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Management Based on Innovation of Science and Technology of
Shanghai —Nantong Yangtze River Bridge

KONG Wenya, YAN Zhigang
( Engineering Management Center, China Railways Corporation, Beijing 100038, China)

Abstract Shanghai—Nantong Yangtze River Bridge will be the world’s first highway and railway cable-stayed
bridge with its main span more than one kilometer after being built. T echnical breakthrough in its construction and
maintenance needs the support of scientific research. The aim of management of science and technology is to
guarantee the reasonability and practicability of research projects. In this paper, brief introduction and technical
challenges were first presented. Then summary was given on specialized research , project management and its effects.
And further research on construction challenges was also introduced. M anagement idea and process management
method were proposed. The former actually showed a proper management procedure composed of investigation,
research (test) and expert review. And the latter consisted of three steps including stage summary, expert review
during the research,and optimization and adjustment. Experience from design and construction of the bridge was also
required to summarize in the same pace with construction, including management and technical summarization.
Suggestion was also put forward in terms of research,managementand construction.

Key words Shanghai—-Nantong Yangtze River Bridge; C able-stayed bridge; M anagement of science and technology;
Summary of technology; High performance steel Q500qE; Caisson; Expansion devices at girder end; Health

monitoring
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Study on Static Performance of Prestressed Concrete Continuous Girder of
Yellow River Super Large Bridge on Shenmu —Shuozhou Railway

LI Xingyi' ,XU Guiliang' ,RONG Qiao’ ,MA Hongliang’,ZHU Xitong’

(1. Shenshou Railway Branch Company, China Shenhua Energy Co.,Ltd., Shenmu Shaanxi 719316 , China;

2. Railway Engineering Research Institute, China Academy of Railway Sciences, Beijing 100081 , China)
Abstract The main bridge of the Yellow River super large bridge in Shenmu—-Shuozhou railway is a (48 +8 x80 +
48) m prestressed concrete continuous girder bridge, which was built in 1996. T he design load of the bridge was
china railway standard live load. In order to evaluate the adaptability of the bridge to the heavy-haul trains, this paper
compared the results of the two-ine static loading test and the Midas/Civil modeling theory to analyze the
deflection, stress and bearing displacement of the control section. It is concluded that the bridge meets the
requirements of operation and design with appropriate rigidity
Key words Railway bridge; Prestressed concrete continuous girder; Static load test; Deflection; Stress; Bearing

displacement
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Study on Monitoring Method to Replace Suspenders of Arch Bridge

WANG Shilei
( China Academy of Railway Sciences, Beijing 100081, China)

Abstract During the suspenders replacement of a half-through arch bridge, considering the influences of the
increase of dead load on the cable force and the bridge alignment with the reconstruction of bridge deck, construction
monitoring was need. The monitoring procedure was divided into two stages of initial replacement and subsequent
adjustment. In the stage of initial replacement, according to the influence matrix method,the theoretical tension forces
of each pair of cables were calculated to make bridge alignment to reach presetting-height. M eanw hile, the stiffness of
deck system was identified by actual measured data. In the stage of subsequent adjustment,the measured stiffness of
deck system ,the cable force and the bridge alignment were optimized based on quadratic programming. T he results
show that the cable force and the bridge alignment are controlled well by using this method, and can meet the
practical engineering requirements.

Key words Arch bridge; Suspender replacement; Quadratic programming; Stiffness identification; Construction

monitoring
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Design and Key Construction Technologies of Assembly Scaffolding for
Arch Bridge Girder of Girder-Arch Combination System

ZHOU Weiming
( China Railway 24th Bureau Group Anhui Engineering Co., Ltd., Hefei Anhui 230011, China)

Abstract The main bridge of Fuyang city Xiangyang road Yinghe bridge is three-span through type steel arch
bridge with girder-arch combination system. T he construction scheme is to set up scaffolding for girder and crane rail
bracket,and then install the span gantry crane by segmental steel until the closure of the whole bridge. Girder
assembly scaffolding is a pier—girder type structure, which includes column, beam , the distribution of beams, Balley
beam , cushion beam , protective structure, and other components. Restricted by the river navigation and 75 m
downstream of both the Beijing Kowloon Railway Yinghe bridge span,in the middle of girder scaffolding across the
main river should be reserved navigation channel with two holes( net width is 32.3 m) to ensure the normal
navigation during construction. The Midas/Civil software was used to carry out the static analysis scaffolding under
different working conditions. T he results show that the main structural stress and deformation of scaffolding can meet
the requirements of specification. Because of the large span of navigation, the upper part of scaffolding was large,
DZJ200 vibration hammer was used for steel tubular piles to ensure the bearing capacity and meet the design
requirements. T he navigable upper three groups of Bailey beam were installed by temporary floating scaffolding. T he
temporary floating scaffolding was evacuated after the closure of Bailey beam. The practice proved that the key
construction technology was feasible to guarantee the smooth construction of assembly scaffolding.

Key words Scaffolding design; Assembling; Navigable channel; Girder-arch combination system arch bridge; Steel

structure
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Key Construction Technologies for Deck Arch Bridge with Basket-type
Concrete-filled Steel-Tube Stiffening Skeleton

JIA Hongmei' ,ZHANG Mingbo’

( 1. China Railway Society, Beijing 100844 , China; 2. Metallurgical Corporation of China Ltd., Beijing 100028 , China)
Abstract Based on a construction project of a basket-type concretefilled steel4ube( CFST) deck arch bridge with
the main span of 178 m, some key problems such as large volume concrete casting of arch abutments, precision
control of arch footing construction, construction control of the suspended cables and arch ribs, construction method
of arch ribs and the continuous girder were introduced. The temperature crack of the massive concrete is effectively
solved by altering the mixture ratio of concrete partial pouring of concrete, sectional pouring of concrete and setting
up condenser pipes. Also,the abutting joints between arch ribs and steel tubes on the arch abutment are solved by the
initial localization and the precise fine adjustment technique. The control of suspended cables and arch ribs during
construction is accomplished by means of numerical simulation and BIM ( Building Information Modeling)
technology ,and the maximal error of elevation can be controlled to 1.1 em after the closure of the CFST arch
bridge. Furthermore, the symmetrical overdorm construction, the reversed pre-offsetting installing, the method of
“three rings plus thirteen surfaces” ,and the partial and sectional pouring of concrete are used in the construction,
which can guarantee the construction quality and progress.
steel4ube; Stiffening framework; Continuous beam;

Key words Basket-type arch bridge; Concretefilled

Construction technology
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Research on Non-destruction Technology Method Based on Impact Echo
Equivalent Velocity Used for Inspecting Pipe Grouting Compactness

MA Guofeng
(' Shanxi Traffic Vocational and Technical College, Taiyuan Shanxi 030031, China)

Abstract The inspection method and principle of impact echo equivalent velocity ( IEEV) were introduced to
improve the resolution. The grouting compactness of prestressed concrete beam pipe was tested and verified by using
the principle of inspection equipment. The results show that IEEV method is used to inspect grouting compactness,
which has obvious advantages compared with the traditional impact echo ( IE) method. The maximum entropy
method( MEM) instead of fast fourier transform ( FFT ) can effectively improve the resolution of the reflected signal,
the accuracy of the IEEV method and the ability to identify defects. T he validation results of the model beam show
that the MEM can be used as the spectrum analysis method combined with TEEV to inspect grouting compactness,
and the accuracy of pipe location is an important factor affecting the location of defects.

Key words

Post-tensioned prestressed concrete bridge; Impact echo equivalent velocity method; Pipe grouting;

Grouting compactness; Grouting defect
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Detection of Concrete Defects in Hammer Head Block of
High Speed Railway Continuous Girder Bridge and
Its Repair and Reinforcement

JING Hongwu',YUAN Hao’,TANG Ying’
(1. Chenggui Railway Co., Ltd., Chengdu Sichuan 610041, China; 2. Southwest Research Institute Co.,Ltd. of China Railway
Engineering Corporation, Chengdu Sichuan 611731, China)

Abstract Continuous girder bridge is widely used in railway engineering. Concrete defects including being loose,
segregation and void often occur in the hammer head block of continuous girder, because of its large size and high
reinforcement ratios. T he applied concrete detecting techniques were analyzed and the application of acoustic CT
technique in real bridge testing was introduced. Practice shows that acoustic CT technique has the advantages of fast
speed,low cost, high precision and being intuitionistic, being appropriate for hammer head block concrete defects
detection. The paper also introduced how to repair and reinforce the concrete structure systematically and
scientifically after inspection.

Key words
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Calculation Method of Bearing Capacity for Self-compacting Recycled
Concrete-filled Steel-Tube Short Column

XTANG Xingyun,ZHAO Renda, LIU Yang
(' School of Civil Engineering, Southwest Jiaotong University , Chengdu Sichuan 610031, China)

Abstract The aggregate size of the self-~compacting recycled concrete is smaller than that of the ordinary concrete,
and the properties of the recycled aggregate is lower than those of the natural aggregate. T herefore, the bearing
capacity of the self-compacting recycled concrete{illed steel4ube stub columns are different from ordinary concrete
filled steel-tube stub columns. T he applicability of the existing formulas for calculating the axial and eccentric bearing
capacity of the concrete-filled steel-tube stub columns was studied in this paper. Based on the unified theory and the
limit equilibrium theory, the empirical formulas for predicting the axial bearing capacity of the self-compacting
recycled concrete-filled steel4ube stub columns were suggested respectively ,and the empirical formulas for predicting
the eccentric bearing capacity of the selfcompacting recycled concretefilled steel-tube stub columns were also
suggested based on the empirical coefficient method. The analytical results indicate that the empirical formulas
presented in this paper can predict the axial and eccentric bearing capacity of the self-compacting recycled concrete—
filled steel4ube stub columns accurately.

Key words Concretefilled steel4tube; Self-compacting recycled concrete; T heoretical analysis; Axial compression;

Eccentric compression; Bearing capacity
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Research on Post-fire Rapid Assessment and Repair Technology of

Prestressed Concrete Girder Bridge

ZHOU Chengcai' , WU Jiangiang” , CHENG Gong'
( I. Yunnan Second Road and Bridge Engineering Co., Ltd., Kunming Yunnan 650205, China;

2. Jiangxi Research Institute of Communications, Nanchang Jiangxi 330038, China)

Abstract Prestressed concrete bridge by the fire burning was damaged severely. The damage detection of the bridge

and the method of rapid assessment( based on frequency check coefficient) were put forward in this paper. T he rapid

assessment method was given for six damage grades. The main damage forms after fire included that concrete surface

crack , decrease of steel elastic modulus and structural bearing capacity. According to the damage state of the bridge,

the corresponding rapid repair methods were given. It can offer reference value for similar bridges after fire.

Key words

Prestressed concrete bridge; Fire; Frequency check coefficient method; Rapid assessment; Repair
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Post-disaster Inspection and Assessment of Working Condition of
Expressway Bridge Pier Foundation

ZHANG Yong
( China Academy of Railway Sciences, Beijing 100081 , China)

Abstract Inspection and assessment for working condition of bridge pier foundation is a difficult problem faced by
engineers and technicians. A certain pier foundation post-disaster was cited as an example and studied in this paper.
According to the final state of bridge pier foundation post-disaster and its treatment situation, by using the method of
non-destructive test and numerical simulation, the mechanics state of the bridge pier foundation post-disaster and
during disaster treatment process were analyzed. The results of non-destructive testing are basically agree with the
results of numerical simulation. The assessment results are basically consistent with the actual situation.

Key words Expressway; Bridge pier foundation; Post-disaster state; Inspection and assessment; Non-destructive

test; Numerical simulation; Crack
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Study on Socketed Depth of Rock-socketed Pile Used in Railway

ZHAO Yanbo
( Lanzhou Railway Design Institute Co.,Ltd., Lanzhou Gansu 730000, China)

Abstract Rock-socketed pile has been widely used in engineering, because of its high bearing capacity, small
settlement, stress definite and low pile group effect. Socketed depth is the core problem in the design of rock—=socketed
pile. Different design specifications for the socketed length of rock—=socketed pile are different. T he rules of socketed
depth in different specifications were analyzed in this paper. T he calculating example showed that the socketed depth
of the specification was conservative. The effect of elastic resistance of soil on the socketed depth should be
considered in design.

Key words Bridge foundation; Rock—socketed pile; Numerical calculation; Socketed depth; Elastic resistance
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R RS [F (¢ +60A) 1 ¢ + 0A¢ 20 1) 2 A 48747 1)
B, [F(t+0A) 1= [F(i) J+6 [F(t+A) 1- [F(t) ]},
[F(d) 1% ¢ W29 5 (RSt 2, (F(o+A) 1k
t + At B Z 3 4 00 I5 30 Auf 28006 1 o
1% 5 R G JE R Rayleigh B2 3K W
(€l =a[M] +B[K] (2)
AP o 5 B IR T AR HE A R IR B B [ 4R % Bl
J& He i L AR SCRELJE L 0. 05 .
0 SR FH B B T R 0 1) 5 ) g
W2 AL S & B sk (3) Ak 4) s

a, G

Ky, :T’CBT =pCs (3)
ayG

Ky = R »Cyy =pcy (4)
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A Kyp o Koy 730 51 8 580 3035 1 5 U0 1) WU o 5 ay
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2 ARTIHEHEREMNSE

2.1 EBSH

P R o R % 5 b R R B O AT B T M AR AT T
T, 5K 1 ABAQUS A KR TT 4 1 e 57 = 4 e i
ARG 0] K FE 130 m, )4 B 80 m, 5 60 m, |
FEUHT Ay R NET o A0 M Ay e K I R GE L A N S b K
I Bk T8, 5 B v A 6 m, B T TR LA B 4 R A
Bk 22.3,26.9 m, BEE K E LT £ )2 & BRI R
25.3,26.9 mo FAGwdH Ny 10 N, W B KE R
25.0 m.
2.2 MEsH

ZBRIE AL TV 955 KA TE B b A T A )
Rk C50 msm TR EE o BT LA R A Mohr—
Coulomb Ja} iz 4 W] K 3 98 P AR A 5 0 o [l 4o 1) 5
OB BE SR 1.

F1 EAIEBHESHY

OB R wapRRIR APREEEM BRI/ M
2 (kg/m’) GPa (°) MPa 14
Flg 2450 13.3 44.3 0.45  0.26
w2500 34.5 43.1 1.15  0.24
B 2500 35.5 44.2 1.35  0.23

2.3 SIERHFEH
P AEATRUAE AT A T8 b i, AR 2l i 48 32 %
HKAFRENESER/HE" . PENEQHRT
BERT R B UIE TLAT AN ST 5 4 Sk RS R B4R
WNREEAEER RE EREG - ER WO R
AT JLARTAS 055120 o ) 2 08 g i 7 T — A
AR 7 R BRI . ko
F(t) =P, + P;sinw,t + P,sinw,t + P,sinw,t  (5)
e Py AR AEME: PP, Py YIRS 3
Ik 3 iy 28 1 {2 A
P =Myaw  i=1.2.3 (6)
Ao M, RFN SR T o MRG0 [
TEUART AN - 5 A8 BB 2 5 o0, D X6 107 42 T AN P 4R
PR BR A XN

wi=22” i=1,2,3 (7)

Ko BIN BT L, o MR .

Z: 2% H A [ ek S AR AT 1 DO RS2 B B
DR R A 0 B B A B T IO 17 G M
H 750 kg, it BRSSP AR 30 95 L KR R Y 2K e o gl
NL=10m,0, = 3.5 mm; L, =2.0 m,, =0.4 mm;
L,=0.5 m,a, =0.08 mm. 5 4k%]% & 300 km/h,
R M BRI 4R 72 km /b ARHES(S) T4 ] Ak
B AR B B 45 LARH R B 3 A7 38 A R B0 iy 8 R i
LI T,
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300}
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§ 200}

Ris0r

1 100

501 ‘\ ‘

o Lkl
750 IIIIIIIIIIIIIII
012345678 91011121314
B [8)/s
(a) HrHLER B 51) 4 (GHUEE 300 km/h)

0 02 04 06 08 10 12 14
B M) /s
(b) #4314 GRIE 72 km/h)

B 1 524 4R B 4o 480 7 il £k

FEREPIS) 8 A7 H R R 3 R T R k)
BEROMATI T 1) s R 5 Mk B 4R TR AT
(T8 2) 5 kA 45 Uk ) ZE A I A5 30 ( T 3) »
T R 2 K M kB G B 43 ) A 300 A1 72 km/h, 2
SR B R G Aa AT B M, LBl e Rk B L AR
SCHE T3 B e R A 2R R T v [ A U TS [ B Bl )
M) o7 R o 7 R K 4] 7 B T A A TR A L
P AR s 43 ) 15 AT A SR A% T A AR A
B A7 3 A 18 ) Ny ) R

3 HEERESW

3.1 BRI E S MITH T 5 T REE B 30 71 0 KL

R ERB AR B AT B ( B0 1) I3 A W AT o i
FE R £k WL 2.

Hi P 2 A, LI AE 25 0. 03 s JF AR I 3h , £E 0. 03
~ 0.65 s WIRFF/NFEESR S, E2Y 0. 65 s J5 iR IE T 1
BB R TE 0.7 s JNER K B e K AH 1. 22 em /s, 3
JE s I B A R g . BEIMIAE 2 0.03 s T HR iR 3, &
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M T g 2 R g W A5 ) AR, B AR R

II

AR A1)

I BT, R 3 500 i , A rh Al R om b R
O Bl g e N A e R, BRI R 2 IR s
3.2 SHINESMKIEREITI TR TEER
7108 &
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N s53F o s 32 g R i £ LT 3
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WEAE 25 0. 05 s FFARIR SN, 76 0. 05 ~ 0. 65 s PR EE/NIE
BEPR B, FE 20 0. 65 s J5 PR IR FF 4G % 4 1 KL, 7E 0.7 s Jil
HERE TR B fe K AE 1,43 em/s™, R W55 0 32 B R
HEPHIAEZY 0. 06 s FFEEPE D), 76 0. 06 ~ 0. 66 s PR/
MR RE R, 75 0.7 s K R KA 1.95 em/s”, o J5 I 59
BRI E . HIRPOAEL 0.08 s }Fiz“gljfgij] 1 2

R 2 ( T8 2)

19 BB A4 5 M Bk B A R 1) A7 3 T 00 T BR IE (4 3 )
Wi 157 R 5 v R A A B AT B O AR o A A A
AT L 38 R ARG 1 3 R fe K, SRR = S T

AN o ABTE R BRAN A M Bk A A T 1) A B TG T BRI Y
B 7 o 5K o
3.3 BRI ESHKINEERTREIATRENS

710 Rz 53 7

0.08 ~0.62 s WLREF/INIREEHR S, 7E 0. 7 s 153 e KAH RS 5 LR A AR ) A7 B ] A 30 A b A A
2.35 em/s’, G TR AR - T3 A W T A o R R 2 DL 1R 4
201 28 30
1.8F 23k 27+
1.6 - 24}
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0.8F i 121
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FH &1 4 WAL, = R A AE  Hh Ak 5 GEAH T AT e
JEAEZY 0. 02 s TFUR4R SN, 7E 0. 02 ~0. 65 s LR FF/N IR
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W EEIR B 76 0.7 s KB KAK 2. 73 em /s, H 5 0 55
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T3 BRIE A ) g A S T 1L T 2 A

S.Max.principal
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—6.843¢+05
-1.031e+06

b1, A v A AR b DR o 19 Bl e 0 A K, HE TR
Z L BB /N e BT 3 BEGE (9 3y ma AR T 1L T
2 TR
3.4 3FIRIFELESH

KI5 R 3 Fl 00T &k
53 o

B 1S WAL, 00 3 Aok v o Ak I IR T e ) 1) A K
FR S dok, T2 Bhk 2z, T00 1 B/

PRI 3 Fh AT Bk T 45 45 W0 A 8 188 ] N )
TS B R 1 1) A7 % e

N SRR VR P NE ]

e KA Qﬁfrﬂﬁ% 2.

(a) Lot (b) L2 (c) LBL3

B 5 3 Fh 00T vk B B A A W e K 2 N T 43 A (B : Pa)

K2 3MHMIATEMNESBENEA - MEE. . BEMCBRKE
W £ 8 [i] 17 3 B KA /M Pa I JE KA/ (em/s®) 58 1f) (32 A e KA /mm
(A TH1 TH2 TH3 TH 1 TH2 TH3 TH1 TH2 TH3
HE 1.02 1.21 1.35 1.22 1.43 1. 89 0.34 0.47 0.61
HE I 1.66 1.93 2.13 1.48 1.95 2.73 0. 62 0.81 0.93
HEE 2.85 3.26 3.51 1.91 2.35 2.82 1.03 1.24 1.57

i 28 2 A1 00 1 B, R A 8 ) R R
R i) 5f B e RAB 43 i A HERE Y 1.63,1.21,1. 82 4%,
TE PR Hr s 1 R ] 1N T o R R g ) 57 % S K AE 43
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/Do

H 22 0 mT DU e T8 2 HERE A9 % ) N ) in 3
JE R ) 5r B8 B RAB 43 % o T80 1 19 1,19, 1,17,
1. 38 A%, LR 188 1] 7 7 < ook B K% 8 1) 7 A% de KAH
G0 AL 1R 116,132, 1. 31 4%, 18 IR v 0 Y %5 1)
I 3~ T RE R ) B B RAE A o AL 1

1.14,1.20,1. 21 % T80 3 HE R4 188 1) 17 g < in 5
T 0 e v B de KA 4y 0k T 1 1.32,1.55,1.79
A5 L BN 188 ) JR2 7 < o R R R 1) A7 B i KA 43 )k
T LAY 1.28,1.84,1.50 %, 38 PR v o0 #8188 ) B 77
T K ) A B e KAE 43 ) o TAL 1Ry 1,23,
1.48,1.52 ff o A HrIA R, Bk H 42 B b A7 B A, v 3k
R I8 R T A R 1 2l g e R DN e Bk A G 5 b Ak B AR
[ 1) 7 3 B YR 22, e Bk 9 4 5 4k A1) A A ) AT 3 B
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4 ZEig

1) FE5 447 B £ by, 91 42 R0 M ) a0, R
IR B0 %507 L o

2) A [A] — B A L v BR8N A O AT Bk v BR A
B 5 o BB A [R) 1) A7 B B AR R AT B 3 R A0, v B Bk
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Analysis on Dynamic Response of Parallel Tunnels with
Small Distance Apart of High Speed Railway and Metro

CHEN Hang, YAN Qixiang, LIU Yang,ZENG Qin, HUANG Xi
( Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, Southwest Jiaotong University,

Chengdu Sichuan 610031, China)

Abstract According to the existing small distance parallel tunnels of high speed railway and metro in China, the
dynamic response characteristics and their correlation for lining arch waist, arch foot and ballast bed center of parallel
tunnels under such three conditions as high speed train traveling separately, high speed trains and metro trains
traveling in the same direction and in the opposite direction were analyzed by using fitting train vibration load,
exerting the measured vibratory load on the wheel—rail and applying velocity field to the trains. T he results show that
vibration effect is strong if the trains are close to the monitoring point in the traveling process,the dynamic response
of ballast bed center in high speed railway tunnel is the largest,followed by dynamic response of arch foot and arch
waist has the minimum dynamic response on the same cross section, the dynamic response of high speed railway
tunnel lining is minimum when the high speed trains travel separately ,the dynamic response takes second place when
the high speed trains and metro trains travel in the same direction, and dynamic response is the largest when high
speed trains and metro trains travel in the opposite direction.

Key words Railway tunnel; Dynamic response; T heoretical analysis; Parallel tunnel; High speed railway; M etro;

Vibratory load

(FTHEFHm BLa)
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(ZINBRIE BT BE A IR | HOR 22

730000)

W OE OERMAMESSAM FLAC 2 5 = A A BI T Z Mtk | T XEMEE LRI G E
PFFRANTBE G LA, oA ERFAmEfe R wE 24 T TF T Fie TP Fidid o)
s Fe R R EEBEIL, A —F o TANEN AR O TRE2 AR ES TR LI A
B Tl R RE ML . SRAN: KR mE Tk FTilid R4 EHAERTERZ R BT
B8 AR PR MR AR B IR S L R A . DAL IR A, T B A AR T R KR
BB RKAE LW ETHLE,; b Tl THHY D FHERM, EAB TR,

KR
HESES U455.49 XEARIRER A

TE S T M S 38 s o A v 0 A0 R A T R
it T | S Y M2 TR i 45 TR A B Ok T — UK
o AT AT T | A M JE A Bh B o A O vk
455 22 6 FOUIN it A O 0 BRI G R R .
SUETT 5 DR HE ik phe 52 2 300 5 2% APF ) AL E 0 A G Ay
(g 3% P ok ik A5 50 )z A Rg A Y o (H H R
SR = G- H{ELT7 15 B AULA0 B A M U2 TP H 258 AT
RIS S B N 22 I o 24 M b K S A B G A A R
S 2 B A M B I L A SR FLAC BUfE 7 1 5440
T B0 A 3 J2= 4 AT R U0 [0 A A o [ 2 s B0
R B G AT b T 8 T R B A AR i T E Il Y
A VEAC PP T AR 4 B 0 A AR T o3 A LA 4R LA
A TR TN [ 15 e DAY O 2Dl TR R i 2%

1 TEHR

22N LR 1 2Lk R T TE A R T 2R R MR
WIE L EIEE 24 m, 5 4 m, KRR 6.5 m, 4544 ih
C30 VR BE + D 50 B, oA Rl A AT . % B
Hi AR 2 % K 65287 m, AU B E 7 F b Tl E IE T
D5, VA E G\ ) gE R, IR 2 18 m, HE G 3 IR AR
11,5 m 400K & #3426 5 0 2 i I it T

MR8 B4R 8 2%, U S b v B i AR IR O &
WA VIR P B R BT O 3 bt R S
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1 FHBLRIPEHYENZSH

+ER W R4EREEL S BRIy B Wk JREE/

ZEHy (g/cm?) MPa kPa (°) 24 m
ESi S| 1.92 7.5 5 18 0.38 2.50
AE+2  2.30 51.8 0 38 0.16 9.00

Wis3 2.07 43 0 33 0.23 13.00

i 2.20 52 0 35 0.21 26.00
I Ek 2,40 360 650 30 0.20 10.00
WA 2.50 3,33 x10* 0.20 0.40
e B e ) 7.85 2 x10° 0.17 0.07

(= 2.50 2.76 x10* 0.20 0.30

2 BRTEHL

2.1 HEEIMEL

BERIZK P BE (X J7 1)) 120 m, Ji& A4 4 32F 7 1] 4
FECY J50) 72 m, BB ( Z J7 1)) 50.5 mo My T 38 3 A
TR RSB IE F 7, % 2.5 m, 5 4 m, 55 24 m, 1]
5 % A ) — 3, Y T BB R G TR 11,5 m. L
RRETE AN AR T m, HEYE 18 m, A HE 16 m. f85#U 3k}
138 240 4B IC 144 697 A5 5, WK 1.

A1

ZYEBERE AL ( B m)
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SRR s OJE WL S5 I AR I 57 B A ) 2R T
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R 2 1 3 @ 3 5 S R MG R T 3 TR ) L )
s WAL

B2 b i A AU

2.3 HEERASH
2.3.1 REEAME

Pl 3(a) SRy 5% AR I A 4t T 58 B s b 3 E
BRI RS A DL . T L A TS SR — s Y
A RDURE, S B T EE AN S VIR AR .
ek RS R S VAVTN o o Nk RN o A N T A =
P45 5] B KT 25 29 20 em , AN 3 459 950 W A8 T A 15
Hb T 3 AR R 32 BN 7, B TR Ak 32 7 fe K (R
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IREE L) Prhiam B it 1. 43 MPa, (AARYE CEE S0 Hb
FERE T HLYE )( GB 50007—2011) ' R ¥4y 4) Uit [ it
AN T A B AORE 3 B (R SR B MR e VR TR 2 N
0. 005L( L A EEFE) LHI40.005 x24 m =12 em, /NF5L
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FLAC3D 3.00

Step 132272 Model Perspective
16:38:06 Mon Jan 25 2016

Center:

X: 2 4650+000
Y: 3.674e+001
Z:-2.25Te+001 :

Dist: 3.400e+002 Mag.: 25
Increments:

Contour of Z-Displacement

Magfac = 0.000e+000
-5.5424-001 1o -5.0000e-00 1
-5.0000e-001 to -4.0000e-00 1
-4.0000¢-001 o -3.0000¢-00 1

-U‘mm 1o 1.0000e-002
1.0000e-002 to 1.1851e-002
interval = 1.0e-002

(a) B[ B BB (BAHL:m)

FLAC3D 3.00

Step 132272 Model Perspective
17:27:25 Mon Jan 25 2016

Center: Rotation:
X: 3.706e+000
Y:3.747¢+001

Contour of SMin
Magfac = 0.000e+000
Gradient Calculation

(b) $ Ry (A7 :Pa)

P 3 R R oA T 8] A7 4R T 56 AR M T 368 3 1 1)
11 7 R LN 1 43 A5 17 B

Kt ar w0 BE GE SE e R IR R R UL RE O 20 ~
30 cm, i GB 50007 45 iy (Y e 1A U0 R S FR (E
20 em. B BEARASIE A HE— A0 A R S AL TR 32 i
JS2 T3 WA B B RAB A 1. 12 MPa, HE {348 T 723
WHEZ -

FLAC3D 3.00

Step 233072 Model Perspective
16:39:15 Mon Jan 25 2016

Center: Rotation:
4 X: 10000
¥:3754e+001 Y. 0.000
Z:-2.218e+001 2 347.000
ist: 340024002 Mag. 2.5
Increments: Ang.: 22.500
Move: 3.000e+000
Rot: 3.000

P4 S AR T XLk TT 4725 58 )R b T 3
0 1) fo B ( FLiZ: m)

sy H it C A 3T IEGE 2 Rz i AR o
SBOUUER B A T O 475 5 | T 3 G A P S 8 v 14
UUREEE 2 DT £, W S AT W: 76 A th 3 i
TFAZREE , BERE I T 42 23 56 7= A2 DU AT 4R BB 38 TP 2 X
P Al 68 T R T S R i A 7P B e () 37 5 O o K il
B AR TLRERY A5 45 Peck AXBEE. ETFHA
Mo T GE B, T A2 T e R A R A S B T
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Analysis on Influence of Lanzhou Metro Line No. 1
Undercrossing an Existing Underground Passage

LI Changbin
( Lanzhou Railway Design Institute Co.,Ltd., Lanzhou Gansu 730000, China)

Abstract A tunnel construction using shield method was simulated with FLAC® . This tunnel is part of Lanzhou
metro Line No.1,and it is undercross an existing underground passage in gravels and sandstones. With this three—
dimensional model,the influence of the construction on the existing underground passage and the settlement were
analyzed , considering two cases. O ne is that the foundation is pre—reinforced and the other is the opposite. Also, for
the second case, the settlements of the free field and the existing underground passage due to construction were
analyzed. The results show that the existence of the underground passage has improved the integral stiffness and
decreased the settlement and deformation. The pre—reinforcement effectively controls the maximum settlement and
the maximum settlement difference, and the stratum settlement range. T he deformation of the underground passage is
within the allowable value,indicating integral stability.

Key words Railway tunnel; Safety analysis; Numerical simulation; Underground passage; Pre—reinforcement of

foundation
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Mechanical Analysis of Lattice Arch Used in Large Span Running Tunnel in
Loess Stratum by New Austrian Tunneling Method

PAN Chunyang'?,YAN Songhong”*, LIANG Xiao'"
(1. College of Civil Engineering, Lanzhou Jiaotong University, Lanzhou Gansu 730070, China; 2. Key Laboratory of Road & Bridge and

Underground Engineering of Gansu Province, Lanzhou Jiaotong University, Lanzhou Gansu 730070, China; 3. Laboratory of Rail Transit

Mechanics Applied Engineering of Gansu Province, Lanzhou Jiaotong University, Lanzhou Gansu 730070, China)

Abstract The large span running tunnel in loess stratum of Donggang Station’s Rear Wiring Section, part of
Lanzhou Rail transit Line 1, was built using double side drift method. The distributions of the pressure of
surrounding rock of initial support and the steel stress of the lattice arch were analyzed with the monitoring data at
different sections. T he results show that the supporting effect of the lattice arch is significant. The maximum steel
stress is 108.27 MPa, located at the tunnel arch waist, meeting the design requirements. The surrounding rock
pressure and steel stress at the arch waist and shoulder of the tested section are relatively large, suggesting more
deformation monitoring and controlling during construction. A temporary steel support is suggested for reinforcement
if the local deformation of initial support is large. T he steel stress distribution of the entire lattice arch is not uniform.
The segments of the lattice arch shall be tied with joints tightly to improve the structural integrity. Seven days after
the inverted arch construction was completed,the surrounding rock pressure and the steel stress of the lattice arch at
the entire section tend to be stable.

Key words Railway tunnel; M echanical analysis; In-situ monitoring; Lattice arch; Loess stratum; Large section

tunnel; Double side drift method
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Research on Mechanical Response of Tunnel Shed with Protective
Rubber Cushion Subjected to Impact of Rockfall

WANG Qi, WANG Yusuo, Geng Ping

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

Abstract

Some waste tire was made of rubber,which could be used as cushion material. A model of rockfall impact

tunnel shed was established by finite element software to analysis the effects of rockfall impact velocity ,the thickness

of the cushion on the maximum equivalent stress, kinetic energy , the displacements of some nodes of tunnel shed.

The results show that under the vertical impact of rockfall,the end of beam in the middle span of tunnel shed is a

disadvantageous position. The impact velocity of rockfall is higher, the thickness of cushion is thicker, the cushion

effect is more significant. Under the impact load ,the lower part of the tunnel shed will bear larger tensile stress, and

the reinforcement at the bottom of the beam should be strengthened.
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Construction Technology of Transverse Connective Adit Between Two
Main Tunnels in Cataclasite Rock

WU Yingming

( China Railway Twenty Bureau Group Corporation, Xi‘an Shaanxi 710016, China)
Abstract Taking the construction technology of transverse connective adit between two main tunnels of
Ya’an—Kangding highway in No. 3 cataclasite rock as background,the tunnel engineering conditions and tunnel space
structure were analyzed by applying the methods of site reconnaissance,theory analysis and optimization verification.
The pretreatment of caving collapse at the crown hole was used for the intersection of main tunnel and adit. T he
door frame and advance pipe roof reinforcement were proposed. The whole excavation and supporting process and
relevant construction parameters were determined. T he sequence is construction adit first, then transition action, after
main tunnel. Practice show that the proposed construction scheme and technology can ensure the security and
progress of construction,and can be regard as a reference for similar engineering.

Key words Tunnel engineering; Construction technology; Adit; Cross transition; C ataclasite rock

(WHEFH REX)



7 |
Railway Engineering 71

2017 4E%5 2 M)

# R

X E4HS:1003-1995(2017) 02-0071-04

SRR FHTHEREERERERTHRA

xR

5

(PR ERIA R R BTG PE4 710016)

m =

DAEEIRE SR AR I AR BRBARKELES FTHRME®R T AT F,E AR 5H.

G A A BiEE Tk BB ERBRAKALREA M AEAB L #F T ERXREARG ALY
Mo tmMMETHRBABERRABEERERLZ T Z, RETHARAREREZRFRARBEGHKEL L,
FHREAP, ERRENFTEALILREGA IR ADBERRKET, EABRIFAHRLR, TARIERL EK
i R TAAN 4, RFTRRXGZFR a2 E

e 35|
mESES U455.49 MEKFRIRAD A

5 v A B 3 B T A 3T BE T A T Y 1] 4
MV R 2K, JE A2 AR L A L L R T Ak A AE D
JE o [ B R ik DXt 752 0 2 00 56, MR R B A R e 7
it Tt fe T BRI e T — &9k 117 m
)R W Z R D) R RS 1 HA KA MR AT, S~
KAER F &, C A Torp BRI K IS . b i i
S IRA 2 4, — Bl T8 sl ol 3 1l 18 5% T 5k
RAERNFEN W5 KRBT HE 2RI . ik,
WA FE o 5 Tk o R R K XA L M AR DL R B
TEF K B LA L B R BRI K R AR R R AR
T4 ) 5 4 1l it T T 9k B FLAH R it T2 880, AT 36 2
TE BRI 7K S5 A8 XU Bk T8 PR it T 0 B A4 1 i O %
Jits T4 42

1 BABERFKEERES R

1.1 BREREKREEHE

H1 T BE T8 B A EL LR R B K T L 2016 4R S
16 H w6 3° b5 38 A7 04 18 K77 + 812 i T
WS T7 K77 +820—K77 +827 {3 B A4 ) 141 4 K2R
Ko KRR 3K B/ 300 m”, 5 B T I AR BUK
WEHEA 1.6 m. [FAF,K77 +820—K77 + 827 jli B £
30 35540 SR e 0T 28, B2 58 0.5 ~ 1 em, J&y B4t )
I (R FRIAF] 60 em.
1.2 SREXKFEESH

F T A i 0 o A e T R R e SR Bt —

Y75 B #3:2016-09-08; &[5 H #3:2016-11-03
EEB AT (1971— ) 5 A RAEH R TR .

E-mail: xinhuo71@ 126. com

MR WKIER: 6 TH AR, BIAAK; B E 2K
DOI: 10.3969/j. issn. 1003-1995.2017.02. 18

BRI, FEE S R B K R &, 5] kBB H K.
B& Bk DX H T K S AT R U2 LB K A B K A
FATLZ FLBRK E LA T 55 D0 RANHOE R Z v, 4522
KA T s K B A 45 L 5 T 1) 787 LA BT T HE i
FFHR A3 AN 2 T AR T 7K, BAT R A5 25 AR i R
BIRFAE b T K& o A 3A RHBUK FE WA T 6K
I BB R 3 A T KA 2L BRI i SR,
B RS K R R . R I E A R LR K
e ARAE R ZE A 2R M R OK R SR K 20 B B
ZUBIAL B L, SR KRR/, £50.03 ~0.10 L/s. KT
R JE A A 37 R% G T KO R 4 R G i TR
Wi 8 K o

2 ERMEMRAESH

ST G T R R K o R R B K R o Bk
BRI K S TR B R T RS T
5 ELAMT L 5 St T 7 1 B e S 85 o 2 R LA 4
SHEREE M T H A, LR BRI 35 8 0 k1)
A58 g P 10 T2 TR BE R 0 AT 3BT e 38 2
W0 P R T /DN A0 0 0 8 0 T 908 B 40 0 4
A FF 45 £ WK B 3 B 2 BT R B v L o R 2
J1 /NI PR A
2.1 HERBES5SY

1) 5 A

U 0 SHL PR R T T 7 o 2 b R AR . AER SR A
TR AR F L X W7 6 K 1 AL Z 7 1 L
AR IR 1 T 7 20 3 2 B AW 00 BB o — B s A (A
PN o P TR R IR, e K HE IR 289 m, PRI i A 7
JUAAT R SF BCHETH L | 30 m, - 385 e fin 8 77 7o 4% 25 4 1



72 % i

®OW

February,2017

PRIEE , M G e 5 22 10 5 I RS 0 30 meo RS
65 m, Y] 4 JEHL 60 m A () FEJE 71 m, WA 1
B

Zone
Colorby group any
groupl
group2
group3
group4
groups
groupb
group?

R RN

A BT8R 2R B, 70 (B A 40 b B 18 3 5 3 A
0300 5 S A L 2 ~ 3 ) AR B S ) i RO AR /)N
AT DL Z W AN, 3 B ASE R 5 R, R B — AR
AT RETH BRI FLAON o T % 2 SUTI [A] BB A K, fe K ]
#E Ik 100 m, SB[ it T AH B AE AR /N, o] DL 200 .
PRI, A7 7 bR 0 3 B0 R i R IR B ) A Y 43 Ar o BT
XT 5 B v RV 1 B A0 33, B IR AKAE R T L 40 A
XoF % T8 PR 25 e g M Y 52 e KN B A A I i T Tk
IR U R S 4 4 i

55U 3 S04 JE R 9 1) 29 o B A 5 [ TOUER A H
HH T, JI 8 SR HH [ 5 2 3 o

2) B S A A AR R

it TR A4Z 3 R v, A0 390 S Oy TR B A 0B AT, e
TRBE 1R FE 15 cm; 22 B T 4% g A6 JE 1 &, [H] B
1.0 m x0.6 mo,

3) IS8

THE o 5 W B ) 2% 2800 U X T 4018 43 B 45
SRS AR, AR A I 37 1 BRORE SE U K A 2 UMl 2 T
FESCHRGE R 2 %5 B, nT LR B B AR S 8in 4 1.
WIS AP 280 B AT PR 5 20 GPa, W YR B 1 M
FiiE 15 GPa,JHAA L 0. 15,

®1 BETESH

[Bl A 2% FPERE AR NEEEE BRI RAERE/
SET ®/GPa I f/(°) kPa  (kg/m?)
iR AE B (V) 2.76  0.22 27 131 2 680

2.2 HEERESH

455 TRESERR Bl Of iR GE il 1% 4, 2 2% bR E i
Tk AR IR B A% O T R T O [
By % 30 8 B JA 300 S [ EF 394 o A0 A0 B AT 56 132 5 4
i S TR A2 e s/ HA ] TR R, OF AR Bk Bk
i b4 P IHE R . AT R T2, R

BRI BLE T G108 A M FY S 57 R R R AR A it
PR RCER | AELTE T8 0 A I 4 AN 25 8 HG X 4 o) Bl o A2 T
JOI T A8 5 00 o

1) 534S

B I TF 25 KPR = & 2. AR 2 W] LA
B B OROK P ALRS A e R 8 Ao A BERAAL L 2 e T
gy, Ze M A7 i K AL AL Gk 14,98 em, 45l ) 22 e K
i #%1k 14.03 cm.

Contour of X-Displacement
8 SE-01

1.498 SE~
1.250 0E-01
1.000 OE-01
7.500 0E-02
5.000 0E-02
2.500 OE-02
0.000 0E+00
—2.500 OE-02
—5.000 0E-02
=7.500 0E-02
—1.000 OE-01
-1.250 OE-01
-1.430 SE-01

K2 KRR 2 (B m)

W% TF 42 5 1 i B = A& 3. AR 3 ] LA
B I R UTRE KA AR B T8 B T % b7 Bl A X, e R
H 3k 33.58 em, #HJE [A] | B i KAE M 18.34 em.

Contour of Z-Displacement

1.834 3E-01

I 1.500 0E-01
1.000 OE-01
5.000 OE-02
5.000 OE-02
0.000 OE+00
—5.000 OE-02
—1.000 0E-01
—1.500 OE-01
—2.000 OE-01
—2.500 OE-01
—3.000 OE-01
-3.357 9E-01

K3 AR (AL m)

2) R 240k 16 it T B R AE

ZRATHA S R T A, HEE b 43 A o [ 445 e %o 4
il B 18 A8 T SR 5 g+ O X K67 8% R R B A
[ B, % T A7 A7 Bt A 1 oK T 0 B d R AE A ok
114.98,115.37 cm, Jil [ J5 AH X5 I Ak 157 B fe K AE 53 i)
4 14.98,14.03 cm, By /M T 100,101.34 cm. @ X
W2 i) 57 % oA SR B A o [T B B T R T R A HE IS
I KAA 43 %1 & 98. 06, 115. 33 cm, il [ J5 AH W &k 37T
Kok R i B e KB 43 0l Ry 33,58, 18. 34 em, B/ T
64.48,96.99 cm.

HH O, il ok AR R B SR O S Y [ i e 8 A
RhAa il B A R AR



2017 4E%6 2 1

A B R K AR T O B P A TR 7

3 WEREREREKERAE

P T B L e B 1% T K AR D R 3K TE R Y
R bR A IR A 30 m A B9 B KR BEAE 3 7K HE K 58 i
J5 BB R AR B TR K SRR RT3 L/ s, [] i H 5
AP HK AR T 0.5 LYs, BT AR 45 Bl 37 3 K o
ST DA T VR A o AR A B S B R R
B (¥ 1 7K B 5 14 300 m”, 45 4 B 37 9 B A R BOAL 1
DA R T 0 o TV A 3K ) SRR o 3
R P 2 S 2 I A T A B LB T 0 K
B 23 R BB ¥ 23 S5 U 9 [ A R (] 3 Dt Ak
ARSEAdHT - MTT PR A5 FL B P 8 580 22 1 B IR 26 ) 8
7 2, BERUE I I 14 S 5 A A B B AL B TR
KT 50 em Kb, DT IK B 35 K B9 ROR . — T57 18 [ %E
DB B R — AP AR L 55— T T AT U K

4 WEERPBHKEITZ

4.1 wEEERKERAHEK AT &

e e I T it 9 HE K B R T DL R
T B HEAK 7

1) B%38 B HE K A “Bi~ HE 3% BUES A b R
B EE AR BRI SR A B HE K < Bl K R 48T
FHLRER R E

2) I AN e HE K B R =08 3% #2 , HDPE 45 4T
FLK/N ¢3 mm @30 mm, FR (i3 [l 29 270°. R (A HEK
W 9E 10 cm, 4% 10 m (9N [ BRI & o 3 HEK AT 5
WL E S N A1 $10 em HDPE $7 4Lk 8048 3% £z,
g\I7] $10 em HDPE Il s m ot ¢10 cm HDPE iy
] HE K A8 5 v S K VAT B S B HE K R G

8 A7 7K A5 % R — 2, AT SR T C30 B 7K TR &
b WA S A S R IR B K 2 B K R G e
fi5 1.2 mm J& EVA B HE 7K A [7) 41 8%, JC %5 i A
300 g/m”o YRR A K B HE G EVA B HEK AR
L= 4T i) ik 4b $10 cm HDPE FUEEFT AL 3% 80 (YA 1m
HEKAE) 51 24k

Wk 3 Bl HE K T2 TR an ] 4 iR
4.2 BEHAEIIZE

1) B HE K VR I QO BB W09 324 5 Bk
MRIA 52 10 em SEHE/KH , M FE 10 m 328 1 38, ff 8% 75
KEIHEZ SRS HEK P 80 h . @A JUR BROK R AL L AR
7K RN R ¢S5 em( 5 $10 cm) HDPE FfLEE TG A
U T HEE e KA .

2) Y 1l HE 7K e S0 AR 5 e © Yl HEKCR H
$10 cm HDPE FUBEJT L % S04, Vi 9\ 1) A % T B 18
7oA B AN B BR 1 HE K R Y R K 4R R

L s

Bk A R SR AW AT, 38
AT, it E Bk

1
| EMTFRREAEREN

P
&
i
ke
: ] MDA R |
FHER
RARLR =]
[ WA ‘
1
e F__TF
L.
#*
H
e

K4 BRIESSHBTHEKI T T 20

| HE 22 B RS A 1) HE K A I - o filt I SO o B R
B U SO R SR I — B TREANL
PEFLIAIEEAE 30 ~50 em.o (¥ I ik i 44 1T A A7 L 8K
JEV A T30 700K 0 7577 S T35 A S 6 AL b, T T 1R TR UK
SUE I . FHJC Y5 A AR e 8 L2 R 4 1
TP RAEBSOE ARG BT K I8 .

3) BEE B K it T T2 A RSB S R e ) ]
BB K Al + TC 95 A B K )2, B 7K AR TG T Al .
(O3 1hi b B - 15 B 7K 2 B0 300 32 40 K B0 F L i B
K AEIR AN T F T S ER A I R o X S8R B A AT B A
GO VEEF K Ue b 3K B 38 487 o 7E Bl B B K AR T
A B I S s )2 R T U K g A s Ak 3R SR HH SR B K
ol R HE K B T HE K B i, R R 3 T TR
QI B KA B K M R FH TS ET Bl 7 i, — IRl K
JEE AR A Ao T B A 10 P RS FE A A B A S i
TR LAVAEE o Bk Al R FH G AT FLAR 3, BRI SE ¢80 ¥
AR B RIS R T 95 A 1 e TR T B (AR ) ER it
0.5~0.8 m,ii5% 1.0 m, EHFAETE AT E ) 7K Bl K A
& HEG R F A e E.

4) 1B KA < 1k 7K F% e T 4% K TR S it T

TR 1) it T 4% R FH 38 7K I K 1k 7K 2% B3 I =X 0k K
L E AR 12 m /38, P 37 355 9 1a] it T 4% R HH 3 7K
I kK 55 o UTRESELEFE 2 cm, B 7K 2R H] A3l = 0k 7K
i B WGk KA, VG B R R 2 48 m, IV 21
K ULTF A 3 8 I FE 2 96 mo HUEL4E4E 98 5 cm, Bk
SR Xk KA B W =k K Al 1 E AR TR B
EF

MG TR R BRI WK TR T



74 % i

i February,2017

RE % W] 40 980 /)N R T8 VR 7, B B A HE R CR  mT LA
PRUE T 28 PR B G 1E B Tl T A0 B3 22 4 .

5 %Hit

1) 75 3 57 26 1 0 2 B0 s 1) e /0N 6 ) 2 e T 37 M
ZEAE 25 T KRR ) DR B e SR L BB T p T
IR BRI By e Az 22 A i, 6 20T 4R iR B 37 1 7K R BOA
ROt , A RE AR IE R T %2 42 L R it T T8

2) G55 TRRSE PR, T 7 24 ) % 1 o 8 7K B H
PRl 2 A AR T S8Ry LR At b i A T e ) B 3 K
IKTT AR AR B B HE KW T T 20 A B 1 B HE K
ROR R PRt T %2 4 Mgk

3) Hi TR A A B R BRI L R ) R T B9 K
7 LA T M D LA B B 2 Jay 8 1 7 H AN 1 A, e T
S AR BORE IR AR AR S BOR AT IR B A T
— L R -

2 % x W

(1 1A T, 3R 3 28, 45 R BRI T8 /K SC b B 45 14 o0 &
T 7K T [JJ.iﬂzTyk,zow (1):150-151,160.

[2 ]2 A TR R T8 3 /K & B0 52 g BA 3R 1740 44 ()] gkl
HA5,2014(2) : 70-73.

[3 TR = BHBE 8 b T /K A AR (D], 28 % 50 38 B (
FHHEAR BT ,2013(4) : 186-190.

[4 TfFASRE. 3 XAk A i 2 1 2 8 120 M 56 1 0 38 /K B R B 9%
(1. B 1% 4% ,2012(7) : 71-73.

[5 5k = . P63 0 X ER 3 & K B it 3 /K O B4 47 (0] %k
TE 5% ,2014( 2) : 50-52.

(6 15 &M, Fps e, BRZE R, 55 . 5% BH M 2k 22 0 I Bk 38 28 42 it
THA ] T4 A ,2016( 13) : 101-104,129.

(7 Jwi . 1 3 0w 6 % 3 IR 1 T8 R Rk se
(J]. B4 541057 ,2016( 14) : 142,146.

[8 IWker s, #4852 8, 256 Wk 18 T 7K 45 HE A o T F 330 31 5
KWFFT [I]. 2N 6 52 5@ A 6 (B A B AR BR) ,2016(5) 27—
29.

[9 1B b, mr 4 Bl k3 it T 28 8 K Hedas il O ik L] |
H4,2016( 3) : 203205 ,208.

(103038, X158 o, fR kA, 45 . 5 U bE 38 28 TR 7K ok U8 2 6 4% 4y
Br [J]. k38 H57,2016( 10) : 63-66.

(1] 3% 0 5. ¥ 1k Bk 58 A Il HE K B2 AR [0 ] IR Ak th 5, 2016
(19) :211-212.

2 23 A F 5

Rapid Construction Technology of Tunnel in Cataclasite Rock with
Strong Gushing Water

DENG Yong
( China Railway Twenty Bureau Group Corporation, Xi‘an Shaanxi 710016, China)

Abstract Base on the background of No. 3 tunnel of Ya’an-Kangding highway in cataclastic rock with strong
gushing water,the reasons of gushing water were analyzed by applying theoretical analysis, numerical simulation and
field verification. T he simulation analysis of grouting reinforcement effect was carried out,the method of grouting for
water blocking in the section of cataclasite rock was determined , the waterproof and drainage technology of cataclasite
tunnel section were put forward. Practice show that the method and technology can significantly reduce the amount
of water inflow in cataclasite tunnel and ensure the normal construction and personnel safety. They have better
drainage effect and achieved great economic and social benefits.

Key words Tunnel; Grouting for water blocking; Construction technology; Strong gushing water; C ataclasite rock
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Research on Design and Key Construction Technologies of Deep
Foundation Pit in Water-rich Sandy Gravel Stratum

TANG Hongying

( China Railway First Survey and Design Institute Group Co., Ltd., Xi‘an Shaanxi 710043, China)
Abstract Base on the deep foundation pit of the test section Century Avenue station in Lanzhou metro line 1,
aiming at Lanzhou peculiar deep sandy gravel stratum, the key technologies such as the groundwater treatment
scheme,the hole-making technology of retaining pile, the design scheme of enclosure structure were studied to
simulate the foundation pit construction process, compare and analyze the field monitoring data. Through the
systematic researched on the key technologies, the optimization schemes of design and construction were put
forward ,meanwhile, the related data of field information construction were enriched. T he reference for design and
construction of the foundation pit under the similar stratum condition were provided in this paper.
Key words Deep foundation pit; W ater—rich sandy gravel; Deep permeability; Numerical simulation; M onitoring

measurement
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Experimental Study on Moistening Expansive Deformation of
Undisturbed Expansive Soil Under Loading

XUE Yanjin' ,WANG Qicai'>,ZHANG Rongling'*>"* ,MA Lina' , WANG Bingzhong'
(1. College of Civil Engineering, Lanzhou Jiaotong University, Lanzhou Gansu 730070, China; 2. Road and Bridge Engineering Disaster

Prevention and Control Technology National Local Joint Engineering Laboratory, Lanzhou Gansu 730070, China;

3. Key Laboratory of Road & Bridges and Underground Engineering of Gansu Province, Lanzhou Gansu 730070, China)
Abstract The effects of moisture content and overlying load for the expansion of typical undisturbed expansive soil
of the second line of Lanzhou—-Xinjiang railway were studied through grading soaking under different load conditions
with the thickness of 2 ¢cm. T he test results show that the expansion time history curve of undisturbed expansive soil
shows a steplike growth curve. The expansion amounts show a sharp expansion stage,an outer convex curve and a
linear slow expansion stage with time variation in a certain moisture content. The overlying load would have a
restraining effect for expansion of undisturbed expansive soil. T he larger the load is,the smaller the expansion is. The
smaller the load is,the larger the load is. T he saturated moisture content of expansive soil is gradually decreased with
the increase of the overlying load when the expansion is stable in the end. Under a certain overlying load, the
moisture content and the expansion of undisturbed expansive soil are in good logarithmic relationship. And then the
formula parameters are fitted according to different overlying load. A model for calculating the expansion of
undisturbed expansive soil under the coupling action of moisture content and overlying load is established. The
calculated results agree well with the measured data.

Key words Railway subgrade; Deformation of expansive soil; Calculation model; Experimental study; Undisturbed

expansive soil; M oistening expansive deformation
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Study on Salt Expansion Sensitive Region of Lop Nur
Sulfate Rock Subgrade

LIU Heye, LI Fen, LI Dengke

( Northwest Research Institute Co., Ltd. of China Railway Engineering Corporation, Lanzhou Gansu 730000, China)
Abstract In this paper,sulfate rock subgrade of Lop Nur section of Hamidop Nur railway was taken as the object
of study. From the viewpoint of temperature, the indoor experiment was designed to determine the influence of
temperature on the salt expansion of sulfate rocks. Through the establishment of subgrade test section, temperature
observation elements were laid to grasp the temperature field of subgrade. Combined with laboratory experiment data
and field test data,salt expansion sensitive region of sulfate rock subgrade of Lop Nur was determined within 2 m
from the top of the subgrade,and the prevention and control measures of the salt expansion of sulfate rock subgrade
with the dominant temperature were put forward, which can provide reference for the construction of related
projects.
Key words Railway subgrade; Salt expansion sensitive region; Experimental study; Salt rock; Salt expansion;

T emperature

(HHEFm RBEE)



B i

26 Railway Engineering

@
February,2017

X E4S:1003-1995(2017) 02-0086-05

R ER TR RS RIBEH T TEH5R

e pre 1 L A2 > a1
ﬁ}"%*ﬁa ’7}:%)’-};'\ ’/ﬁgiﬁ ’XIJ/%%%)L
(L AFRERBERY PARTRESE, WAL AZKE 050043; 2. 3 645 32 8 MR 3 11 Be ik A% 050011)

wm =
WIBFe BERR FE N T B R Ay E ST A B A A .

A RARBREEEZLARELR O LRFTESG P RARRRGILK,FH T —F 247K
AT AR B A ZR, AT T B A XA M R E

REXIEA . KBERKN: £ — L KIBHENZTEM T, B A XA 09 A FRATE 3R L AT K 3
AR G 3G K, LR R 2 AR X R GR R0 3E K AR B M 0 0 38 o 32 87 K B A X AR LR AR
Ao KO AR 3 d B R AR IR R ORA TR . KA R B A A LR T RR &R NI R SR I
FRBAGH I T L5 E, %2 FIN, B RAKRELKLR R

KEEW ABII DY B KB AR, AT LY
HESES U4l6.174 MERERIRES A

9 F 5 A X T R A 0 A B B R K
W b T KRR 20 39, XURR 0 32 T 3% A L B 3R 10N,
R E R L. B R EDWERmMg " . & mA
T DA A G A ol B L KB 143 3 7T SR PR A 2 B 3
ARIBIRBE T2 P75 Wi 75 2B 57 A T b e By 45
TAERP R T o BRIz A, U D 2 3 1 AR S B
PRSI, — R & R BER P o (H R %
R BRI L S U £ K B i 3 32 2 A R b K
HIC 5 T WS 2R L EL 0 A B R R R AR T R B R
PR T A 2 R IR 0 39 % 0 AR T A o ) 42 o
K

ST A D T B B RO L R T S B
2 40 AT SR AL 7 [ B B AR 7 10 3 3 2 TR R —
JEE B2 19 EL A 0 KU K ot E T B4 B 2 U SR BROHC AL
FEZS B RS IE VT ARk L fb 2 R D A R F 2545 3 56
e AP b 2 [ D BB ST 56 T 20 42 30 4R AL, 3% [ 16 60
SEARALTT B8 BT AL W s BT o £ B fl 2 [
R D 11 7K 38 T S A K TS o 7K T T I 4 1Ak
FEREAR , T K M 22 L 38 /K 5 Sr BV . I R S 1 )
7 X A A K AR B, S B 4
F) £ 25 B P R A %

Sy S BURD T M I T AR S B AP AR SCHR T — b
PR A0 RS ) T 30 3 A R el 0 K 39 B R K 7R
A 00 S T Ao 45V SRR R TR T B R B R, G

W fs HH#1:2016-07-18; & B H #§:2016-10-09
EEBMFRE(1991— ) 5 BT A .
E-mail: 737450732@ qq. com

DOI:10.3969/j. issn. 1003-1995.2017.02. 22

15 Yo [A) I B K B BS R KX ] 2 B 8 B R R AR A
W] A S I 7 A B 0 R R T LA Sy RS, 2 2 A 0 4
Ao R HT L I R R A0 ) AR B 3 R R E R
ARSI S ~ 10 em R L FLIE . BRI
i 7K Pk B AT, BAT RLAF AT b e g o [ B A 5 34
ST T 614 J R A 2 AN 2 X6 0 38 7 A A1 1) B A
T1o O T IR A B IR E £ AR, AR SO Kk 3
T VTGS 7 7 [ A 550 45 b ek ) 8 1) 1T RO KRR AT T A R
FE NIRRT SRS LUK R o 2 i XURR 1 i B it
5 B4R B T T 207 58 9T WLt TS B RO -

1 REMRERKETE

I8 A A
1) 4ifh: St <5%, AR C, =1.27, 13
SJRBC. =4.21.

2) BROK BCES: ] 3 AR [ A% ( M =3.20,3. 30,
3.40) 4B 7K B 5 U -

3) [ A B Ak

4) RERRERIA W BIECN 4. 8,1k 0.2 g/mL.

5) REV I A BRE REVE IS (pH =7.5 ~9) JIKIE N
0.3 g/mL.
1.2 AEMEMER

1) dimb: V5 B 58 Bk

2) PR BLHS PR Bl 5 R AL S BE 8 7 A B 0 0
FEo B HUKIE AR S P A e R R T &
B3 B A K SRS TR 1000 2 45 B, R AR A0 A 23 3 o R 2
IR 32 2 RS A T TS JC IR 5 480 o AT I 3 ok 40 7K 38 T 1) G
e R T LUK B A o

1.1



2017 4E%6 2 1

A S A4 - 5 28 (8 0 ) U8 8 AR 23 B K i 3 s e T T SRS 87

3) [l A 50 Wi R Rk AR O 8] Ak R BB £ E S Y
11, BB AR Z 5 7 A 09 H AR BK 33 5
SR KRR K7 3R T B K B 38 A T K AR
DL b sl B4R i 1 A [ D A8 R o [ B TR i L
A, AR 1 ) 2

4) BE R PRV W Y RE TR BV W5 D RLTR A T g
J& s BETE DR R B AN T /K I, ) LA TR 1Y
31 B N A

5) BRI REVA IS S AP RLIR & T8 5 B B AR
SIVR AR T K B B, BT R B0 FE 4 1 RE AT A
PERE" .
L3 REAR

EIROUE A e o e ) . R NI T | QR 07
HE) A R U RE VS RS IR S A . TR AR R
IS S B RE R AT IR S . S T RERAN T
HEE 5 A B0 7K 3B 5 R AN ) 5 s A BT 700 0 A P e AR T
O 5 T () s % 38 S o g FH R 28 55 LA 1 R DA
T T %

1) B0 K 3 1 [ 5 B 0 o I D o B 1Y 3% o AETR
B S A B K B R Y 2% 5 fE VA I
TR K R S Y 3% o POK I Rk R A AR T I
(4B AL e o fd T 3 b AN [m] A5 £ Y B0 K B 6 T 1
WL -

2) BEERAE [ B 5 o0 ) A R OK BE RS 1S B 4%
6% ,8% -

3) R HT , 7 e T A IR R 0 B K B B
VR T T2 LA VAR~ P Y T VS YR S R Rl TRk 1 T
SR 5 R A8 A0 AD (Y f P 5 KR BN [ IC FL I A5 2
T K B BT (R 2 B K BB AR T AR B K)o

4) R AR I SR B ) AT AR SRR L R SRS A
PR &SRS, 4 2, B 2 AT S5 6, 4
USSR K F R, TR S 97 % , e i A 70. 7
mm X 70.7 mm x70.7 mm )i FE

5) DB K B J AR R Wl T A A NS R O R Y
52 1ORE 5 B B 0 00 100 728 A0 KA 1 K S iR S R Y
Ak 3 5 T AT S KA AT o

2 RBHERELN

2.1 $UKEBEYNBRESENAEEENZME
SR 3 S RIME (M =3.20,3. 30,3, 40) [H4 7K
B3 ) VR R (ol TR ek k0 i) Dy B K B S 1 B Y
4% ,6% ,8% ) - WFFTIXAE 14 d I (1% 5 00 R 0 JE 8 3
REERILE 1.
a6 25 B n] L ke 14 d AR SR I e E ik
600 kPa L I, 0] UL 4040 25 4k 2 [ 1k B A s d m Ho i =

x1 RAHEUIHERE

0 FIOKBEHE  BEBRRE LK B PR R
) %14 W] 5 0 o L /% Ji£ /kPa
1 3.20 4 602. 41
2 3.20 6 765. 42
3 3.20 8 744. 38
4 3.30 4 797.53
5 3.30 6 1 .060. 77
6 3.30 8 824.21
7 3.40 4 997. 62
8 3.40 6 1419.10
9 3.40 8 1 096. 25

MRE. BHEAEMKKEBESBHRNMIE 4
H,Si0; ™ Al H,Si0, « i A B W iR 1l 75 7 W /K 1 i
RO H AR K B 38 v S SR K M i K o IR
WY H,Si0;~ I H,Si0 "3, BEE B INA B L S
H* 454, 4 Ak H,SiO0, , H,SiO,, H,Si0, . EERT,
H,Si0, Fil H,Si0, il i 2 57 A s kMR — Ik, ik
=LA EZRER, Z TR — 5 R A A Si0,, Y
Si0, 7 i I — 8 B B3 TR B 58 i I 4% 25 4, 5 b
RO AR5 P AR o W B 5 R AT K B
B RERR R AL VA I AR 5 WA IR A TS B R IR -
Bifi 5 ek e 2B B A 38 22, 08 25 01 BT A SRR R R A
AT LA R0 i R 1 3 AR i

HRLH AN [) B 40080 7K 3% 38 %ok 38 i A % i iy 2%
(P 1) AT 0, S 7K 3 358 A 50RO, A 1Y R 40 iR R
Ko FEAR R F 2 0 [ AR PE R RE Y 5 B R B K
T 3 A B0 A O A DG . B OK B ES 1Y 3 1 Xk
KZO'MSiOz,,H\FI"’éqbkﬁEI%E&ﬁﬁM 4 Si0, 5 K,O R
JRB) LARL B 7K B 308 1 A 450 v, e TR S 1 R B
AR, BEIE B 2 0 BE I N 45 250 . fEikEE S =R
T2 (1) 350 43 L B0 7K B 5 T 25 5 WK, A B i e e 5 445 i
At BT LU AR SN S8 8 Bl — J2 B B 1 A1 5¢ o

1600 —— 4o, BMeEE

—— 6% R
1200 8% MR
g g
o8
= 800f / =
]
400+
ol ‘ .
3.20 3.30 3.40

SR BB
U A [ A5 5B /K 3 B X A 58 2 A 52 0 iy 2k
PR 2 e i e 5 2 R i B8 P R T i £, T DL

i FHAS TRIAS B0 100 B0 7K B 368 1ef, B ol 7R ik [ 55 1) 3
T R B4 55 R 5 S T ORI /0N B R B TR M



88 ol o# M February,2017
160 F2 WANARBHXEFENI I
RS, /\ BRItk Mk 1d Mk3d kS d
g - :-/__—_ s d MR /kPa MRS /kPa  ¥RJ¥ /kPa  RJ¥ /kPa
& —— =320 7 1024.12  723.41 656. 43 624.71
400 —a— M=330
U= 28 1534.37  1224.82  1079.25 1 033.46
0 4 6 8
PR S R/%

P2 WL Ak o 0 U R ) 52 o it

H 6% B, IR (R 5 EE B o 4 AT LD PR T R Y R
BE S BRI KA AR H T B OR 2 DLRN K B
S VA VR I S AT N A LR B8 2 ) Z R TR , BT
SHOY I BE R 25 0 D R R B AR . S W R
TR BEREKFAERM H RS2 . e
MEREMBELE A A AT, FK BB A )5 AN e - A=
VIS 0y 58, (58 501k 6 W R K B 5k R R AR 45
Fag v, A i R PR AR
2.2 AESBPKHENEETL

TEFHRLE M = 3. 20 (1% $ 7K B 3 i R 12l A (9 R ik
[ 5 4 R B K B B [ i 6% ) o TR 5 R IS
14,28,90,180 d (K A5 fb £k W& 3.

4000
3000 F
o
-
ﬁ 2 000 -
2
]
1000
0 ‘ : : 1
50 100 150 200
w W

P 3 AN T e S0 e o i 2 728 1 o 28

R I A i R o % 0 1) 28 A il 26 ( 1D 3) T B
U SO 1 0 K, R 1 00 R TR e R R ) 1 5
H R AR TR I I U P A L R R 01 4 K SR T T
%o TR, B K DY I 5 0 R Rk SN Y B B A ) 4%
SER I ANRGIE o B A IR 10 1 184 0, R A 0 4% 235 A R
F T RS S RRLRE 45 T B SR R . KRR
IO P B 7K B 388 AT I 7K A 1 ST AR S R T A A
5 A, A e R R R AR
2.3 MkKRIRHEENTH

R T AL TR B 3 3 [ A S 2 SR AR T X A Y
FENR o FHASEE M = 3. 40 A 4 7K 3 38 71 1 U RE ( W IR
Tk [ 5 2 O B0 /K B B [ & A 6% ) L EAT K 1,3,
5 dAYIREEAFIE . LS R NE 2 FiR.

4 Sy AS TR AR K e T %ot 3R B8 B ) B ) gl £k 3K
BE LMK 22 J5 0058 B A I ol SR A P B 2 A K B TR
R8T 3 B AR R SR 2R L 1K 3 d 2 iR A

TRE. 7 d B FEMRAK T dJE, 58 EFEK
29.4% ;17K 3 d J5 MR BEERRAR 35. 9% 1K 5 d 5, R
JEREAR 39.0% o 28 d IR IR K 1 d J5, o BE
f£20.2% ;17K 3 d J5 SR FERRAR 29. 7% : 17K 5 d J5
5 BE BEAIR 32. 6% o I3 3R W] IR 48 0k R[] A K ]
Z 5 RE S OREFR s 19 B B o K B S A AT B KO i
Y REBE IS , TEAR K 2 5 25 5 BRI | S0l 1R 1Y 56 8
%o [RIB#H 7K B% 35 2 B R hE VR T L 55 5l R K ff 1Y
K" Blmi R ik /K 7= A2 i H R RE, #2780 T B0 K Bl 38
TP R S TN £ 25 ) TR TS 7K P o e S S R ik R R O B Y
8 I I 45 G548, TE VS W 0 /K 43 28 K5 L W E U % T K
B AR o, A il e B A A e T A

1 600 —— 7 diR w28 A
1 200 \\;‘.

g
B 800 ¥ .
T * —
400
0 1 1 L 1 1 J
0 1 2 3 4 5
ki fa/d
Pl 4 7 [a] A 7K i 18] 6 3 Aot 3 B2 119 52 T i £

3 BGEIITZE

FE 5K 7R B N B 5K 5 B, SR 5 o IURR D 42 7 %
B, 2 B VAN 20 3 Sy KURRAD 00 35 o g B £ A8 [T A 5] 1k
FH T 5K 7K g 2 2 6 KR D % 4 3 3 B 4, 4 o B AR 3
Gyt 112077 58 90 WD it T2 )5 A 2808 -
3.1 BREREGE

Q =Ahna( 1 +B)

A Q MBI ES A, m® A B R AL A =
1.0 m*; h o KUBRED 3 3 BE A 50598 3B YR 7, h = 0. 1
m; n R AP I T I B LB R, AR B n = 0.26; o Ny
ARHEERBAME « =0.7; 8 I 5, A I B
B=0.1. ZiFH Q =0.019 m’, FHA 1 m® W
=214 0.019 m’,
3.2 DIAHEEEH

PR SIS B NN R TR 9 2% ~ 4% , [E AR5
PR S 0T L 18] Ay 6 7K B 3 1 5 AR Y 4% ~ 8% , kTR BRI
VS BG5Sk B K 3 3 5 0 2%, R RS I Y S 0 L
151) A B K B B [ 5 B ) 3% o MR INE VR EE A 10 emo



2017 4E%6 2 1

A SR A5 B TR 0 38 R 0 B e i B e L R 89

RS BSR4 N N 12851 V7 & e M/l 08 O 41 [
15 504 7K 35 55 [ 5 5 Ry 6 kg/m’, AL &R 0. 12
~0.24 kg/m” , i fR A0 [ & 5K 0. 12 kg/m” , fif ¥ 2 [
Fri R 0. 18 kg/m’® o N K BY I L 1AL AR < Rk R
Ve VRN R 5 S VA TR S K s B B 20% ~ 25% 1 %
W, I TR P e BRI R IK T 10 min.
3.3 BRERZGERRMEEXK

F A Sk Vi R R OK R G0 T B R M
PEFEHLEE 2 B o I 2 R A 2 T 2 5 o 2 3 3 4
PP WL E R B8 L 1E W T R . PR B N 2
SLAF AT ER o AR UE I T 3% 22 P A VR 2K
HE=1.2m.

TS A e HESK B 3 ~6 L/min, JE /7 0.2 ~
0.5 MPa.
3.4 RFRED 2 35 535 6 T

1) #b B 3 2 ad W B S L e D RS 5 ~7 m
WE 1SRRI AR 2 S b IR 4R P A Bk oo v AR AR
HH SRR AR I A T A T U

2) WEUR R FH T T Sk AT W50 , O B 1k R
G35 8T WA S YA i R P, R A IR G )
Jas T G R o TR Mk B KBS s M R S L DA
T RE S S5 35 B RD I N ok o

3) it Tk A b A g oV SRR R R SRR
Y B S T R AN WU o R

4) it T v N 28 A RO T G R M R AR
T« I A VR 2 4

5) S DR UE M U JEE BE B 3 50 ROV E U IR BRGE R
PL3 ~4 OAEL, S5 1 YRt i LAY W 395 1T R BT, 9T 7 R
VR X B fE, BEAT S SEWE TR . MM S 1K
WS IR N L 3 75 o W ST RS 45 1k 2 X g
W o TEWTR I S UG 7T 454 % L WiEH R, 1T 4
R 7 55 -

6) Jifl T 2% SR J5 I G A 38 T A [ AR R R R [ R
JE KA AR RN A /500 m” L R B A% R = 10% B R
TP RIS IR o A0 1 [ 45 1R 58 B = 0.5 MPa, Jill i {4
JEREE =5 em B, il 2 2K .
3.5 MBIERERR(WES)

K5 WRW L R B 3 2 4F R BOR

A 11 ~13 m, K 50 m, 3y 45°, 5%
B Gh . 2o 2 AW, 1 3 2 R T A i B
SR K G PR R . TR L
WL i, S A A A R IR B B E A

4 e

1) [& 0550 [ A b ) BE AT R0 s HLoi B2, RE 68 7
WO IR 277 DR W B AL JZ o [ AL e 2B s 40 £ T
PAAE O RE e 4B 0 00 A 0, ELRD T %5 1 W% H0R 1Y

2) o T v A 50 ) A 7K B A AR L AR A K B
K B W O A 00 B R o R R R T
B K PR R IR A ARG R

3) Bt e 300 0 39, R A o R A R L H 5
JEE 41 T 114 T 3R T A

4) [ wY 50 B AT B TR AP o A TR 3 40 A e
SR AR AR K I 8] 2 5, BE PR 45 A AL B PR SR B o Bl
R KIS T B 38, e i P A IR R 2, 220 3 d
MK Z ) 5 B A TR E

5) ey 2 AF LI fit A 142 5 B 4 3 2 TR TG
kK PR B R R A R IR BB F R . KRR
Wi aR AL 56 2 AR IR AR L S

2 £ X W

(1 1R AP, 57 75 . RUBLYD I8 35 3 38 1 e e o i i 52 (0.
PR 52 7 el K 2 2 4% ,2009,30( 2) : 212-215.

[2 ] e N R 30 [ 2258 328 4 7. JTG D30—2015
BTG (ST db st AR 83 H L, 2015.

[3 ] rpde R LA k38, TB 10035—2006 4k s 17 ik 15 3
BRI (ST bt Hh ikl A, 2010.

[4 158  BRATR, B4 . & LR e A BB 5P 4
mRE A LT E K AR R 2 ,2004,2( 3) 1 10-12.

[5 ] AR A, i Sc 0, 86 SOk, 25 37 20 7 40 1 [k Rk i 2 1k
PEREAY I U8 BF 5T [J]. TR b i 2% 4, 2004, 12( 3) : 318-
321.

[6 ] HEsKk. 7K 3538 0 11 AL B EE K BL T KM i B v a4 L0 )
Ve % ,2011,21(5) : 44-47.

(7 JER20, 1 &, A I8 I . 3T R /K 38 3R T /K 11 b ) —— W G ik
[J1. EHLER Tk, 1990( 6) : 24-26.

(8 JARIEA, B2, RS, 5. Bk W H 09 14 R R 0 T [D ]
FHLER Tl ,1982( 10) : 18-23.

[9 1 H %, bk &, X0 4230 Tk v e 0 o 5 ol & R (0]
SNEE B R ,2007,28(2) < 8-11.

(101255 (X ¥ 5, 28 D4, 25, B R K B 38 A4 28 1) 1 % o
[J]. 4k T2 ,2007,58( 2) : 501-505.

O B I



920 Bk #= R February,2017

B

Analysis on Experiment Effect of New-type Sand Consolidating Agent and
Research on Construction Technique of Slope Protection

NIU Xiaodi', YANG Guangging' ,PU Changyu’ ,LIU Yanhang'
( 1. School of Civil Engineering, Shijiazhuang Tiedao University, Hebei Shijiazhuang 050043, China;

2. Hebei Provincial Communications Planning and Design Institute, Shijiazhuang Hebei 050011, China)

Abstract In order to solve the problems of poor stability of sandy slopes and poor ecological protection directly on
the slope,an ecologicalprotection-ype sand consolidating agent with potassium water glass and silicon phosphate as
the main additives was developed. In order to study the effect of sand consolidating agent, the unconfined
compressive strength of sand samples was studied. The results show that the unconfined compressive strength
increases with the increase of modulus of potassium water glass under the condition of certain admixing amount of
potassium water glass,basically presenting linear correlation,and the growth rate of the strength decreases along with
the increase of ages. T he sand samples have good water resistance and the strength of the sand samples after 3 days
of water saturation is basically stable. The new-ype sand consolidating agent was applied to the sandy slope of
Zhangjiakou-Chengde highway, and the site construction technique scheme was put forward. After 2 years
observation , the solidification effect of sandy slope is good.

Key words Highway subgrade; Slope consolidation; Experimental study; Sand consolidating agent; Construction

technique
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(E#F 59 W)

Analysis of Cracking Mechanism for Schist Tunnel Secondary Lining of
Gucheng — Zhuxi Expressway

GAO Guangbin' ,RAO Hegen’,LIAO Weiping’,DENG Bin’,LIU Qiang’
( 1. Ganzhou Expressway Co., Ltd., Ganzhou Jiangxi 341000, China; 2. Jiangxi Development General Company of Highway,
Nanchang Jiangxi 330038, China; 3. Jiangxi Research Institute of Transportation, Nanchang Jiangxi 330052, China)

Abstract Schist is a typical kind of soft rock, and schist tunnel construction often induces geological hazard. T he
engineering background is schist tunnel of Gucheng—Zhuxi Expressway. The behavior of Wudang schist was
investigated through X +ay mineral components analysis, water absorption test, disintegration test, uniaxial test and
tri-axial test. The test results show its characteristics including plasticity , swelling, rheology, being easy to be
disturbed, degradation with damage, intenerate with water, and being anisotropic. The secondary lining cracking
causes were comprehensively analyzed from the local geological condition, surrounding rock engineering
characteristics, groundw ater effect, crustal stress, construction and design. Its cracking mechanism was revealed.

Key words Highway tunnel; Cracking mechanism; Laboratory test; Secondary structure; W udang schist
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Study on Bag-grouting Pile Reforcement Technology for Deep Soft Soil
Foundation with Hard Interlayer of High Speed Railway

ZUO Shen',XU Linrong’ ,ZHAO Xinyi’, WANG Wentong' , YU Miaozhang'
(1. Shandong Jiaotong University, Jinan Shandong 250357, China; 2. Central South University , Changsha Hunan 410083, China;
3. China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan Hubei 430063, China)

Abstract W hile high speed railway is constructed in deep soft foundation with hard interlayer, conventional
foundation treatment methods could fail to penetrate the hard interlayer, or project cost is too much. It is a new
challenge for post-construction settlement control. T herefore a special foundation reinforcement technology , forming
grouting piles using bags, was researched and developed. On Ningbo-T aizhou-W enzhou passenger-dedicated
railway , conventional mixing pile foundation ( not through hard interlayer) was applied to train station, and bag-
grouting pile composite foundation was applied to main track. Then the two types of foundation reinforcing
technologies were compared and analyzed. T he results show that bag—grouting pile composite foundation meets the
main track design requirement,that’s post—construction settlement <15 cm ,but conventional mixing pile foundation
just meets the train station design requirement, that’s post—construction settlement <30 cm. Test results show that
bag—grouting pile can restrain the side deformations of deep soft soil. The pile-soil stress ratios are in the range of
those of soft piles. The bags of bag-grouting piles meet the requirements of drainage,which was verified by numerical
simulation. Considering that bearing capacity of piles was not fully exploited,and pile spacing has little influence on
settlement, it is suggested that pile spacing showld be properly enlarged.

Key words High speed railway; Foundation; Bag—grouting pile; Deep soft soil with hard interlayer; Field test; Finite
element analysis; Post-construction settlement
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(L% 94 7)

Study on Mechanism of Pile End Puncture at Pile-net Composite
Foundation for High Speed Railway

WANG Chuanchuan',ZHU Zhonglin2 ,LI Taifeng2 ,ZHANG Qianli2 ,CHEN Feng2

(1. China Academy of Railway Sciences, Beijing 100081, China; 2. Railway Engineering Research Institute,
China Academy of Railway Sciences, Beijing 100081, China)

Abstract The pile end puncture deformation is one of the settlement sources of pile-net composite foundation. T he
research on pile end puncture deformation characteristics is important for foundation treatments of high speed
railway. The mechanism of pile end puncture in pile-net composite foundation was theoretically analyzed. Using
finite element software ABAQU S, various factors influencing the pile end puncture were analyzed. T he result shows
that the main influencing factors include deformation modulus, pile diameter, reinforced area soil deformation
modulus of subgrade filling, deformation modulus, cohesion and internal friction angle,and pile top load of pile end
soil. By using the mathematical statistics toolbox of MATLAB to perform factors regression analysis, a calculation
formula for pile end puncture value was finally acquired.

Key words High speed railway; Pile-net composite foundation; Foundation settlement; T heoretical analysis; Finite
element analysis; Regression analysis; Calculation formula; Pile end puncture value
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Research on Stress in Gravelly Clay Composite Foundation
Reinforced by CFG Piles

YAO Chengzhi
( China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan Hubei 430063, China)

Abstract T aking Ganzhou-Longyan railway as background ,according to the requirements for the bearing capacity
of high speed railway ,the stress in piedmont gravelly clay composite foundation reinforced by cement flyash gravel
( CFG) piles was analyzed in this paper. The methods of field test,curve fitting and numerical simulation were used
for comprehensive comparative analysis. Field test and curve fitting results show that the pile-soil stress ratio of CFG
pile composite foundation is 2. 81. T he relationship between the soil pressure and the filling load satisfies the cubic
polynomial. The maximum fitting error is 5. 1% , the general error is less than 1% . The results have high fitting
accuracy. Based on working conditions,the two-dimensional digital simulation was established. The calculated values agree
well with the fitted values and measured values,the calculated values are slightly larger than the measured values.

Key words Railway subgrade; Gravelly clay; Composite foundation; Field test; Numerical calculation; Stress
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Numerical Analysis on Reinforcement Width of Soft Soil in
Passive Zone of Foundation Pit

GUO Yalei' ,JIANG Huihuang®

(1. China Academy of Railway Sciences, Beijing 100081, China; 2. Shenzhen Research and Design Institute,
China Academy of Railway Sciences,Shenzhen Guangdong 518000, China)

Abstract Based on the actual project in Shenzhen,the influence of the reinforcement width of soft soil layer on the
pile-anchor retaining structure in foundation pit was studied by numerical simulation method. T he results show that
the passive zone reinforcement of the pit bottom is effective in reducing the deformation and stress of retaining piles,
and the settlement of ground surface; There is an optimal reinforcement width of the soft soil layer in the passive
zone of the pit bottom, and when the reinforcement width is larger than the optimal reinforcement width, the
deformation and stress of retaining pile, and ground surface settlement are basically in stable state; Considering
safety ,economic and other aspects,aiming at reducing the stress and deformation of retaining wall, and decreasing the
ground settlement,optimal reinforcement width is suggested 3 ~4 times the thickness of the soft soil layer of the pit
bottom.
Key words Foundation pit support; Passive zone reinforcement; Force and deformation; Ground settlement;
Numerical simulation
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Influence of High Speed Train-induced Negative Air Pressure on
Stability of Sound Absorption Panels of Ballastless Track

YIN Qiang,CAI Chengbiao,GUO Yu

( State Key Laboratory of Traction Power, Southwest Jiaotong University , Chengdu Sichuan 610031, China)
Abstract Based on aerodynamic theory,a numerical model was established by simulating high speed train moving
forwards on ballastless track. Slab surface air pressures induced by train were analyzed in different train speeds. T he
computational air pressures were compared with field test data, and the numerical model was validated by
comparison. Moreover,an aerodynamic model of train<rack sound absorption panel was established to calculate the
surface pressures on sound absorption panels. The upward suction force on sound absorption panel was obtained by
the integration of negative air pressure,which was compared with the self-weight of sound absorption panel to assess
its stability. Results show that the distance between vehicle floor and track structure is shortened while sound
absorption panels are laid on track slabs,which causes air pressure on sound absorption panel surface is larger than
that on track slab surface, and the difference increases with train speed. Under the design condition of sound
absorption panel considered in this paper,the train<nduced negative air pressure can be overcome by the weight of
sound absorption panel to keep its stability while the speed is 385 km /h,and there is a safety margin.
Key words High speed railway; Ballastless track; Sound absorption panel; Numerical simulation; Site test; Pressure;

High speed train; Negative air pressure
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Influence of Foundation Stiffness on Wheel—rail Contact
Characteristics in Sliding State

WANG Haixin, WU Yaping, LIU Zhen
( School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou Gansu 730070, China)

Abstract Being the infrastructure of the national economy, high speed railway is widely distributed, and the
foundation stiffness due to the regional soil is different. Based on the wheelrail three-dimension finite element heat
engine coupling analysis model, with reference to the reasonable foundation stiffness, this paper analysed the influence
of the foundation stiffness change on the wheel—rail contact characteristics in full case of sliding mode. The results
show that the change of the foundation stiffness does not have obvious effects on temperature rise of the wheel-rail
contact area. T he heat of wheel—ail contact area is relatively concentrated in case of full sliding mode,so that the area
of the contact spot increases by about 2. 2 times compared with the static analysis. T he equivalent stress of full sliding
mode is composed of mechanical stress and thermal stress,and the latter is dominant.

Key words W heel—rail sliding; Foundation stiffness; W heel—rail contact characteristics; Finite element; Numerical
simulation

(FHEFH ZKED)

(EBEF 115 R)

Influence of Node Number of Small Resistance Fastener on
Rail Longitudinal Resistance

YAN Ziquan, LI Yanshan, LI Zirui,ZHANG Huan
( Railway Engineering Research Institute,China Academy of Railway Sciences, Beijing 100081, China)

Abstract Combing with the field application of the small resistance fastening systems in high speed railways, the
relationship between the number of fastener nodes and rail longitudinal resistance with different types of small
resistance fasteners was studied by using finite element simulation software. T he result show that the measured rail
longitudinal resistance with different fastener nodes is slightly different from the transformed rail longitudinal
resistance with a single fastener node,which is mainly due to the changing rail gravity born by a single fastener node,
while this factor has little effect, and there is a linear relationship between the rail longitudinal resistance and the
number of fastener nodes. T he factors such as loading position, loading mode and rail slippage were analyzed by
laboratory tests, the loading mode of pulling rail was determined, the rail longitudinal resistance test with small
resistance fasteners was carried out by controlling rail slippage within 3 mm. The results indicate that the measured
rail longitudinal resistance with different fastener nodes is basically same as the transformed rail longitudinal resistance
with a single fastener node,and the experimental results agree well with the theoretical analysis.

Key words High speed railway; Rail longitudinal resistance; Theoretical analysis; Experimental study; Small
resistance fastener; Loading mode; Rail slippage
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A6 BEVTRR R AT 3R 2 [ Ak 38 R >R H 7K 36 45 90E
fF, T A JO 2k 0 4 A 2R G T 1 A0 8 DR 09 it T T o 8 %
L KR IEAE I T is i AE A AT LA 0 & A IR
Xf ot g AT 4R

TEAE R T AR A 3 O R A e e A I RE B A g
fix A FIERE I TR A S & o T NG UE S 1Y TE RE A
R HX B 0 AR TS Ve e e AR RE Y
FHHE B ML R 52, SR )5 SR B C20 ¥R %k 1 #E 47 3 M 6 1k
JERE 30 em , P B HE KSR £ K 08, B IR B ARG G JH
WEAF I R B K A 35 . IBAEE B4F LR, WA TS
YL 1 IS 2 TERE BEAT ZUCTE U U VR T E S X B AR AT

R, 1 K Wk A 3 1 247 3 0 L B A L 3 I 3 A SR T
B EERTE0. 17% LI .
2.2.2 BABHEEFARILHR

A HR A AT AU 2k B T RO At T A 8 1 ) (8K
H% (2009141 ) 7 ik K B 0 3 R4 95 0
TG HE B S 0 2 L AR R R BUE R 3 B B
IfE 200 km K DL BGE 2805 70 J2= b AR R GE A HUE R
PR S, WA B R BT 2 8 ~ 10 R ML [ wf i .
X 2R I [ A T8 PR T G BE 48 [ — O T2 il 3 PR
TR A A ™ L A JBORE 3% THD 5 % 5 ) 5 TR A D A
FSE A 18] B RG £ 3, 55— 7 1T H T RS b oA B T 1
18] A9 25 B 52 ) 2R 28 T B RHI R 38, = B30T Al R
A TE 2, R R BRE 0 A PR A Ak . S, b
BLVLRF R 3R 24 Wi 18] A0 T8 PR 4 A T8 PR it TR T /0 4t
2R RS T R A A KL T O, ik 3 7
T eVl o TR FE Il 2 3 PR PR 485 [81 Al A%, S RE ol 3 R 4%
R . WA BRI T Z LA 3.

SHELATFLEE20 om )i IEAE

!

g
i
HEAT 23 Iy B
51 A RASHE, RRA0~50 mm, L4545

!

B2UAY R, BIE R 40~50 mm, B4R
!

HIWS R, I E40~50 mm, L
i

AW BRI, RIE R 10~15 mm, B0
|

| A 8, A |

!
| A2, A |

!

KA R

3 MEAERNAEATZE

RO T, RAL R348 [ 40T 6 W, Thi 3 g A
17 W BARE FAELNOEATEE N 1.5 km/h, §k
R 29 Hzo BETERTREATIERARESHOLE 1o

F1 LBIBFAFBAGERRESH

WA W RN/ Bim A/ HmpH A/
X (g/em?) ( kN/mm) (kN/#EL) (kN /#k)

32 (i 1.97 100 9.3 15

FrfE(E =1.65 =90 =12 =14
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B2 1 A] A1, B T 1] BH 7 85 s o O A1 =2 A,
RBBIYFFE IR AEER o Bl ) BE ) A2 T e i
TSR A & A R A AR I Y T PR W i1
A VAR e

72 2 Rt B VLR R 58 BUBLE RS AR I S A
R A s o T IR VR B N < TR <= S (= 7 NS L VA
>22.4 mm [JBRE Y 89.54% , B Bit 6 ¥k 8y K ML [H
VL, B R = A T 2 100 5% s, ok A%
10 ~22. 4 mm Gi/NGik 5 7.6% B E KA 1T mm LT
MASE0.55% . kit 1 mm RLF B 408 R AN
M) T8 A 0K 55 2R 20T bk B R 4, 3 T 7 G R N
25 B, BHL g 2R 201 VR A5 VA S PR N 35 1) E R IR B L s i)
[T 44 3 AR 114 BT 7K 28K BE

T2 JEITH KW TR RSB RS b S R B R R R
S tER

A2 Bl /mm EHE %
>22.4 89. 54
22.4 ~10.0 7.60
10 ~5.0 1. 10
5.0~2.5 0.32
2.5~1.0 0.28
<1.0 0.55

AU £ VTR KA [ Ak 38 R i T v, 38 A 3 3 R RN I
S T B 4 i R i A 2 T WU B A 8 AE RAR A
e AH A 5 A5 8 1 R A R it T, W] ip S 80 1 3 R i e
WAL, b 2R A TAREIRE T T .
2.3 BEHEXRREIRIKREES
2.3.1 RABMHFFEH

TG T SR A R B A 7 i R R A7 R S AG 5, R it
AR R i 5 AL B 2H 43 P A DU 4 4« 2R 0 v UK
A A Ak 0 38 2 RO U 455 < 3R T TR Tk R A T
e+ 3R TR L VR TR AR A 56 I 15 0 SR A 45 A A AG T
st o AT bR kS b R SRR R R BORE L
B R R R TIE I A A5 AT A% A B, O R AT
WA AL 7 O 37 R K T4
2.3.2 RiEAIIRPHRTES

1) 1t T 4%

it T £ L5 15 45 32 1T 1 A A [ AL A R T4
PERE B YR VLT T 28 R A T A2 et T
SES . Bk OF KT, B & ve i /N E
BT HPRES . QX M8 T AR M Be 2 17 03K, 35 31
R G 5 T UEAT VR T [ R B M E A H v R
AL AR B B W, H T W0 e T & Y 38 9K 5.

OB R B8 1 T R AL & N B AE YT 2= T Uk
TS em Abo @HERET I E T L, il T 18 IK)EE &
R B — R, O BRI HE T 28OR A K T
A R ITAZ AR A 55 77 A AL il B b e A v
AL IS Lo [ A DA T PR TR BEE , Sy B T 4 1Y e o 4
AR YE . X T [ L Y 38 PR 2E AT T IS4G 56, A A 18 R
£ 175 A TR B AR TR RS FE R S DA R I R o
PERET 2.

2) BEHEAFE

T RHE T 5 E R AR 1S ~30 C I8 IR
AE X B AR T 30% 3 PRAM ThT i £ MR 549988 BE A
5T 20% ~30% o KGR URHEE Y RS R AT B AR
RATE VRGOS A e e - B3 i
ANEEFNGETE TALHEAT G TE  BE it T A o 1 £ 2 T 3R
R A AR 5 R R 45 O — 1R, B L R i T
HEGEAE BN PUR T Z) 8 ~ 10 emo FEIEARL LI 4.

P4 B [ R 3R ARl

BEVE N T 6] s o A7 O e, B8 /N 4 2 P I s
RERS , 758 11 [F] B g BE OR R, RR DS TE /N I A A% 11 2 5
TR, J5 320 09 42 ) 1 48 25 58 i OR T, £ B (8] 17
P45 500 ~ 1000 s FH 7K R ASC e 00 0 v s 72, A R 18
TENG Trp 2k B BB AU AE 2 mm N o BEVESE AL . 8
TE A 50 2 A N o SR R A T PR T L DR R
e T o BT T

3) [ A28 PR W T R o

Il ATt T 58 B G A R BT R T A R R
To ) 85 ~90 em, JIEHF N <F & 125 ~ 130 cm,
TR 35 em , FF ELBUHIL IR #B 1] 4L 38 PR32 58 160 1, 1%
T 5 eI A 2 ) RE A 156y — A, G\ 4w BHL 7 35 K
T HE T I AR G PR W AL BEVE ET S T 80% L B
T e AR AR TE 2 mm PN o 2% JAG I 4% 2R 2 0 R BEOR 2%
2 RN O T R IR 3 3 S R

3 EBRRENTAE

3.1 FEREMR R
5 A Bk R I 3 1 ) 2 5 A ) 2 A 0 45 SR L BR A
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066+ 5001 1966300 o010 19660 106313001 1963+500

(b) F4T£8300 km/h

s EATERAT TR BIE N L

AT M IEAE - 5. 25 mm FI - 3. 35 mm @YK K
I T G RRAM #2300 ~ 350 km/h AR fEPEAR) , LI F-
M B4

3.2 REBMXER

43 AR B 1 s v N BT A A L R H
lﬁﬂmm%ﬂﬁilﬂwﬁﬁ S e A A58 o i A T AR

o 1250 19 1R] 8] 7 d5 e 3 ik 2 BE 330 km/h

ﬁ%ﬁ’%ﬂ’%*ﬁﬁﬁfﬁﬁ@i%% 37.4 C, & %
25.3 °C,HH2E 12,1 C; B3R B i 45.8 C, %
26.2 C,AH2E 19.6 °C o iy il I B it o o7 0 0 3% 8
B KA 0. 17, 56 1l 48 % e Ko 0. 19, %8 il it ) g A
KA 12,1 kN; AR IR I B 5 b 7 8 3 B0 & B KON
0. 13, %5 9 2k 6 fe K4 0. 16, % 4l B 1) ) &) Ko
10.9 kN.

Hb BT A7 B Y E R OB R & 36.1 C, B AR
24.7 C M2 11.4 °C; 90 %00 B 55 &5 42.8 °C, | {I%
26.0 °C,#H 2= 16.8 °Co ik B BEIHCTOAL B JBd 200 3R 8K
B KA 0. 09, 56 5 el 4% % e Ko 0. 17, %8 Jh it 1) g A
KA 11,0 kN A% 7 B B 35 T4 8 B B &R Sl i KOl
0.09, % 5 i 2% K fx K oA 0. 14, 5 5l B 17 Sy e Ko
12.5 kN7¥

TCie 2 H ] il i B S 4 8] 0% I i B, 45 %
SR R KNE BN AR R 2 BREZ N, e 1 /2
G 38 AT % A PR R P R, [R) e 355 0 v o Ak I
KU FEAT AR Y Y B K o

4 Fit5EN

R M I A PR T o B A S 4 X T [ AL
PRAZ 8 Iy 1 P R A PR H E 2. F AT ]l R
BB S5 b S BT B AR R T 2R X Bl B, St
S B TR A A R 58 X T L] A T PR A AT N B AT
T ST G AT O SR M A T R R 00
AR E R TR, LT 2R EHG 4

1) TEAE 5T A A 45 68 T O U 2R 2 1 [ 1 3 PR it

[t B OCH B AR TE AR A A R A Y
%/\ﬂwﬁﬁéﬁ'ﬁﬁgg T .

2) AU B VTS R0 A1 38 PR L A %8 18 it T 3k Ay
YA AL 17 AR AR - xﬁﬁ“&ﬁ%%fhm”ﬁﬁlamT
A7 BRI T PRAETS , o PR IE 1 38 PR B % 552

3) GETENE T 2 ARG R T4 L 45 5 4 A ) D
PERE T A B TE Ja BN X B 2R 47 PR L i R B3l 1
I o

4) VAL PR R B A BT O Sz BT, PR IE R T K
i, I RE PR UE IS K, 7 [ A0 18 PRAE 12 5 )5 RE B8 KW R 15
B P A -

2 £ X W

(1 ] ELT. kA fEE R 3R 2 BR AL B AR i & R K
JEHER,2015(4) : 135-140.

[2 JEZKER. TB 10621—2014 = S B 5 1 LYE [S]. 4
I E R IE W R A, 2015,

[3 ] e N RSE A B3 #ha ik [2009]141 5 HHEHLIE
R I Al R R TE b R R (ST b EPIIHK R A
2009.

[4 ]Z=m) . o i 508 & 4k I Al I 0 RE Bl
[J]. BB b #8211 ,2009( 7)

[5 ]9 w2 B s B0 A BR (M. db 5t o 8l AR A
1997.

[6 ] rp R gk A 7). TI/GW 115—2013 5% 42 1§ o0 7 [ fb i
REATHA S (ST Jba: = 468 iRt ,2014.

[7 ] hde RS E RIE . TB 10754—2010 7 o 2k i 33
TRt TR A 0 AR fE (ST db 5t b [ gk SRR AL
2011.

(8 Jrpfe B3GR 36 TB 10761—2013 3 3 ik ik T 7%
EhA R WM ABIE [S]. dba: [ kE et 2013,

[9 ] v [ k38 B 01 53 B . 3R 20 114 18 PR HE T 0 38 28 1 42 il
HARRFP 45 AR5 [R]. JL st o B 88 B 5
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BRNNBHXAXLEREIZEREIHALAMR

B
(1. o[ kB B2 5T B, 6 3
W OE

ALREB, BN, F e’

100081; 2. i [ ERIE R AT 5T BE 4 )8 M AL = BE 5L P, b st

100081)

SR A B, % Bk R 60R2 A 2 4B, 3 4R 4 B T4 5k 05 @ 4, 60R2 A8 4R HUIR 5 — B

MARA Y F LI TR A S KLl daf 60R2 A% A 44 I K0T 3 R 22 4547, 13 8 T 2R
KIS MARERELE R FRAELTE, REAH LT EE 60R2 A MM A RITEE T T L, F o

EHIMYHk TR

RETHENAGBHRNARBE L ZIH S A TARARRE TEREHEH K4,

g BRI H XA ZERLINTREAFAENERLERL, FERZ R
KEERE Ak F;60R2 A M IFHE T L AR, 46 TR

mESES U213.9°2 XEFRIAE A

PUAA el 72 DR O RR 6T 18 AR R SE HE UE L
BT 224 A MR 55 i A BB A 0 2 Y IR
R S A 4 0 S T e [ AR B SR
0255 Sl TR R R T L R R . o T AR R
TET BT AP0 TR R Y0 0 0 R o B T S R R A
A 0 F 7R AT L) AT e g 1

BRI B A B 4 2 K 20 km, B 4
LRAh, LR YR I IX ] JC 4% 4R %, IE 4k &R
GOR2 75 4 1 , 60 R2 Aty 780 49 1L J & T ok i o e 0L
HH KL AEX AR — B 5029 3 em RO RE . A A L
PRUEKC 2 25 m, 1 km AR 4% B4 3k 3k 160 A, 545
TAEE Ko To4 2k B R R A0 BB 7 R 1 A B A
T T B B AR M A R R P A 2 A AR
R AR AR R R SRR, PR S R OR L TR
T EhL I AR 3 — A S i) 2 K, T o TG 4 4k i
e TR

TE I IR A 0 r 7 780 0 0 3 0 B T 4 4 K
T SR e Bk T R BT S B AR A A R
BURS B DN AR B X H HE AT K U S 17 e
5E BB T 60R2 Al KBRS 3 3 TN G B 4 T A
THGURER A G55, HE T 0% FUR 5 fe i
R

AR S S X A LR 0 5 DR AR T R AT R
B, M5 T 60R2 A A BB Bl 3 IR I B T R A
R TE R G AR Sk 0 1 2 M R AT TR
2 WL WG T8 B 4% T 9 2 P R 24 2 T G K
W #s HHA:2016-06-28; {& [0 HH#A:2016-09-15
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FEBLSE A A0 E TR LAY AR sl I SEAR 3 it T2
ZLEK

1 BEEITIZEERGERKRE

1.1 ITEE®E

DN GRS e A G — Ff L il o 2 A4 8 T4 it T
2 f, S T 4 M o o O TR BN O i e L7
Az B4 FE BE AR AR T TR 2 0 B SR B AR ), T
A fl T 1 4 S A ALY B S 4 S 2, e e R e
TUH 7, foff o Ul 4 S 7 A SRR AR IR A 45 T AR A [
ARORL, 34T B i B A AT R O k. D
PRI SR R TE W B ML ( ) BRS VR iy,
ik 3 DR 6 F NP S48 TR 84 in B Ak  ToUEEE Fn
PR 55 L PR A
2.2 IE@ER

RN A S DGR i SRS T 2
SRR ), I TR AW 8 T2 280, DU R
FEHE S R IR B R FEAR ME ) 25 TR - RIS AN LR T
YR TR T TR R LI R LR R 1 60 kg /m LI
TE SO0 5 3 B 75 76 TN ik 2l B K 3% 22 fin 4 3
AT RS RS o TNF B B R R S
AU DR H7 A RORe Ak , ik 2l m B4 o B 2 52 I L OE A AR
P52 A, 3 2 H B B R PR 45 TR G R o T 0T SR
NGRS . MR EUREE T 2 S ROLE 1.
2.3 ELMaKw

TRV 3 20N D6 M 4 4 Sk I PR RE A 40 2 IR
Gk i 3B R AR I O R B A 3 A D
( CECS 429:2016) #k47. AL B RS 2h XN D6 A7 45 4
S BAR BRIk 1 ik .
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BB K2 K3 B Bed B Bs B Bto BB BBt BB AT
I fil/s 3 25 20 18 3 3 3 3 0~150

HLHLY 315 330 300 280 370 310 380 380 250~400
P (mm/s) 0.7 2.3 2.5 2.7 1 0.45 0.4 0.3 0.15-3
FrHB M/ (mmss) 0.6 2.1 2.4 Y 1 0.3 0.4 0.3 0.15~3
JEIRB M/ (mm/s) 0.7 1.4 1.5 1.8 1 0.2 0.15 0.15 0.15~3
R (mmfs) 1 LS i 1.4 1 0.3 0.2 0.15 0.15~3

B3 1/A 200 300 200 200 150 180 180 180 0~1000

HL3Hi2/A 290 370 330 30 230 220 240 280 0~1000

HUFE3/A 300 370 330 340 300 300 300 300 0~1000

HLFA/A %0 500 500 450 as0 :s0 0 350 0~1000

fi B /mm 7 6 H 4.5 s 2 2 2 0~20
I ge ikl B

HFE IV £ 250/400  HFHLTERA [/ 0.8 0/2
HOEE 1 (mmis) 0.5 0.15/2 BRI (s 5 110 suasky: (REEg2-] LR )
HEE2/(mm/s) 0.28 0.15/2 B ATHEE /mm 12.5 5/20 — A RS B AL R A :
R mmls) 03 o1 RN ; - 2015/12/1 8:50:47
:‘1[&54.'(”.'3) 0.3 0.15/2 P L i A MRAF I B %

s : .15/, Mo SRR s 10 107300 —
e - ol el s (ncoami] (e [ xm ]
B 1 MRS IR T 2S5
1 ERNNBHIXNALEZEEZELREEXK
75 o 36 751 H TRk
SEH FEHITM:0~0.3 mm; KFEH: —0.5~0.5 mm
0 . A e
! S R AT A BT 0.2 mms 988 Sk T% ) LA 50 60 60 1 S LA 4
ot

WY TR~ Sl A ~ A ~ AT 90 40 45 48

1) BT <3 KBl Y&
2) MUEIAL: < 3 ALK hE
2 7 PR 3) BURTRAL: <$3 -6 dB Bl M
4) Uk UM RS R s 2 L E R RLE AR 3 dB, HLAE AR BN <6 mm
5) H 4% N R AT TE 1 THDIR R

3 v VERERIIE h=2.7 m.,2 R
4 s k2% A S F=1 300 kN, R

Bk Zhr FASRL S F=1 200 kN, A W7

FNE SR F,, =85 kN R RIE S5 W4 F,, =420 kN

5 W% 57 6
THE: 1.0 my BRATUE IR R B 2 x 10°, ANp
6 Fir fi 35 JE IR B R, =880 MPa; Wi H i K22 A=6%
7 ity e WU T B KU, =6.5 ]
8 B UTH AT K A\ T AR &k B /R 1. 05H, = H,=0.90H, ,H, =0.8H,, % & w
- <20 mm
9 A e T BE I ) X BB N b Ak AR RN AT 5 IR

S VA R L TR 45 TS B8R L 60R2 ARBLRS Bhat IR AR 49 40 Sk LA B AT 1 o e R e
Tl PR A e Sk AU UK B0 A CECS 429:2016 K . AY i IR B

56 2 Ayl R R e S il R Bl e 4 S5 3 A A R 0 0 e Sk A TR o 4 R
oo FE2 WAL R EEEL T TG 16,2 1L 2 SRR SRS Bh 2 DN I A 0 B T A A Xl &
THRUE 6.5 T (3R PRI T SR R, R U 5 e S R U A AR, L S B E T A
WG A R ThRME R . g R pm BB R
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R2 HENHEERERLPTERMERKBER

I H 1 2 3 4 5 6 7 8 9 10 RXEER TR
e KU,/ 10.7 23.1 19.1 10. 3 20. 4 13.2 19. 8 16.9 9.2 19.2 16.2 6.5
N R,/MPa 1046 1001 998 1066 1015 969 933 971 1007 1044 1 005 880
EOA LR
Al% 13.0 11.5 10.5 9.5 9.5 6.0 15.0 16.0 15.0 11.0 11.7 6.0

RI3 HENNEZERIAREERBER

R H N e P EL SR
BEM YRR H, 296
SR SRR H, 266 0T8T I 3 £k
. WiE 1.05H, = H,
Pl PR H, 253 =0.90H,, H, =
Pk W BEM Hy/H, 0.90 0.8H,
A LB H /H, 0.85

%)
wn

30F
_ 25k
E 20t
a 157 —— SRR B (BT
2k — - 0.90H,&1
]
5
D0 80 60 40 —20 0 20 40 60 80 100
R B /mm

P2 A B AR B 2 DN DGR B2 3% FC B 2 A IX iy 2%

LRE KA R AR A AL B AU R ek R
A RIFR S e Re , B Skl ad 1 il 58 il 2
Sl T L PR TR R AL DA DI R S A 6 s o K
2.4 BIBHMAAYE

Xt Rl R U 2 4 Sk AT RO UL A AR A
AR ] XA FR A 20 2 2 BOB AR A A i Bk AR R L
S AR KRB A B ILE 3) o

3 MIALARER

3.1 MIARKE

it TZH A A 1 4 B o
3.2 BIER
3.2.1 #Ifé

1) AR 4t T3, WO F 6 2 T2 24

T 60R2 H# B 50 %0 J T ¢ 5K I8 1T A, I Ot oR
FH e [k T8 R 2 BiF 53 e 0T 1 04 % 2 <X AL AR B Lk AT
FEL. 60R2 Al LAY T AL 7 616 mm” , #5353 60
kg/m BT 690 mm® i AU /1N , {E Al Y A9 B0 B0 I
BURECHE, O T R Sk O K BE 0 7 AR TR R T AR
W1, RO ZEXF AR AL B R LI R R ) S TR
AR IR T A SR AT R, (8 i AR 1 2 3k 1k B R

3 Rl AL AR B K 3G i X 2 2R

HE T HE
#
®

)
[t [t E. B

I Bh i

[#5%]

Fop A

4 TSR

AR AN G ZESR o X Al By B9 1 LA S L/ A SR UL
A e AR Bl HE 0 B0 S A AL B R A R R
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2) Al 7R IR A AR
22 T 0 25U, A B B0 i T T R B 0 g T
I T B 5 O, A L R AR AR R . R AR B
Ui 6 A — R 5 B R AT AR AL A e R L Ha kS = R AR A
UL RN T . KA A AT R R T T B Sk A
LR E AL 100 mm , X HE8 43 78 A5 2 BT 2R A TR B
TR AN TR AR Bk 5 77 10 mo 3 Bl o 9 44 2%
H O — W R B 0 (K AN PR 42 B B2 S 500 m,
IV 3 OIS B B RO K BE S 1000 m) L TR AR L
FESL BT KAN BT 48 12,5 m 80— DR, LAE T
DL N BN 1) 7% Bl BH TR B bl 2 A S AN IR
U P AR FEAE IR — B T AR OR VR fAT 1 [R) 25 1
TEAF R0 A0 Al 5 422 o P 8 00 4 15 200, [0 o R
i 2 T A5 o TG 5 Tz AR o
R RS AS B AR B RN 75 T RA 5 i, B
MEP i S BOGEHE RI AT o 7 BT 0T SRR i, AR B 45
SRR , PR 35 1 AR R RN AR . IR
TCHL R BB R 4 R T 3K Y O v TR TR L i
LB A2 30 m, JE B 1 AR AR 4E 50 ~ 70 m Ak ) BROTHL
LTI R HZ B AT I A AR B G 1)
WA BN AR Tk, EBEAN
0.7 m, BRI 2 W HLIHFE & 35 mm AYEEK
3.2.2 B EEGHE GAFBE VIR AR A R B R
A AL AN U B e AR R IS, B AT 4T B3 R 42
YA B0 R s =X TR DGRt TR BBl S B o AEAL
BULAAT EFERF SRR AN B Lo F1TC 42 Rl e e e 75 22
R TAREATRZR o INJEIRPLHL K 38 2o e o o] 4
BIFF R AP SR AL , SR 40— JRORE AU AR B, 1R R 42 58 1
Ji VR S EE R KR AILATL Sk R 2 D) — R R A Sk
b 5 S RALTE UK o SRS SR ML ML ZH A8 2 W e T
i) AT SRR
RAUHAL HIARHBAEL g o
| ﬁjﬁrﬂw
Ty )
5 RS BR% 3 3 N R TR
PR RS N BB AR O o A 4% IR CRE 3 =C IA DG o
MG IRHEAE AR 2 A5 ) AT o Al RN AR 2 4 3 1
JE RV IR 22 4k K 4 AT
*4 BRANNEEBELTHEEATRE

L & AR 22 /( mm/m)

L T0 ] 0~ +0.3
Bk N AR T -0.3~+0.3

BUK 0~ +0.5

3.2.3  #oa

TEXT IR AE AT IE KBS, R J1 R 0. 15 ~
0.2 MPa [P 45 25 SO0 7 4% K 252 ) X X% 2 min, $2
T MG XA

4 MIYES

1) JELR e 4 3k B ob T BE X 60R2 A U 4K 6N 1 A
PEFEATAEEE 60 R2 A AL B HUIE S IS 338 60 kg/m
BB, R T Bl Lk R B A R A i R R SR 58 A
0 T2 SR AT IR 1R 45 58 BUS B BOR N BYx 15 42
2R AT I, DAB R R AL AN Bt e e Sk it [ e
FLEXT 60R2 il ALK B AR 4 50

2) FT B N I B AR AE 5 omo Bl P KT Kl B
] B °F- B RS, B A8 5 35 Y FT B E U0 &, 0 AR 4% A
4.5 m Bl N 0T I R4 Sk O TET T A R AT 0 B 4T
& o Sk RBUR E B AAE T m 35 N R BRI, B4 FT
JEGR AT L 0.2 mmo

5 H&WIE

0 9 RS Bl DA G 2 — i 28 4 1o T B
K 0 T 4 ) A Y A IR R AR A R R
TR AR I, 5 X R T2 AT 7 I, O X T
VTR VLA AP B K 18 A S 2 Sk B A B B A A
SRR HEAT AR Y T 2H 2, DR 4 Sk o
FE5 BRAT b o, DRAIE TR0 T 5 &

PO

& * X #
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Study on Mobile Flash Welding Technology and Construction
Organization for Groove Rail

WANG Yingying',LI Li*,SONG Hongtu’, GAO Zhenkun®, LI Jinhua®,HU Yutang’
(1. China Academy of Railway Sciences, Beijing 100081, China; 2. Metal & Chemistry Institute,China Academy of
Railway Sciences, Beijing 100081 , China)

Abstract 60R2 groove rail is used in the track of modern tramway ,which belongs to the special cross—section heavy
rail. The 60R2 groove rail welding has been the technical difficulty in the construction of the seamless line of the
modern tramway. In this paper, through the principle analysis of rail flash welding, welding process debugging and
the flash weld joint mechanical properties test, suitable construction technology for 60R2 groove rail flash welding
was finally determined. Combined with the site construction organization, this paper summarized the characteristics of
the welding process, the construction process and the quality control of each process. After testing, mobile flash
welding joints of groove rail meet the requirements of the welding standards,welding quality is good.

Key words Tramway; 60R2 groove rail; W elding process; Field test; C onstruction organization

(HEFm BEE)
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Construction Quality Control Technology of Polyurethane-stabilized
Ballast Bed on Beipan River Super Bridge of Shanghai — Kunming
High Speed Railway

ZHAOQO Jian
( Engineering Management Center, China Railway Corporation, Beijing 100844, China)

Abstract Polyurethane-stabilized ballast bed is a new type of track structure, which has the advantages of ballast
track and ballastless track and could be laid in sections with specific requirements. Beipan river main bridge is the
deck-type reinforced concrete arch bridge with 445 m span in Shanghai-Kunming high speed railway and the
temperature and creep effect has little influence on the track structure with polyurethane-stabilized ballast bed , which
could be propitious to railway line stability and convenient maintenance. This paper introduced the construction
quality control technology of the gravel ballast bed filling and polyurethane-stabilized ballast bed pouring and
dynamic test of the railway line quality was carried out. T he test results indicate that polyurethane-stabilized ballast
bed of Beipan river super bridge could meet the requirements of train running safety and stability and also adapt to
the requirements of long span bridge deformation in high speed railway at the same time,the track regularity is good
and the quality control measures are effective.

Key words High speed railway; Quality control; Dynamic test; Polyurethane-stabilized ballast bed; Filling; Pouring
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Research on Location Synchronization Technology of Comprehensive
Inspection Train for Shuozhou — Huanghuagang Railway

PENG Liyu', WANG Dengyang’ ,ZHANG Junsheng'
(1. Shuohuang Railway Development Co., Ltd., Suning Hebei 062350, China; 2. Infrastructure Detection Research Institute,
China Academy of Railway Sciences, Beijing 100081, China)

Abstract In order to meet the needs of unification of inspection data space-time standard during the inspection
process of comprehensive inspection train, location synchronization system which fuses electronic tags, GPS and
network time service technique has been adopted, and then GPS time service and accurate positioning have been
realized. At the same time,all the inspection systems of comprehensive inspection train have realized synchronization
in time and mileage through dedicated network. T he realization of location synchronization technique enables all the
inspection systems of comprehensive inspection train to unify the inspection data in same time and mileage. All these
provide the necessary conditions for accurate positioning of mileage of rail breakage and multi-specialty confluence
analysis of breakage conditions and reasons.
Key words Comprehensive inspection train; Location synchronization technology; Electronic tags; GPS; Time

synchronization; D ata synchronization
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Research and Manufacture of Detection System of
Ballast Track Bed Cross-section

SUN Shujie, WANG Fan,DAI Peng,ZHAO Xinxin

( Infrastructure Inspection Research Institute,China Academy of Railway Sciences, Beijing 100081, China)

Abstract To meet the need of efficient maintenance and repair of railway ballast track bed ,a set of detection system
for ballast track bed cross—section based on laser scan technology was developed. T he system was equipped with high
precision laser scanning sensor. It can acquire realstime high precision point cloud information within the railway
ballast bed area when the train is in high speed. The 3D models of ballast bed with the basis of track coordinate
system was established by using multi<coordinate transformation and space mapping method. Finally, based on
convex set theory and spatial analysis algorithm model a fast automatic detection for cross-section defects of ballast
track bed and the amount of surplus/lack ballast was archieved. Railway test results show that the system can
efficiently detect the state of ballast track bed,and provide accurate and reliable track bed data for the maintenance of
track bed.

Key words Rail track; M aintenance; Ballast track; Amount of surplus/lack ballast; Laser scan; Point cloud; T rack

bed; Coordinate transformation
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Construction Method for Ballast Cleaning Operation of GO4S-II-CN-SH
Type Turnout Cleaning Vehicle

LI Huan

( China Shenhua track mechanical maintenance branch, Tianjin 300467 , China)

Abstract The first GO4S-II-CN-SH type turnout cleaning vehicle in China was put in use in March 2015. Each
side of the machine is equipped with a set of side—cutting digging mechanism. T he cutting digging mechanisms can be
exchanged during working,therefore the cleaning machine can cleaning all the area of turnout. It can work not only
on single-opened turnout but also intersecting cross-over. This paper systematically summarized the experiences of
multi4ime field tests of GO4S-I[-CN-SH type turnout cleaning vehicle, and introduced construction organization
schemes and working methods on single-opened turnout and intersecting cross-over.

Key words Rail track; Large maintenance machinery; Turnout mechanical cleaning; Construction organization

schemes; Intersecting cross-over
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Engineering Geological Features and Geological
Route Selection Principle of Sichuan —Tibet Railway
SONG Zhang,ZHANG Guangze, JIANG Liangwen, OUYANG Ji
( Geological Innovation Studio, China Railway Eryuan Engineering Group Co., Ltd., Chengdu Sichuan 610031, China)

Abstract

railway such as geomorphology with large height difference,the intricate and active geological structure,the hybrid and

Based on the typical engineering geological background and the features of the proposed Sichuan-T ibet

multifarious formation lithologic,the high stress field and ground temperature,the regional geological disasters presents
the engineering geological characteristics of “three large,two strong and one ample” ,which means the large topography
height difference,large disaster velocity ,large—scale disaster, strong neotectonics, strong frequent earthquake and ample
disaster variety. Through the related data analysis and field survey, the engineering geological characteristics of the
proposed Sichuan-T ibet railway were analyzed,its impact on engineering was discussed, and the principle of geological
route selection for the proposed Sichuan-T ibet railway from the perspective of engineering geology was put forward.

Key words Sichuan-Tibet railway; Engineering geology; Planation surface; Tunnel adjacent to mountain;

Geological route selection
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Experimental Study on Mechanical Performance of Foamed Light
Concrete Reinforced by Polypropylene Fiber

WANG Wubin'?,ZHAO Wenhui'?,SU Qian'”,HUANG Junjie'”,GUI Bo'"
(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu Sichuan 610031, China; 2. National Engineering Laboratory for

Technology of Geological Disaster Prevention in Land Transportation, Southwest Jiaotong University , Chengdu Sichuan 610031, China;

3. MOE Key Laboratory of High-speed Railway Engineering, Southwest Jiaotong University, Chengdu Sichuan 610031, China)

Abstract According to foamed light concrete with the pouring density of 700 kg/m’ which was mixed with
polypropylene fiber of six different length that are 3,6,9,12,15 mm and 19 mm and different fiber contents, the
compressive strength test, splitting tensile strength test and flexural strength test were carried out to study the effect of
polypropylene fiber on mechanical performance of foamed light concrete. The results show that the compressive
strength , elastic modulus, splitting tensile strength and flexural strength of foamed light concrete first increases and
then decreases with the increase of fiber content when the fiber length is 3,6,9 mm and 12 mm, the compressive
strength , elastic modulus, splitting tensile strength and flexural strength has a slight increase compared with the
reference value when the fiber length is 15 mm,19 mm and the fiber content is less than 0.2% , each parameter
decreases with the fiber content increasing, and the unconfined compressive strength, splitting tensile strength and
flexural strength reaches a maximum when the fiber length is 6 mm and the fiber content is 0. 6% .

Key words Engineering material; M echanical performance; Compressive strength test; Splitting tensile test; Flexural

test; Foamed light concrete; Polypropylene fiber
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Experimental Research for Influence of Filling Properties on
Vibration Isolation Effect of Sand-filled Trench

FENG Guishuai, LIU Jinglei,ZHANG Ruiheng, WANG Yifeng, HOU Enpin
( School of Civil Engineering, Hebei University of Architecture,Zhangjiakou Hebei 075000, China)

Abstract To research the vibration isolation effect of sandfilled trench on vibration wave energy produced by high
speed trains, the influences of sand particle size, moisture content and density on vibration isolation effect of
sand-filled trench were studied by model tests. T he results show that under the experimental conditions in this paper,
in the situation of near field active vibration isolation, sandfilled trench has a significant influence on vibration
isolation effect and vibration reducing ratio can reach 80.20% . For medium and low frequency vibration,the effect at
the edge of the trench is quite obvious,and the farther it is from the trench edge,the weaker the vibration isolation
effect is. T he sand particle size doesn’t have an obvious influence on vibration isolation effect. Sands with fine grading
shouldn‘t be selected for sand-filled trench. For medium and low frequency vibration,the greater the sand moisture
content is,the more obvious the vibration isolation effect is, but for high frequency vibration the vibration isolation
effect is not affected by sand moisture content. W ith the increase of the density difference between surrounding soil
and sand ,the vibration isolation effect of sand-filled trench becomes more significant.

Key words High speed railway; Railway subgrade; Vibration isolation; M odel test; Sandfilled trench; Particle size;

M oisture content; D ensity
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