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[Xx@RA] AREENG SHABE TH BE REHR

BEE B E AT R B L, Z A AR XL G B R HEARE R R
B, XEHGHEAERES HBRNE SRBREMFER . FOGERS
TE . BNGgRANE. AMZERRINGRETFBENRESEY GRS
E RV R ZH XS ERMZ O RGN E R RS, BE AL &R
WEBESRERREHARNAZ R, BEE BRT"HHELEE —Z L.
NERENGHXBEAR RIS 8.1 B, 1K 3 442 m, B A HE 104 m, +
AEEGBMN 5800 7 m*, JREHKS LEEX 10 KKk, AXEFAANY
Bl 15 Bl 2 Tl 3 5 BB AIER SR TR M BOIE AT, TR T R A AL A W K
B BRA OB He 48 55 720 X 0 L R S B AR T 5 AR R A A I A SR B
BRR LA R AR 2 4 19 R 07 s B A Y IR S 3, T AR T LB e ML 3 R 4 O
BEEFESREEREARER FRETUTILAREERE.

(D URBRRB AR BT, FEIFEE T RIANER G IH T #
ERWEREEREM AL N NEHTHE TR R SR T LR E
G4 80— TP RE T A ER R AT R TR RN H .44
TRIBRAT R HIT E LT 55 E iR BT 5 12 8K 55 s AL 38 0 85 58
EHTEREHEL AR MBERRES LRE; 0, 454 TRIBRHETRHE
J7 AR 5 R R SR AL S 3F 45 A M T B 5 R X AT IR R B R AT R
0T A e B Y BT T BUR , X R O M R 1 AR T S e R AT T ,
PASE AR SEHAT T — B BB TR &t

(@) B LERFMEFHNEFLE KO ZERE-—RLEE, HE TK
L AREEEX EMHKE. BENRBETHEREEMBREIESRYIU
Foe i R R AR T, 0o LR AR AR SE PR L AT IR 35 (R A A R AR R AL 2

(3) Wk F 5K B 45 1 R AR SEORL B IR 48 R TR 5 vk ISR R SE R 97. 4%
A0 B A SFORL7E IR 4578 T2 i 2 v R SR BUARAE , T 40 2R FE 3K BE R F 99 % /P
B SEURL TR R 48 20T 10 72 R U AR BRI AE R 32

(4) R VIFEEERB M ETEMEAREERTIRERRS . i
BUHERFHEVIRRKS LA R R HKEE LR, HA KT
REEMIAHREBEEE IR, WEMTREMLSEERAXS. fIEN
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UL R B M &F 2, DUBEBE R RGN T B & 8, 45 Ik 5 — Brad Wi 8, 1L
P T A2 W A . S O 8] T P ot 2R BE T &, PR B I # AR R B UTRE , AN
BAE LT, UTRE o 3R A/, SBONEI E] URE R 55 EmERE TR i & 2
B FEZE B B4 A, I TR M B TR UMM EM PR E &,

(5) BB A T/E VMR EEST R P& E NIy B FIRE MRS R
AW EESE MK ELS =34, BEaf VUM R BB Al 4 0. 20 m/ A , R RAE 424
15~40 d, FELEHEF K 0. 003~0.03 m/ A, RJERSE] Ky 8~14 M H , KE L&
F/NF 0.003 m/H , KJRAHE N 3~5 4.

(6) TN FI BB AL R4 0.256 m B A58, A B B ERE L
6.02 e/ B HFMH TN TRERS, HERFRERAEENZEEE . FNER
THMBEAFIERIFAETL. tAF IREGRE . SE50BEMRAEE UATL
P 22 I 4% R ARY | (8] )5 2 JORE B A0 T AR b B 288 b SF O B X W SR O b B TS UURE
7T B, AN ER K BK TR URERER /D, TTILF R 0.57~0. 65 m, it
4 0.27~0.30 m, W4 0.18~0.26 m, AT —KrEFHEIREITSHET
RUYETREIHERIRE SR TNEREENGEFHTWBERESREEREHN
REBEMEFTLREX.



Abstract

[Xey Word) Jiuzhai-huanglong airport high embankment deformation
stability systematic research

With the great development of West China, the airport construction in the
mountainous southwest of China is enters into a prosperous period. High
embankment, intensive earthquake, complex geological conditions accompanied with
soft soil, and short construction period are the main characteristics for these
airports. Therefore, properly dealing with the stability and deformation (settlement
and differential settlement) of the high embankment during the construction is
the first and primary task in these regions. But little research has been carried
out about the stability and deformation of the high embankment either domestic or
abroad. So much as the standard of high embankment height is still violently
disputed. The site of Jiuzhai-huanglong airport is located in the 8.1 degree of
seismic intensity zone, and its elevation is 3 442 m. The maximum height of
the embankment is 104 m. The total quantity of the excavated and filled earth-
rock material is above 58 000 000 m®. The thickness of the weak soil under the
embankment is above 10 m. In this dissertation, based on the predecessors’
research for the basic geological conditions in the preliminary and detailed
investigation, and the evaluations of the environmental engineering geology,
ground treatment detection tests, coarse grain filling material compressional
creep tests, centrifugal model tests and 2-year in-situ monitoring and numerical
simulations for the stability and deformation of the high embankment of
Jiuzhai-huanglong airport are carried out. Some creative conclusions are put
out as follow.

(1) The research system of the deformation and stability of the high
embankment of Jiuzhai-huanglong airport assumed by predecessors is improved
and enriched by large numbers of tests and monitoring data. It's recommended
strongly that research, design and construction are integrated tightly. First,
study the basic geologic conditions of the high embankment and carry out its

environmental geologic engineering assessment, Second, associating with the



020

engineering situation, carry out the deformation and stability of the high
embankment tests and work out the reinforcement of the weak ground. Third,
actualize the reinforcement tests of the weak ground and the rolling compaction
tests of the filling material. Forth, implement the in situ monitoring during
the whole construction period and feed the monitoring results back to the
prophase tests study in time. Fifth, based on the comprehensive analysis of all
research results, predict the coming deformation and stability of the high
embankment, then to the next stage’s design.

(2) The weak soil is a weak stratum comparing with others, not the regular
soft soil. Its mechanical property is below regular soil, but above soft soil.
The weak soil is crucial for the high embankment stability and settlement,
especially the differential settlement, thus must be reinforced, according to the
situation, by dynamic consolidation, gravel pile, cushion or rolling.

(3) The initial degree of compaction of grit filling controls its compressional
characteristics. If the initial degree of compaction is 97. 4%, the compaction
process is logarithmic. If it is above 99%, the process is linear.

(4) The settlement of the high embankment is composed of the settlement
of the ground and the compression of the embankment itself. The ground
settlement (especially the settlement of the ground which reinforced by the
dynamic consolidation) is a slowly draining consolidation of weak soil, and the
embankment compression is a fast process of unsaturated soil compaction under
its self-weight. The difference of their response to loading is remarkable. The
former settlement curves are gentle and smooth, thats the settlement increases
gradually with loading, and its velocity diminishes bit by bit after loading. The
latter settlement curves during loading are steep, that’s fast loading produces
fast compression, and its velocity diminishes speedily after loading. Therefore,
a remarkable knee point comes into being between them. With intermittently
filling process, the settlement curves develop ladder-likely.

(5) The settlement that occurs after the embankment attained its scheduled
level is composed of immediate settlement occurring during the filling process
and primary consolidation and secondary consolidation occurring after the loading
process. The maximum immediate settlement velocity is 0. 20m/month, its life time
is about 15~40 days. The primary consolidation velocity is 0. 003~0. 03m/month,

its life time is about 8~ 14 months. The secondary consolidation velocity is below



0. 003m/month, its life time is about 3~5 years.

(6) Though the lateral displacement of the high embankment located in
Yuanshanzigou is above 0. 256 m with a recorded velocity of 6. 02 cm/month, it is
still stable and deep slip surface is nonexistent. Based on the comprehensive analysis
of all research results, the settlement that occurs after the embankment attained its
scheduled level is predicted by the artificial neural net work and the regressive
parameters models and the engineering geologic analogism. The results show that
the maximum settlements of Yuanshanzigou is 0. 57~0. 65 m, and Shejigou is 0. 27
~0. 30 m, Shanbagou is 0. 18 ~0. 26 m. All theoretically guide the filling process
and provide a solid basis for the next stage's design and construction and actualize the
creative and practical purpose of the research system of the deformation and stability

of the high embankment of Jiuzhai-huanglong airport.
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1.1 #HRgEFH&EL

BEEREEHAI R KB L, TR ENGREHEARLR R B
FEAR2G W, BRI EZMUBNINGEEELNG NERAENYG.
HRERTFIG TN EIG RIS XX R ENS AN TR
% HWHLE PG R RIS ANRKIG FAIE e ilE B
L LA XL ST, T LS R A M T P (BRI
N RGP BB G EF 30 B4, X EHHEMEA TR

(D) BEF . REYFHEE TR LB E P SR8k, B 0% E S
FUHEMBERE VGBEHLHTHRIZHE. R 1-1 WEEBEK —EEHT
GO, ERANLENGRKH T HE 104 m, KT R 2763 7 o’ , ELH R
REFERLK.

(2) M RAE. AMBRLeTAERE RS LRT VGG REA
NER, MNERENGHERERTFERN 8.1 K.

Q) HXWRANRSR, ERE T HERB—RBSHA —EFEERNKS
+B. AEBXILEAR . NGHR LA E R, MR SRR, 4%
R|AHS, WS RHET B, FFHEEBNMLE BRERR HEBERM
RRELEBF KRBT AKRYPRBTEELREKFLE. O TRBLERE
MR A S, B, MK LR MAHTREN TERLE, REFBUER
WMEFIRESAY VIR, X ZEREHTENBARE. MEVGRE T ERA
ISR F, d FHEARARARREKE LR ARS TSR A%,
B E KK

W) SBEHE. XERRBENZRBGREEW, AEBXNGREHE IS
BEGES , MONGETHR LB ANE, TRETHE, MILSHE T TE
HR.IBHAESTERRERENTE RS, Eiﬁﬁﬁiﬁ%ﬁﬁiﬁﬁﬁ{%ﬁ,
Mo B 5y 7= HE AN IS UURE



2 W NERE NG EETT BT 5B EEREHME

11 BEMR—-EFREFNGERRM

BAET TE HHE | ER
REEE | s AR EEFA |(Fm| A
HEALY 24 BEEARBRTE B 218 { % T
4 P H.3p 28 CROHBH BIEEF 250 (% T
K I HL3 30 HE 2R BB F 750 | % T
Ik 38 HRERBEE BEHE RE 600 | % T
%R E M 54 BRERRBEE BB A 1200 | %L
BFHY 30 FREHRBE. AR B 377 | £ R
7 M 32 BRERBEE EF 750 | E#E
#* X L3 42 HZHEAREE E 1199 | £2
# R ALY 46 BREKBS %% 1184 | £z
E RN 65 DRERFE 9 9F 2400 | 2
HE NI 104 TRDHED BHRE | 2763 | A2

G MERELGFARRXBRMMSLEHL B EIGERESR
SEH R BERE(KRENGR AT ERLFRVIERERAKTF 4 cm, R
FAMAHME A KT 1. 5%, L EBIHM B KT 50 MPa) , 2iRE A, HmiEH
Wy e 5K (USR5 U % TR F R SR AR X g
o 77 7E B 1% U 18] R 00 207 il pe A 8 2 [ A

AEARIGLTEN AN M ERERANABEE L, P L2551
HAAR: R4 103°40'59", b 4 32°51725", MY X AL F )| 3784, B9 BE RRER T
355 km,JbBE LFE W B X 88 km, R BE 8 Jo 5F R X 36 km, IE 4b L2 3 0 ik W7 3R
SKWANE. IBHERN 4C, HiEL NE16°58, SW196°, K 3 200 m, T 45 m,
Mg K &R 4%, A THER IR 3 430 m) . HHBRIUF GhREA R
ERSIEIMX ., ZETREAELAFTRUESHF 3093 Am®, HHF 27637
m®) EEF(ERETRE 104 m)FREMFE(FETEMBHN R 14 M),
BEHEFEERIGERENKBLE. AWM. LEREVNGETEREBREHE
SEIGBIZE ERAEROMBARRENNG . EEESIMIKETHRE
ST, RN NAEERNGEH I BETE SHBEHEREMR I ELB .
XEPHEATHEERFOE THEEEXS LEEANERE AN ERAT
HRAERBoLRARGERFEERDE 1D BETHETENREHE



H1l ARERVGENSHERGALETEE

FEHEH L EEN R E T RPT R & KB R b A THEAGESRE SR AL R
SR X AR TR RIS 7 TRESAE TR EENBE T ENR
B, LEVIMEEL T TR LZ EHREETBEIE. 456 M) uBER
Gr R 07 He B AR T A FROC AL BB 587 “ I 1| JUE e AL 3 w0 U O s e A B
HE s o R BRI W) BRI R T B R R
“WHNNER NG RET R W EHRBE, ANERBING G
X B 4R 3 5 A% 1 0 R SE O S B AR R DABCIE DL B O A R R I A SR M
ATRF B X R BT S5RERETRERATR.

1.2 B Aasratntid

B A S RO IR R R B, —MOGHEIT AR B ML, TR
WX ENHRR DX EBETHEIRET —EWHAGH AR, B R LK E R
TR{ETSHARREBEE N BN T TR S HRRBEH#TRR, BZR
GHRANRBIR, EEEBHT NI EUEE— B, E=RGITES,
BB B HEEE>10 m AREY, X 5 AERRIG 104 m WEFH
BEARZERIT . BT, X R S007 B g BT 5T 1 85 K G SO 3K R b [ Ab B L R 3
TR 518 E R EVHE O BRI SR A W WA W4 R T3 A
% F XX LA T T BB AR B AT RAK B R .

.21 SEAREAE

HAL. RIS R A T AR EL B IR TRENERS RE. EAR
A,

BF AL 20 2 60 FRK B IEE Menard BFARLAFEHELRE
F 1978 FFFME TR P IAM, 90 FALK,BRFEENGRELHE P Y EXR
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M. KET B EHA B XEEMBEERENGY  LEBANLGY REBS L
BETRERR  ANBFERSRK LB AE N, HBD L B1L, B/ HER
HOuETEEAAE. HEXMEAERESERENG . BRI GIERSTA
TREMBE LS, BT HFHEAMNSTINE, FRETEENEFX
U, BFEAEAME LW R BEHE B L OB B BA RS
RS SHEXFHEERSFNBELBS PN, EERFREECFRBELR
N CERAOUE N2 MR TR S, BB S R 7 R m &8 8 B 3 2 #1758
3o MR AT LAEAE P B b AT R (WS, 1999) , X 44 i m BB Bk b
oy B 1R AL 8 A 1 whits Bt R 7= A A B i FLBR K R e MR 45 3 U5 I 8K
LHRES. BRESFEFEIRPEERTEAHE, BRAENNF AEhE
eI GRERAE S, 3 8 LR FLBR K HE R T B4l K RIRE T i &
BR.

MEEZERA=ZF.O $#EZ;Q RIEX;Q hFEL. wHEEZRERE
FEABIATLITS (85 % i T HCRAK . 37 3038 15 & 0 B % FE S5 R0 9% 30 JE S2 B
A%, 20 42 50 4Ff847) , Aubrey Berrange ¥ BI8E% 4 i R SC A9 AR , B sk
5| (EBER 12~15 km//NeD) =38 03 3RS 0 00 B 5238, i 22 X #b 1 7=
RS E I ES R, BT, i E SR s S0 3% 400 ¢, 7=
A B of iy PR MR B R AR, KRR T ERCR R B ROR B i B R,
INEHEER K 2.5 m,

BAEEREARIZMETRER TR ERAERIREFALE, &
BBHMEFRIGE, AEROARERH OLBRABERN REDEL, N LR
HE ERELRAMEFE5HALA—RBERESHED . BAERLEK T
TEBRERE ATHLI MBS L, W E L NERFESEERS. FERT
AW I N L ERRILBKHES R AT B8 8, 3% T 5 87 8 69 HEK bn
BREHAEMN., BAMSINEHATRERES KOO, MAEE R IGE
X EREEJEE KT 10 m B8R4 R IR A BEAL 78 ,

BHTER TGRS A X 87 R B2 e 300, R LR S A
SEBEST. EREIE . SN KBNS LS T ML e X
P B AL B4 K KRR T B S 7 b3 B TR AR T L~ ,

1.2.2 ZESREMITE

R BT AAE T T SRR 12 K9 HEK B 45 VTR AN SRkt A I
LB A EERUURE, T E 55 317 MR,
X F A AR, Terzaghi(1936) 42 5 A BB H1 (o -p ) FE R B SIS B R 1
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R LR, A Darey SR HAEBLESIBRF ORI BER, AEHBHLREK
m, RN REEUR L EWERZEN LR, FELTRM L —EBS
92 8385, Biot LAB S (o -u) MTLBRAKE N (u) BXFWH B, HEET
BRS5BKESHZRMHEEER BN SHERRER, T 1941 FELT
R mm LR E S, E RN LR ST E BRI,

Xof F A4 0 1 A, BRI FN B4 50 %6 ~90 %6 ks + 2k 3090 ~80% MEP £,
TEFFEHEBRAHER, IS BAHMEME. Coleman(1961) K F{EH T #id
e T R SRS B A B B0 . Fredlund AN, fE— % Ml B8 o, FLBR K
MEEAX EPR O ESTLAZE,RAT BRIRTRFREN (6 -p) RN
(po-p ) O XUE B HE . H7EMER |, Fredlund F1 Hasan(1979) 87 7 JEMLAN
TR -BEEERDY. 20 HE 80 FREMAAFHEHRIEMEM LA Z4EE
GHR.BRATPEENERELES TEEM AN =Z4ESE B9, H
HFARER ZHARE, HEHTHER AMA TR LERPREEHK
AUT, 80 FERPMLK, I FIHTERANE R  BEEYME EXA. THE
A R 856 5 (finite element method f&j R FEM) .1 R 8T (boundary element
method i #g BEM) . A fB 2 43 ¥k (finite difference method & #x FDM) , B § &
JGE (distinct element method & #% DEM) F1 {9t 3 7 #% B B 2= 4> 4 #7 (Fast
Lagrangian Analysis of Continua fj#f FLAC)% . M F L+ AN BE T #E,
WEHRIL QOO MBS A F A MM UIER W TR M ARLE R, B TR KR
FHXFRIPTREHAT T BT BRERBL T = SRR TP T
REABEAG TSRS, ARER 8 ¥WEART KHENGABHA
kTR UTREHAT T 240, it F KA FLAC Xt g R & 0L R H b A # 17
AP, AN BRI BIRE TR BT BEYLA PR I #E 17 UT R A8 3 4 47, f0
Baecker 1 Ingra (1981)[) | Righetti f1 Williams (1988)%  Phoo i Quck
(1990)1318% A 32 Al Taylor R FF 3k BEALA PR JT 8 i+ T U1 FE 49 488 1 8 7 3%,
Quek 1 Chow(1992)14) iz B #E h B #LA BB 7T & X L M #E4F T 43 17 , Brakala I
Pula(1996)0 ¥ 41 & % 3 B FF R 5 Monte— Carlo BiHLA RITIH ML A #47 T
R

16 B B0 B A St T AP TR A R B A O M0 R RRLR. + F B B F
REL . NELEH2E AR, MERMBAN T EREEARA-D, %
IR AR A-2), BB EAXA-3), XX BEEEAX -1,

S = H%/300 (1-1)
S = 0. 001H*? , o (1-2)
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KA, S HHR TR UIFER (m); H ARRRBE (m).
Sm = kH"e™" (1-3)
K konam REK FH TR 1-2 WE.
K12 BEEZERRYNE

ZHRK k n m
AR M 0.004 331 1.204 5 1. 746
41 3 3 0.009 8 1.014 8 1. 4755
N5 0.016 0. 876 1.093 2
S,y =—0.453(1 — eO.OSH)eO.693/11'157 (1-4)

HFARFPNEFRTHASEX -FNE . MAFEBRENNTEEEN TR
MBERERE, AMELERETSHEREZRAERK. MERFENGHX
MG EHETHBEIES T, LT BEESZNERKEZMHETE 10 FU
b, B EMEREESRRE AR SRR AN, B&F K Q00D %Xt 5t M
HEN G EE KENG R E T ETRERN N ETRERRZE . BET
BT R TEIEAEARY,

S=H'/ VE (1-5)
RH.E mhE L TEEE,

(-)XWMERAELEARFTLELERGH#H - LSRIE, B, AR 6 A Fk
BENEMHBETRER LEEMEREATHNEERAREEZENEEMNE.

Xt F 2 e E v A 1T B 5T 0T 3B 3 B — B £ 46 (Colmann, 1866) , B H &
HIE,BRET LM FE., TRBEHSHI=ZE.O F5 8RR V&2
@ BHESTE:Q MEYE., MRVYEEE-—MHEETE WRIEBSTHEMAE
Z.BBRBMFTE, CHARIETEFHD 20 e 20 FRFER,EIL+HEX
TEARK & & . XFH 003 S ERE BRI AR FRE 8 S0 S R EAR LS N S 1E
HATHEMMEREROEL T BN ERNREEES HBERNESLE. BF
BEXHME . AWMABOERENRESHESEARKRERY SR, E0 TR
FOREME . SRR &M, TRAMEARRGME AL AT LR 8 : Taylor
% (1937,1948) .Bishop #(1955) .Bishop-Morgenstern #: (1960) . Morgenstern
£ (1963). Spencer ¥ (1967), Hunter-Schuster 3% (1968, 1971), H{hiX &
L. Karafiath(1960) .Janbu(1954) i Fellenius(1927) &R B F k., XEHE
AOPENH AHNEBHEER" ., CENELRABEREIEREHES
ZER,BRMARRBK AR BERATREZBRSESEBN I HEE(BHE
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YIB B (BT S MUK B 28 ) T K 8k BEAT B8 8 1 1 U TR A, TR 4B
H 3438 CRLIE BEOR A0SR BB 89 B AR B KU 7K, T3k 45 B R B K SR AL T 2 A9
U X TR R VA T IE B AT R R 3, ARG R A R K P .
BEREEFNEHTRENFEESI R . EIRZRFAEEHEFEAETE

1.2.3 BUREAR

SHNHRAN D FEAENNM RSN ERT 4, A XXRELEHY
HAEEARER, XRELTEN - EERA. RALYIGEHANEEN NS
FNEYERN R A EERMURERB SN EXR, KBS FEH B
GR. T TEOCEERBERE 1/ BEROEHE THHNAOBELON P, E g BO
IR EH#TRE, B TFRENSENEXMN SR AR MEERALSR T TE
4 RE B4 B, DA T (6 B2 0 SRR A 1 7 O R AR AR SE L AR TR AR L, BE SR HLER AR R, B
BRFERKTE, EXBREERZ I T TENRRERES FERE", B
AR OEBYUE ZHATEAM IRER S, FBRRZA TEANER. B
1869 4F, 35 E A Phillips SRR B WD 7 RO B A 45 0 1) R L B4 )R FR 4%
BENAR O MERRE S, LA B RS R 2> 6 B A H B R a4
XR. Bl T U EFHAGRE, P 1932 4, REELP K H it RA &2
ETHREE-SBONFFRTHOERREHE. M 20 #4240 £/437)
0 FRBFKBET ARFEMNBLON_-TRE. 60 ERFH, H.£. 8.5,
e F1E BRA MEEEMAKTRL TEOEBRBIFE, FEOER KK E
EHBERABATKENER. REE 20 L 50 FAME BB LER KRB 7
B TEAYER T T RA RS, HEF B OV EE 7 T EmR.
0 FERRAERKILBERBER— S RN 150 gt BB, 80 £ L g&E
F B ARFH K% R E KRB G KRR T PAARBEON. FRT S
TEHBRIBTEOHR, RERFHHREE. 80 ERFH, B OEERR
PlaRER . BHEE.BHEFRMEIREZEFMER UBETRER LA,
RN SEREMTEMBEHOFEE. 90 F40% Bk R B R 5 KR B4 Bl
BALT 450 gt 71 400 gt Y RABE.OHL, ERE - TEL.OBRRK A T 57 5%
HEKF (RFE 1-3.F 1-4)z~0]

ALTEPEOEBAYNEFERAUT=Z4AFE O TEHE . WHEBL
BB R T A R A 7 o Y S IR TR U 0 B /)N T RS A R 0 4 3 A L (3



