Slope Digitized Security Management
System
Liu Lingui', Li Xiaojun', Li Yaoji’, Liu Gaoyang'

(1. Department of Geotechnical Engineering, College of Civil Engineering, Tongji University, Shanghai,

200092, 2. Yunnan Phosphate Chemical Group Co.Ltd.,Kunming, Yunnan 650600 )
Abstract: The effective management of the geological exploration,reinforcing design, mining and
monitoring data plays an important role for ensuring the mining security and improving the mining
management efficiency.Taking advantages of GIS in storing,managing,displaying and analyzing
spatial data,the whole idea and key technology of GIS-Based mine slope digitized security
management system is discussed in this paper,including the visualized management of spatial
information such as mine slope surface,stratum,boreholes,reinforcing design,monitoring point
distribution etc. and analysis of monitoring data,in order to bring out the full value of the mine slope
data and offer good visualized environment and decision-making support for mine slope security
management and landslide hazard prevention.

Key Words: Mine slope, GIS, Data management, Strata modeling, System development
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Abstract: Based on the comparative analysis of urban public transportation operation management
mode on domestic and overseas, this paper systematically summarizes the characteristics of the public
transportation operation mode, the ticket price and compensation mechanism, and the operation
management informationization in typical cities at home and abroad, then put forward specific ideas
and policy suggestions in terms of the development of urban public transportation in China by using
practical experience of public transportation operation management on domestic and overseas for
reference.
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Design Criterion of the allowable Discharge for mountain Tunnels

Chen Shuwang
(Broadvision Engineering Consultants, Kunming, 650011, China)

Abstract: Water inflow into a tunnel is mainly determined by water level, rock mass and lining
permeability. In the paper, the design criteria of the allowable discharge for deep mountain tunnels are
analyzed in terms of the theoretical model and current engineering practice level. Then, a method for
determining design criteria of the allowable discharge into tunnels of soft rock-mass zones and hard
rock-mass zones is proposed. It is concluded in this paper: 1) it is reasonable to determine the
allowable discharge into a soft rock tunnel in terms of the proposed theoretical model. For a hard rock
tunnel, to take into account the irregular and anisotropic permeability, the Heuer’s empirical factor
should be used to modify the theoretical model. 2) Generally speaking, the allowable discharge into a
soft rock tunnel should be not more than 2~4m’/(d.m) after consolidation grouting and should be not

more than 0.4~O.6m3/(d.m) for a hard rock tunnel.
Key words: allowable discharge; mountain tunnel; design criterion; soft rock; hard rock
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Figure 3.3 water inflow into the tunnel and underground water level
a) the soft rock-mass zone tunnel  b) the hard rock-mass zone tunnel
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Environment Quality Assessment of Construction for Tunnel

Based on the Fuzzy Comprehensive Assessment

MENG Jinghui, QIU Chenghu, CHEN Shougen, ZHAO Yubao

(Key Laboratory of Transportation Tunnel Engineering, Ministry of Education,

Southwest Jiaotong University, Chengdu 610031, China )

Abstract: With the growing number and increasing scale of tunnel construction in our country, the
environmental quality problems in the tunnel construction has become increasingly apparent. In this
paper, an assessment index system of tunnel construction environmental quality is established by
combining with the tunnel engineering in construction and investigating and analysis the influence
factors of the tunnel construction environment in depth. The Analytic Hierarchy Process are applied to
determine the weighs of each stage factors, at the same time, the major factors and secondary factors
which affect the tunnel construction environmental quality is acquired by analyzing the weights. Then
the fuzzy mathematics method is adopted to establish the fuzzy judgment model to evaluate single
factor and overall factors in the assessment index system of tunnel construction environmental quality.
Finally the weighted average method is used to determine the comprehensive score of the tunnel
construction environmental quality according to the evaluation set. Practice has proved that this method
has certain theoretical significance and practical value, which provides scientific basis for improving the
quality of the tunnel construction environment.

Key words: Tunnel construction; Environmental quality; Index system; Fuzzy comprehensive

assessment
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T HARFEARIBUE RN, AT IHNIRE R 5 .

4.3.2 RBEIEM
M P e B BRI 78, B LEN E R R SRR AR, R
01 09 0 0 0
01 08 01 0 0
01 09 0 0 O
o _|015 085 0 0 0
' 0 0 03 07 0
0 0 03 07 0
0 0.1 08 01 0
0 0 08 02 0)’
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0 02 07 01 O
0 03 07 0 0)-

0 08 02 0 O
R, =
0O 03 07 0 0)-

0 06 04 0 0
08 02 0 0 O
&:osozo 0 0
09 01 0 0 O
0 03 06 01 0
0 0 03 07 0)>
03 07 0 0 0
0 03 07 0 0
0 02 08 0 O
R, =
08 02 0 0 0
0 02 06 02 0
02 08 0 0 0)’
04 06 0 0 0
0.8 0.2 0
R:02a7010 0
10 03 06 01 0
0 01 02 07 0
0 0 03 06 0.1)s
01 07 02 0 0
R,=| 0 0.1 03 06 0
01 06 03 0 0),

0O 05 05 0 O

03 07 0 0 O

0O 02 08 0 O
R, =

02 0.7 01 0 O

02 0.7 0.1 0 O

0O 07 03 0 O

4.3.3 —RBME SR

HT— A £ 5 DA 10 S5 LR I S A L P AR, Al 45 U, AR 25 5 DA 4
B, =W, xR, . Hi B N ZiMi PR a R, ROVHENZ AR RFEERE. HH
73— AR ZR S VPRI R R R0

B]:(0.0893 0.7459 0.1157 0.0491 0),
BZ:(O 0.2750  0.7000 0.0250 0),
B3:(O 0.5500 0.3250 0.1250 0),

B4:(0.7O92 0.1924 0.0742 0.0242 0),
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B;=(04162 04362 0.1402 0.0074 0),

B,=(04973 03691 0.0675 0.0642 0.0029)>

B,=(0.0895 0.6113 0.2363 0.0628 0)>

BX:(0.2O72 0.6558 0.1370 0 0)

43.4 ZRIEHR AT
ST MR A VPR IR IERE G R = (B BLBLBLBLBLBLBI ), i ZeBORIEHI)
FR LG BRI AL, T3 U R ERIZE P4 B= W xR, Hrh By 4%
WIZREVPHL R, RO ZRBIERE . 155 B — O R AP A R
B:(0.3399 0.4884 0.1373 0.0339 0.0005)
435 BiERTHFERBEEHES
VPS4 R BT 2 ) 7 A S VP ISR, BB I R B R LR 5 130 -
P=100%0.3399+80x0.4884+60%0.1373+40%0.0339+20x0.0005=82.6633
T B T 0 B PR DR R AR, SRR S e P 8 M A P £t A5G

5 458

ASCE S EAL T BB I TR E I TR AR R AR, R R IRk Th 5 7 S A =
(IR, 32 B ZR & VPRI A T S0 Fia b A 28 r (1 B R S A B AR PP, o B A5 R 46
-L/lf\‘:

(1B it 3R 525 B PP FiEm A 2 P K48 520 DR 200 HLR 58 o B AT ELAR (M5,
SN i TR EE 1 E R B AR e ARG, DR 2 A 5 S i T B
BETE N ERVEML AR R RIS KR5S

(2) ARIGVPOTEE R, A IR AT R It 50 B It T3R5, B s A it T 14 i 0
PRI %At T R AORR AR S e e BN 03 PR B KPR N G FRD 0L 55 7K1, Jin st i 136 XL,
L iR E AT, A SR Bl A

(3) ARSCIENT [ BEE Jt 3R BT PP Fi A 1A 2% B 5 2 10 b JSe RS2 Vi 8 It T 3 85 ot B )
SOMAI IR ER SR PSR S I 23 MV db AT B i LIRS 5 VAN, ARSI (0 e ME R AT 58 B
AL Ab T, RENESCHLE B SRR 8 Ral &, VP R R . AT 5, JyricE P it
CHEE AR AL VAT S RIS AE, NG, Jrik. BRI A AR R TR
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Abstract: The Shield driving method has become the preferred construction method for the reason of
safety and reliability during the period of large-scale construction of Urban Railway Transport in China.
The issue of shield tunnel cutter abrasion has great significance on ensuring the safety of shield
equipment construction. So far, there was no standard wear experiment of cutter in China by far and
there exist more experimental methods abroad. In view of the rock strata and soft strata, the mainly
existing cutter abrasion experimental methods are introduced respectively and based on the analysis of
their applicability, advantages and disadvantages, the suitable cutter abrasion test program for China's

formation is recommended in this paper.

Keywords: complex formation; shield tunnel; cutter abrasion; test method
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1.1 e

SV R 5 A T L RS s B MR, S T TR R A RS R s 5
KER, WHEK:
# 1 JJEABEHRAKS v —E#SHHIRR

T T | ) | JEiEE | JIEH | Rk
71 W | R ERER ] &

P& 5% JEHR | SEHEK
1B 14 1B

2K JRN | TR

1.2 B iR

JE RIS H R AN FIR AR . A R d o A R TR SRR AR TE AR, A
11 TR PER ™ 5 FPE R A ERE OT) HERL, (HAFRS 'R, 5 iE I & A0 Ef e
B, Wi SBUTR R A M, RIFRZG BINA RS KR WEEES . BURIHC . BORLR S
2Nl R C ST DNEEN S b i AR

1.2.1 EEHE

MEA R, R T R B BRI R A asmE. . BHEVE. Wi KR
WL BBUR B A YIRS FRESTE A S SRR . VR B I 2 A SR
B PE ARG R TG R AR, SRR, RITBEEN, TR A 51 5 T B0R T )il
LIS PEAS

1.22 % tTE

YR K 2% ] Mohsen Mosleh % 52 47 % JE W 37K 24 1) EhsanA.Gharahbagh F1 JamalRostami
I % PRI AT 1 AT 2 3 R r R P B R P e T L R (s R BEAT TR B A
EFEIS, T2 JJ R ARG AN B R ERER &K B NS 10%2 8/, J1H B &KE
BN, M EIKENT 10% MNP EoKE 2 [y, J]E B R oK &8s . DUE st
TR R T FE R W o) S 5 ERAE E X T T R B 50, 220 | BRSOk . B RURIR
PAS A B A o

1.3 JIRTIR &3

TGRS, TJTARBASH, 8. L% AE. T T IREEARASHE, T)
HRSZ T R . ARSI KM . IR 0 e S ] HEE . kAh )
HA R R A7 B R 22 3 6 B R U ONTR FE 2 B L i B vk
1.4 BETHAR

WHSEOEFEA G A B EH T EA K AIE . B A 2 B i s s e
3 AR 25t T DR AT 2t T L B A5 7 A i 1O,
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2 TIREBHITHEAR

2006 4, 3CUVghHE R TIEANE DS ) B it AR S=KaDNL/10V, L §-BERE
(mm),K- & #E 22 B (mm/km), D-J& 1) 71 4% #MF (m),N- J] 45 () % 3% FEF (r/min), L- 3 3E B B (m), V-3 2
J# & (cm/min) .

2009 5 K4 SR E Lt MUk FEAR B 3 AN E A IX TR I+ 27 g0 45 5, 15 2Rb IR
2 T BB R BOR R B A R, k=8/L, L=nDVa, Mt s JyJJRE#HE (mm), H
Witr B RIE, k NJJEBEH A (mvkm), L YJJEVIEEGERKE (km); D AYIHIHE
7 (m); 1 NEMIREEE (m); a NEHW I EEIEKE (cm). 4§ BUR K VB &N,
1 B AN e 7] e KAl 2 B S
2 ERSMTI B BRI TR

P JE R T EME A G, R, SRAHXT G o AN JE R ) R AT AT
TEPN, EXAETAAR G TEH T AN LRSS, BN FEITF:

2.1 BEE R T] B BRI

HET, 2N TPl A A B s A =R, 432 Cerchar B4, NTNU
BEFARES . LCPC 56 & ST & iEHA5
2.1.1Cerchar iR

1973 4, VAER Cerchar W 7T FTHE H T — Pl ihE A BE 4 4 1856 77 7%, Bl Cerchar B4k
5. ZAE R B H Cerchar 150 SCFEF 9 BRI 52 B N 04 A . SRE P BRAN T - U 8] 7
WAt g, ERKAr G 90°, Rockwell T 54~56 Bi 43) HUEALERFE CGRIFREM AR
b, BEEEREA B b ke FIEE, 1 280 WA 230 10mm FH I B0 A im0 i B 412
RECEME), X R—NMaAareAR#tAT 5 il &, BCPISME Dy 115 Cerchar BE#EMETRECA 10-Dyy.

®
[imnl I_LLI i
L I I I ~
/a‘\l "/\2:'
S ./_-\
Wit é <
— L- ] /;QS::
¢ :':{j
e |
L L
1 JRU50 CAT MR 2E B
% 2 Cerchar EEFEM: > 2%
Cerchar Hff PP Rz
NTNU (
s | 9T et | 4;? W (Y
f# F 54~56) - FHRERE 56)
TC R <0.3 0.3~0.5 <1.0
[ 9=37=2¢d 0.3~0.5 0.5~1.0 1.0~2.0
Hh A EE 0.5~1.0 1.0~2.0 2.0~4.0
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H g 1.0~2.0 2.0~4.0 4.0~5.0
L T PR 2.0~4.0 2.0~4.0 4.0~5.0
e PE A 4.0~6.0 4.0~6.0 4.0~5.0

VEE 6.0~7.0 6.0~7.0 5.0~6.0

Cerchar & f1 B S 56 J5 715 B A g B RV 2 A, Bl st A T DR 1 A 1)
VERRPE, 5 SRAE AT AN BT 5T S5 5 O X MR A IR AT Sk, R A T I A
BN, 1981 4F West %7 VAR T IE A7 %0 TR R B b F b, I LIRS S CAT
SREENT T) B BFER TR, W35 44 0 CSM BTN, SRR F R B, X Cerchar BEEHEIAL6 I
REERA LN R Ao, BEESMERT & ED WA R, R4 ft
EAIUR TR R
2.1.2NTNU EEHRiR LS

FRIEIX I EIANE, A& A0 EE#i{E, Bl Abrasion ValuefllAbrasion Value Cutter Steel. ]t
Sk 25 AR O AR (d << 1mm) JBCZE BE % AN A |, 0 GONBRAGES AR ) Bk, ol |
A 10kgIEY . BHAVAEE N: ANELEFE S/ #hRI10018] f5, R R B & AVSIEE SUN:
DA A S I B IR ] TR B RE, AR e 153 B RI20%% I AR S 40 B . AVAELIN e B AT
AVSIEE BRI RA R Sh, HAhR E 58 AR . 15603 & B3R .

Rock (AVIAVE) < | mm

‘-.\or soil (SAT) /

\ =4 mm

Suction
assembly

ibrasing ¢ rale
[d er - Liman
. -
e -
Y oA AR ]
ILF"‘ L, b"'"'-" ¢ B —
\ % Rotating
| steel disc
|
"l o ") AV 100 rev./S min.
A.\_ T AVS: 20rev./l min
SAT: 20revflr
= I5mm AV : Tungsten carbide TeE

AVS : Cutter ring steel
SAT : Cuter ring steel

K] 2 AVS BRI B

2.1.3 LCPC iRI&"

PEMTEAG T LCPC BRI AR A B, 122285 B FUE AT 4.0-6.3mm 5] (PR3 R4
AR ER AR L . B FEELE A T & 500g, AN HERESS (AHXT R & 4:4M, Rockwell B fiff i
60-75) 5t 25mm*50mm*Smm, ¥%3E 4500rpm. K LCPC EE4R R HUE XN I HEIE 3% i &40 %
5/ EZ . 207 xS RS AT 5 LR R IR 2 H 2k, 3k a] DA A B HE PR AL o
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1 ]
Kl 3 LCPC MR E (1-3x3), 2-#Ebas, 3-F RN UM, 4-083FE)

P2, LCPC BE5 R M5 24 955 B (EQC) 5 RANIIHf . SCP Vo3t 7 K42 AS7E 4.0-6.3mm
90 Bl R RIORLOS BE A PR ) o), 25 SR B RORL RSB, W EE vk sy, SR RIS T . i 9T
ORI, LCPCEM CAIMEZ AIH—E XK, HEARRTM TG a, KNS =37 i -tk B
TRIE AR e R B R G A IS B R I SN
2.1.4 SJ $hHA LS

H 2 60 FACTF4E, STik36 (Sievers’ J-miniature drill test) £F NTNU/SINEF N 72 /&
FH B -0 R v M (R, 122 B AE Il A 3R T s 7 T S WA B B =i Al S B
2007 4, SCPES E IR AT G, DR T 212 MR FRRE AR EARIE RS Fe T
SIIP ff, VB TN I B Ay, SCEIE SN T A RIRALCE A LR, Wi sy 800
ERUEAR BERHERG S ) S i BERST) #0142 T 2K BE 45 520

8.5mm 110°
=
il
(]
rock
sample LJ
guide X tungsten carbide;
% guide drill bit
180 REM
4 ST Bkl 3 &

2.2 MAE M B RO T B B IS
AL FA B 2 A A 121 5 1, ks AR EE B R Y2 . T

IR B /2 ) B R B 2 AT . SAT ke, oot Jim i AR BE 2 1A ke . & Ball Mill Test %%
Ho
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2.2.1 SAT RI&

EFHRS21) SAT (Soil Abrasion Test) 162 NTNU B HHRK 4k &M A JE, 5 LCPC
TR 2 X RAE 2, SAT W38 T IO . b FRD I S HiE . 12000 2% B 3 Bt DA
SRR BEEEANE S SRE TBM JJRMANE (B 20mm, £l ZE 42 15mm). Fift
NT Amm BT R (FE 30BN ICE 2-3 KD IRV RIIL IR H4E

¥ SAT 5€ X Ny: —Blgaif | fa, e ESUR I FAME (mg). 2-4 05 &4 2% MaE 1
FEARBRT smel"™e WA AR, B ERERES % UPEARHX R ZHR (KT
1500 NMURME D, FIKE AVS AH5r 7 NEEG: AR EUD I (T 200~300 MIHAMED, 7T
AVS 573 3 DG Wi E ILIA 3.

SAT fH 5 LFER A9 & A VHNR GIR KAHIAE,  MAMNEZ BEEESH, w3 BB ) 53
COb N T A TN
2.2.2 BUARR R L iR EHA L

2012 4F, £ 475 Je WA 37 K% f¢) Jamal Rostami, Ehsan Alavi Gharahbagh, Angelica M. Palomino
HIRSVRAE R %11 Mohsen Mosleh FL[F Uit H —FiAE AU LR RIS HE DL, I3 ORI AR ORAR
A R AR JE T2 T B AR 2 B I B IR R MRS R RS AR
UK e B AR S, FH AR AR 5 HE i 38 e A 1 RE s IR IR 8 BLAT 35em, =i B 45em, JEEAA K
ANIE T DLRES AR RS R AR s HEHESSHH 3 A28 15em MERWIER J) v ik, et %2
rh, OB AR S R ES 15em M7 AR SRVPRARTE UK, ARERL B RRAL IR IR A
IR EE AT, 10 I A ) JoT 00 R A R A B AR B i

XTIAAGE S A2 B el 2R i e a5 P AN 2 e T AR PR 2 R AT 12

¢ MR A o ) O owEEe

Cmae

5 it Y AR B e B

2.2.3 Ball Mill Test'"®!

2013 4F, PREEHEOR R ARSI TR B R 5E BT tH— AR LR L B e 3
WIS, EARSKE . KA 5 R LA A 5, AT BE 4 M SR I A4 7D 3 SE PR T2 3 B 1
AN o 1225 B A T AVEAl A S R R BE AR R PRARAE )2 B, &l — A" rotating drum 45,
HATR R CRIA/NT 16m) FENER (BRI A 16mm) . X — Nk g FL i e 4 e +
BE, AT LI R B R R AN K AR A T B BRI R
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K] 6 Ball Mill 15635 &
3 E MRS T L 4 4

SAT I AN AV/AVS BRI R AE M A3 B kAT, RS ET: OB S H,Q ke
BATE, WERARKHN 4mm, J5E N Imm@NTNU BRI AV [HA1 AVS {52 54
A BEARNE (K, T SAT R I B T4 H AR IR s Sk 1 LR BE A B AR % FE -4k
ol BRI g, (ERT DL Wnof Sembh A A RO ARE 1 SE AN R AR I B HRE M, TR RE T RN
B /KB X BE L AT R R R T P o) R 0 PR R o SAT BB 4% B I IR 16— R 9 S B B 43 (1) e 1
FEEUL TR RN R, (HARR E W E AR R IR I 2, Fove RIE T4
A R ) (A AR Y. Ball mill test 285 B b, ARRREAN 2 (R B3 RN, X HS2PR
AHE, BRI R, & W R HE TR 2 A v i e

FARIMRAT 52, MRS E AR 28 F 0 T %
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#* 3 A xs bt

i N IR 25
R RGN %R MK H o
X AR, HA BN | CAL
Cerchar belis R
LY/ s
NTNU PR/ NT Imm PR ARARERE | BRI D5 BRI | AV/AVS
LCPC KRR () S A L B A HERRSF. R ABR
WISy S0, BRE
SJ &Gtk HHE R B RHERGSS 77 M E R
JR~f
SAT + 4k BRI Y4y« VHNR SAT
ANFE AR 8. KR
etk f5 B IRRIAR O A ) JEUIR 4
8 " o Lme. mp
EKE AR R
Ball Mill AL FIR -4
all Mi AL JFUIR A KIE. Fhea

RSB A AT IO TRAS AR AL A ARG ST (R A v B A B 1y T LB 53

4 BEERERERT]RERE

WEW T HIEA @R Z AR E R, Bk, WSt Z BRI ] SAT &
Pk B XA AaE, MR Z AT Cerchar FEEEAIG R &

A I T % SAT 1856 47 Bt -

1.SAT 50+, B ASZ HIfr 80 10kg FINEEL, TAESLhrHIZd 2, ZHZE %M. T
SHREER N, IR IR w, Rtk sol 5 1l e B HEE i A A 0] T B B R AT
AL

2. RIS B AR B B A AR I B ], BRI =2 e 1Y, TS bR R 2, T)
B EARSE R TR, VIBIPEANE, PR ot f5 25 B T DA T U HIHK BE XS ) B B 4 1 52
M
5 4E
1525 7 TR BRI S 3t 0 i BT B B JFE A .
20 Lo A A A ) B R RS, IR A A S, & A AR A
3 T EH TR ERZE M ) R EFRE, X SAT BE45%E B HE47 it 5 F TR 4 2 B DA
KRS A HLZ B Cerchar BEHE RIS 2 H .
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FESHHES: 0319.56 NEFFIRE: A XEHS:

Study on Reasonable Blasting Cycle Footage of Deep Hard-rock and
Over-length Tunnel

Li Zigiang, Wang Mingnian, Yu Li, Xu Tianyuan
(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: With the development of tunnel construction, the concealment and complexity of deep
hard-rock tunnel is especially obvious. Rapid excavation can speed up construction progress
effectively, while it would influence the stability of surrounding rock, so choosing appropriate
blasting cycle footage holds guiding significance for similar engineering. Based on the project of
Hongtiguan tunnel, through finite element analysis, loose circle, plastic areas thickness and
displacement variation of surrounding rock under different cycle footages were contrasted and
analyzed to get appropriate suggested values of tunnel cycle footage under different surrounding
hard-rock grades. The results can provide basis for similar engineering.

Keywords: deep buried; hard rock, blasting excavation; cycle footage
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Fig. 2 Designing lining sectional drawing when surrounding rock grade are II and III
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Table 1 Statistical table of surrounding rock grades

. K& HEYR(m
B erk = () .
(m) max min
- y & 3480 589.8 232.7
I 3440 589.8 232.7
- y & 4890 589.8 232.7
I 4485 589.8 232.7
v +H 2608 517.5 84.7
Y 2735 517.5 84.7
v +H 2060 235.9
Y 2162 235.9

R 1 Gt 4R AT A, ERTBAOCREE 11, T R G A d) ™, SRR, Rk %
SR AT R T o
32 BRTE&H
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Table 2 Physical and mechanical indexes of surrounding rock

E C

| A2 iz y(KN | m?) »(°)
(Gpa) (Mpa)

11 2% [ 26 0.22 26 1.8 55

I 2 [ 13 0.28 24 1.1 45

2 JEIREE R

WRIE (R BREIE B TE) (A BREEE I THOARMYE) (B TR T R4 o) mr
e T 1L GONRRER E Y, — AR ROEFEAE 3~5m .o T 2 A LR A8 3m,
SEEUTRAOCHETE TAESEhRIG LR 2.5m, 3m, 3.5m, 4m, Sm PUPFRERREAEERE AT AN .

3 BB 3K

AR 2.1 TR AT B FII R AN BT 08, AR BB IR S BR3P

R 3 R T RS A

Table 3 Parameters of blasting impact load

ETRBUS ] £ SERIRER BRI AR IR IREE]

AR IR e e 3EE (pa) F5AE. (ms) FI¥R. (ms)

TH5E BUE TH5E A
2.5m 2.8m -546918.734 9.23 9 96.88 100
3m 3.5m -644167.804 9.67 10 97.92 100
3.5m 3.7m -743354.128 9.92 10 100.06 100
4m 4.4m -846882.314 11.43 11 102.44 102
Sm 5.6m -1073613.007 12.01 12 103.55 104

33 AMRTRENEY

BEIE AR AL RS XFY*Z=90m*20m*80m, B&iE #MAHE > BIFEAAL AL . AT KT 3 fi5khziE
P RIH 39m, B HE T A 29 Hh R PR SR i T BRI A T 22 5, BeE $RI0EE s il ok
T 3 EREIE R A LN 34m, BRI B ORHIAOA E] 589.8m, F/NHEERA 232.7, BUIL. T A
FE[FHETR 460m 8 i 55 R0 7737 SEBUC IR A BEE IR BE AR L AR I AR KT 3 i fgi
12 208 38m.

R A DT TR A 472 J 472 W T % S L L 2 I g e A e, FE BT AL BB . L Ad 5> 51
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Fig. 3 Measuring points of tunnel section
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Table 4 Plastic areas depth under different cycle footage when surrounding rock grade is 11

PEIABE R /m 2.5 3 3.5 4 5
YA X JE E /m 1.02 1.56 1.92 2.31 3.05

M2 5 W, BEEJHIZEE RN, FlaBVEXKER ARy, HEt R0y 2.5m i, HEE%
PEX KB REDY 1.02m; 243k RO Sm i, SEPEX VG Bl OR R FEHE NS 1 3.05m.
2. BRI M
grit IR PEAERCR I 2 A i KA BN 5 .
RS FEE B AR BE R B E I KA &

Table 5 Maximum displacement under different cycle footage when surrounding rock grade is II

EIR3E R /m 2.5 3 3.5 4 5

B a) fe KA F /mm HETH 1.796 1.994 2.201 2.385 2.691
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HEJE 3.184 3.617 3.832 4.292 4.862

JKF i KA RS /mm 0.542 0.575 0.601 0.628 0.680

B3 5 AT, BEEPEIR R B IN, BEE S m KA B AW . Ba AR e 3
K@ EEfe ok, HEUTFE M 1.796mm #K 3] 2.691mm; #YEMEFH 3.184mm 1K F] 4.862mm, H
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Fig. 5 Relation curve between cycle footage and loose circle thickness when surrounding rock grade is
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Table 6 Plastic areas depth under different cycle footage when surrounding rock grade is I1I

&I R /m 2.5 3 3.5 4 5
SR X JE FE /m 1.33 1.66 2.23 2.84 3.41

8 AIAl, BEE IR, Ak XJEE AR K, EIEAIER 3m~4m I 2P
X KB fEHESER 2.5m~3m 1 4m~Sm i, PEXHKERN TS, L3 G Sm i,
IRVE X B KIRFEIA R 3.41m.

2. BB i

Guit TOMERAERE T 20 S i R TR B3R 7 Fios .
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Table 7 Maximum displacement under different cycle footage when surrounding rock grade is I1I

a3 R /m 2.5 3 3.5 4 5
‘ HETR 3.232 3.605 3.955 4.250 4.414
2 m) g KL R
/mm
HLE 6.302 6.801 7.490 8.208 8.430
KV KA /mm 1.060 1.122 1.168 1.199 1.023

R 7 Al 50, BEEIEIRHERIIGIN, S % m KA R S AR . B A7 1. K
TREERCR, HETUTIEE 3.232mm K F) 4.414mm; BYURFEFH 6.302mm #5K 3 8.430mm, H it
R A 1S o 2 de b, R WA T2 B PR 2E R 3G, B bR AR T 32 B I s i K, 56 S IR
IKPALRE Ti T : AR V22, 2 BRI RIS .

R R T EFAHERCT LS RIS RN e KR & BV IXTE Bl 2R G S i 4518
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AR, M T EAARIORRE, ik RN 3m i, BE T rash BRG], S RO R 5
PHEEE P HE AT DAL E) 4m S L L
5 &g

I PLEAS R ARG 3E RO S 25 A T BRI SEma 84T 7 20 #r, 192800 R 250 A

LEEEEARE RN, B RshE AWK, $tEiaahb 5 R 5B E K T ER,
TESL R TRE SO HE AR FELA B S . T 2 LA A B B SR RE AR 24 KT 1T B -

2. B X R R RO A RO I 30, BRIV O AR [ AR AR, Herp it IR PE X R
JEE AR E RGN e K H. T 2% i SR IX R LR 24 K 1T 2 LS

3L AL, BB R PG et 11 RS YUE AR K, SR ESK
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FESES: X ARIR S NERS:
Mechanical Behavior of Recycled Aggregate Concrete Filled Steel Tube
Column: An Overview

Abstract: How to effectively decrease the environmental pollution induced by aggregate concrete waste
has been a challenge facing human beings. Resource conservation and re-utilization of concrete waste
has been research hotspot, and preliminary exploration has started among structure, bridge and
underground space engineering application. First of all, material property and co-working performance
of recycled aggregate concrete filled steel tube column(RACSTC) was introduced; then its axial
mechanical behavior was discussed based on its slenderness ratio, cross-section type, replacement rate,
aggregate type and eccentricity ratio. Moreover, the latest research results on mechanical behavior were
elaborated. The results indicated that RACSTC’s application in rural and urban areas was feasible in
technology and economy, and also conducive to lessening pollution on farmland and environment.
Finally, further research problems of recycled aggregate concrete of steel tube were put forward,
constructive suggestions were proposed about safe and economic utilization of RACSTC.

Keywords: Steel tube column; Recycled aggregate concrete; Mechanical behavior; Long column; Stub

column
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Pre-stressed Reinforcement and Safety Analysis of Tunnel Lining with
Dislocation and Cracks
Zhang JingWei

(Civil Engineering School, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: Safety of secondary lining is of utmost importance to tunnel engineering quality as the main
bearing structure and the last water-prevent line for rock types I, II, III. This paper firstly illustrates the
potential risk of dislocation crack damage of lining taking the practical engineering as the example.
Then the plan of pre-stressed reinforcement is designed and parameters are determined. The rock stress
on secondary lining of a tunnel is obtained, according to P's theory. The key point’ safety coefficient is
calculated by internal stress obtained by using finite element software to check structure strength.
Finally, the scheme is proved to be feasible.
Key words: Tunnel lining; dislocation crack; pre-stressed reinforcement; numerical simulation; safety
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Table 1 Physical and mechanical indexes of surrounding rock and structure
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Fig. 2 The calculating model of structure
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Fig. 3 Axial force of crack
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Fig. 5 Axial force of pre-stressed reinforcement ~ (N)
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Fig. 6 Bending moment of pre-stressed reinforcement (N.m)
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Table 2 Security of control points before strengthening
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Wbk B FIRRIE X BE A BX B AR Y R 2R 53 4

T BHEA M4

(PAEEE A BRI AR 2 430056)

OB R UESSE 3 52 R~ Ol ik R X 8] 2 A AT E ) AR AR N A TR R AR T
T2, Bis e TRoma B E AR T . 4 fbm e S OR4P 75 S I S WA U 3%, BEAT I T Al R 22 4= R 7y
Wro BUEHTEEREN], FRPUI R KU 5.637Tmm, PN EHORUTREZE A 1.116mm;  FEIRRAR 1 0T
B9 11.759mm, HHSSHEBURBCRUTREZEDY 4.792mm;  IRITE) 41880 5 KK AL 2.962mm, BT KT
B2 2.628mm . JE FA) it 6T Bk B R P LT o R R R AR T S P AE AR AR HE LAY, SRS PRI T8 e )
Fagits 0 B A BRI B R LD

REW: EHEE Pk FRITRE

Safety Analysis on Metro Shield Tunnel Under-crossing Existing
Railway Box Culvert
Wang Kai Jiang Yulong He Yitao

(CCCC Second Highway Consultant Co. Ltd, Wuhan, 430056)

Abstract: Aimed at shield tunnel engineering between Erqi Road Station and Xingye Road Station in
Line 3 of Wuhan Metro, which under crossing the box culvert in Grand Bridge of EMU Depots for the
uplink of Hefei-Wuhan Railway, safety analysis for whole construction process is carried out with
several methods, including simulation and prediction of construction effect, made of control criterion
and protection scheme, monitor and feedback. Numerical analysis results show that the maximum
deposition of track is 5.637 mm, and the maximum difference between two tracks is 1.116 mm. The
maximum deposition of bottom plate of box culvert is 11.759 mm, and the maximum difference
between two webs is 4.792mm. The maximum horizontal displacement of piles of neighboring No.41
Pier is 2.962 mm, and their maximum deposition is 2.628 mm. The effect of shield tunnel construction
on track deposition and box culvert displacement is within the control criterion and becomes smaller
after adoption reasonable measures.
Key words: shield tunnelling; railway; crossing engineering
18l B

W A T LT S X A ) A, BT DX TRV S T8 v it L b 2 AN B o A & (R 37
PRIl . 25 Ry IX (R BEIE N E A & (KD SRy, gliREBEAE . G SUYIRIB IS 7 A0 b
JINAE P S PRI RS o 0 A T 2 kS R R o Al o B T I AR R 70400 A 2 SR A 2 1 B
ARG DL, il 7 A A KRR R A 8 22 45 [ TRRAS B ()22 4, JF W] Beid Bly™ H A 22
DA R MR 250 o PRI, 0] Ji ) DX TE] B 38 T 28 K s ARG JoR it 7 A 1 22 4 R iR AT 4 T PP /2 R
L E

FURT, [ A AR N GARE 5% 2738 ) ik DX 1R] BB T 28 Bk B AR U 1 51 JEE ) 22 4 XU 1EA T
T AT R SRR T AR R e 0 S PSR PR 7 A W B O A 5 ) S AR e A e 1L 2
K9+006 L5t TiT i itk 4 FLHESLER B TIIME 32 T ZF AR AL st Bk 8 5 2 X (1] B & it T 5 mi jr ™ A=
HITT R b A FI A AT TH L 70 B, IR IEER T HE SR b E W At ik DX 18] A e T St T A 2
FeARER . AR AV S ALt 15 5 BRI S~ 1) X 10 27 s A ek i B AT A IR PR I 2% 1 38
BB TR, 8 7 LR VERIE T TERBCRNE RATFZ AR XA L A AR
M ZRTRERIFEN, 3 AT 1 R v 2 Bt 0 BR A R AR R AR T AT N g AR SR, 255 Dl
M5 RS BUE A RS b, 0 BRI SE S AT 718, SR TN T R R
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5 PRI £ R AR 3 5 2R AR B ~ “E VUSRS i ) X [F) T 27 R BAR B 1 S LR HE A TR, R FIE
B AT, BSR4 2 B ZE AL I 2 AT . ZikfiRg, HIEMEARTE . SR 51
LB AT, SR far B A A A A e 5 R A M SR A 4 52 RS X s bk e g B T it Tk
A AEZEMF I SN HEAT A AT T, PPAN AR e Ak, it T b SR B I TR R Bl S SR . R
T IR X T T 5 R AR R I L SRR Y 22 ST ST AT 1 2 B (B A R (E H AT
IBE 7 — Rt T 4EUE AT A5 IR, T 4ER AR e e I T R M PRARARAL, DRIk, Xk
DX 8] B& T8 257 R B AT R It T 10 22 4 XU T e = B DU FU AR A 2L

AR R DU TE 238 3 5 2 Ll ~ Dl ek 5 A X 8] R 27 A B AT ER B 2R TR KA AN
J R AR A Rt L, ARE Bt SRR, A = 4ERUE AR R HEAT AN A 00T i R X A
AT 2B 4 Py W B 37 R e AR (02 A AR AR 20 A 45 SR H R D) % X ) 2
B EATERYUB TR E,  FF5E AR R (0 T %2 2 ORI R i 55 it

2 TEMM

G ATERA TP DR PR B, NE R T JoNge kg, withhE 250km/m. & AT
LR BN ZEAITHS KR 2R 38~41 BN TR EE AR IRSE M, AR BOEAAE M DU R 1.5~2.5m, #6i
BN 7.2m~8m, 2 41~44 BN 3x8m PR EE L IESLNIN, FERCAER 1m KR HERSFLIE.
TNIX (Al e A B TE I G I EATERBN TR KM SR 38~41 BRANREE LA N T, 5
HREE R BN 12.0m, XA 28558 38 #HEAE /NI FE BN 40.19m, A28 52 4143
PESE /NP IHIEE B4 14.02m. Ak EATER BN ZE PR R 5 X BRI IX AR A B O & LK 1,

FE XA E ABEE N 2E B, Gl BATZB) e R o ot e, BBk s %t 2k A
FEWEHEINE, FEFEEE 1.1mx1.0m CHAAAIEE 1.1m, BEEAEIFE 1.0m), IEGATE, EHELIERP
Ui 2k O AHE, AL SEARAE 6 HE, FEREAMPIMIATAE R 2 HE, RSt 10 HebE, w2
B BEWHE AT B2 0.50m, AEHK 17m~17.6m, HEEKARE 6.9m.
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TEIX )5 A AT 2R Bl ZE TR M RE R A R 2 % FE AR AT CKR23+789 AT AT BEAR AL )
xy P, G PATEB) AR A AR 38 ‘S IIE 2R 44 SIS 5 I AR AL . R T T
= YEENAS T B DL, DL K 25 e R TE 42 i i ROR, BEALHLA ) 60m EATAL T 5, PRI 45
FARN SO0 ASE BRI R A /N RSE ST AT N o AN EVE A 120 mx60mx80 m, e /MEET | 4%
Rl 3 s, B NS 4 Fros, TR RS 528442 AT AT, 505308 LI,
THERERI G, bR A SCAR SR TR, 1224584 Mohr-Coulomb Y8445 8Y s 3 F >R shell #.ot
B, 2R % ) R M B AR AR A s & X AT 2R B 2 BT R KA 600 7 Vi 58 - Ve B A VR
NIKE . 7RG BHFLIEYS R A SR BT, ) A B Dy 5 1) R PR S P AR Y o TH B AREZRY DY o i 7
KARMAW, FRIEABEAR, ERIRHBHLHR.

K3 %X R 7 A R AT 2Rl 4 ks AR T A [

K 4 RN AR IX 8] 5 30 22 BTk K AL ok 2R A

32iESH
R 24X a2 TR A g4l &5 i &% 2 A T 1% S50 BUESR, SRR
& LR R S EEE WL 1.
B 22 ) R B R T ZK TS ED), 3 RS IR GRdt Bk R Ve TE G47)) (TB10621-2009)
Ty {
1 HATTHESH

WiH | R KE YRR bLE W W EEEE A THFA L
2 (m) y(kN/m) E(Mpa) ¢ (kpa) o°) u
1-1 Z3E+ 45 1870 10 10 16 0.30
12 £E A+ 1.6 1870 12.5 13 6 0.30
1-3 Je 1.0 1740 9 10 55 0.37
3-1 Kt 6.7 1860 30 23 10 0.33
3'5*%E§*Ej:‘ B 13 1930 37.5 10 16 0.30
. M HZE
4-1 ¥y 33 1920 65 0 30 0.29
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4-2 B o 21.3 1910 77.5 0 32 0.29

4-2b EHRHRHE | 3.6 2000 135 0 35 0.29

4-2 B o 2.7 1910 775 0 32 0.29

S B, She- R 2.3 2000 130 0 38 0.28
H

A 12 2410 180 0 50 0.25

AR 31.7 2430 984 0 60 0.25

33 HHETIR

HHEILDLUF 6 D TOUAT I TARSEAL: 1D ELEHITE 20m, FiAA&R TR 2)
TR IERIGR SR 20m, FAR AT 3D ALEMEAET; 4 ALEHITFE 20m, FiE
HSREATERATT: 5 ALIEWEIEE 20m, FiEARETE: 60 ALENT4E.
3AMEERSH
3.4.1 FHEZER T

NERDHT XX AR IERIBEIE T 70 & R AT 4 sh B TR KA IR AR T 15, 4%
AN S b [ A1 FH R 28 RS b S o [ T PR RS LA T AR B R . R S~ 7 A 8~
10 73 AN T AN 8 Hb L[] 1 FH =5 58 b 6 I [ 4 A5 450 2% IX 0] A5 2R & R B 2 5 i
A AT BN ZE TR R 38~41 BRARIRERARRT x 7 PPt 2tk . MBI LIE H

(D BWREHEHIEINEER, BEE A LRIEMEIE G TFE, 38~41 BAR R R
T x 77 PiREIZs DGR, Ho 38~39 BRI DT e/, 7o 28 FhZR 1E 5 40~41 BXAR AR
NGS5

(2) AN R e WA 0 [T 4 N, 40 5 3l AL IRAR DT FR(E 4 9.789mm,  AHAR 28 — ik
X R JEAR AL TTFEAE Y 15.190mm,  AHAR S — PR R AT R 8.098mm, 41 5 HliZ AL
BRYTFEAEN 2.917mm.
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(3) 5 LS TRmTT Hh B I E VR B, 40 5 HhZ AL AT BN 10.093mm, AHA0 5 —HLAg AR S
FLERARALTTRFAE A 11.759mm, AHAREE B EARC BRI E N 6.967mm, 41 S HIZ ALK
DURE N 3.104mm.

(4 Jie M AR iy 35 o 1 4w 17 M O b o R AR T B A7, 45 A R RS AR 1 B KT BR 2
15.190mm k2> 2 11.759mm, FHA4 B T FE IR AL ST R, ARG 48 BRSO S K DTk
ZE 1 7.092mm /N E] 4.792mm.

YA 2 b 5 3] P R0 =5 R 5 o 30 £ PR 796 e 156 100 T 4 Ve RS AR PRI D B A D B AR T, Xt
38~41 BRARIREAT N IR, SRR AT R IR N [E VR P, R R AR = AN i SR PR
FE R S R 51 N 7 B S A LG IR s 25 RS SE Rt N VE F A, TR JECAR . MR TR - S M A B 7
T SR G R T R

342 lEMNBS

A AT RS ZE TR KA 2R 41~44 B 3x8m X VR EE L IES MR, 414800 58 D fE
X2k B ils, LR B 4148 S B S EE . B Ha)BoR 7 XN IX A A AR IE ibEiE
Je e B A EAT RSN R IR R 41 x 7 KPR R R 2k . B o, BEE AL
LR JE R BEE S R T2, A1 IE x 75 M ZKSPALRS R X HE AN BTG s i B B KK R
TENETRIBETE SRR BEAL s A7 4R 56 A il I IS B B x 07 7KL HH 30 K 67 fE-2.962mm

Bl 11b) SRR 1 M XE 2 A3 205 MR IE e Jm il it & i AT 26 3h ZE BT RE RIS 4 18 3501
et AR 2. B nILUEH, B oA 2B REE I S0 5 112, S S TR AN oK i &
(R R B IAENETI; AT 2R 58 A ImId I, 4 14U T 5 R UTR% 2.628mm.
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TOH THTALAE A IR T SR AR AT RE s (3D MEEY AR YA TEINIAA), RO RKIE T A B BEAR 2 e e
71, HUEEAFEG: (4 RIS MPIEIEM AL, BN BIE A0 KA A 0l g 7, 0 2 M3 A A 2 B
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REA: OMAE; TR R AN TR 2R
FESHS: U455.7+1 NHFREG: A
Numerical Analysis of Deformational and Mechanical Characteristics of
the New Micropile-Anchor Composite Anti-sliding Structure
HU Tian-fei'; LIANG Long-long”; ZHU Ben-zhen’; ZHENG Jing®
(1. Hebei Nuclear Industry of China Geotechnical Engineering Co.,Ltd., Shijiazhuang, Hebei 050021,China; 2.
Northwest Researchinstitute Co., Ltd. of C.R.E.C, Lanzhou,Gansu 730000, China)

Abstract:Aimming at the defects of micropiles that the piles are prone to deform laterally when
reinforcing slope, based on the research ideas of comprehensive utilization of frame structure of piles
and anchored retaining structure,this paper put forward a new composite anti-sliding structure combined
with micropiles and anchor. Selecting a slope located in Erenhot-Guangzhou Highway as the
engineering object,the paper used the finite difference software to analyse characteristics of deformation
and stress of the new structure, comparing with the ordinary framed micropile structure. The researches
suggested that:(1) Compared with the ordinary framed structure, the displacement field of slope
reinforced by the new structure and horizontal displacement of pile top reduced obviously, the
reinforcement effect and and the anti-sliding ability of new structure were better;(2) As the external pull
system, inclined prestressed anchor enhanced the lateral stiffness of the structure system effectively,
lateral deformations were steady relatively, reducing possibility of the destruction of piles near the
sliding surface because of stress concentration; (3)The distribution of bending moment and shear force
were more uniform, and peak values decreased,makeing full use of the overall load bearing capacity of
the structure; (4)In addition to shear-resist and bend-resist ability, micropiles also played the axial role
as a slender member, especially the friction effect of consequent pile;(5) With the deformation of
slope, the tension of cable increased gradually, sharing part of landslide load and developing self
bearing capacity of stable layer;(6) Because of the active reinforcement of prestressed anchorage,
micropiles had the effect of prereinforcement on soil located in the rear of the micropiles. The results
can be theoretical references for design of the new structure.

Keywords: micropile; prestressed anchor; composite structure; deformational characteristics;
mechanical characteristic
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Fig.1 Diagram of the new micropile-anchor composite anti-sliding structure
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Fig.2 Diagram of the landslide model and micropile-anchor structure reinforcement
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Table 2 Parameters of sliding surface
e kn/Pa ks/Pa c/kPa P/(°)

P RS le7 le7 18 22

1.4 323 ZthsH
TR A TRS F74 220 K Pile BA70AT Cable HoeHidtl, MEISE D HINE 3. £ 4. W
A Pile BLIGHIBETI A link 75N H W E N rigid, RIEEZH .  Pile .0l Cable $.0
Uiy 8 EE 37 node—node EHE S, 3 MU H HE R E N rigid, 3 MEZIHBEREN free, HIEL
2,
3 WS

Table3 Parameters of micropile

E/GPa v dm ks/Pa cJ/(Pam) ¢4°) kn/Pa ci/(Pam) ¢°)

25 02 023 13ell lel0 2 1.3e9 led4 5

#F4 HWRERSH

Table 4 Parameters of anchor

A/m? Cm  E/GPa  F/N  ky/Pa ¢ (N/m) 9 (°)

2¢73 0.408 200 1e20  2el0 1.5¢5 25
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1.40006-002 to 1.6000e-002
1.6000e-002 to 1.6827¢-002

Interval = 2.0e-003

SEL Geometry

Magfac = 1.000e+002
Exaggerated Grid Distortion
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Fig.4 Nephogram of resultant displacements of structure and slope (Unit:m, amplification factor of

structure:100)
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Fig.3 Shearing force diagram of micropiles
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