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Physical propeties
Soil particle density, o ( glenr’) 2756
Maximum bulk density, gy ( glem’® ) 2087
Minimum bulk density, gy, (glent) 1.634
Effective grain size, Do (mm ) 0075
Mean grain size, D, (mm) 15
Coefficient of uniformity, U, 267
Coefficient of curvature, U, 33

-2 KLRAPENO ZHhEAERERE R (CD 541)

Relative Consolidation Stress ratio, o
density Dr | stess i (kPa) | g/p(max) | “0P) | A
100 1910
40% 200 1.865 279 03
300 1795
100 1912
60% 200 1.857 230 230
300 1817
100 1911
80% 200 1.896 177 1
300 1.848

FELTEREITY b L Uiz, E@%, bl
Kz IR A AR > THRAL TV, 207, filfenik
Ry & AMTE DAL ( THHERCAAE o ) EER)
DNELIR D6 O B OBV AR5 Z L 25 %,
T AW EE T 5 M2 3E L.
PBREE AW O~ HEDME 30cm, BT 30em, &
& 15 cm & 722 PR AUMERERLEE A LD,
HRHEBCI A E 2=0,30, 60,90 ° DFAHIIBNT, ThEh
FHE =10, 15,20 KN/ RO 258 A48 L7=. A Rlo
FERCIE, 25MHIBWT, FAKEE % Imm / min T
—EE L, FERPIXENREL 20° 2RO LH I L
B AW OGN, BlmAE L2 A Ui
B EHETIR AT 572012, B AMFEPICISTHEED
L —YHTOTIHERT 2 b0 L Uiz, Z ORFORLINEF
BLOFEREIL Dr =38 % T—ETh-o7-. £7-40NIT,
IR DHEHERT L2 1 RDAE UTiihE R A 779723,
MRMER B2 3 AR LTI b FEl L TH Y,
HEHEREHF = O HAEFSCRRIRE L & IS 155 D2,
HRLNARNT EEHEEL TV, £FER A —RITBW)
T3 ELLEOFREZIT, FHEEOH D Z & 2R L
BT, REMEEBACHERTDIZEE LT

() FRRATF & MR ORI

a) FLRAMHOBE
BORBIEHZIE, B-2173 8L 572, RiRDIA VEYE

TEEH L. Ao 2 R-11C, IE—E

O ZHEHERER (CD 454 ) L 0 5 D=, Faxh



8mm |, Bage 10
<> <>
K
Dummy
N
60 | - |74 75
(——Gage
L1 L

s
1 =
| 55 |

B4 HARHES | RA R E O

FEFE Dr=40, 60, 80 % FFDHAMHRE TR (co ) ZR-2
WOR LTz, AR EERERBRIC L v, AN, (E
6 =300 kN / m® {23\ T bR FRREE D 72 BT
HDZEDPHERIN TN A.
b) HHFEMHOME

FER U7 Ep L, i IR I E c
DIFENEL, BIRIEHIR L ORIAEL & DEEERIEH IO
HIMB OFT BV ERE LT, 72720, 0T —
CHURTIE, BUE U7 AERC A B ORI EINIZIRA
T D ENHE L7720, O A=A TEER
TEDIFE/NS72BEAEZA L, ES2S 1mm L7225
AR 2=k e LT LTZ. 204 I —4f
BHIOT AT —V BB T2 b D& 8RR E L, B
ROF2R-3 1R LTz, RBRIADHEL, OFAHy
— IR E 74mm, 1E8mm, JEX015mm, & I —#E
IFES 75mm, (1§ 10mm, JES 1mm Tho. MEHEE
DO IREFES, B4 127 Bidiie s [RaURELE 2
THRRTEY, REWRIET] - OTHEHRIIE-5 D X
I Thote. OTHTS—VHIR, ¥ I—El ¥I—H#
BHZ O F =D 2 B O £ 7= 38R (A 0D SR F > 5 B
ORI, I —MEOSBERIMIIIER I E L,
RO X OT AT — Bk DER L IFE AL
A% CTHDZ LRSS ND. 72, SIBEMIEE 53R
FEORBGRERLZR-6 L0, SIHEEEICERRL —E
L7-RMEDS SRS N OB T D Z L bigR Sz, A
¥, BLIRAEHN CHEHEM B ET T 52 Rd 5 2 &
IFEEL <, BIERWENZEEEHE M KT T 554, &

-91 -

— 120 - Strain gage + Dummy
£
=
& 801 Strain gage
g | 7 -
g i --
2 40 T /'/
g ' Dummy
= .
0 T L |-" 1
0 005 0.1 015 02 025 03
Tensile strain, &
BI-5 AR RO R
~ 5000
[
a
Z 4000 -
Lu\
w3000 9 o-------- [ [ Z— e L o)
E
=
g 2000 -
g
2 1000 -
5
H 0 T T T
0.0 1.0 2.0 3.0 4.0
Tensile speed ( mm / min )
X6 5I5EmIM: & 5 5REE ORR
o 25 1 =20 kKN/n?
% 20 1
o151
2 10 -
g Including fibrous material
g 5 Oa=0° € a=30°
7 0 * granular material || O o=60° @ a=%0°
0 10 20 30 40 50

Shear displacement, § ( mm )

-1 EEMEIOIST) « BT

AMTTHIC & DD IS N FE S TO B DR E
RIHIRET 5 Z LITRATREL VWA D, LL, AR
R AR NS\ CHS, 2 & B
O3 NSRS N2, TR 2,
SIRIG A EHRE L TRDDH 2L & L

3. AR A TOMMMHOERZEE)

SR — i AWTRRBR O TG R A~ 3 & 2RI,
WRHERABIDSERIRFABIN T E D & 9 7088 2 d Dhe %
LT £7, EEMEIOFEININT) - BERHEEE
-7WORLEE. 22T, BIE LT, o=20kN/m’ OfE
BOBERLTWDD, 0=10,15kKN/md DA b [FRED



8000 -

6000 - 90
i 30

4000 -

2000 -

Strain of tensile material,
& (X 10 6)

) I~ T oo
-2000 -
0 10 20 30 40 50

Shear displacement, 5 ( mm )

@ o=10kN/m’

. 8000 - a=60°
= 1 90
5 6000 - 30
<
= 1
2 = 4000
§ X
= — 2000
B & ] 0
g O T T
& |
-2000 -
0 10 20 30 40 50
Shear displacement, § ( mm )
b  o=15kN/n’
= 8000 - a=60°
5 4
g £ 6000 - 90
2= 4000 1 30
2 4000 -
5 X |
TN
5 o 2000 o
£ i /0
g 0 W T !
5] 4
-2000 -
0 10 20 30 40 50

Shear displacement, & ( mm )

© o=20kN/m’
B8 KERAAEIN TR ER IO ZE T2

FERTHoT-. WHEME2Y 1 ALDBALTELS,
REEAEED 0005 % REDT-, FHERTEINREA LT
WD Z LI L DEAMEIDIST) « ZEREA~ OB TIE
LA ERB LR, ER A OB L BT, T
TOZETIBNTEERM B O DS & FHEDIG T « 28
TEEAEDNME ST, S DICZ OO, MBI ZE 2
BhaR-8lR Uiz, ARFZECIE, fkHEpR o8 %2, ik
HEMBLO O Bl & S AFTBIOR AU L DBIR A F
TEETLHHDL L, WHFEOUOTHEL, 518D %
FE, [FEEAalTH Lz B-8121F @ o=10kN/nt,
(b) o=15kN/n?, (¢) o=20kN/m’ DfEFAEZFNZFIURL
7o, TRTOFERIZONT, MFHEEAE a=0° DA
VU AL O S HER B O O D382

-92 -

250

£7 =20kPa
g 200 - o=
£ é o /
R .
a2 @ -omrmoenoees [ RNE
S e nn | e @
Z2 1004 ¢ ~
£ 8 10
22 w0,

=

0 T T T
20 40 60 80 100
Fiber orientation angle, & (° )
X9 OV A5 A & fRHERC A EE ORI
8000
E ~~~
2% 6000 -
2 X
é 4000 A
~ g
< ~
€ % 2000 A
O T T T
20 40 60 80 100

Fiber orientation angle, & (° )

10— O 2 &l FE OBER

5 Breakage

g i a=60°

‘% /90

4 Tensile / 30

é 9= g e

% Sliding

& o"/=a+o(a) - tang,
Strain of mixture, &

BT HERRHDZSIY - SRIERFYE (1K)

OB, Lo, MR L a=30,60,90 ° D3
AL, AW OB EE > THSER OB (RO
HINFEEL TNE, HLHOTIMEZTIZ L T—EEITIL
W AMEE R LT, &Y, SIEREHIOAN Y
DHEHERABEORDIRF BN TOLETE - TRERHEEE 2.5 &,
TAWHIEACIEE BEEE 2R L, SRR & RDiRA R
SRR 2 2 D IS MEZ BT U Col & kT %8 &
RYR D7, SRR AT D LR S
Tz, EHIERREWVZE, BAETDH5ROTAHIIRE
<, BIERITREOFURBEERE bR E 2D 2 & HVRE
ST, TTT, MRHERLAIAEE a=0° OAITIE, Flo
RHID Z &R AW b AW EAad o T
W T2 DIZONT BDFEZEN 2o Te LB 2 BTz,
WRASHERHERL A A B DI KL D 8% R IR
L7201, B-8 £V, 5IHRZEEIRFOM X ZARHEM LD



Postulate of simple shear condition K T v' Strain increment
“. Vi dé, =dy +de,
ki &y — dy = dl/h
l 1 dl de, =~y
v’ Stress increment v Strain energy increment -
Gy =dr+doy, =dr [ | T+ (x + do)
dWm=—2 -dy —o, *de,

R-12 BRI RO MO TIE ST 1%

Direct shear test result & 120
4 20 —_— v’ Stress increment d oy
[}
/ & 40 Counting backward by tensile test result
= % Tensile test result
/‘:’ \ E) 0 T T T 1
0 0.1 0.2 0.3

Tensile strain, &

v/ Strain increment d &

v' Strain energy increment
Uf + (O'f + dO'f) d

Calculation directly by shear test results

dVT/f = 2 Sf
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Physical model Constitutive model
- of each material
Void, 7, _
o, do,=Dpde,
volume, V;,, /‘
—>|

B U Vi

Em

Fibrous material
volume, V;
w=v/v

(Um +ur=1) =
i

stress / strain increment Constitutive model
of mixture of mixture
do = ,umdﬁm + ,ude'f - e
c
do =D +ds
]

Postulate to combine each material into mixture
AW = dW,, = dW;

15 HEHIZ WA EIOIST) « OFZBROET Mbd 7 v —

WFEAE—ELRD. UL, OFTHRT R
VHRHERT B &R B CRWLW—ESRO s, Z ok
57EMNT, FEE o= 10, 15 KN/ m® (23517 % E5RkE R
EHOCGHR LA THIEECh -2, 2k, Mk
HEMBL D5 IR TRLRF B & OF e L F—H55378
FEICR D LR L TWS LWt D, 77, KEED
FFERESND L DI, MREREL RO O 2
TRV HEMERET HZ LICE - T, HkE
FILVERES T X B REMEDEN T & DSREE S -,
b L0, EERE TR E OB ORS
RETFNAREET D ETD, TFUbOBBEN 70
—IR-151RTEHICRD EEZLNT. T, %
HERFB L R BI O RS AR A ER L, IRBEZRE
T5. EHIT, FHERTEE SRR ORERL RIR & S A9
5. ZIC, MRMEMEIOMRBIMRIL, AT iR
AR L, RRRAEE DS EEEEIRELZ Lo TRE D)%
IMEZEBRCS | BN 2R L O 7 ise s ©
EBTMET D, I, HHEEE & RRIREPEL OIS E / O
PIEE 2 OUFESA RIS U TERSDETEAH
BIOIEIE | OFTIMEZEFRT D, o2 2hb, G
R RERFA B O F L 35— B B O i -l

ELTEALEITY, I EOTROBREEALT 5.

AT, RERICHHE R - EEMEI OIS - O3 2B
FROENEZAT O L3RI, ERIEE OHEITH Z & T
AT T NV OZAEORFEZT> TOL PETHS.

5. BhYIZ

AFaXTlE, BEEZ—R L U TR - E a4
BIOIES) « OFTHEROET /MEa1TH Z 2 AFEE L

T, KRB COMME IO LT EB ORI 21T - 7.

& DIZFBRRERZTTS, MAEbT R SRR B OIS ST - O
T HBIROBIEME R 5 B2 T o7, b
RIAZRTELUTO L D Th-oTe

1) SIREHE KUKEIRAEL & OESHEIEHLO A DA
DHHEMBLORLIRA BN TOLIE - SRERFEE, &

BRI A BRI IR E AR L,

S BITEETEOEAT U CREHERD B &RLIREA RO S
PR A 2 DI IBICET D Lo S PT A AR
T & 97, BRIk E A 5.

RLRBT BN OREHER D2 BN 2 R F kR e £ B
DR, BIIEFERHIXIEE A CRD DR,

UL, 5l& 8 ER IS e AR B,
TRHERC I A8 S =60 ° DIFZ 5| & PITBEDIS I

BRI AMEEAMESNTZ. 2, MR E
DIEVNZ E T, FRHEREH S < s 22 57
HEEZ DIV, RHERCRA N R D & ChikiE
MENCTREICE < ISMERE L, FERE L CHRE
EESRIE DR Z S|TE DR

SRR 1T DRI B L RDRA BN DI T - O
HEMROBLENEZ, HEROIIE RS EIZ LT

JEIIHESY ) OF B85y / O AL —H85 % b
W52 ETER L. BRI, JRES0T
FEEITVTRRAERAB ERDRA B TR & < B DA~
T3, OFTHZRAF—HHTEZL L L —E%
AT EBHLNI o7z Tk, W
5 IR TRERA L & O A 0L 20— 185 3 [R5
WD I ITER L WA EEX BN, F, K
FROMTEIARE SIS L OIS, HRHEE & RDRET R
DOT BTV —IE 3 DM AAET 2 Z &1
T, MET NVEWE CTE HAREMEDENZ &
DRES T,

ARl FHRFER 2T, HEERIE TR

BEMBIOMRET VOBESET R L. 22Tl
HRHERT B OME R BIR e 2R CE X 5 2 &, )k
HERPEE & REPRAT IO BEhEME 2 O e ) L P18
DOFAMEZGE U CRHiT 5 2 & TET /MEEITH
OPWYITHDH L EFLHE L ORLE.

2)

3)

4

Bt - AWFSUIE, ISPS KRNI B LGE (FREEE T 26 -
4964 ) DHIBEZSTITONTZ b O T, EIATEOZ
4720, RIERFEOREESEE, SUNKFEO Y
T e~ UAHEFRB S ATHE E L. ZZISREL T,
GG OEAR LET.

-95.



SEX

)

2)

3)

4)

5)

8)

9

il z1%, Ple, O. and Le T. N. H. : Effect of polypropylene fiber-
reinforcement on the mechanical behavior of silty clay, Joumal of
Geotextile and Geomembranes, Vol. 32, pp. 111-116,2012.

BlzIT, =ORIESR, BRHEAE, MBS, BEARA—,
FEEE, PAT  AORNEIR AR T DR & ERI S S,
VAT v AFSUE, 134, pp.337345, 199
BlzIT, BT, ATHERY), %&aik, Kl 77 %
F o7 FERRAE LY A A2 i RO SR,
FAREEAFRSTE, No701, T-58, pp.87-97, 2002.

BIZIE, SHA BRI R ORI IR B 25
BHITE, NPT, pp34-52, 2008,

% 21%, Miyamoto, S., Yasufiku, N, Ishikura, R., Omine, K., Kawai, S.,
Yamawaki, A. : Shearing response and shear strength of solid waste
material conducted by developed direct shear test apparatus, Proceedings of
the 10th Intemational Conference on Geosynthetics, Session25-5,2014.
Hamidi, A. and Hooresfand, M. : Effect of fiber reinforcement on triaxial
shear behavior of cement treated sand, Joumal of Geotextile and
Geomembranes, Vol. 36, pp. 1-9,2013.

Ahmad, F., Bateni, F. and Azmi, M. : Performance evaluation of silty sand
reinforced with fibres, Joumnal of Geotextile and Geomembranes, Vol. 28,
Pp-93-99,2010.

Michalowski, R. L. and Cermak, J. : Strength anisotropy of fiber-reinforced
sand, Jomal of Computers and Geotechnics, Vol29, pp279-299,2002.
EAEORES, ZERLE, AR, R, (LR HERE
BETE 06 AR EA~RIE T HERT T M DR, TR
DERORIEIFR TR SUH(CD-ROM), pp75-76, 2013.

10) Michalowski, R. L. and Zhao, Aigen. : FAILURE of FIBER-

REINFORCED GRANULAR SOIL, Jomal of Geotechnical
Engineering, Vol. 122, No. 3, pp226-234, 199.

11) Michalowski, R. L. : Limit analysis with anisotropic fibre-reinforced soil,

Jomal of Geotechnique, Vol.58, No.6, pp489-501, 2008.

12) EAIERES, Zf@fle, K, AR, IR, I
IR« BIIREREEIC X 2 HENT BEE AR O 5 [BRTREE R E D
fiR ] L SRPEERIEDIRE, AT T 4 v 7 AFRE,
8%, pp229-236, 2013.

13) Prisco, C. and Nova, R. : A constitutive model for soil reinforced by
continuous threads, Jomal of Geotexiles and Geomembranes, Vol.12,
pp.161-178,1993.

14) Diambra, A., Ibraim, E., Wood, D. M. and Russell, A. R. : Fibre reinforced
sands: Experiments and modelling, Jomal of Geotexiles and
Geomembranes, Vol.28, pp-238-250, 2010.

15) Miyamoto, S., Yasufuku, N, Ishikura, R., Omine, K., Kawai, S. and
Yamawaki, A.: In-situ shearing response and shear strength of various solid
waste ground focused on fibrous materials composition, Proceedings of the
TC105 ISSMGE Intemational Symposium on Geomechanics fiom Micro
to Macro, Cambridge, UK, pp.1357-1362,2014.

16) EAMRES, ZfEsle, KEEEE, AR, JIFHEE, (L
R« FREIA DRI AN FERM DL - thEERAE,
R CEECH T, Vol71, No4, pp278291, 2015.

17) HRER—ER « BPEIRERRT, 5B A 1FEET
b, pp.93216, WHIZZHBE, 2004.

18) mMFELR, bR, EOOE . v A I m A= AR
2 b—yay, 2 AT ARr—ViE, pp3l36, 2wt
2008.

19) JFEEE, PADHE @ B DR A FR O TR S RO
H-OFTHBR, NIRRT TR, Feas, HForr, 191

20) AR APOEERE AN 5 TS 0FREZ

OIS 2078, TUNKEE, Ehiws, 1977
21) BIZIE, KREHEE - mHER - SR - EEOEE—

T AWTRABRIC I T DGR & L ORI « SRR, B35

(IR T FeH RS, pp825-826, 2000.

)

EXPERIMENTAL STUDY ON DEFORMATION PROPERTY OF FIBROUS
MATERIAL IN FIBER REINFORCED GRANULAR MATERIAL

Shintaro MIY AMOTO, Noriyuki NAYASUFUKU,
Ryohei ISHIKURA and Kiyonobu KASAMA

The contribution of fiber reinforcement to shear moduli and shear strength of granular material has been widely
investigated by geotechnical engineering. A modelling approach for evaluating the constitutive behavior of fiber
reinforced granular material has been required for predicting the deformability of fiber reinforced ground. In this
study, the deformation property of fibrous material in fiber reinforced granular material is investigated for the
purpose of fabricating a new constitutive model based on rule of mixture. Furthermore, the relevance of deformation
property between fibrous material and granular material is considered from test results. The deformation property of

fibrous material represents a tensile behavior on initial deformation, and finally pull-out behavior is observed. It is

also considered that the deformation of fiber is progressed with equal to strain energy increment of granular material.

KEYWORDS: Fiber reinforced granular material, Deformation-strength property, Rule of mixture,

Medium-sized direct shear test
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