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Analysis on the Shear Failure of Fiber Mixed Soil
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Abstract

The model using homogenization technique based on energy concept for the prediction of the
failure criterion of staple fiber mixed soil was developed to Increase the practice and the application
of staple fiber as a reinforcement for improving soft ground and agricultural structures. Parameters
of the model are aspect ratio and volumetric content of fiber, cohesion and internal (riclion angle of
soll, adhesion intercept of soil and fiber. It is judged that the model developed in this study is
applicable to the soil composed of clay, silt and sand mixed by linear types of fiber such as steel
bar, steel fiber, natural fiber etc..

1.4 &

&9 2L Fo ZE ¥ dAAHE FAA7 e BEFHeln AgA e Zigeln o] Mg &Y,
AFqPH 2B 7|& Z2EF] x4 FAAY) o)27)7hA] o7 BokolA] o]&dw Utk &
2] @7 olgHE BAAE i‘%‘Eﬂ, Z3, AUAEd 24 F W 48 AR dE 4 dAw ZA
SAASt ¥& 34 0%, F4 dd 59 2N @YASFs) v AR, FEYE THEYE
2 go el So BAAR -\:-ﬁ-ﬂ‘:}"m).

F4d = Feel mak TEXOL™ o] Zeolst 22 9489 4 $-(continuous filament) s 2 )7}
#H31 Fo2 dr(staple fiber, o3l E4F) 28z &% 22 gl Ha(sl flmaE JdEeld
B & So H49 A ek miE 3 wEgFoz =@ A f(oriented fiber)St FEAHE RFF
4] Fr(randomly distributed fiber)2 289 4 it ZZAYR u|dEys {3 o]4xiz G4 Hs Fof
Y4 FE Hrrate PR EFEe oLt Ao AWME M3 53 T FLHEH v 4
2o g Hapsie

CURE o83t §¢ 2BY A9 J1E9 2AASG AR AE U ¥E FUPEF 22
AR R ohgT AEY $HAR A4l S4a, APY BBAR, BANY R I TN 27

A wat BASA 2] + A FAHd HAFWel ot FHE A n vk 2y @Al
g AT7ER BAZA Ay med 2L YR AFE o)FoA 3 ZE 2L AF7|F FH F
e F2 vk 97 PAd) BEY, F o SYRE EGS AR H9 AnPESL 3A 7R A
AT sl AFEYEE 1 olFole AWY FxE FAY GRe ¢4 FHe 2 A7}
A7l detl gerh me ddHd i dfe w24 % 92%’1 T @ pEE AARS
ol FEE /7124 9%e mlAe) #AYQYL FYKE ol g9 3 4 ng % £ P w3
2 ZAE oM AR AeZRE F/HAR L™, Andersland 5 % AFRe s WA ARE VS

19991 = 3 E 3 Er s dherwrRy =84 (1999¢L: 104 16Y)

562



ZrtelE HE 7""7}'6+ﬂA IIH-J $2-9% Agd e Aol BE APEAsNA YR ETO
2 HEY A9REs $7MES BoFAG.

a2y elg e ge ’éulél AFAE ETHL FAHE AFEYRES RAE A5 ¢ e
292 F2 250 d4H0] glow £4 A 7 BAS AF 4F o) A7) VEY 43
olty, AFETEE AHee oAy MBI/ & Fo AdH] FH A/7F HYALR AFH HL
o F A S4BT ohvw, AG ANSAY 2D 34 WRe) FEEL T dobor 2 AF R
7124& &8 ANT & ol olst Zo] AUy viFHI ARtSYe BPgY goR A dAF
& &% EVAE B T2 AN ol M5 Mz JAEdE g7 vt & 2RAA
24 49 ol R gl 4o,

mebd & d7dNE duvA igd Jad #ds J1EE o)8std P ER
Agdte dAdf EFEY AHYrHE EHEo2H Qo AgAN AR W A
A EEFe 1Y Aedd FoE =raA s

nﬁl

DP:«‘ i

z o #3dEF 24
TrEL BFAR

rl

O AFEHES A3 2d /¢
2172 718 ¥ =

1 5&EHES F2A AHAIH 2 (macroscopic) SHRAEE Alakaly] el oz Aglel A wtH
4 (homogenization method)o] ol &5 glvh B AN 2E&E Ware] ofvjat dub#q) el Hfob
T AF 39 Zdg Aeslr] 9sAM Fig 13 2o 44EELE 4% srAEstgu

AAH dgo M ARHEGEA] Fig 1(a)s} el o] FE&3 AL 27|HHo| Fig. 1(big 9]
dojdthn sFAE St £% EA ¥ wE EF BEA dRelMe AIe wE oJdx AdE D

(€57 AA5elA Agd ANAD £8 o0 98 E(work rate)d HoZ JEUTE AL 2t
2,12)

?115';1':%/4 LD(E',-,-)CZV M
G71M, V' AREYE 249 A3 €51 N} WE AXNE BEE
oy 0 ANAE g8, D(e”) NOGEGE Q20 Alzhe] Wi oix &HE

o] of MHFEFEA Hell A st= e s 40)(fiber concentration -2 volumetric fiber content)
=A@ 2ol 498 & dut &,

v
o= @)
A, Ve Aae AE, Vo ARESE 249 A
EW 4 Fguls 4@ o] A PrP,
— :
= 3)
A71M, 1R "ol (I = dpX10), r: AHS %7 @ = dw)
Faul Aty AsAE Ahe 7*01/} Az %4 BEYA dpRth 108 o4 Fcken dfe
AR & ol FTYR oldolofor ¥ Ed Mf % F 2T @A a4oxn A 4o 4

278 ] =] 7]
FEGEH Wy df/9 4R mAs g3Fe TasEo g Fe $yae ojFa oz g
2 (normality rule)ell & Xugctn 7hA s

563



22 MREFESL 7=

AFEGEAN) g0 44819 Fig 2@9 20 s AT g A ot wehM w3o] do]
e EgAWel asts o A9 4fE Hausmann (1976)70] AA 8 utel go] &3 Aol vy
Ao % UG AaAA QA e} Fatel s HHArE FAEL ARV Aol FHL
4 (rigid-perfectly plastic) A% A% £&Fd ¢ vdd L= debgd, 99 MFHL 5
= Fig. 2(c)o} 2t

4

Deformed configuration

.-

"

al “ x [ slip +s - slip
I w,  Soll clement —_— : .

) ® FYtTeey tensile ailure fiber
v ‘/‘,/ ,,,,,,,,,,,,, \‘\‘ (b) Fiber-soil matrix axial stress Michalowskd, 1996)
j‘\ fiber /’/"
/ﬁ _ = Direction —_____
i .'t-,k—: = of fiber ol matrix
i ]

(© (2) Fiber-soil matrix (c) Fiber-soil matrix shear stress Michalowski, 1996)

Fig. 1 Fiber reinforced soi : (a) Force on soil element  Fig. 2 Shear stress and axial stress 1n rigid-perfectly plastic
reinforced with fiber (b) Deformed element (c) finer
Preferred direction of fiber

AFEFTES #u3 FEEE 84 H44EYY Hd Agge] aAgss A F A BRER
H Awe vineidel 2A4HE AT s2A, 4F9 Zeo] jo] 2sBy Z Ao ulﬂaﬂﬂﬂr ESCEIE
o] BAle) WS W 2 wbeie] Aol Mg Helrt YR F7] " ol v A ¥

AR7E AR ez wug 45 ojmelgo] BASE A sk A1<4 yeb ok crww A $ 350
of AEse AVLHE 2UEQY AS AREAY Aoz Hgais AR ul ggHE vh
d9r mP AR Aol gl dubdel Fo AE §F HH npduate] ohuje} F-itel
£ zeisolol st weld 2 dFdME AWE SEEd o dusde] nlgyad pxy

& u et HEAZCh

_r Os
$= 2 ¢, o,tand, @

A2|AM, ¢, & HF9 FaY @B (adhesion intercept), ¢ - EF GFH FEetEZHinterface
friction angle), g, : %9 §28H(vielding stress), o0, @ 922

3 JFe w5 rlnay fa¥He 4R Zol o] 28 A @ A4 ehen

S 1l G .
7 27’) ¢ 2 c,t a.tar g, ()

SAHFEEES HE A AR oa

564



Fig. l(a)olA BAY d#4E¢E9 =¥ 3 (plane-strain) e 434 o

AAEHRY T SAUEE 7t ¢ A

an AlEe] AFHe AEge Wz Qs IR E
3 7iok @k HHEHQ L2 A 2H FYY WAREL AALD AHE wyRRL w)
93 £458500™ By FFIYE F, ANFA 24 Aue YDZEY dojAc
Mohr-Coulomb®) ##]7j## @ §348 s &9 F238 282 @)y 2o
S .yr_3d
, tan “( 4 2) (6)
HO)2 HPurdZr g7 0o] ofd A$ F9] o] 24WHFL AF Z7tel Pl FuwrEGE 2L 9
uEH, olsh 2 548 F9 AW Y (dilatancy)stz e,
A7) wid

Afe A 248 BA FAdY BT HAELE WM AR A= T
d 28 A%F Y9 IU 97z B olFele @ PRoz YV UF= olfdy o

EUsET olgk 2L M@= Fig 1a)s) AREYEE ¥7 Rl 72 Ueky £ sledl, B@A 4
H(octahedral plane)-g 123w Fig. 33 o] BHE %= 9ok

Y

A

Fig. 3 Integration space with “onented” fibers (fibers not shown)

AHEFD AZHelA Mohr-Coulombe] #3715 o $EHL wat e 44wde] Yol

= ¢ WA 24 go] 00]7] o] Hfgel oA 2QEe] G2 vl

WA, Fig. 39 FielA d&2d] A+ 449 997 Qg4 e A9 49 Fig (a9
x5 yE2E 7H #d9 qRdPaA AA4d 4, &, P9 OBC o8 TR, olw #W OBC
G EE AT oW WHE dojuA g o8 Hew malstd A7), (8)F 7T

E6o%= £1C08 “0,+ &38in°6,=() (N
Ll tan?s, ®)
&3
oldl zt g, (9} zBTh
_rx_¢
4,= A7 (9)

deje] ¥ 02 AEw GHRUt el oA (slip), 24 Q@ (plastic exlension) .5k @18 oz} &4

565



e ogd 2tk 97A, Michalowsk™ 7t Zg & 488 Az <o} Fu) K iR = 224l

A AHE dsh o] RaUE 2 s A 5T olGad duH £2%E fuatud

J— . . 0, -
d = 2arst optand Epd+ 1P(1~08)6,C ép>= m'zoo{l- 2(cu+%,,tan¢w) CEpd (10)

AREgAe D A4F Q89 £ of wAlRl/] wlBe] MaEale e Ay oA Ay

D& A1) 2o,

o - Y0 2 :
D=L fvzﬁaa{z o Gntméw)] e d (1D

rR
L)
oo
AR

A71A, o, AR V& Med u o
Cepr @ O FoRe) UEE

Cégd= | &y ifés< O

0 ifé, = 0

mEtA, gAHAHG oz 24E D& 2(12)9% 2

D,= ”3"”{1— = ca:;tanz_ﬁw)}élM (12)
q71M, M= (2 +i+~cos¢)tan2(”+£)————% Lﬂ,cosgﬁ
¢4d Anndel AT 2% BAAAT YA 248 D,
Dr=%m)(ca+ ptang,) e\ M (13)
o] #t.

24 MREEES Loz 22
Howy Aele Ed(soll element £€ soil matrix)s SEAlE ZHASE A 4147

(halance)& t©hg3 2o}

3y

D, = 05 € v + O € i {a_atmz(fn+%>]é1 (14)
- 0, ” 0'5,_ . . T _42 .
3 M{l i oot o D) }81+than(4 + 5 )&

4714 A0H FH A WA Te EI} A HEEY HeHE umm 9t e @4 sele
q A=, A4 ongd 2 44 dFes A fuix 2dEein] £ WAl & Mohr-Coulombl
#2718 WEE FAY QELo SAANAT F o] 2agToluh

H(14)E oA Adests, sluygdad 24088 P A MEEFEY BidE 2gL (159 7

ol Aejdrt.

R __p > 17,1 4 L Cosd
0o o0, o0, sing+ 3 {( + ]T)s neg- } 05
. 1 ¢
x{l 4779( o\ Doiang ) 00,
o0, " pa, P

=

2 HES HHE ETE A9 4es Anddd 24980z

for

b
[
2
fa

A15)E IR & =,



AP AHEVES BE 45T > A% B ATNA F2@ 405N ZAEY olA4Ed B
c=0, &% AH3A ,~0% 1‘]-8-6'}“5 Michalowskiz} ZHEo & f#=% 23 A doh
o v el LAY A AFEYEY A4 EF 228 H416)3 2o HEHA)

p{i *—*;%;{smqﬁ-i— 3 pzy[( +£)5ln¢+m}tan¢ } plao (caosgzﬁ-&-%vacy) (16)

A(16)e A F e =0, ¥ &Y AP =002 ToE ws Michalowski?l FHE o] §me A
o Tk AH0E e ASdE AA8d dAEEd =0, 7=0, 6,=0°1B.2 AU7NFH Lol W=
EgEA #e Fol A Mohr-Coulombe) 337 &7 24 do},

R=psing+ ccos¢ an

B dTdA #2528 2, & A15), (18), (179 Agd2 w2 HES 2o H&ate] Ztztel] o st
B3] §ZXg 43 A2 Fig. 49 gk G714, AHe A=Y =002, & WRelFT ¢=35°, &
W Afre FEAAL ¢,720°, pca =03, — =027 Efsh HE el Wit g F i
L2 M HY. Ed FEM d /MAEAT Y89 vnznAds dFew Q¥ #AE HEs] TR

2 Frtel] g He] FEe)E Y ML HEE & JEF I F e MAsa

Fxg 414 Zfel Apes HAae F4v) Frlel wal 2R o)ukd adEe JEhx gkAw A
£9) A= Hausmann(1976)%0] A8 2R 7| oluby Hawe]l 4§ EAAE 93] R/ oo, FAA
UEa glow, we FHguEstolN njuz e % aHrt $AY A mae nlAAE 448
TES R mdzte] A ZVEHE B E E2E d4 FEeE £ 2 9FA3dAr) wadw Eos
gt 3B 2% UReiEze Uis A9 Uehix @F AR g2 drase ansiiti¥g mas
o E=3¥ Graysl Al-Refeai(1986)”, Maher (1988)”, Maher®t Gay(1990)%0] A3l se] @Atu]s) =
Zhell et BREHREL YREobRge) Erge o £ QP

1o
n120
1.0
[
-
2
0.5
=40
n=0
r— clay
asnas sand
0.0
0.0 0.5 L0 1.5 2.0
plHpa)

Fig. 4 Theoretical falure cnterion for fiber renforced soll (ana|y31s condition - same as Michalowski(1996)

p=002, $=35" ¢ ,=20° except

=03, ——=02)
Pdo 00,

567



m

o
8

.4
YRS o8 dokAwe) AW L AF P BBAZN BF W84 F0E 227 A4
WAl Aol slxd wds Z8e ol gae AREYES wajeld s Ausdvh QT AN
erstd chgst 2o,

cf

]

LA el V1ad A% 1ML ol gstel Fae) gaush A, Fol A U)ok
283 E3 Y4 gEans vhy Ahos FANE HAE 2Ug ole¥or FEd
A

2. W2Y ANAE TR AL olfel B, BAH, BAYH F YYUE LYsE ZE 49

7.

9

Al Fel(chread type)d] A Aol A B75E AL2 Jddd

L FREE

. Andersland, Q.B. and A.S. Khattak, 1979, Shear strength of kaolinile/fiber soil mixtures, Proc.,
Int, Conf. on Soil Reinforcement, Paris, France, vol.l, pp.11-16

. Chen, W.F,, 1975, Limit analysis and soil plasticity, Elsevier

Fatani, MN., GE. Bauer and N.Al-Joulani, 1991, Reinforcing soil with aligned and randomly
ariented metallic fibers, Geatech. Testing J., GTJOD]J, 14(1), pp.78-87

. Gray, D.H. and H. Ohashi, 1983, Mechanics of fiber reinforcement in sand, ). of Geotech. Eng.
Div., ASCE, 109(3), pp.335-353

., Gray, D.H, and T. Al-Refeai, 1986, Behavior of fabric versus fiber reinforced sand, J. of Geotech,
Eng. Div,, ASCE, 112(8), pp.804-820

. Hausmann, M.R., 1976, Strength of reinforced soil, Proc., 8th Aust. Road Research Conf,, Vol.§,

pp.1-8

Kruse, T. and T. Voigt, 1994, Frictional behavior between smooth and rough geomembranes,

various soils and geotextiles, Prediction versus Performance in Geotech. Eng.,, Balkema,

Rotterdam, pp.67-76

. Leflaive, E., 1988, Texol . Already more than 50 successful application, Int. Geotech. Symp. on
Theory and Practice of Earth Reinforcement, Balkema, Rotterdam, pp.541-545

. Maher, M.H., 1988, Static and dynamic force response of sands reinforced with discrete,
randomly distributed fibers, Ph.D. The University of Michigan

10.Maher, M.H. and D.H. Gray, 1990, Static response of sands reinforced with randomly distributed

1

fibers, J. of Geotech. Eng. Div.,, ASCE, 116(11), pp.1661-1677
1McGown, A, K.Z. Andrawes and MM, Al-Hasani, 1978, Effect of inclusion properties on the
behaviour of sand, Geotechnique, Vol. 28, No.3, pp.327-346

12 Michalowski, RL. and A. Zhao, 1996, Failure of fiber-reinforced granular scils, J. of Geotech.

Eng. Div.,, ASCE, 122(3), pp.226-234

13Ranjan, G, RM. Vasan and HD. Charan, 1996, Probabilistic analysis of randomly distributed

fiber-reinforced soil, J. of Geotech. Eng. Div,, ASCE, 122(6), pp.419-426

568



