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JEL(SYNOPSIS) : The pattern of domestic slope construction has been steadily changed from the simpled
and small-scale to the large-scale and complicated one, frequently near the existing structures, as the density
of population and the traffic increases. In some cases, the slopes become steeper and larger due to the road
improvement and construction.

For the rock slope, the existence of discontinuity cannot be disregarded and acts as an important factor on the
slope stability. Most of the existing methods for stabilizing the slope were focused on reducing the slope angle.
Under the specific geographic condition, it is necessary to concentrate more efforts on the research and
development of supporting system for the slope stability. As a supporting system, it is often very advantageous
to use the FRP pipe grouting method that is similar to the existing soil nailing method or the rock bolting
method but uses the high strength FRP pipe as a principal reinforcement in place of steel bar. Through the
FRP pipe, the grout material can be injected into the rock mass to improve its shear strength to the required
value, ] _
In this study, the characteristics of FRP are investigated by the laboratory tests and the field tests. And, the
practical aspects of FRP method are reviewed and analyzed.
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T ¥ 2= A 4 3 ® o
Al EE= 7B (t=6mm) 250mm 300mm
2) AlEwd
AR TAAM] APAFYEES FRPY BRI 7 AZGe] vlnedoz ¢4 JEALTHNSE 53

371 A9 aABLEAS AT FRPES Zojuls PHe= AFSAtHId 311 3F2)
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ANFA 8kF AstEEE 15mm/mine g s on #HEsts ko] STFE A o oA dtFel FUt

$x @& WA AR F AsSHAoh

Iy 311 2WA e 33(RA4A - FRP#H)

3 YA

AUWAY 2% winding $A o2 AR FRPR A Amzre A2AFe <@ wald ¢M FRPH
AR $FS BE REAN PR AY7 W9 245 A8 JeAPLe FAAAE T4
=y .

t&& FRP#E o8 QUAY 2% sh3-u9 BAzol,

20 |-

w

st&{ton)

o

———Test - 1 {FRP) =——Test - 2 (FRP}

0 5 10 15 20

H2l{mm)

Aol 2o 2REH Winding W2oz zd FRP#H H 5% zkzb 189ton, 19.3%tono 2

vetom Hd o]l B uio WMAE A7 252mm 2 118mm Ptk 2P O ZRE Z7)o) %
A g FRoMe FL test-19] 4$ HA3IFA 18%ton ol oy, test-29] A= 16.0tono] ™
HE 244 252mm 2 3.13mm7F 23 AFe| ol ,
Test-18] 4% 33 T JFaFo] 13~15ton AEE #A8t) HY7t 76mmAE LAsE A HNA
ANEE FABAo, Test-29] 2%+ & 16mm AE W7 24T g742] AP AL A7 oy
QLA FeFol 2719 FAFEY & 20%FE F7H 193%0n 22 ZAH T ojF o] FHFAEE
o] 15ton BEE SRt RoZ JEIGD
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L

s o]

B Ago] o4 ¥ FRPHE Winding WA22 Aze RAolny, APA & Fo] rleixle F4
X T2 Az

ds)o] RaAe 1eEAte] HBE spBARY 2ol ojPdoy, 2HY A
SEo) g Rolmz hAAYHL 248 AUsF o4 Aoz FRdn

wd Agol ol 49 FRPHE 12$EAste] Ra7ol7} em o} T, FXREe| BAMT Y A
Nge Adolmz A4 AZBAGl o 10m A2 5HAo2 BAANT Ak FRPES AFE 49,
Fo] BAuH AWeAFL AYEANA Bk 2A Uehd o2 FRPES ol &8 2FHe o
gae Aunggezd A8svld 4 24 §e Ao Bodc

e ofo fu

2

3.3 BEAH

AUAEIN HAE FRPES AR 3 Hx 542 uelsted AGNF % ANST o5y BFHE =
4o BAsy] A5t AF AAANGL A EPNPeRE AWAY, BABA R 2%SY F

P AE Tl ABHU.

3.3.1 QIHAIH

AUNYE HEd seHABPNN AAHAT. HEBFS EAsh FuiHo] M YA Lol y, F
HHERRE AQe] e FVFOE ) FuYE HYYTY AHoln
> HEEd A

[}

1) FRP& A g
FHol/ZFH 2 1 60/54 m
A Z9 © Wrapping 4t + Filament winding 1.5t
W73/917 : 37/49 mm

2) A9
© A SR §YA FAL ARG WA Sommd F39 AUAZA Ao 50 tonel FUE 7}
g 4+ en, AGeFY 24 FYWIel FHY FYAS AAAD A3t HF AT AATL

A AGB Aol AT tolY AINE ko) A,
A8E ol AolAE U7 S0mmZ £FE 1/100mm BAH Hel 50 mm 7AA ZHol A5 A
o,

23 313 FRP &% QEAJ(H&EA)
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S}z wAd GAAIAYG SFEAZ FB}
A FApel TRl e A @aE

ro

M
e
flo
=y
=
o]
HI
o\l

e

A3 stFEAEE FRP BAA €19 W

o3

b 18 oludl ZsfA ol e, Hgg 28-S dolxe < o &, AAsF 50%00
o2 AEAFE 10822 g

5ol A&EE F<doll FRP B2 A 4 WdE 1, 2, 3, 5 1029t 71 &g,

) A4

<Y 3.14>9 <2y 315> wigAutelAd <l H 2x|gojA AAl" ARAIdel A golth zZHz
14.0ton¥} 125ton2l A& gho]l A FH A

)
)
®
@

—— EIE5E
’ —e—g}:om.

=i (]

18 314 dE-w oA a9 315 FAAL E #AH g

> FHeEdF AE

1) FRP& A
ZHol/E¥ Al 1 60/54 m
Az Wrapping 4t + Filament winding 1.5t
W73/97% : 37/49 mm

2) AEEAN R Uy HE

2% 316 FRP 3% A2EAd(FdH2d 3%
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3) AEZ :

<a¥ 317>, <2¥ 318> HEYTHE AtddA dAg JEAFY A oo ?_‘%Ziﬁé%kﬂ
160ton2 2 ZHFHATE £ Aol e A2 FRP#C] A Ay 53 hntelq 72 @2
kgt @2 ALAXE E1ugle FRPH Zuiel dz3xzed osf 2AHUAG. F, FRprg_r% ol &3}
of dActHer F9Ug F ol FRPUF FRgdte BA 4] Ho| FAHL wg AA dEw

o

T AAld A48 ABNY 2HE FFHY, %ﬁ—e%rﬁw ARG QUHE 10tng 43 3o
58 ALARLA S FRP® Ao A2AFEE AAAAE o &35 Fgoz 4§ 2 + Yok
w24 FRP# Selol B4< F48 FRPAH(AY >T=_~ Agatel @AY g AUNGS &

§ e 2%7 slgerh

16

14 /

12 o - - — -
c 10
]
ﬂ? 8
[

4 -

2

0

0 5 10 5 D x)

)
a9 317 3t A

16

14 VS sy ghit—a=—8

12 > = o doree—e
2® ‘ R B
@ 8 1 -+§}§3_4’éh2 - SEm2
® - : s SRR

° —— aeElg Bl

4 - .

2 _

0

o} 5 10 15 D & 70

Sl
O9 319 sE-wAaA I 320 SRAIL E 2

3.3.4 S2(EAL

. ‘%‘ﬂ 4 =] [¢] =]
S Hgsgdth <E 36> AFTFEE AEE BEEA %2 RoEH
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<E36> YUY HE BH

Al g g3 g A% A
ANgTFE A A 718l H&gAl  (Pole-Pole Array)

AEFEE B | W78 A& EAL (Pole-Pole Array) @43 ®A} (F2% g+h
AgFL C

1) 24 A7)l A gt
AurA o2 grAl ZXol e AEHE AFZRM 715 3 AnHEE HdAHY SH0AHY F
e 2FEHE BAAEC watd HHEI A uwEtd 29 galol A AAlE 239 Are] &
BANE A BARA dAlg Abde Fwegoz o v g (Pole-Pole Array)E ol-&3te zete®
ol A Hdte] A wuHo e TR R AU IAFAN LY TS ) s
o, 128¢8 Zoe FAzje Fale] wE vlH ] BIWsle tid ARE A7) st 4]
(L)E 62m - 93m % X2 (a) 2m-3mE A4
2 soll wEse] e AFRY 2 Jddde gy ez FHgH Qo] FFE&0] ZY, AdF TFF
&o] tl$ Fol AulHE o]FdE FAEdtt 2y Fgo]l AF e ALY Iutolvt AW A
o 2d® 7 2 ddde FdHez v -t A Jebdo s 2 gEaldiM e 22"
B A . Fo vy o ddle BE fotd FHGon @A Edy Fie B2 FEIAT.
g A 18 B 2 gFdEdoly AFFFoR oA £ Je A oot T Fol
Me 2% d2 EAstodol grie ol 23 o] A9 Aol v AFHEAE ToZ UstA A
B 3 dAoe ofego] waA vidoeitt wWeM AT ALe AP aHd o steA B
o]z & A HEH) od Mriu] AT oGS Ay Hst APYRAFL HAFHA
O &4 LI-L1'4FF d3A #3F 0 STA. 0+862~0+897)
a5 W - Fo HAFEZEE vlud of T2 " T HHFEIEAAME HH HEHE0.0 2-mol
el BEXEHst guEden zeb¢8 dol STA 0+880 3sF Hold AlY Zoz HAsln R xsle
T AEgHE 28 E Fo 2ol Bt FIEA AT Jed ol ZHTEA K wE A
F EE Ay f9do) e 2R FHAC

L1-L1'(Befor Grouting)

Depth(m) 3TA D806 STA 0+880 ST 0+864
08 | - — ) :

47
73
105

146

Inverse M Resistvty Sechion Unit electrode spacing20m
L1-L1'(After Grouting)
STAD+BI6 STA0+880 STA D'o 384
1 i

W I,
st FRP Grouting Area

47
73
05

146

Resistvty in ohm m

<29 321> &4 L1-L1' vx & &%
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@ &AM L2-L2'(4&7 =4l #3F 1 STA. 0+660~0+680)
AupA o g FE HAgo] EEst 18t9H
A=l hoig sl

2299 "ol AT MAFREES 29 oL
@ W HAE WS glovu STA0+664 Fotro] $Eyd

Fol ANG HNAYRIESG )T
(400Q-mol i ¢ R F AT NAFEIEAA wAYge)l AYHoB B Fo WHHALT
ol IEf-EA S Fato] o YFoz Furdr)
L2-L.2'Befor Grouting)
Depthim) STA.9+530 STE%SA STA |o~648

Unit electrode spaing 2.0 m

Inverse Model Resistvily Section

L2.L2'(After Grouting)
STA 0+664 STA0+648

SAT 0+680
1

Unit electrode spacing 20 m.

600

Resistivty in ohm m

<ZE 322> &4 L2-L2 HA® BER

@ 34 L3-L3'(4e7 =AvA #3F 1 STA. 0+640~0+672)
ey A 34 HIZM E=E vag W 2398 Fo HANYET dHEdAN
Bl A g7t A8t AR FHHoT Bt £33 FFE Holed

aH A ol &diE A2 AESF E

B = o
2 AaH 4 4 sgoeE FAs=
- =513
gsol BiA g ol AwrA oz ZFH Roz BHAT
L3-1.3'(Befor Grouting)
[Depth{m) STA 04672 STA0+656 STA 0+640

08 1 1 1

a7

73

15

146 1

197 4

Inverse Model Resistivity Section Unit electrode spacing 20 m
L3L.3'(ARer Grouting)
Depth{m) STA ?4672 STA ,q+556 STA 0+640
08 1
;; il oo FRPGroulrea
105
46
Unit electiode spacing 28 m

NS N -
1000
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@ &4 14-14'Q2FF BEATZ 0 STA. 1+670~1+730)

a8 F AAS SAAS SHARTY dusde) A Bxes a9y Ay ey o A
Hog #Au|AE o] Ath(400 Ohm-meldh)el FEHL7t = Aow, STA1+728~1+714Ak0) 235
E3 650moldtell EEsHE 800 Ohm-melde] mulAF oldtie 1LEAS HFd A& st &
9 3 ApHAE og byl A st5o wjFEEAY /)93 Aoz FAED, STA. 1+698°1 A K& Al
Aggoz skt l FHAsA ExsY nu| AUzt dubd oz vAEgo] HAY AL AFFEA
ZQo) 9% Jgoz gorgch

T

—

o 1o

Elevation STA 14724 SI;D] +700 STA 14676

240 720

N O DO E D .
10.0 300 500 80.0 150 400 800 2000
Resistivity in ohm.m Unit Electrode Spacing= 3.0 m.

(@) 28198 A MA7¥AY X ddE

Flevalion STA 1+716 STA 1+700 STA. 1+680
16.0 320 480

75010.0
700
B5.0
60.0
550

L F R 0 0 Nk Rl Jossles
100 300 500 80.0 150 40

Resistivity in ohm.m

) 18t & AYuAY Y OHE
<a¥ 324> 54 4-14 29" A - F A78IAY RIS

E
i}
R
rr
£
>
rII
_'>:‘
o ©
L ol
e
s
ﬂHJ
R
rZ
ot
),:
fru
£
to ar @

5
F Aem, AFF HAlE F Y AEFTS O]%fﬂ% Cross-Hole EX 2 A
ol &3l 7 @A BAH(Vertical Seismic Profiling) 282 &3 #A&2og 7RI £
B ZATRE FAE 719y REAdEH e AFAFRde BEAHE
EALE Ao B 2EY gANAME 2uyy 221078 43 3
Atog C Fhel sl BALSA F94S STALI+700R Fol dxA1zl & 24702
2m AR YdEE AAG F Sy 2 A FX430 FA kg9 Sledge HammerE *}%3}04 ‘f:“é
G YN 2 Eibe B dole AsEd Y MEAE ddGEEE A7) Hste Ry A
o] FgoA LRF 289 FARFE 3—‘3:5’]'939_“%, B Foe B AL gXTd S 47
Hetd £7] @A7he] g, FXE a2 FEANAM 2 AE B "ozl AFoA wHse BF
539 EAREE 55

o

Orr‘
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Distance(m)
-10 0 10 20 30 40 50 80
1 ] } | ol [ | ]
i ==
d
123 Tst Spiea 2328
"y 1Y
Shot location  * *
-2 480
Forward Reverse
Shot point 2nd Spread Shot point
|12 1213 2324
" Y L1 8
* * * * *
-10.0 -20 230 480 560
off-endforvard  Forward Mid-line Reverse  off-end reverse
Shot point Shot point Shet point Shot point Shat peint

<29 325> U 2HEPFA R 47 A

aTS" Ad) AANT %*é%‘%”*% A AHAY AAGEAAN AN TG EA AFREAN, I 2
P &9} ATe A1F9 3§ 435~443m/sec 9} 2.3~ 81moli, A25L 649 ~1247Tm/secE FH o
MRd oz Fsluirt $EA EEste RAoE ddsch

aeE A F AAG SGASEAL B, A 159 PR S5 a5 99 A4 A9 PR £59 & WE
7t ey, A2E9 Aol oF 3000m/secHifle] P £k FUME RAFU, £ AFHFRILEY
Station No.Z7Mgdhe 2 ZAF4F P £x9 Fr/lEo] AR AL A7IvAY GAZA TS Ao A& 9
HA7 Z7tE A dAFozH ole FUAY A 71 oz HAudd

SEISMIC VBLOCITY CURVE(1st Laver) SEISNIC VELOCITY CURVE(2nd Laver)

BRI IH TR
HITHIIn0 | |

(st fnnanaind
IllII!HIII:IIIIIIlIIlIIIIIIIHI{I: IHIIIIIIII

<

3 i

% -~ Betor Grouting LA
S I e Atter Grouting T Lom aeter Grouting
2w IIIIIIIIIHIllllllll'lullllIIIIIIIIIII! Il I

0 :
135 7 311131517192022 135 7 941131517192123
StationNo. Statica No.

<29 326> 2EeR A - Fo] g% S5 W 28T AT

3.3.5 J29Y FUME el

FARAA AFW FH e TdSEAe] FAGHol e gl BYAFANRE nAe
S Aol wAsA HE ol FUlAs AWl Mwe] ABH FAsHT. FAGYo & 7
$ sotaha dabol LASA B3 oleld AL FuAve] 2YAHE 7] HFe] 1eEH W
e ool AAT Aute] AN Frhe WA FA N FYGT FLHA} BYHA GES
Hye zAas Aol B2 Kleyner(193)59) AFA olahel oleld Wyoz 1a3EAS
B Ae FAARe] RAEH B ot Awel AAY FAE $5A dehdvin BuH A
58, FRolde] A9 GARA 2SS BAVAY otFAFHY 7 B ohe FALe] @
830z A FHUAS 3718 f¥stol WAHeR FUstR AgAol ZyuA Ao

174



D &l oI% Fuv}

L

=
=

ofN

o
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e
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t t
_ _ (1+v .
Ar—fozfr-fo o dp - rodt
(1)

_ (fAd+y . 16DOI1_ZY§ _ )
4?1—2}%_ exp[ — ¢ ubt
(i3 + 0% )

¢ AHE D8 SEAe qHUAL(WEH o2 05 cmY/sec AE)

o 7] A, U(t) = 1- ]

2
Ig

Nailing 8o 4Ha4 MY ¥ Davis¥hd Z& ShenFd & 1978 BT Yol FYujel Shenol o3
A WEHAAeH, Davis el ojstd, R4 gL AFL ¢E F A
o, AEe FdE&E 2 o A % ;

U

=
webd, BAe AP Bx

A7IM, Z} RS LAFHLE FFFFoA A ZAo)E wel wAsE npRAEe FFEA AN
2 g Uo vhEAFgE S F3 ydateld MggHo s wAste) A(2)9 ol @
7DL (o, tand,,+ c,,)
T, = S (2)
h
A71AM, T, = HAe] dZdol F udel FE3e g
D = 2% E @ BAA AA
L = FEFFAX g Azt o]
B = @/FSy( FSy= WFutdzte] gk okd g)
Com = ¢/FSAFS, & A% g3 ¢Adg)
Oy = gl Lste o 389
Sy = B4 1A
o] H@el oty IHEAG L FUENE A oA FUHEAY 27 A%
FHvtEAe Frtge aBSE @ 2R AFDMY Frbe BlHEA 2 ¥ 5 A = s
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