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ABSTRACT

ABSTRACT: Coal gangue is the main dump which is produced on the production of
coal, and piling coal needs large earth and pollutes environment. But as a roadbed filler,
it’s prospect is extensive.As there are few study on the ‘stébility,bearing capacity,water
stability,pressing  characteristic,settlement  after coanstruction and controlling
standard there are many problems for it’s application to the railway on mining area.

This paper samples on-site coal gangue, tests gradation, liquid limit and plastic
limit, crush value, antipressing without lateral confinement, straight snips,consolidation
and bearing capacity allowed,and puts up physics parameter.

This paper analysis the bearing capacity and stability of roadbed,and gets the
requirement of compactness and height of strem of coal gangue roadbed.

This paper calculates the settlement of new coal gangue roadbed and roadbed
between new roadbed and old roadbed. This paper analysis the settlement of coal gangue
roadbed of different compactness and filling heightusing the Drucker-Prager
elastic-plastic model of ANSYS.The analysis indicates:with the compactness
increasing,the settlement of roadbed reducing;On the condition of the same height of
old roadbed,with the height of roadbed increasing the impact of old roadbed on new
roadbed becomes little and littte.It can be the theoretical reference of preformed
settlement for coal gangue roadbed.

The study indicates:As railway roadbed filling the coal gangue can fully meets the
need of designing standards.

KEYWORDS: Coal gangue, geotechnic test, roadbed, ANSYS finite element
method, settlement
CLASSNO:

iv
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#1-1 EARR AT THARR
Tab 1-1 The foreign geotechnic utility of coal gangue
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HEEILE A, EE Robhr i A8 |
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‘ HE Victoria-Brighne &
ATERH HEEFEME. P | 8., B () | ERPERKE
B KU, EFFRE GEED
Hitw HIEBE RGBT I A

#1-2 REKAALTIHAER
Tab 1-2 The domestic geotechnic utility of coal gangue
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F2-1 BRANEHRE
Tab 2-1 The situation of coal gangue sample

mE 1 2 3
BERSR | BEF | BT | sesamEs
M A st s st
SR 2 2 2

2.1 BFAEANEERE

BHENENEAREEZWBEENELE.

BERBR XA AFEINEEAT IO IES L RERME MR, 8
BErRENEFRRE, THBRRAKRHAKEEENNERR. RABHEH
ERREHBRAR, NAXFHRIANER, ZRARMETERNTESE,
MHERXPERERETRISES. BRA, FURHAPSHASrBEEREN
HEFMEERENELRMBRERE.

AXRETHEBNZERREAN QRN XEBRBEETAREH. &b
BT T AR MEEREY BT RREH.

BRI BB B HHRTE), HEKT 20mm PkiBid £ ER 50% 0] E 1E R
AL, miFR 22K 23T, KREENKMETAERETHERARL. ®
BRLTERBBEEN A, B. CRIH, BERAMAREEN C R, &
RALKIE D D HIEE . B TFHTARRISE AR EZRHAREY, Ry
D #iEH.

R H . RRREIG#TRRE, %KAM KAE % 90mm, 75mm, 65mm, S3mm,
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Fig 2-1 graduation screener

%122 EBREBEFMIOER

Tab 2-2 The screen separation records of railway roadbed

i B(mm) ] 90 75 65 53 375 | 315
il %) 100 | 9747 | 9642 | 9348 | 87.54 | 83.26
A #&(mm) | 265 19 16 95 475 0
Ot | 7906 | 6766 | 6285 | 4566 | 27.86 | 0.00
#2-3 KADEBIERR
Tab 2-3 The screen separation records at zhangxiaolou
A Bom) | 9 75 65 53 375 | 315
i t(%) 100 | 9377 | 92.07 | 8952 | 79.68 | 75.21
fl B(um) | 265 19 16 9.5 475 0
i) | 7185 | 61.02 | 55.97 | 4053 | 2197 | 0.00
#2-4 EEMMHORR
Tab 2-4 The screen separation records at pangzhuan:
A B(mm) [ 90 75 65 53 375 | 31.5
i d%) | 100 | 98.17 [ 9646 | 89.67 | 76.05 | 68.26
. B(mm) | 265 19 16 9.5 475 0
i oidee) | 6039 | 4544 | 38.61 | 2507 | 8.66 | 0.00
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Fig 2-2 The relation diagram of the Fig 2-3 The relation diagram of the railway
railway roadbed of coal gangue roadbed of coal gangue screen separation
screen separation experiment experiment at zhangxiaolpu
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Fig 2-4 The relation diagram of the railway roadbed of coal gangue
sereen separation experiment at pangzhuang
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C="2=2"_519 (2-5)
d, 5.13
2 2
c=to_ _ 12U _ (2-6)
dy-d, 266x5.13
C,—ABRERE

d,— BB, AR ARE LD TERENEERSEREEMN
60%HIHL 125
d,—BHER, EEEADATHE LT ERENEARESTIEEEMN
10%8 k125
C—MERY;
d,~—FEFR A dsk EANTERBRN LSR5 S HE 0%k,
%25 ARANEN Ca MHERH Ce

Tab 2-5 ununiformity coefficient Cu and curvature coefficient Ce

KA AHFRKC, | HERK C.
R MERT R 6.86 0.85
LR 7.63 1.15
PEFESRRT A 5.19 1.07

FHERE C 8K, FRTEBTES, A MARN KM ERE K.
MRBRENAEMEREEEN, C, 8K, MAKETE, RrthEF458R4A
FRGRA, BRAMTLERE. BERY C>s WERITYSL, RZK
A8+,

MIERHRNEE, LHRRARYS (C25), AARBLEE (=1~ 1
+, BALRRGFML, FREAMEL LERTERML, BIERTRAL,

C.HK, BRI EEREHER.

BT (GEBERITRN ), SEEEAHERRFNEERS: C>5.C,
=1~3, WR 25 FHNEH C, MMERYE C. AN EEMRREETR, £k
REFRFERNXE R AR OORE, PRBRMD, HEFR: Wk MR
REMBETRUREI IS, SRR,

BE RTINS, BR0ERTRPZRRER, BRI —, SREE
—RHEEF, AR PEREENRITENRSE, BHARETAMERK,
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RS, ARERSEELENAL, B—H RIFHEBERE.

BRGHHESREERERNAR, B—20%t, ELhEREREER
HFRMEE D, MRE (R TEEATH—HE) FAER KRR RN YR
HATHR, CMREIGSHAERMSELA.

22 B AR EREK SRR

ARGE: KARBREERE XMBURT A RR R RER.

W BBPRIE S s i PR O (S A B HE N R B S AR I BB K R A XK
Bty L AR X RO RETY. RARERR 76g FREBRES €N
UBEARSAETROAEALRE, FLBHXRELE, £H LENEET
FUREER 10mm (17mm) FrXfRea937k%, AR, BB TITRES 2mm
Pt 8 kE, EHEER,

BTGB S AR M REIT LM TRESE, RERELHI MaFt
+. AELERE.

BTA BT B REE B RAPREN AR S KEMEHER W, , REFRLTA

HRENEREKE. NEEASEATERENARIKERY,, BEARAW

BRENTRIKE.
PHRBISRR S WRNELJ, =W, -W,), BIREMBRENTKER

HHE. B, RESE T BN ERE . TEREHIARTESE, B, =0.

RESRRE 2-6

Bl 2-5 B 0 BRIB5 M2 X
Fig 2-5 liquid limit and plastic limit consociation measurement instrument
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moisture content and the depth awl inserted

Fig 2-6 The curve of the relation between railway roadbed coal gangue fine stuff

PRk B BARET R R w,=25.00, YR wy=19.84, BHIEH 1,-5.16.

2RIERT BT A HER
% T »
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% KB |BRABE|| =55 )
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and the depth awl inserted at zhangxiaolou

Fig 2-7The curve of the relation between coal gangue fine stuff moisture content

WMEEY IRFTRRIR W.=40.59, BW wy=3436, BHRE 1[~6.23.
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Fig 2-8 The curve of the relation between coal gangue fine stuff moisture content and
the depth awl inserted at pangzhnang

ST TR w,=33.06, BR wp=15.57, BHIER [=1749,
%26 HRASEOBE., BRAEEEX

Tab 2-6 The liquid limit, plastic limit and plastic index of coal gangue fiilin
#H W W, WH W, BHIEE I,
B s RN A 250 19.84 5.16
KRR 40.59 34.36 6.23
EEGH A 33.06 15.57 17.49
3% 2-6 & REEEW -

ORIEFF G S MRR W, TSR R TR L, Tk MR

BRTEBEREL: BEEETERTHAERL.
OmEHIBH I, TRKBBEENK MENERTRED L G<I, <7, Wi

EEFTRBRTHL (I, >17)
BIE (EBBERHREY, L. FELRCRABERSKER, #ITHRES
%, HW,<40%FF N C 15K % W, 240%8), % D AIEHH.

23 B AERERRE

R FE: FARHEESEMARNERT, REfer iR Efe
e

BRARRE-FREEL, BERTRPEF-EIEETS. £2ERE
MEFETLRP X BT ELRER, ERSHOLBTRFAMEOHEEH
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PLf, A TOER AR AT A AR B 0 R R R A B h At . B R RER
57y AR ENERT A i IR AE .
EREZETEAATH:

0, =21x100 (2-7)

my,
£ QO—HHEWﬁ-
m,—RRFAFERE, g
m— R GET 2.36mm HILAEAE, g

BELERNE 27
#27 ERRERARE
Tab 2-7 The experimental crush value of coal pangue
BRI H REEE () i 2.36mm LB B (g) H: (%)
1 3000 930 31.00
28.28
2 3000 767 25.57

Bt LA ik Be o 09 KEAT A LR BB 28.28%. IRBIEE KRR L HLABRIE T,
MRS TH, RERTMENTFEES, ERTFAREANART IR,

24 B ARESTERR

HERRBBERBTRGE LS, RAGGEEIHFEREA. BE
R, RIRERE. EEMI—HEE, E—ENELUNF, DRAARFA,
R B EEERRE, SERRN0E0RENERFAREE - EHLRK TR
EHELHRTEABETERZANXR, ATRERFTFENRXTHENR
RAEAE, D THMEERARHKIE.

HUMAI L AEHLRRIERT, tERARERARS, FEay,
THMILRSA, BEEN. GFEFENLE. SKERESTERR, g
FEMELRRURF—#, Fil, ELFEIEY, FEMEEHARISTK
ERRT, St ABMELEERT, 4858 A N TR ARG Bt
Bk, '

R R TROFRBEHEE, tHESESTIOSHTEESBA
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FTERMHE.
ATk XAFHERNGEERRTE.

B 2-9 X
Fig 2-9 shugging apparatus
EHAGRSEEARMAHLETRAAFANTEE, RE2-8, KIEX2-8H
AR HET A AR & B HERR e LA 2-10.

£28 {FoRSHGFTTARSR
Tab 2-8 The slugging solid experimental result of coal gangue mixtures

HKE % 9.79 10.07 10. 62 11.22 11.73
FHE (g/cn’) 1.83 1.86 1.90 1.86 1.84
1.92

e 19 ,‘\
{‘: 1.88 / N
: JAERN

i 1.86 # ‘\
ﬁii 1.84 // \é
1.82

9 9.5 10 1.5 11 1.5 12
HKEV/Y%

2-10 REFARA R KT iR
Fig 2-10 The slugging solid curve of coal gangue mixtures

G E 2-10 B HB- &R EIE  th 2, RBEMN GRS RERMLIN 0.50,
X REF B AT % 18 2.07g/em’.

13



ki) PN A 0A: S

ERMERERTY, SKEMAPERYWEELE, FUBEME SN
BRI A SKBERN. FRMBMEKBEENERES KRV, L3BEN, &

T R} 45T B AT DK Bk AR b 38 .

25 KA LMk . Eidi

EMBHERE, REARELIRRAENDEMST, KEMRBED TR
By, EWRAERRABREEREEILE FIRKHL) MRXARBEE &
Bk REE St i (LHRBERAERREINOEMRAERESEYER
EMRPUEREZ LE) MEETE.

EMRAERERARE=MARN -ARERERL WREEN 0, =0 (=5
KRR, UNKDRHRE, £-RARTERTHEEMLELXMEHRE
BERREE.

RY Tk EERE—ENELEHEF R, RABEHEERERR N
ERFF A RAFRIOTERE. &T@TRRSNRARRERIE LRARR
REMAANER.

B 2-11 B A B AR AR X 112 RHEE. BER

Fig 2-11 Road pavement materials Fig 2-12 an.i~dint frame machine,
strength experimental apparatus demould machine

B RRSEATT. ERBERLEK 29, WIER 2.9 PHTRIRHERRE
Eidy (B3 BEKBHEMERAHEARELELA G THEEIRNNERA
W& 2-10.
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R29 HTARSERE. BARER
Tab 2-9 The anti- to pull,press experiment result of coal gangue mixtures

JEEE (%) 9 P30 s 54 /kPa Hihr(F5 )i /kPa
%0 382.33 59.82
92 499.50 65.98
93 666.00 75.23
94 770.83 74.62
95 795.50 88.80

£2-10 BERGERRENRNAEES
Tab 2-10 The cohesive strength and internal friction angle of coal gangue mixtures

EEE%W) | - KRN c/kPa BEHA of°
%0 75.62 46.84
92 90.77 50.05
93 111.92 52.85
94 119.92 55.43
95 132.89 53.05
26 HAFABRESHENRE

WRGENARN BN RMRAFFAELERLT, BIFELORNBRE. &
RARABER, FTAFETE SRR LR R

LA BT IR R4S A AN R RO RE BRI SRS ) . ZESMAE
BIERT, LA RH LRI, %3t h BT B8
SEEI L PBTIRAR, ERE IR AR A AR S, AR
BiF. TRERAZARRSELT LROTFENMLEIF, WIBFE LKk
BREWFNESEA, Eit, tOBREHELR LR VRS E.

AT HLB 0 A T B A S O R R— T OB, OARKAT
B, .

T, =ct+otmngp
AP 7, —THHBHEE (kPa);

C—THIHESD (kPa);
oc—ERENTIE EMAERERND (kPa);
p——EHINEER ().
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MERFFTAE Y, HNRERENRTEN AR, SLFREIREE
*, ~HBLRREEHE. BYBNHIERERHVRE. RHMESARN=
WEHRR. AXRAEEWTARMERTERAHONTEE, AWREHE
FEBRERASREOFN, BETABERNEERER.

7 et

2-13 W BHA HHK
Fig 2-13 strain under control straight snips machine

BHEEASHEHRREELE 2-11, RERRGARERERG THIFE
REBHEIIAERALR 2-12.

x2-11 BHARAHENARER
Tab 2-11 The result of siraight snips experiment of coal gangue mixtures

FESE% 71 P/kPa #%0/0.01mm 81471 /1 SAPa

50 52 104
100 782 156.4

90 200 107.3 214.6
300 1423 284.6
400 170 340
50 56 112
100 83 166

92 200 114.5 229
300 To612 3224
400 = 193 386

93 50 164 152.8
100 764 152.8
200 1312 262.4

16
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300 162.3 324.6

400 199 398

) 50 65 130

100 87 174

94 ' 200 138.9 2718
300 162 324

400 209 418

50 65.3 130.6

100 95 190

95 200 132 264
300 174 348

400 210 420

#2212 FRELEFHTRFRRARMEITARSES
Tab 2-12 The cohesive strength and internal friction angle of coal gangue mixtures under

different compaciness
FE /% B S c/kPa WEE A P
90 74.25 3422 ¥
24 7947 37192
93 85 38.58
94 . 96.09 38.77
95 99.74 39.12

2.7 B A E SR

TEMBRRILBK R KR R AGRNORA, BREFRHS, BHEES
G, BRARERYNAR, MX—IERIEL. BELANESL, L5k
HOFE 45 3T AN 3R RE R i 4

AELNMEEREHANGEE. EHRN. KESE. EHERE. /i
BRESY, THTARIRMEFERENREHRA.

17
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Fig 2-14 consolidation machine

(KB ARICREIERBELE D 0% N ETERSESRFTRTHES
ZH L% 2-13.

® 213 RLEN 0%ENERAHES SH

Tab 2-13 The consolidation parameter of coal gangue mixtures

When degree of compaction is 90%

EHKPa) | BAFMEmL) | FREEEMP) | EHFHMP) | REEY
0
5.20 0.261

100 18.962
16.18 0.085 0.028

200 25.026
25.82 0.053 0.030

300 28.806
33.75 0.041 0.032

400 31,693

Q) KERBICFHERBELE D 2%WETGREHESHT R THES
SR EE 2-14.
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F214 ELEH NwEFLRESHES 2

Tab 2-14 The consolidation parameter of coal gangue mixtures

When degree of compaction is 92%

ENHPa) | BfrfiER(mmm) | EHEEMP) | EBEERMPY) | EHEXK
0
' 5.72 0233

100 33.880

20.45 0.067 0.022
200 43.625

28.62 0.047 0.027
300 50.431

34.42 0.038 0.031
400 56.000

G EKERRCREERBELE D %MET A RSN EATE THES
SHWEK 2-15.

F 2115 EXED 3% hRANES SN

Tab 2-15 The consolidation parameter of coal gangue mixtures

When degree of compaction is 92%

EH(kPa) | BATHIMEE(mmm) | EHEEMP) | ERERMP") | EREN
0

7.16 0.182
100 13.375

18.53 0.070 0.023
200 18.514

29.90 0.043 0.024
300 21.691

35.67 0.036 0.029
400 24.350

19
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(4) HFRRICFBERBELE N % IETARANEEAE THES
Z2H XK 2-16.

K216 EEEY UM% REHE4ESY
Tab 2-16 The consolidation parameter of coal gangue mixtures

When degree of compaction is 94%

EhH(kPa) | BUIGIME M) | EEEEMPY) | EEREMPY) | BEER
0

9.77 0.131
100 9.753

19.20 0.066 0.022
200 14.681

27.96 0.045 0.026
300 18.053

34.86 0.036 0.029
400 20.750

G RBRBIEFEIERGIELE N I5%IETRESHEBAGRTHESE
ZH DK 2-17,

#217 ELER S%IERARASBELS SN

Tab 2-17 The consolidation parameter of coal gangue mixtures

When degree of compaction is 95%

EFkPa) | MR (mowm) | EREERMP) | EHREMP2-1) | EHEE
0

10.47 0.120
100 9.018

23.10 0.054 0.018
200 13.077

35.92 0.035 0.020
300 15.692

42.54 0.029 0.023
400 17.875

A EmERBATUE Y, ATEFERAF— BEMHRZETE-EHZTH,
RESFREHN AN E, BTES, RRAU—ENTEHRE.
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2.8 BRI REB AT ERES

BT EEARELE FRAARENAFF, & 2-18 RESHALEIIAR S E
BEBTEEARELE THAFEESN.

£218 BHAELESHREAFRBINXR
Tab 2-18 The realation between coal gangue mixtures degree of
compaction and allowable bearing capacity of roadbed

K(%) 85 88 90 93 95

o(kPa) 100.0 150.0 2100 2738 316.5
HRA AR RENE, ATHSETANASERABRBERERKEEY, &

REFLHHAT, KnEREERA, RE—CHEX.
HER 2-18 AT LAE N, BRANESENRITRREENAREDZREKX.
RESHAEFAELE FHAFRENZ - KBREEMPELZF T, T
AU AR EEBASEARFA TR EELHARES, SREERTHRED
LHR A, MR GRENENERKNELEMERERESSH.

2.9 hag5

FEEY EREFEITEEARR, TUBTE T RN KRS ERE
PETAAWENZERAMEXSE, RES O EFRY RT A BER AR
feh. RENURBENRBMES THFEEENER. ANRESRBELE
HaBEMRT. ETNREMNTERNERBERSE.
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3 EMEREMAFELSH

SR, BT RKEBEEEFERENR:

1. RAT &HES 8,

2. PRBARANEFAESHRELR, BREERE.

3. EREEMILEKE 100cm £ %;

4. HTFEHEATH, EFARENETEEIR,

5. BREDBORERE, BEHKRE, BRKTS, SERMUBREETH

XERAS.

ot E BB AR ES, AEIHEFRABHRREERITT 28, A

R TS THNMREAZK.

3.1 B ARBARY NG

BEMAEEHEBERBENER, BANENTEEEAEHHOTE, 3t
B A EEAE N NYEEFRAANER.

BN REBRMLFEEFHNEBRERNT:

PZEER:

RATAL: BE23T, FKi18.8m

RKR128: #F23T, FK199m

PIERH:

Bl ST N43kg/m » 50kg/m. 60 kg/m;

A BEL NRHK25m, FE251kg; AHK2.5m,E100kg :

FERIER: BRAEMEI000kgm®;

5B B /b 2R 200m.

(1) itEERY

ERBuEE FMEREEER AT HER, NAHRETEE S
1 hEEsH.

WA AR ANSYS ARUTHE KGR ERER, HME(DF, 7 DF,,)



b AGEE s bk i)

wH (WE 3-1). ANSYS B HUERAN, HMmEERRAT, NTHEMEE
MR ITT. ANSYS HRCH R RIE T BRI ESE. dTHEN
WEEX, TENAZERAH (RE) WHIEFR, SKER 30mEER
THETEERENTR, RIS HERENER,

3-1 $UER hiHE K ANSYS R THE
Fig 3-1 ANSYS Finite Element model of mechnical calculation of rail

"

UL bkl

w0 00 Too2sel ¢ 0034l
. 430E-03 .00129 L002151 003011 003871
32 Himzh)1G ANSYS Sl i e R
Fig 3-2 The deformation of rail after dynamical loading using ANSYS calculation
model

M33 REZHGER
Fig 3-3 The matrix drawing of rail under loading




B BAR R

i - = T
b \ 2 Janied *
g ! " fiaE
. bk

i RiERE

f] 34 EEROHHE
Fig 3-4 The calculation drawing of strem

FF ANSYS AR EHRAE, i BERER NIEF, AENSEERRE
BATHEREME RTIE, LE3-2). #HRAZNSEE (LE3-3) DR
BRI TR LS, MEBRRAE (LB 3-4). REEKKE HiE— 28
BHEREEEERAAND.

K 3-1 PR ERPEHEF R HRERR ., BdHERBERR . R
BAMHEERRE, ZRAEURBERPMIBERRTERE, BHERT#.
FRERET. AR 3-1 OEEE, FARVEXRRANAFRKESRS, FHES
B TEATIE M AFHRES, BEHTK.

%31 EHTRTHERDBRME (@L: kN)

Fig 3-1 the biggest value of roadbed counterforce at various work condition
U — AR RY THRAR S
43kg/m 50kg/m 60kg/m
DF, ‘ELH 56.917 56.274 55.753
At 56.195 55.846 55435
DF, BELH 55.676 55.051 54.558
AL 54.974 54.644 54.26

AT CRREUER )Y fEe, AR -1 BEFSEATETERER
LIRS, DU EIRET R SRR AE S .

HFFEEBORAETRE, SHEE, TERA SOkgm M. RELH (1
4D, DF12 ILEREFRAH, HHaPuEESEREHER LN,



PRt B B 1S i

FEBEN TR ER, BRI RESHA:

h =§ctgqp=?xctg35” =196.4mm G-
h, =%c¢g¢=%xag35" =839mm (3-2)

T E&ED, BTFLHFEERERE LERMEERA—EN. REFRNIE
KROEE, MBEEARESK, HEERTRERD LN,

AT BR B A ) 4

LRFIERN (Bl A =0~196.4mm),

ERBIWX A REEN S ZPHKEN, MRS BEASIRED,

BB mN S o, A:

o.=m R", =l.6x—56'—2:’i4——=27.86N/cm2 =279kPa (3-3)
: b-e 117.5x27.5

AH: b—— MR EFHXARE:

e — BB M AKRE, KN e =110cm; U RBE LI =117.5cm;
m— NOSHFRHARE Bm=16.

R— EWMIATERROBAME, #%FK3-1 BUE.
LEKBEENTh WA, 26, 8k <h<h B,

1) EEREEH h=200mm b},

BRI Ky
5= th':qu N 2x20x516 13751 gas Lk -4
(2) HERBEEX h=400mm &,
BEBMN I N:
%= 2hf':g¢ " 2x 40x516{3?'54x gy oSk (3-5
(3) EERFEH h=600mm &,
BEBN A
a= 2h§:g¢ - 2x60x5161-§:754x s o ok 3-6)
(4) BKEEH h=800mm B,
BEFEE N SR
R, 8278 _ 4> 7MPa (3-7)

O, = =
' 2heigp  2x80x117.5x£g35°
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(5) JERER R h=1000mm &

R 021 a8 7kpa (3-8)
4h’ig’p  4x100° x1g*35°

BREULHEFE, 4N FEIRT, FEBSAXNNMETRBETEYH
HWTRE 3-2~F 3-4).

32  60kg/m WMYEBBTAMETEMN S EGEA. kPa)

Tab 3-2 The stress value of coal gangue roadbed top
when the rail way is 60kg/m (unit:kPa)

BB (cm)
0 20 40 60 80 100
DF, BattE | 276 | 1694 | 847 | 565 | 424 | 284
AH, 367 180 90 60 442 | 283
DF, Butae | 270 | 1657 | 829 | 553 | 414 | 278
AL 359 176 88 58 432 | 277

£33 Sokgim SNREALETE S E TR D EGEEL: kPa)

Tab 3-3 The stress value of coat gangue roadbed top
when the rail way is 50kg/m (unit:kPa)

EKIZE (cm)
0 20 40 60 80 100
DF, EELA | 279 171 | 855 | 570 | 427 | 287
AL 369 181 91 600 | 445 | 285
DF, VR | 273 | 1673 | 836 | 558 | 418 | 281
A 361 177 89 590 | 435 | 279

£34  Okgm PREBRETEHETNEDN HHEEA: kPa)

Tab 34 The stress value of coal gangue roadbed top
when the rail way is 43kg/m (unit;kPa)

1 =

HLERT | BubiRT

PLERE | kT

ERER
XD | Duben —
0 20 40 60 80 100
DF, WREEEAL | 282 | 1729 | 865 | 576 | 432 | 290
AL 372 | 182 91 61 | 48 | 287

DF, BWEEEL | 276 | 1692 | 846 | S64 | 423 | 284
AL 163 178 89 59 43.8 28.0




I {VEaE: 21 Ak i

B3R 3-2~% 34 MU ESRTUFY, ERBEXNBRETNE N /B R 2
AR, SAERNE R R BB R E LR D EEWIEE X,

£35 BNOELESHBEATRRAIMNXR
Tab 3-5 The relation between coal gangue mixtures degree of
Compaction and allowable bearing capacity of roadbed

K(%)

83

83

9%

93

95

o(kPa)

100.0

150.0

210.0

273.8

316.5

REBHHEER (R32~K34), §5RRBTAELESHEAERE NN
XFE (k3-5) WRLEH:

BT RRERMN TEMABRT RLE D (AT LEhEEmREEE&M4)
X4, FERRTERNEE., EREENAHEEHRMERNES, Y
SIS HEREIE, FRIEBERREKALE.

AT HFEHEEIBEER, BECHIEKEEENEEEETN ST
B. Ridk, BEBNAREHCERTEREERFAESENREZ —. HEK
fé L B WY DAMRE f 3 ZE A s B B AR B R

WIS XERBRNOIAE, B LFMEREEE 0~1 K[, —EHER
HIEMREREE, FREGEFNNERERE, AmbiEtsgEnmyhREg
TR ARENAEE L. XFSEREBRANETABRE, BEER, EXK
HAkAR®, BpE, UESRTFLHERRE, BNEBNFPEETHR.

RN WRBRER (R 3-5) PERUHEEFHEBMBITABRENELE, TH
BIREHTGRENRRES. BETEMN 85%REH) 05%K, HITRBEENR
#4277 i 100 kPa 12 # %] 316.5 kPa.

F32~FI4MUEY, MERETEERLELR 95%, BENHARTEE
fE 7104 316.5 kPa, 2B LK B T, A58 BIRE R TR I AR 1 K K#BIE 316.5 kPa,
B REARENINER. ALERD) 90%LL L, BEMAFEEEED
7 210.0 kPa B\ E, 20cm AUEFRER, AT LURIEESBIBEENTRN AR EL
R

FAAMBELEREACUES, #HREL U RMBHERARTES R T HEkE
EREONS; FHEANNLETREENAANTEREERENN S, BN
EEY K &% LS RN,
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3.2 R AREREMESH

BT X Skat R, RTERERXATAMERAK, AWEERLHR
RENFEARE ., FRELEFRTRITABENEEHR. REBZARRK
SHMAGRENTIE, RARAZSE, NRMNFEETRBREMRELRT
TRE.

3.11 EEmEMESE GRBESE)

FNERRBANLHREIRET L (B3-D , BEFBRAME, 4
PKERMT &L EQOANECHRI DB NE, BERLANBERS
8.

THEBOBEEA, FERESR, ATRBEITELITEIN, HEBEERHE
K, ~BERHSI~6m CEXHHIMEFEELIm) , FREFHFIEELL
MIBEARAERFEMAR. FREES £ LoERHDT,

3-5 RRENE
Fig 3-5 Sweden band divide method

(D EEWAEW, =y*0,, KPPy BEMEE, o B LEHOHEER. 7

IR A O ZE RS E LA SR EE R NEEE S N,
TFREMTRSNT ;

(2) HELHRBAS, TAERDFAER. REECERNE
S=N tang+cl NFP L RF i FEBRK,

(3) L&MHNMUEFEE FREEHD. AT £ LEND, BREHF,
5, FBMBacHbdER BRI R, P, BMALH, H,, . BIREEXEAR



R EAN HFEDH

B, WS FEHBRTAXRE—MEHENH. BEHQEFTH. BB TN
BR: —EMARKFEHEORES, B HEEEA, B LEHITNGERS
¥, TLGHEBEsE LM, BT UARBAASETRHAFRTE .
F—RR R RS SEN I, BRRSFUE R E—S0] Ll Z AR
o

Fellenius BT £RIAMER. HEH T XHUNEG NS HELME
BKMAE, FEfR, EAER—TFE L. XL, B—1L&AEEEEGR
RrEH. BREERY, LHFEEAKN, ELEBEMTP, ZIB&EID
fERMNHEBERERAEE.,

WERZES BB R LR XA EOBGE, #4558 HIBIERNE, TEE
HhEAnBEEREB AR LHRBHEURBHHENBR. B HE
MTH/AEZHECHTEMBERERY, .
PURME M, R-Qd+) Ntmpt3T)
THIE D M, RYT

YA+ Ntang+ )T
) pY

X R RESEREMTHHEAN, ZHEMNAMNEIREK, HETE
ENTRERER, —RBIANCLARRE BwTELE, RHIWNMREIELYE
R,

E=

(39

312 HEHARERERETESSW

A ERERAFZSERR, RACRABERSWREHREERT
Sir. BIFERATHAERESIWREARTRE &K, ABRBERTTARM
Rt SLBATLNEEAY, FT1999F12HEBYE T REBKEE,
R R B AT B R TR (AR T (RIE T B At .

RIE (EHBERTHHR) RN KEENEEER, THEFGREN
FEF|F&3-6~%3-9. '
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# 36 KR TVIEMPEFRBRE L HH6RELHNERRE (REL TR
Tab 3-6 The convert soil pillar distribute width and the calculation strength of dongfeng 7
railway trains and the orbit load (the concrete Il type bearing )

w | =6 | mmin B A i W34 (KPa
i | k% WK | A% | BEX
TRED T | KE | iR | BE | BE | /2 | 43%kegm | S0kgm | 60kg/m
(m) | (ke) | (em) [ (m)

0 |250 51,31 | 51.34 | 51.38
10 | 2.70 5400 | 54.03 | 54.06
E 20 | 2.9 56.53 | 56.55 | 56.59
R 23 | 188 125|251 [ 30 | 31 | 24 58.02 | 58.94 | 58.97
7 50 [ 3.5 6338 | 6340 | 63.43
80 | 4.1 69.52 | 69.54 | 69.56
100 | 45 7336 | 73.37 | 73.40

EITRRA I FEROEH BRI LB A EE R HRE OREL)

Tab 3-7 The convert soil pillar distribute width and the calculation strength
of dongfeng 7 railway trains and the orbit load (wood bearing )

| E , " &}g;ﬁtgrg i H 3R (KPa)

” ' | K& -

R Pl T KiE | Rl | BE | BE | N/ | 43%kgm | 50kgm | 60kg/m
(m)
{(m)  (kg) | (cm) | (m)

0 250 5030 [50.33 | 5037
10 | 2.70 53.07 |[53.10 |53.13
x 20 | 290 55.66 | 55.69 |55.72
H, 23 | 188 | 25 ] 100 30 3.1 24 | 58.11 58.13 | 58.16
7 50 | 3.5 6266 |[62.68 |62.71
80 | 4.1 68.91 68.92 |68.94
100 | 45 72.80 72.81 | 72.84

3-8 KR 12 FIFEABEAREN T HAH ERERTHBRME (RS TR

Tab 3-8 The convert soil pillar distribute width and the calculation strength
of dongfeng 12 railway trains and the orbit load {the concrete Il type bearing)

P BRI - hE4H W R (KPa
g | a6 | EE
k) T ) Kk | BB | B | 5 (o | 43kgm | 50kg/m | 60kgm
(m) | kg) | (cm) | (m)
0 |250 5143 | 5145 | 515
10 2.70 54.28 54.3 | 54.34
F 20 {290 5695 | 56.7 | 57
A, 23 119925 ] 251 30 3.1 24 59.48 50.5 | 59.54
i2 50 3.5 | 64.20 [ 64.22 | 64.25
80 | 4.1 70.70 | 70.72 | 70.74
100 | 4.5 74.76 | 7478 | 74.8
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#39 EFRLRFIFHLEFREENIESIGRERTIRE Ok
Tab 3-9 The convert sofl pillar distribute width and the calculation strength

of dongfeng 12 railway trains and the orbit load (wood bearing )
w | =6 X # - ﬁ?;gigg o E B (KPa)
K | kE
k2 Ty T ) K| fg | BE | BE || 43%kgm | 50kg/m | 60 kg/m
(m) | (kg) (om) (m)

0 [2.50 50.35 | 50.38 | 50.43
10 }2.70 53.29 | 53.31 | 53.35
x 20 [2.90 56.03 | 56.05 | 56.09
K 231199 ] 25| 251 30 3.1 24 58.61 58.64 | 58.67
12 50 [ 3.5 63.44 | 63.46 | 63.49
80 | 4.1 70.05 | 70.06 | 70.09
100 | 4.5 74.16 | 74.18 | 74.20

HR3-6Z3-90 H, FARFHNN. Pubk. EMHRITnBETRMERER A
RIBRHE, XEFRUEMIZEE. 60 kgm M. 1 RRBELHARAFHELY
LT T SRR SR FE AR E AT A S AR e i R R AR

#3110 LEHBRERSHERITMAREES
Tab 3-10The cohesive strength and internal friction angle
of railway roadbed material mixtures

FESCRE(%) ¥R A cPa BBA o
90 74.25 34.22
93 85 38.58
95 99.74 39.12

A REARYE (RRBR IR RV D EHG
FIHERAEEBBROEHAHME THEW.
THEZ—BERHHHEEH.
[FEHRZH]:
RHRE:  @RANE
WHEEBR: Z2RYHH
REFRLHE Bir: BNRERE

A
(iR B)
WEEBRH 5
HmES AF#Pm BERE@m BEK
1 21.000 12.000 0

2 12.000 8.000 0

31
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3 7.000 0.000 |
B BEE0.600(m) F2.500(m) FHE(51.31-51.31kPa) 270.00(%)
4 12.000 -8.000 0
5 21.000 -12.000 0
[TREER]
LEIEH 1

BES RBE EF HWREE BES AEERA A1E
m  (Nm) KN &Pa) (®) F¥

1 20000 24.000 - 41.980 60.380 —_—

FHLEH | |

B8 Em  EEF HAEE REH ABREA SULE
m (KNm) (KNm) (kPa) () ERE

1 4000 18.000 —_ 19.000 28.000 —

% jeoK K fE

[HEEH)

B Sk AR

+£EORASHERDFRRAR: YTRINE

BETEAE: BREERERENE

&S0 £ 4 FEHE: 1.000(m)

BREMELFK: 1.000(m)

RERKEREK: 0.500(m)

WHE&ER:
BAFH hm:
WahE O = (10.960,15.760)(m)
Bk =29.041(m)

BHEEZEE =1739

32
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3-6 (<N AHEERH SR A REEE KT
Fig 3-6 The analytical diagram of coal gangue roadbed

stability by "application lizheng software"

#31

(B E R 20m)
Tab 3-11 the slope stability index under different
compactness by the worst-case loading

BARFRAR FIEL T MR e R

"
5.3
K 0 10 20 30 50 80 100
a3
xE
90 1.738 | 1.736 | 1.734 1.731 1.726 1.715 1. 707
93 1.845 [ 1.842 | 1.839 1. 837 1.830 1. 820 1.808
95 1.904 | 1.887 | 1.884 1.895 1.888 1.888 1.853

MER3I-NTLLE S, EREENETREEBERNEHE: BEEREER
W, B EBWFEIMK, BEMRERIED, BRBEKEEMNOKELDIK
i, BEMEEREBEEERD, RUNEAZES ENFERIENTEEH

. ZRE, BRHIVENEREREREAAZEME (125) HHA.
TE RS B A AR A AT R R R B T L

MEEREREMRE, REERTHEGT (WMRPREEE 90%T XK
BAMTERE HERENEER, HiRAZCREER THENREER—

EFEBERTER, AXARAHIAGUTE,

FEA T 1m,3m,5m,10m,15m,20m. 25m M 30m FEEETRAFMIATF
g EE R E, Z£RLE3-12.

33
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312 BEBERSABEHEELRENTLHERL LK)
(KRR 12 BREL T HBESLE Y 90 HAKN 100em B, BEEKIER %0%)
Tab 3-12 The roadbed stable safe coefficient with the
variety of roadbed height(standard side slope)

AR (m) 1 3 5 10 15 20 25 30

TR (K 2145 | 1947 | 1905 | 1798 | 1.760 | 1.707 | 1.684 | 1.659

&R 3-12 ATLUEY, EEHREIHNELT, 28T aREEE
H, £ TATHRERY K>125. BT ST 76 EH A KRR #
AREEEX.

3.3 M

FERA MR SEESEERMS, NARTRT MR A BERT HER
Bt RIERERBANRITABENREHTSRLRE. Bt &8Ik T.
BB EAK R BN, B ERFEEmMA, HENEE AW, BAEREE
M0 KRR 1 OKET, BENEZEREMFREERD, RONIEBESRNFH
BUEMFEEREW . B2, BddEoam, AREKEREN OB ER
BAKZRATZN, JEERBEM 0~20cm i, M EREMAERRER ENND
HET 40%%. bl U, EHARE RN AT G B R TH Y A E B 2 1R K
8. FPREEETHRFARENREZLABNARIMBABLER. ATHR
DRERNE, RETERS, FENETAEDREBERLUTER.,

| EHRBAFLEPEEEREXS, RIEBEAELEE 90%LL L.

2. ET R SRR R R L A EAR M B EASRADT 20cm.

3. REBELHAMENTHTEREERENN S, BV KKBETEERRER

BIFRAREEL AN ER .



HERT 10 B B 4 T P S BT A B TC AR R B T

4 BEAREBETRRESHARTRENES

EHZETENEERES, dTIHIEE. ERERER LR ILATERE
AR, PEENSHEE, EREFATARKGRIE. EL+EXR, HET
BHMENAMTEVRAN CERR, BEMIRHTAMIMEARER, &
METEBANT I ERNA, HPREENREERTE. Eid D-P dR
R T A RRRBATIES, B BEARTER.

4.1 ERITHES ANSYS &R

TANSYS S REGH. . RiE. Bl PHRBEHMTF—HENK
ERHRTKM. ANSYS FI /@ THUM. SRR, E. TEEH. LK
BE. AR, BT, B, EWEZ. HERFENSTE, BRKEFLHT
EFENS R EATRANEEMITE . REERREATUT LA HE:

(DEES—. ANSYS % MBURERTFHERSERRRER, TN
AT, AHTREERE G R ES—.

QBXWEEES. ANSYS RE&S @), METUAAET LRT S
FOE 7600 LTI,

GYBRIRMINGE. ANSYS BT SFRAE, FF o] LURIE B i ol 8
BB RRE.

@BEAMIERIE ST, ANSYS RHBAMIELIEDHTINEE, AT LA
BRI, ML RREFAIEAH.

(SYEBRGRIS. ANSYS BABRRERISTIE, RIEEEA0N S LR
HRITAHE.

ANSYS MEMAHI S BEER. B, RENEELER, WliibE@sI
B, EATRR, HRENE. THERRTRES . BNERRA%). X
WS R AR, BT REAERRE. KRB BRI 4 Rt
AR M HERHTERAET. FRETR. BTEHEESER. £/
ANSYS ZATB R AMTEES, BRENAYES, LPaR: HRATOE
W HRTIRE L AT A R
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411 HRTEZEIHFE

B ITT T S0 s RS 31 R AP 2R AR e 4 Ha B AR T SR
JUAEA S, EEATES, SHRERRSTE BFRAEN T ERE
BMR G, EHRACE ST ERIEMT. FBHRERNE, Wi
HR N — MEXRREER, Mhlk. ERLHTERTHRN, BT
RO, FtWmERREHEHAE (Hooker) TH. XHERHXRRB
BAMRER L, REAMEEDIFELR, WENENBONZEN. Hi,
S E R K BB )T, ML S BTE. FBA SR TH B
iﬁ&jb[lslllﬁ']

[K(6)H{S} = {R} 41D

R, (O} —WERH

(R} — 4 SHTRFIE

£ (1) FHEREAMBHORETRM, TRYESEHRA. REBXEY
FRRFRARGHAFTTH—NEESY. EEERARTEFRNEBLR
I MR E, KBS AP RS, I5E ESRER
W, SREMTRR, EEEHMTPRBERI—FES SRR RRHRE
BORREE, TR R P — B U PR B
(1) ERE

FASRERBHHRRENTEY, FNBEEDRRNBEHE, X2
SEEELM, TERERE—RSHERTHE. STSNRRER. 2B
AP 1 ()R
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B 41 FRERE

Fig 41 secant iteration method
1.EI&IEE
BREFLHEMEBN N E5LBNEXRRCAN, BI#ARIEEMDIFER Y

LR CHE, [DHSTE4la PELMAE. W THREFEERE, E8F

FYEE R, MBI LA ER, WRRAEEE, JERRT . EHRTHE D,

TR (R 2 MR FEH, ER—EELMBHEERE,, 4, BRDEERE
K], BREBNS—RENE]),, WE 41bFHM, A, h{c) BEFLTH
R () MR {0} . (o) F—EHAREMERILE, NEEEHENC 5o
BIEF R (o) FRtREM o), . B {e), 1 (o}, HE BB HE 26 R0 — MG A
18 Bty » FERBHHEEM K, B RABEME ), . WK EEEHE

PRI 2 1 K ORI . SRR ) 3k R R AR
2.5 BIER
SEURER A BB S S RARITHE, RENNRELES
VR EHIR MR, —RSARRRTRTEN. WMS R RPN
P& T RIS AR 8, (BRI T4, fERAit g, mE 42 FR.
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42 REEA
Fig 4-2 residue iteration method

3R HEERE

MREEHMFEENNN {0} PVNE{e}, WEH—NEXRATRFTA:

{e}-{e.} =[01{e}-{a:}) (4-2)

B: {o}=[D]{e}+{oy} (4-3)

BV {o,} FELREB o - MFREXR, BEFIANTFRTIHE, &
AEIHER SRR EE FHASMEE £, XRTEERON A%, M FUNE
H#, BEEM KRN --REXRETRN:

{o}=[0]({s} -{e)) (4-4)

BAHINE {o,} MELKRB o - FIERMEXR, HEIIWERTIHE, &
TERBHEE MRS L EHELLHWE L, XBRINTE. — KRR, So-cH
GRETRO@=r({)WMERXRHN, XBVBHE: RZ, WERSK
(e)= 1 ({o}) B, RRAWMIELE,
(2) BEEL

FrigMEERRREENESNE THRNEZELEM, NTE-LHE, %
HEMBEEMHRRTE, FAEERAHE, ROCE. BERN)HRE,
FIRRERIRBE . UHELRFLRASRALRBIEME. HHEDR
AE, RRSTHXR THRELEM, SETATELE TNRIRE, M
TERBROERDNHEASRERES. TREREAREERE, HtNBg
I

HEERIER AN AR AW TILA - R AR, PR BERNEER
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Fig 4-3 basic increment methed
2P Rk

HAMBEHTHYBNARD], SHFERBE—EMNRE, BIHERES
PR 5L MR RERA, Bl HTFE—RHR, BAOAIHREEL
B TRE, BUEERERTHE, BERREHE TR END)#
it HomsReaNe. XERTANEIE.

° ¥ N R W
4 . { R s {
- s Km
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Riyf Kmi/2
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Fig 44 middle points increasing increment method

ATRFHNSD, BEE—RAE. FRMARERTE
ZREMMBHER N TSN, KL RELTRENNS, BRSNHERN
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Ab AT AR+ 5 3T

HEm 172 T EOE R, RIUMNHER PN Y. BEEANTFHNNE B
KEFMNKD], MEEHFREHFE K, ERZENRE. B 4-4 PR,

3BRNE

FEMRERERERET e, EHTRARERESLFEMEZRER
%o, RERLGFAREFEBRN, LRRBANET, SETHREGH LK
RMER, EAERE. xE—% WHoge, HARESKHE, FHERTR
LfE, BMT—4HE. XERREARE. ERMBEMANENES, BX
HARAE., EMBEEMEREZT, BBEEBRSHNERGE, BREK
RSB SEE. MEREITHTE, fRERAIRHR, BLERES
BHERER. BERUREsTERENEEENARA, FHERERRT &
ks, B4, KAZEHHEEX, BAEHEERAT, AT HEE—H
BRI EMEUERE.

412 LTHEEHXFR

A4 OV 2 0 A K3 Constitutive law), LR HEHHE BT 5 —— s
AR, WEEHRBEALEBEAN —FABRER, QBN
HREREMRIN, £H2P RN EREEN AT ERBNAR, K
B, AT, LRERE KAMERLOMEERNE. HES ST
BUBRHAT LR —— MR RRY, WERN. WESHE. FESER.
M, ESHE. SHRRMRAREREYN, HARNTHAERZRENG,
BEER, HUTILA: |

LHEHE SRR ERST. TR ERRRN DM plE, =Hik
RIMBHE S —NA R, ERFMFARRMANEE—S NS, B2
Wk, TH, AR~ FERERENRER, LPRTEANE. SHELY
R ER AR T A TERA O AT A A,

LT E NS RS EMBRHARER, UNHBLSEBERER,
WXt S—HE, BREHNEFANNE. RHTXN, SEHA 0N,
FER AR b R

RN —— R R WA AR R, FIRL, RETHBS
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A AR, RN H—N MRS, BRELE,
A BRARAD, BRADEEN. RENPHERASHN L 2ELY, TEED
TR E SR T2 ST,

R h#R. BAGR. PENOMBELEEH¥%, HEREHEERW:

T HNOEREE RRER. PMUFERER LS EEHE @R TRE
Zr&mEE, TENTEREERRENEEL, EZRZHIPAN, BEF"
EHORREEFE. LA L AERE M T BREE R 2L
vt EHMBERATREKPFREREAT, tESRAL BT, B
2, AN MR FRRAEEREOBERAGEN. BEARDANT
HBHHEARMERR, ATREALERYTRERMRT AR T TR, X
WHERMAER ., FE#FNIATRMSHEYE, EESARETEER
BRHREATREMN . BHREMTRRIHMEM L, FHREELRE, IE
FEERAE . e E AR e,

FER  DAXENTAAEEAERRS. HARRAEHRALL—H
WA R, BRIV ER, ERMINAEMBTEEA, ELEKE
#ybaE AR EEERRRA T EEREER, LAREEERRERN,
FEERBEBTAMIFRERE: HORBFPHHENAR. I HFNEREHE
BYEMBERES, ERERRHBERERES SRRELSHRE,

(1) B pERIe

B RN ENBREAM R S REDFAE, WARERRERRNTERR

MRS MRt BRI R RIRIRS O e T L S R A AR R

|

< -

1
1-v
v

< |

E(1-v)
pl= ) 1-2v (4-5)
2] (Q+vya-2vy 0 0 20-7)

1-2v
2(1-v)

1-2v%
I 0 2(1-v) |
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ERZBRATFM R

AP E, vIBULNEE, MEEEMNIREMRZNE. dik

BEIKIN SRR RERIERIEN . AMMEIFRERARR, RAXREHAK,
i) RRAX (AE T I i RE BE R AL B B

BT SR ER, MRREXE-TR, WWZHR, SN, H
B Ao MIRFHMT AN NAE, REHNHHEENT, TH

Ao
Ag_ = £ (4-6)
T g 6
As, = 2% (47
E
A
m, E==2 (4-8)
Ag,
v=ﬂ-Ag’ (4-9)
81

A SR M R B —— SRR Y, T Mo A =
RBWE. EA=HIRBRERE o, FEGHRT, WHBRS (0, -0,) RE—

AF RN R, THAT MR e .
(2) FIPHRERIE

BEUBEHMANTERRFANLRE, HERBRKRBIER, Mk

HRANEE. KRBHEEHETETES, TEAENYE:
BRHER

JE IR
AR
HshHN
fERSfCEMERM b, HTRIRBNND——FRERE, BENIFES
B BT X R,
LA

FHAFIRTE, BRSTEER, SHANERATAN. BILaN S
 NEER, FEAREEHABRTLARIIMIR, HkS R AR S
B, MR R, B+ KRR R E FRARE, SRR %
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fio)=k, (4-10)
F(0,) REHH BGEHERE, MHFER: & RRRBEHHRL,
x Ok g,

£ @<k, rpsg,

"D Ko "

BT HFSRIREIRESR, B¥ S (0,) MAZRNEREREIQHF
TR, EMENNAR. BE (o) EXMHERAARE—@HE, WEEE.
RN STEERINE AN, MR EAARSE L, HRER.
R A RAACE A REAR AR o B IR 7T LA 38 22 52 352 8) By 1A B SR B AR 22 5
g,

B CHEEER Y TROBFEN, B EEH F(Trescaf M. KE
Hi(Mises)HER . B /R—FE £ (Mohr—Coulomb)#E . $778—3F 5 (Lade—Duncan)#E
.

2,78 AR

MRNZAER, ERABMTEEREEREN, —BEN T ERHR
B, WFFRRHBBNER, NA-MEXRSESRE, JMNERHEERT . RN
BN A-MEXRZEAHA. RREH, BREIEREFNIRE. HTFER2H
iR, SRASBHERRRAARE —EEN, HEER, ERENTRES

flo,)=k (4-11)

K fo,) WERER, FHFRK—H, C54REEEX RNAFTR
B B8 Bk R S0 S K, S BB R T B R — K (L,
BB £ (o) FER 22 B 3 L F— B8 52 8 B T, % e T PR AR D » 24 K (R A2 LAY,
FHMEE—RFICERE. BERBEMEERERN, REARER, —4
R, BT, MU R RSN, BN R R R,
MFETAME, BROBEERRN. BIRRNMEBUANEE, EHNS
EAFHEREN TS ER, REX2TRSYRSH, REEBNAERN, B
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P4 X DA .8

FEURR, HeER. EROE—RAMMHE, W AGBAERE B— 1
EMHE. CEARRENN, h4HNAESBHHEME. & f0,)< k., M
EHETHERTBB B, #2522 [ AR Y A E R CLPI; 34 f (o)) =k, #1HL
ER. f(o,) RETRDIERMNK. HENKEET, AR f(0)=F. X
H T B AR S A LR (L 2R L

3R

AERE, SHHAERE, ERVMEERE, BRE-DPHL &%
i, kBEfHARETE, Mk, REMFELME. L UBEE=HEMR.

0 JERRSE K XEm, XEREHMEET, mEEk.

O KWRANT, miEik;

0 AFRE, mMEASHEEE.

X =R AT SR 2 A B X R R B ERAE R — N SO
&. BUAESHAFRLER, RANREEHT ERFENE A SREE— S0
k. XETREMBRBRET BHER, REHERMTBHY. Bk, TUUAS
HERRE S EYERELREOER, ML, HHRER. #iE

95 % 3 BB (strain hardening)SX SO 584k (work hardening). k A#E{L S ¥ H H&
¥, 18

k=F(H) (4-12)
¥ ERXER(4-124 5K, RETENEREDY

flo;)=F(H) (4-13)
EHE—SHERE

flo,, H)=0 (4-14)

s—iwEr H{E, ERAH T MREMRHE, £ AN
SE I AR IET

4.5

JEE iR 2R RO AL R A H T BT o AR A0 B LA e JER R B XA R HE R R R 1
R, BREEAHERAEHEIMESSEZRRGELLHA. S8 TR



BREf, "UHREEAENRHBNESBENDRENARAS, NESEN
TMEERETRAEE. HENZEERTR, BIEECINIRSRL LR
R NEZEA, NERRSBENSRER AR XTERRERT R
ETEGRZENLAXR. ETEHNTHRE, HARFRRETH A,

MERETHAHLE. AHRAMEATHEEHNTEET HEE. BHER ,
HERBWE, SRR, TTUE R B TER SO FEHTT
Br, EHARABMS. 19280, KEMNK LN M ] R B BER
BN AWARZREOBRES, RibTEHEBER. RAFELHBEREY, B
RN AREHEE, Ue(o,) g RKER, BN FBNMSRE T BHNEH

Epythfl. UE AR A

def =dA % (4-15)
60".,.

HEHEHFER

{de*}=dA {%} (4-16)

A, di RHEAFE
5. BIBTEAERE
BRBPHHONN-NEXREN, REER

{o} =[D]{¢} (4-17)
(417 IS MR 4 (D, R B (D) S T (D, ), WAETE
BT E. (D, 1R RAEN. BLRFRR3 R E7 LT RXRA:

g [F@))
[D]{ oo }{ oo }[D]

= (4-18)
Lol

(D,)=[D]-
oo

A, A=F‘{?£P} {Qg(—"l} .
e do

ARRRUEMBEHELE . SHFRE. BEER, Drucker—Prager %8,
FE—-RYNE RIS, sSMP REE,
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42 R BB ERRTRRAE T

T ANSYS BTt kftd, ERAFLIHEWE R, HIREFRARHE
SITHERIE Y RE Drucker-Prager BIREM, & 5EFFEMNR/R—FECHERLMIE
e ZEERME T UEEH TERMIGENERERK, EAZBRETLNEN.

(1) Drucker-Prager J& iy MIP241

Mohr-Coulomb #EM B RIEE FRIRAM X EE . FL L, mBEBELE
WAHBEBHEMSE, Bl Mohr-Coulomb 3K #E W ¥ 3% JE FR ¥ W) .
Mohr-Coulomb #ER EABY 5 57 6 4 A WTHRHE, EEXANMUNAHARBREIN A,
RN F L EBAN SRR ARRE, , HESNYEENR: S8
0 L6989 G 5 1E R h 2 ik B & /b vy sy S _EAF A A 6180 AR o e KB
MR A JE IR 553K, ) Mohr-Coulomb #E Il 085 4 B X 4 ) 212 . Mohr-Coulomb
HERIAT B KR R BRRE RBLE LR M BIMPUERE, WHEREH, KX¥ts%
c,¢ WEEIRE B B ARSHTRE. 18 Mohr-Coulomb #EM LR TN 13 /8
FRABR B W R B AR F K E DTS RS X BRI, ERMEEEERA,
AMETEHNTHEBHNTE.

FR7E 19524 Drucker 55 Prager 1 11 T 5 [EHKE WIS SUKZE HT (Mises)
RSB, R%RA D-PERSHAEY. D-P EMAERE SN

F(1,,\J7,)=y7, —al,-k=0 (4-19)

RA: ak—K0 D-P MM EL

[— %R, ﬁmﬁufﬁf—‘}ﬂ;

Jz—ﬁgﬁﬁ; ﬁitiﬁﬁ Jz =';‘[(0'1 -02)2 +(O'| —03)2 +(O'2 _0.3)219

HFR( 4-19 IR D-P MR ML T 1,50 7, 348 IRERBOR 0 %0825 50 4 4%,
D-P HERAE MR B — ML A B h BB o, = 0 W T L, D-P T
Bz H—AMADES, =0, M ERME T RAMHEE I, -1 FHAIFREE]

L POp Niop =}
R TN T R I BT &4, Drucker il Prager B T a Mk 55



(4-20)

(4-21)

D-P ERHENRBTaREERSBHMERN, FET PENHINERSHIRNE
W EREALERESA, FHTEMHNEHEETMMHESRETH: BR
HHREE, HESED, A5 Tl E% R % a6 Mohr-Coulomb #E R+ L % 8
.

7E ANSYS BR84S Drucker-Prager HERIRTH L 5B & BERE N
CREERENKA . BIKAg ARERBEERAXD. 2=08, #EA
B2 =00, MESREFERK.

HRLHES, WnPURAXRBRBNER, AT CURBIERBRASNEN. K
KRBT RIFXBARSNEVNRRT RIS ¢ - 29, =9 BF, BRBRAZIEN; 24, =0
B, RAERBERBN AR REEICAREY, LR IERBAEE N B MRS L
IRV BH K A XS EE BT AR E R, mBREKA, BSBII8HN
RTFHER. AUKH =0, HEXBRMSHHEN.

(2) B EHBEERTHIEABEYHY

REFANESZ—REAHTRTESTRTAREES MR ERR
#, HAEEBRLEABTHEERAENMERRE. NIERBHREPH
Drucker-Prager JEfRAEN], &8FRELENTHEIE, FEETERSTEEE
f B B UIERREMREN, BENTRE:

1. B3P A & W FHEEE A R

2. BERWRAEERBNES,

3. AEEMEMTEER, AAVBERERETENEERRTERBSR
AT

4, WHRERLE—RME THRTRRIHFR, AERERRHSLAEL R
BRKEHRIEW.

(3) BIRRETRTEERBRIS
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AL SOREE K- 676 3T

B FH RIS ENE ROARFHRME RRENELE, 3 THRFA
BRI A MR, RAANSYSH MM A8Y M BSOLIDAS L A TR L.
SOLID4SR—I=HAHFEBLEHER, KPS HAEEx. vy 2=1HH
M B BE. SERTATBME. BK. MR, XEEMKXNERIFES . SOLID4S
BEmBME S SNE. SR ENHE.

TR RERRAANSYSH FR i L RS AT A MIDP (Druke-Prager)
PRHEEL, DPHFEHE H Druke-Prager i AR HE R, #tHE )5t Mohr-Coulomb#3 i {31,
PAEIE K ZE Wi(Mises) AR, DPMEIEET b FERTS EMFBEEK, B
FERETRAMEW, EHHEHTFREL, ERRIRETRMH.

A REREEE RS, SR EHRE Y Druke-Prager B, o] DU
AR, HHEBTASENNB2EMARSH.

ERTRAHE, HTREREKR, BxilaX D egmitZEE, Rt
SFRAUXBEEZRIVHERVRRER, ERRTKPREAR 0, KEEL
15m, XHSTREBIMITELERSHRLATIEHBOERBERD, BE
AR BMRIE. E4-5~Ea-60 FHIRFAEE A SmlEFABENE R TETR
KR RI5.

AREM GAREH) MEEREXRTLHFIRPRBREHME, 78
EOTELENEAR (EEREER, BRIEHEABENKTESRE, £
B, FEEHEFRER ESMRBERKESTERE. HETBIRED
RNTEREER.), ERERNTZET M TAR, FTFRHEEERRRERS
B, XHRESLEFEERER.

45 FtABERRTRY (BENE | B4e HTAREFTRTEY GLEE)
Fig 4-5 The finite element model of coal Fig 4-6 The finite element model of coal
ngue roadbed(roadbed cross-section) __gangue roadbed (stereoscopic diagram)
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A& ARERAERARE ANSYS #T TR, Hext BairE R oiegiE
HIS T ERAE T AR, dTFLRARE, HEHXRLEMMEERGE,
FUKARBUEYER. AT ENTERARAEMBYERNES, EHREER
MPHBBESRREUAMETR ., 7 ANSYS BRSSP, EHTLTH
¥R R Drucker-Prager JEIRHEN], ZBIALEE AT LAE 18 i T B AR 1T 51 R ) AR B
ik, AAEEEBELKIZN.
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ALHU T KR -5 38 X

5 KM AREESTETERR

AN BATRRERT, AAMESLBENRAREIRARTS, R
BEMT XA, M HIMRHTHH.

50T ABREERENITESEHRR

B aRESENRTIRP AN FEARE, A3 EPRERE S HIR
Sm. 10m. 15m. 20mH25m; A EIGEET A HEEE 2 8 R A 2 2 I SC A 43 B R 90%.
92%. 93%. 94%F95%iAT i H .

EZRIELHFEAPREEREAR, EREIEPLYBRERTE DT 8mi KA
CLSHISE, UBEEREXTml, ELEmBBENKERELLS, BETHRER
ALLTSHATH

FEHEERS, ERELREEMANELBHITSIRINREN S FEEE
HaBEaEEHMENERTREEN TR, B

AT A B R A i R AT B B 8045k B 38 — R iR R 3

TREBRE, RNVEGREWMBRAN 128, KE,=pE (K¢

p=1-20, vhiaE) BTRE. EEHREBREASRRHLEERN (K

1-v

3-41~K3-45), KALBHEERES-1.

51 BRARETNSN
Tab5-1 The calculation parameters of coal gangue roadbed

g OB EE| $Ehc | EEAS
(kg/m®) (KPa) °)

92 1890 75.62 46.34
92 1940 90.77 50.05
pA] 1960 111.92 52.85
94 1980 119.92 5543
95 2000 132.89 53.05

PSR
(%)
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52 B ABREMTRENR DIt SRS

AT BEFH RN KEENLEER, EERARRERERERT
THEHHE
(1) FBERMEANR

WIFL EERNSE, NARTIHR FEFABREMORRTERMN M T E,
BERNBERMERTERAME. BRRAENE. KEARBINHE. K
TR BAN D EMERBANNNE (B 54-8 5-13), HEERITFE 52~
& 5-6.

LI L e o ___"""“'_’
54 smBHENHTMGIEE (B M55 SmRHARERNNDE
Fig 5-4 The sink calculation diagram of Fig 5-5 The vertical stress diagram
the 5m high roadbed (vertical diagram) of the 5m high roadbed

HE 5-4 WLEHETARENE AR A B AT HE NI P8, A
HIAE KK R TR, HFEBRETRENFEIN. HEPOAKETBRK,
BEGRE/DN, (BEBM K. BRAEFITERS2.

B 56 SmEBREGRMATRNR -
Fig 5-6 The cross direction stress diagram of 57 Sm EEEEAMEIAE NS

the 5m high roadbed 5 m the horizontal level | % o7 o "“;:ig:‘d’;’?"t'ﬁd is a level
of the high roadbed shounld dint diagram engihways saou’d dini diagram

A 5-5. 5-6 /0 5-7 AR, BEMRENS. BREAFHRLEKF SRR
B TR BUE, FE T EKKEA . BHEARSENOEN, BENE
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MRS BREAKTFARARAFEHBEZ K.

58 SmEREE RN HIE
Fig 5-8 5 m the high roadbed vertical is to
shear should dint diagram diagram

B59 SKEBERRKTAE (L&)
Fig 5-9 The 5 m high roadbed horizontal

level move(stereoscopic)

A 5-8 A4, BEEEMBIN N RAEN TRERBELIIGE, HEH
sk BRI, BEREARBEEREM, BNz .

) T R

Fig 5-10 5 m high roadbeds horizontal level
move(cross section)

510 SKRRBRERFATAS (BETE)

Esu 25sm RERRELEE (BA)
Fig 5-11 25 m the high roadbed sink to

decline the calculation diagram(vertical)

i 5-9 I 5-10 ATLLE L, B AR K00 B B B oK B A7 T P g Ak
FERL 1/3 BREEEL, BRERENR, HEHEPRENIRI . £RETER
hE B FERAME, RELLRFERBAR. HERESEUMB4) NG

K&,

B 511 BE 5-15 RELEE N 25 KRR, MRS s KIERBENR

HHR.
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B 512 25m HERAENERNAR
Fig 5-12 25 m the verical of the high roadbed
to should dint diagram

B 513 25m B R AT
Fig 5-13 25 m high roadbed horizontal
level should dint diagram

Bl 5-14 25m REEREEMIARKSER S B
Fig 5-14 25 m the high roadbed is a level
lengthways should dint diagram

M 515 25m WEEEA S MBI
Fig 5-15 25 m the vertical of the high
roadbed is to shear should dint diagram

52 BEREN Sm HOTRERNS
Tab 5-2 roadbed height for 5 m of sink to decline with should dint

ﬂ‘ﬁa BEFAE | EABAX | KTHRR | KFERR | Baskkly

EL R FERA MhiE AL KR AHE @k |
%) {f C(mm) (KPa) (KPa) (KPa) (KPa)>
% 13,732 93.213 31.041 30.949 10.026

92 12.731 95.496 31.801 31.709 10.265

23 12.554 96.410 32.106 32012 10.361

94 12.59 - 97.323 32.410 32.316 10.457

95 10.407 98.234 32,713 32,619 10.552
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#53 BEFEYN 10m R ATTREMR S

Tab 5-3 roadbed height for 10 m of sink to decline with should dint

’fgﬁ BEREE | BREA | ATARR | ATMAR | BABAY
EE myLRER X MAHE KRN KB HE BhiE
(‘%) { (mm) (KPa) (KPa) (KPa) (KPa)
% 46.638 153.459 51.014 50.599 19.345
92 43.369 157.405 52.327 51:902 20.069
93 42.804 158.984 52.852 52423 20.272
94 42.961 160.564 53.377 52.945 20474
95 35.547 162.138 53.900 53.464 20.687
%54 BEREZN 15m BNTIANS
Tab 5-4 roadbed height for 15 m of sink to decline with should dint
AR | mukmE | meAx | KFARR | ATHAR | EARKN
T miTER X R h{E PN KRiE B {E
E%) #f (mm) (KPa) (KPa> (KPa) (KPa)
9 96,664 230.406 76.785 76.735 25.898
92 %9.963 236417 78.788 78.737 26.567
93 88.817 238.823 79.590 79.538 26.836
94 89.168 241.231 80.393 80.340 27.106
95 73.813 243.621 81.190 81.137 27.365
# 55 BEREN20m BRI DH
Tab 5-5 roadbed height for 20 m of sink to decline with should dint
ﬁﬁa BEREE | BREX | KP9RR | KFERR | BaBAYW
T D53y N RhiE KR {E KM AE MAE
E%) & (mm) (KPa) (KPa) {KPa> (KPa)
90 164.977 297.651 99.203 99'.161 31.268
92 153.603 305.453 101.803 101.761 32.079
93 151.834 322.363 107.420 107.315 34.211
94 152.285 311.703 103.886 103.843 31.389
95 126.099 314.799 104,919 104.875 31.677
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x56 BEREN 25 m HETERNSY
Tab 5-6 roadbed height for 25 m of sink to decline with should dint

*gﬁ BEXEE | BARK | AFAER | ATHAR | ERRAY
AREERA | BAE | KSAHE | AmHE | mHE

%‘f;ﬁ i (mm) (KPa) (KPg) (KPa) (KPa)

90 251.064 343.754 114.538 114.399 37.583
92 233.824 352.789 117.548 117.404 38.562
93 230.899 356.405 118.753 118.607 38.956
94 231.859 360.023 119.959 119.812 39.351

95 192.04 363.619 121.156 121.004 39.731
MELEEF TR B REE T LUIE .

1. BEMEAIMERMEE ETEAENERNEERDORE, ELEEHE,
HEMIERRESD, MTFRTARERE ReREELETLAYMDEH
BT/ETRE. IS KRBT, ELER o5%MBRTEESN 10.407mm, FELE
Py 00%H, BREITMENEMP 13.732mm, FMREHMT 31.9%.

2. BE S2F 53 ERE, 5 KA 10 KRB BT I B 00T B K
LENABRENESERS o0%l Lat, BRXUTMEHAED 50mm (—&ikH
HEAREFERER), EARFEREMARARERT 10 XLUG, FlESEA
90%- BREIEAEER 15m i, HEEREIKRMESY 96.664mm, BATMERIT
S0mm, FEMATREENEH. BIRFPHNTLUEE.

3. ARARFTEREEARENHHE R, TUFY: EERFABER
Eapgm, BEXDRITHEEESER, WEXEY 90%. BEHABEN Sm
i, HER ERmMITREE N 13.732mm, SEF MR 0.27%., MRAFELE R 90%.
BEAA AN NE 25m B, HBEERENMRESD 251.064mm, SEHBEN
1.0%.

4. BEPFRABRKNHEWERRENDTAFRERE, PEFEEXEN
BT FRREN PR EBRAK;

(2) WHEHEREHE

TN S KEMERT G ERE, EKRENTEGRT, BEARENELE
AN, ROBERESLE R 95%, T LRENHOENG, EBESHH
5m 10m 15m 20m. I HEHARAKTTEZEHER.
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B 516 10m MEENVRENE (BA)
Fig 5-16 The sink calculation diagram of the
10m high roadbed (vertical diagram)

Bis17 10m REHEEMNE R D E
Fig 5-17 The vertical stress diagram

of the 10m high roadbed
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B 518 10m HEENARAKTHHE
Fig 5-18 10m the high roadbed is a level
lengthways should dint diagram

B 519 10m FREZE BB KFRH B
Fig 5-19 The cross direction stress diagram
of the 10m high roadbed 5 m the
horizontal level of the high roadbed should
dint diagram

| Eer——

B s20 10m HEBEESEENLE
Fig 5-20 10 m the high roadbed vertical is
to shear sheuld dint diagram diagram

B 521 10 XRBERMAERBGLE
Fig 5-21 The10 m high roadbed horizontal
level move(stereoscopic)

Bl 5-16 ATLAE H, 81T TARREAE LR RAE, 10m Beb i B 2w,
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BB AN ERE RS, BERKEN T,
HERBOENHER—H& L, BiGTORIITRI M.
B T ) B R K P B R S K (B TR SRR 49 3/4 B AL, BB
BRI, WS NRRERE. EHERBEN, BEREMNLLS N

AL,

M 5-22 15m BEEMTIRETIEE (BA)D
Fig 5-22 The sink calculation diagram of
the 15m high roadbed (vertical diagram)

B 523 15m # BRI S @) N B
Fig 5-23 The vertical stress diagram
of the 15m high roadbed

Bl 525 15m ShEEIEAOBR K ERE B

B 524 15m FEE A KT 50
Fig 524 15m the high roadbedisa
level lengthways should dint diagram

Fig 5-25The cress direction stress diagram
of the 15m high roadbed 5 m the
horizontal level of the high roadbed should
dint diagram
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Fig 526 15 m the high roadbed vertical is

5-27 15 K BRHE B i K P DL B (BRI D
Fig 5-27 15 m high roadbeds horizontal
fevel move(cross section)

to shear shonid dint diagram diagram
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(E 528 20m BEEERTEETHE (BR)
Fig 528 The sink calculation diagram of the
20m high roadbed (vertical diagram)

Bl 5-29 20m FEREENE WS E
Fig 5-29 The vertical stress diagram

of the 20m high roadbed
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B 530 20m FEERE GG MR hE

Fig 5-30 20m the high roadbed is a of the 20m high roadbed 5 m the
level lengthways should dint diagram horizontal level of the high roadbed should
dint diagram

A 531 20m REEORAKFEAR |
Fig 5-31 The cross direction stress diagram

58



BT SRR SR R

[IE T
e e Bk T

2 Recml

AR Seded

B 532 20m HEEREE RN SH
Fig 5-32 20 m the high roadbed vertical is
to shear should dint diagram diagram

5-33 20 K H R BB R K AL B (BT D)
Fig 5-33 20m high roadbeds horizontal
level move(cross section)
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(B 534 25m RBEMULET HE ()
Fig 5-34 The sink calculation diagram of

B 5-35 25m HEEEAE 1N B
Fig 5-35 The vertical stress diagram of

the 25m high roadbed (vertical diagram) the 25m high roadbed
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L
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Bl 5-36  25m F BRI RAT RS E
Fig 5-36  25m the high roadbed is a
level lengthways should dint diagram

B 5-37 25m FBREAB KRN E
Fig 5-36 The cross direction stress diagram
of the 25m high roadbed 5 m the
horizontal level of the high roadbed should
dint diagram
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B 538 25mBEREERNNHE

Fig 5-38 25 m the high roadbed vertical is
to shear should dint diagram diagram

T E 539 25 KB ER A TR B RS &)

Fig 5-39 25 m high roadbeds
horizontal level move(cross section)

F 56 AR 10 m HETLERN S

*i o | BEXEE | BARX | KRR | KTROR | BREAY
- MRk | RHE KEAE | ARAE g1
o & (mm) (KPa) (KPa) (KPa) (KPa)
90 41.168 421.633 179.560 178.224 85.367
92 36.672 427277 | 180.652 179.285 85.585
93 32.715 422426 | 179.816 199.320 80.792

%57 BEEEN15mHBTBERNS

Gkl BEXEE | BRRKA | KPANR | KTHEER | Basin
E E’ﬁ B\ opimemx | MAE | KA | KEHE | mHE
g%) {8 (mm) (KPa) (KPa) (KPa) (KPa)
90 97.288 444 479 189.347 244.940 84.965
92 90.687 450.088 191.751 250.475 88.830
93 85.555 445 839 193.571 261.955 92,768

58 BEREN 20 m HOTERN

HE ageme | enak | AP40E | KTREE | BRRAY
BB | pummk | RAE | KSnE | KEhE | B
Bz:fgg i (mm) (KPay (KPa) (KPay (KPa)
90 103.282 455331 195287 262.513 80.741
92 99.175 459.270 196.951 272375 8R.856
93 90.382 455.i81 199.785 285.838 92.950
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F59 BREERES 25 m NATIMFIR ]

HE | pyems | BARK | ATHAR | ATHRAR | BR8N
R BH | mcwmi | B | KEHE | KEHE | MHf
E%) # (mm) (KPa)y (KPay | (KPa) (KPay
9% 193.098 558.097 239.301 338.938 106.131
92 165.238 565,308 242.355 344.607 110.655
a3 95.063 557.132 238.890 350,956 112.744

BARREEETEREHEERNTEERTUSY, MEARSENY
m, BEMFERENIE, ERBANATIRHON N LEHRD. BITE
BB AT B BRI R R MIE. ER—-BET, MAZKAX.

EREIRIFRENTARES ExXomir s nAnMARDNE
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BERERWLE ERNERRLE
B Sd0 FRERIBRENIM S
Fig 5-40 The two model comparasion of roadbed settlement
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B -3 sz 4 o + = aEfERE
; _ , & -4 ooz _ s
-1, (E-02 P .00EE ~: ' ]
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541  10m R IEGIM dh % th B 542 15m Rk SLUTRE dhEE X Hh
Fig 5-41 The 10m comparision of roadbed Fig 542 The 15m comparision of roadbed
seltlement settlement
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Bl 543 20m BERETIRE @ LT
Fig 543 The 20m comparision of roadbed settlement
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HEO R BN P EREE A FARNET G RE D, (RN
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B, RERELAYR. ERERAR, TNRARERR. HNRA%. BERBA
AFRENRR, BETRIGEDEBEEOANNEEY, S47 KEBET
AR, BEHER A RENARDARERT T AH TS, BHEREEY
B, BEEBAEIA, BENRERNEERERAD, ERROERKEE
B R BEN AR ERRT B0, SHREAE M 0~200m B, M ERLHER
BEE NN ERNT 40%E. BEERESERFERDERHIRERE,
RAEBIENE L RAE 90%bl . T B2 b BT R R AT
20cm, LLUEEIAEAMEK.

RFI ANSYS HRRTEAK AR RSB AT RN A TR F 3T SUEAaR,
AHRRERE . RFTE BERE REE E IE R, AR LR
BERT DD E M TS, MR T 10m 6, BATMSAERL A
FBEEA ,—BRLEE, SEEEEAT 10m M, ZERFGEENRT.
TREPFNET LR, AENGREREABRELBLS%.

3

BFERIERR. RO LB ROEER . FEEnSRE,
BEIHAMERREESR, KLFA ANSYS SH aH BT -5
Drucker-Prager BIBtE A MER K FILRRE. Bk, SEEENLEEBXER
EIMEAMER, FULEE ANSYS KESMATSNAHERHRETRUE[1E
FIF -+ ST R TR
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