2002 #7212 B
BABE 76)

B 2 T B ¥ &
JOURNAL OF RAILWAY ENGINEERING SOCIETY

December 2002
No. 4(Dec. 76)

XEHG :1006—2106(2002)04 — 0038 — 06

B RETRHEHEAE S m L
18 EAE A 6 & o Ar

x| R

L

ChHLIFRERLARR, #1d N 412008; THILRFRRRRLELRE, Bd ki 410083)

i OHE. Hﬁwi&ﬁﬁiﬂﬂ%m%ﬁﬁﬁ%ﬁﬁﬁ.ﬁﬁ#ﬁﬁﬁiﬁ%ﬁ%ﬁﬂﬁﬁ%ﬁﬂﬁﬁﬂ@%
Elﬁﬁlﬁ?ﬁ#@i&&ﬂlﬁ)&‘ﬁé‘)i&fﬂﬂﬁ—?ﬁ%-?E%-‘i‘uTﬂlﬁﬁé‘?%ﬁ#&—ﬁﬂgﬁiﬁéﬂi%i&{u
BITE R, Eﬂﬂﬁ?ﬁ‘é‘?v“Fiﬂiiiﬂﬂﬁﬂ-‘hﬂﬁﬁiﬁ.m*ﬂi‘ﬁﬁﬂkﬂ!&lﬁ)ﬁEﬂﬂEﬁlﬁﬁHi&»ﬁﬂt
MR BK U PR ZE, PR, HTREAXT BT SRERRER S AN RER T

B R R R,
KW RRE, RSN, HEER
PESES, U213 XRERONG, A

1 BE

ETRLEY, —RAARHESHA+ £a
BEAHETABE, ANEEREESHEN LA
A KR R KR £ 8 CFG 8 R 18F
R EEARESEHEI . AFAD. ARLTHR
AT RE T ERHRH A EOHRIFEHLD, i
MRERET SRR L HN RIS N7
BIERNBRE AREER H— TR EEOHAA
. BAEFE A RENEE A KRN ERE R
TCs % FAH BITHE XA N T B —F AT 5 50
“BEAEA T, SRR BT R E R 4 B
B A0 R 4 B BT B S T A — 1 R
AT A AT A7 — + R B AT 2T, 3%
BN BB 1 AR AR AT L2 M 5 R LI L BB
Rt FHMBEE AWM A -4 HE. S_fpxng
A A RGN, A A R 0 B X2 % 4 A
THBNHEE MR ENEAHN. AR B S BN
TRBUBARESBERKGENEHH R, RS
FIHA BRIE R, B T A B & B R 4 2
TR A A 7 B ek T R LR — £ 2 )
MR, XA RRENT A dBaRET AR

» WHEBEM 002-07-02 M A WHE % 1963 £ H 4

MELRAG T RO REBREEHIE MRS, 2
Bl THATREBAINRIE, BEREPRGE
BRSO ERAR. X[elEE. HUBHAL
f 2 FEFIR Geddes 827 17 R MR 90 T 448 (185 2l
ST HEEAER.

AR BEN - R 2R R B AL B
¥ B R BT A R R R G F 2
BHEAREBNENER, FHALBERESH B
ML MR E—F R ESH TR RS FERRER
B+ AR SRR R 58 B
SRR O 0 BEL A ¥ R 69 3 R A SRR AT 2L

2 HINRELAELBELBE

DERERLNBRELB, HERERERS Faom
RtshmEwES.

DEARGHEITRE, RS T AR + TR f
BH%; 28 WA 1 & AB.BC.CD,AD. BE. FC,
HCHBEE®MM 5+ 0 4% %, B+ 5+
ZRBEBRH AT,

DL ZEMYEEE AR AL NS EHE EF,
FG.GH L BB A R+ RR I BRER (D).
(DR RHEHER.



B4 N RS BIERAT R T R T /5 A M4 47 39
T2y =k,[w,(2) —1w,(z)] ) d 12':(221)=A2[wﬂ(zl)-——wﬂ(zi)] -
1,(z)=kw,(z) (2) 2
Pr=hasss = s, 3 Pz =—E,ar? d—w[};(‘z]) (5)

1

R kb BRI+ 28+ 5 4 2 6 4940 3
RLBE (KN /m®) s by SRtk O 40 FE B s v, (2) e, (2 ) 43
BAMEREARES THA L RE O ECHE s
U AvE: PEN: 3R Ak B

3 BIMEEASH

3.1 A StaEEER

RET BB 1 FIRMNRIRE, B 1+,
LR r PR EER P, )N RBE
RIBST 5 Po () AR A - B 698 ) 520, (21)
7 B T 699 ] B2 98 5w () b R AR JRD + 8T A9
IR B, E, 4550 BE 6 30 4 48 B F0 4 JE) £ 4975
TR a b HEXE,

[s]
B1 #EHNER
ABETIHRESLWHEEAA ROE 1 F7
ABCD K LR R AT X &, Mok F B B
dzy BB ZHME 2 iR, BB L E
FAF BRI E R, R R R (1) AT 8 s £
BEHM HRY.

LT

1
{

Portdp,

2 HERRHA

itrF:A=Vkp/Epr1

HEFIT R £ BB BB MR +
BB dzy ABFRXTR, RAME 3 Fim, B iy B
FF A& RN ER TR, R AR (DTS

PR LSRRG R,
dwa ) .
Tder = Al () —

w, (2] (6) //;, ,I,’//"
Py(z) =~ E, (ab— nr?) 7y R e

dw, (z;)

d, (7
T RN

ﬁ‘F:&-=\/2frr1k,/E,(ab—Jrrlz) a(b)

BRI W E)HmXaTE. ’ M3

dqul(zl)_ , dw, (z))

dz,‘ # dziz
(8

A p=v 2+42

KBGB)XTH,

W (21)'—_'61+szl+63e"'l+c4e”’“l (9

FOXRAGOR, S HERRTBER(6) 89
BA.

wy (21) = cee™ +coe 1 + ¢yt + Acge ™ 1
Ace ™ o

KEF’ :A="1<2/Az

WA T RBRTE: (9. QO FRBF (O
18 BRI (D AOFRRA WRER, (D), AOF
AT ERWEE (OR 70 A R85 7 B 608 s
—FEER AREE D QOWKHKEMTREAES
TR

I
z P
J‘O {M—Az[’wm(zl)—w.,(zl)]}dz1=0

dz,?
an’
£
ldz .
f {—‘;;ffl’-a=[w,,(zl>—wﬂ<z,>1}dm=0
12
B QORRAND ADXTEEEE S Y.
es=1es+Eey (13
¢s=fes+7e, (14)

=l T— e 0] /() — iy (A 1)
§=—ae M1 —p &Iz f (] — phdry (Aleie— 1);



40 % it T B ¥ R® 20024F 12 A
B=al1—e "]/ (1—e M) (e 4B 1), Ba5R.
Y= —ae /1 —e *TRNE]/(1 —e™Hh) (e7HN 2 W (23) =, et cpe 1% ey @0t o 07 Fa
—1; as
a=(1—A— /A (e —1) Wy (23) = cs ™%+ coe™ " + A0y e + Apcg,
). AO XA HRAG) (T FE A 13D, e~ Pt Ay ey e+ Agcoe Put (20)
QOR, T8 PSR W R AL RE a8t oo =Precret Vst Brcs+rucre @n
B Pz Pz, e =Ther s Hines +uce (22)

32 AM5LHEEHER

HARRNERETERARES WA EER. R
P 1 B FGCH KM+ &R AN .5 H
BUE B9 J7 ¥, AT A8 A ik IR 4 T AR A S e R B
%:

W2y) =ce 1 tege by, e?r e e (15)

Wi (23) = cse™rF coae ™1+ Arcrae1® + A cpue 1%

4+ Ayt Ay e MR {16)
Ca=PiC1a V10t BocsatYocua an
Coa=MertEicat Ptaat Eatia (18)

APl WA HAEER we(z) N A
AR 0 B0 150 30 7 w0, (2 ) S 0 HE ) L AR TED B 0 160
fir#s.

A=A A% A=A (AT —A%) ;A =V 24,/ E rys

A= (a6 b+ 21k, VE, Carby—1r?) 5

A=+ 2nr ok, /E, (a by —1r,®)
F‘1=)\/(’11+ \4 112—4"2)/2;
FZZ,J(AI— VA E—44,)/2;

A= A=) (G=1,2)
Bi=a;(1—WFmM?) i/ (1 — i)

7 i=a;(e7 4t — g4I AR (1 — M)
a; =AM (= 1) (1= A;— 1 /A —1);5
7=a,— B

St =Y M (j=1,2) 10,6 & X RE

1,

mEmERTER. FAABAS. A0, THE
ARESETRER BT AHTER Pan.
P.(z,),

3.2 RALGRPHSTHEEER

AREREREHETHES L AEEAER, R0
® 1 B R BEFC RBBHE & R BE R R, 47 AT
977 8 » AT 48R 630 % B S R 4 I A0 i £

Kbl RRENEPHEER s WREAZPH
B swnlz) AR EGHETHMALE  wa (2 H&
puk il AR R kv

A=A A A=A A = A s A= 2k, /By

A= [(Bk,+2mr ik, /Edasb—1ri) ;

A= 2nr ik, /E, (ayb—1r®)

#1¢='\/(A1¢+ vV A]¢2“4Az¢)/2;
FZ,:\/(A,,— v Alrz_‘l"ze)/z;

Ap=2" (AF— P (G=1.2)

Bi=a, (1 —eetridy/?) fehts/2 (1 — i)

Y o= (s — G D b2 (] — ehels) ;

a4, = A eV (e — 1) (1— A, — .t /AL — 1)

Tp=a,— fe's;

§e=tpe WY SN (j=1,2)

BB LR R Y 2 L SR (19) . (20O, 7T 48
REAZTFHESBEAEALER LA HER
Ppi(23) Pz,

$(9). (100, (15).€16), (18). (20) 2, J 1 5% B9 By F7 11
B —EERERFER, 6.
C.
ch,} (23)
C.

X (=) H(z) 0 0
{Xz(zz)}=|i 0 H, (2,)0

Xi(zy) 0 0 H,(zy)

AP :XG@)E=12.04 PR . A EE
UETPHEANOERALERBENREANR, X,
(z)=Pulzow,(z)P.(z) ] (i=1,2,3)C..C..C. B
ARERBEE.C=[a a o c]'iC=[a o

¢ cwl3C=len ¢ ¢ o) iHAz)U=1,2,

B K A R G R RO R AR A
& B A B -

1 2 e e

0 —E, 7 ? elz) Oz
H(z))= 24)

T 2 F(z) Gl=)

0 —E(ab—r?) f(z) gz



-
WM N ORF RERES TRERES B X E RS 41
[ e et e’z e " ﬁﬁ&ﬁ]ﬁiﬂ@ﬂl#%ﬁﬁ:
(z)  O(zy) (z) (2 Wy (2) = |, c0=5,,w,:(2;) |, _o=5,
Hytepy= | 00 050 i) Bl | oy wnlm == wate) | (28)
Filzy) Gz Fy(z) G,z Pz |zz=0=_Pa!P12(zZ)'!2=0=—Pﬂ
i) g6 file) gaen) REHETHEREA LWL REGY .
[ et e #t3 eruts e s
P 'wps(za)=|z3=o=5uwss(za)|-3no,=54 } (29)
A (z9) G.(2) @.(z) e (230 29
= (26) Pu(z) | yeo=—P Pyl |, co=—P
Hilz) Flf(z3) Gl,(zs) Fzr(za) Gz«(zx) o l - e I_s ' : L
. l
hf"(zs) glf(z.’i) fh(zs) ng(za) it*~sb\5a\5e\Pb\Pa\Pc ﬁ%lﬁﬂ’\' ‘F’Hf\ﬁﬁ‘ﬁ s:a‘ﬂl

K 92 = —E o g 642, = Ep1r pre ™1
F(z)=Ae™1 +ne'™ + Be '

Glz)=Ae" "™+ &M+ Ye 4

f(z)=—E.(ab—nr") (Ape™ + Al — BRe)

g (z) =—E {ab—ar®) (— Ape™™ + Eiel —

Yae iy,

Pz2)=—E nry’ "2, 8,(z,) = E mry pre™" %2

Fila) =Bt e e+ Aera

GiGz) =Yt & Aje i

Si{z)=—E,(a;h, —rr,?) BAe et A ey

gz =—E abi—ar, ) (VA —EAe v — A e #)
(G=1,2)

P l2)) = — E,nr 0511 0, (29) = Eyrs prie 25"

Filzy)=fielets + et 4 A emic®s

G, (zy) =Y, e F A"

Fiza) e — B — ) (Bihue s — Y doe s A gt e%i's)

& (z)=—E (aib—rr?) (¥ A e —§ A e s — Ayt r)

(=1,2)
PR LR RN,
wy, ()= |x|-o=sb.w,, (z;) "1'°=5’
@7
Pplz) |‘x-°=_Pb’Pll(zl)Iz!-u=_'P,}
X, (=) H, (=) 0 0 7 [rH,)
{Xz(zz)}=,7 0 H,(z,) 0 !: 0
Xalzs) 0 0 Hypll o
X, () H, () 0 0 (H,(O)
{Xz(tz)}=[ 0 H.,) 0 J 0
XUy 0 0 H,pIL o

R X UK U X U B R Rl &
BERETHEEHR L RBERS W R, X, (L) =[5—
PIS,]"“P,]]T;Xg(lz)=[52_P2542—"P;2]T;X3(13)=[53_‘
Psﬁta_Pﬁ]T;S]-52-53\-&115:2\51357}5']7‘3*E‘ﬁﬁf\ﬁfi’
ﬁlﬁ?t&&ﬁiﬁimiﬁﬂ%aﬂ‘Pz\Pa‘P.;\P,Z‘Pmﬁ}E'J
KepdE RGN P R+ AR

FHGOR PR B P . R E 0% PR

FFEERBELENRE N, Po=kAusys Pa= kA5,
Pe=kAs, A Au A R RIBRADIE ARG %
PR RE R 55050 PP, Py B R R TR
BORGHAZTRER L RBRELBNE 5 P, =
ko As s Po= kA5, Pa=k,Ausys A,y Aus Ay FRE R
B AR REHE PR LRERETR.

HQ,(28), CORRACHRT BT EHE
M.

C. H, () 0 0 77X ()
{c,}={ 0 H,(0) 0 } {Xz(o)} (30)
C. 0 0 H(0) X, (0

P X0 X (0. X (O B i, fa it R &3
GHHEERSERA LERERS G R, X, (0)=[5,—
P, — P X, (0) =[5 —Pus,— P, ]" 1 X (0) =[5, —
Pss—P.T;
HOOXRACHXT B, M RS
BEERLEERERENRSHER LERERA

FEAEFRMGDR,
ﬁ*—”l:lhzz'—_lzxzs:laﬁAGDi’tﬁfﬁ*ﬁ\ﬁ
HAGHRTRERATTIRERESARSHER
TEBERSHBNEENGDR,
0 0 17X, 0)
H,(0) 0 J {Xz(o)} (31)
0 HyoJ X0
0 0 77X, (0)
H,(0) 0 J {XZ(O)} (32)
0 H o)l (X,

AL BE LSBT, TS5 R E S8
LR Bh S B4 R AL S, B B o AT
SRR D MR AL SR . MR GDR AT
77 RS o AR R & S A BORER TR
HEHSETR TR,
RAFFEHENSRE HRABGCHR4H
P FAE. B R & R P UL 5 R 4 )



42 & B T B ¥ |

2002412 8

THUREMEAF R, BB 5o =51 0=rs2. 5 =55
BUThE FHE A AR B 0 e MR B AR A
BEREBHXRAX, HREEE 2 s =s=x
FHRE .55 MR RR. REBR PR EFIK
Eﬁfﬁg L RET R »FIH Sa\-FaEJ- sbﬁﬁ%%‘itﬂﬁﬁlﬁ
FHE—- R R A B A AR R G D& b
—RIIBERAE HA 05 555 s 5 s BIXR
HEEH A HER LI s e suasaenee,
sasat s RIBFA G G2 Rah 2 KRB E R
BEAHE R + 8 £ BB s A, WY 4 A R L
REME . &30k FRESE THTIVURE RO A -+ TR iR
A B A TR R B Y R B L A B T
AENHEE RS BRERSTRERNRE.

4 HEI5HH

BH— 8- THBEAS BETHE 10.0m,
HEEER 0.25 m FENR 2.0 m, M FLERE
BEMBEBA 0.5 m, RETIHE o Rk, B Mt
BB E,=150 MPa, i + #0F TE & E,— 1. 5 MPa,
Wit H B ¥ £, =1500 MPa/m, &, =900 MPa/m, k,—
2500 MPa/m, B 4—6 BN R EVIE N s=40 mm
Bt 25 R ARE S 6 42 % L 3 7 A b 2 () i M B B
RE > BUMXRAL; HETEY . ERTREHES
B PR B B 00 BE BE S A 5 1o £ 5 i o R
R FERITEAR & T, oA 2 0 R BEL 7 o B 7 e,
WP HE AR K AR B R TR R , SR TR
BRAOBK APHERZ, P, e S i,
MEAHIN 12,125 2,63, FRBABEX[6][7]
FagnRYeE.

W)

2- A

0
2

4

6| >k i- s
m,

8

B4 HaMEEBss

B B AT RER XX =
2.0X2.0X2.0m AP FRITF, KETHE 98
B R LOm, BEAEX 0. 45 m, AP LERE Y
BEHER 0. 15 m, BERMMN KRS REH,
KEBARK 105, HEHB%H 0. 075 m, WA HE
N EERARHBEABERL AEFHRRBLE.
TERB R LB —H R 2.5 cm MMM

SUEN)

0 50 joo 150 200 250

>
1 e

Bs #AMHaH

KR8
0 3 10 15 20 25

T

2- b 3 Al

He HMEBNAE

LN
ohS 15 25 35 45

0.2
04

06
Zm)
03

1

B7 HAMAN%E

B BB 0.2 m W0 X B B AE A LB R AT
R i 52 ) B 2, 3650 2o B O S (A W SR AR T ) B
N HENZRWBHYREMRBRY E, =148 5
MPa, & + 45 B E=3. 15 MPa, B+ B35 44 I »
=0.4 , REFME=E[—-2/U— ) hELHT
ERE. BARBRLBME 2=1.85X10°kPa/m,
BUBE A 0 -+ R A7 8 2 08 1k 3 BN R 00 B0 35 ) B
B AEYNRARME £,=856 kPa/m,4,="782 kPa/m,
THREVIEEN 20 mm B, A HH S M AN RE -
AKX AMR, 1.2 B2 5 5 % RS H 4 % Rt
FAEAISTHE 3.4 H 2% 40 51 301 S Ak 3 17 40 75 B9 32
WEM 5.6 BERD N A AR ST HYHE
TRCRN S5 B0 8 % BEE 304 1A 7 40 0 I 48 0 4
GRMHESER. HEA 7S TEL, THESHREER
B, BRI Y ., XEHET RS
8.

5 #Hit
1TE% BB B 4 $ 60 7 %S AT 2R S 1 0



%4 B AS RURE T EARE SHERTEHNRES 43
HBEERRAENECREPHENEBIEALHE
1] 20 40 60 80 ﬁ@
0 °
5 ES
10
s ls (1] B8%. HRBHRBERAS T ERIF - 0 5+
Z(m) L W M 5EBRIM]. L8 [ A% 0, 1099,
“ (2] BRohfh. THREM & M 209 (649 (D0, 7 T A % 1+
» #X,1993.

[3] 2B BEARESREEURBER = RAMTHH
(M. 379 K2 B - 4 3 3, 1996,

(4] &R EEAHERRHEEL ABEMTEMI K+
HEHEENRHRID). Wl AE 8L, 1997,

M3 WETRiEEE
ROPMHEET . A XRSH TRERE TR
HE AR H A A FTE A R, % TR R

HA—RHHFRL. [5] UL RAL CFG A A MEH AR TEXEIM].
DIERIMERE T . o o8 A R A o BB, B2 - o B ARk it i Ak L 2001,

P A A R B A T A R TR ST, A A R TR (6] 5P, kbig 3%, A OB RE S M2 £ JEFFE R 80 4

RAORK HPHRZ, PHE], WIE[1). £k TR, 2001,34(4)93—97,
DELSHES BRSO RGRNEN 7] A0, S 5H. 5 RB R R AR

TREEHNEA—EXR. FEARDBERR TR FIfERT] £+ TRER . 1991,12¢3). 53—56.

LINEAR ANALYSIS OF INTERACTION FOR FLEXIBLE GROUPED PILES
AND SOIL UNDER RIGID CAP

LIU jie'* ZHANG Ken-neng’

! Department of civil engineering,Zhu Zhou institute of technology

? College of Resources,Environment and Civil Engineering,Central south university

Abstract: Based on linear load deliver function to pile-side soil and pile-end soil,and considering influence of
sharing load of the pile-side soil on load deliver law of piles,Using mechanics theory and approximate solution
method-distriet method of differential equation,approximation analytical formulas of interaction for the flexible
grouped piles and soil are derived under rigid cap. The maximal pile-side friction foree of central pile show up in
pile-end, the maximal pile-side friction force of edge pile and angle pile show up near pile-top,under rigid cap.
The pile-top counter force of the angle pile is the biggest, the edge pile is the second, the central pile is the
smallest. To verifying the reliability of the proposed method, the results of the model test are compared with the
results in this parer,contrast snunciation;the proposed method has good precision.

Key words: flexible grouped piles; linear analysis; interaction

(L% 197
TECHNIQUE ON TREATMENT OF KARST FOUNDATION

LI Ya-wu

China Railway Thirteenth Engineering Bureau Group Co. , Ltd

Abstract: Dealing with the tunnel foundation of subway during passing through the karst geology, the
combination of techniques, such as filling, rotary spraying, sleeve-tube grouting, ete, are adopted 1o reinforce
the soft ground and to seal the karst cracks. Good effect has been obtained by the comprehensive application of
the corresponding technologies.

Key words: karst geology; filling; rotary spraying; grouting; foundation treatment
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