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A study on the optimum condition of FRP coarse-sand coating by
using a new testing method for shear bearing capacity of FRP-concrete
interface

Gyu-Phil Lee, Hyu-Soung Shin, Seung-Han Kim

ABSTRACT This study proposes a new testing method for shear bearing capacity of FRP-concrete interface,
which could well consider a loading condition corresponding to a tunnel lining undergoing axial compression and
could be easily carried out with a simply specified specimen. A parametric study is carried out for capturing an
optimized condition of coarse-sand coating of FRP, which governs shear bearing capacity of FRP-concrete
interface, by using the proposed testing manner in this study. From the parametric study, it is shown that the
proposed testing method is reasonably feasible in comparison with the existing testing methods. An optimum
condition of coated sand size and sand density is given for the shearing capacity of FRP-concrete interface.

Keywords: Fiber reinforced polymer (FRP), coarse sand coating, push-push single-lap test, shear bearing capacity
of FRP-concrete interface
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Aol A I gFde] Aoked §oR Qlete] rebar, AFHET T3 T2 ALY #
Aol srgkstol Yabelol e AH7d3h B R (Fiber Reinforced Polymer: ©|5} FRP)YE Bld+7%=

Ztolidol] -837] lote] UF FEWAS M I FRP FAIE UAEE & 4 s A8

Hou F3EE ezt RakEo] 948t duakge] vissly] uiiel A% Az dAst
7} -golsta AEAE FaEo] JYHTh dev YNHA o= FRPO} FAZ|E Apo] FAY
& A ZAREY RAFET Holz)y| wjio), oF Hestr] #jsto] A (coarse-sand
coating) Tt Z-2 o EA] A4, AEE B2 A Fof o]d Arte] RS} Hte] LHH
olofl et TRt A7t 4R ekFAH 5, 2010).

4 FRP&}F Ea2|E Aol theth skaAlist AR At Asisieol o3 HUH WAFA
FRPS} 22|E ARoA 9] AtkAFo| ¥ FRPY}F ZA2|E IFA] St
= WA= o= YehtholiHE 5, 2011).

FRP-Z32|E AHo|A 2] AHAFS 1efeh 1280 d4 W a4 ofFr Fated Add+
7t 3P|l o m(223] 5, 2004), FRPo} E32|E AW R2HE7LE 91ste] 7|E Al Aol
ZFExAExZo] 220 mmx220 mmx400 mm EE 150 mmx150 mmx600 mm 22] AlSAE
ol g-sto], YHHTHO]SA| R (single lap test) E= o] HHTHO[ZAIH (double lap test)o] 3= ST
A7) A S18 AIRA] AEA] 22 E AIHA] Uil i A 5& F7ER AAsjok s,
FRP HAf Vg2 913 M=o A0 Fo] a8t B9 FRPOF FA2E Ad o F27)5 54
HAE 9Jate] 320 mmx250 mmx1,700 mm(7EExA|Ex o) o] thEg ARAT AdEE 5, 71E
Aol 2t El= AIEA Ald " AIEI o] BolskA] gt

£ A ollile 47 ARACIExAZxZo] 100 mmx100 mm>x400 mm)E ©-§-5to] FRPL}F &
AYE oA W7hE £ 4 s ASAR o st AEE Astgled, 71E d
ol AAE AlY Autete] vlaEA g ot 2 Aol Ak Mool Felde HE
SHSick. S FRP ARl ARSE 30 947 & Ixo FH 21& =5 st Hedt
A 7 H = BES At wirigie AFE Xgstglon], FRPEA|ST A7 ES T
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MREE FRP-252/E NERANS BIIIS BRS A5 FRP FAIZSE Z200| Bt o7

2, Ol DHEl FEH MEMBAHY Hot

21 71E NEE &4 1%

1 194 Bol= vle} o, FRPY} Fziz)e Awo] Aekiate AR G4 9 A glo
w2} pull-push single-lap joint, pull-pull single-lap joint 2 pull-pull double-lap joint SO=
o % UHETAL/|SATL, 2006). AR FRP FA|e} Ee o] Agahs S 2o) net

FRP P FRP P

Fixed Fixed

(a) pull-push single-lap joint (b) pull-pull single-lap joint
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% 2, Pull-pull double—lap joint A|&AH|(Cho et al., 2006)

Vol. 13, No. 3, May 2011 279



pullS 1, push= U&= QJu|dlH, single-lap} double-lap-2 FRP HA7} 232 EQ} UWH(—i)
F2} = o|H(THE) 2R o]ttt wlebA] pull-push single-lap joint AJEH-E 18] 1(a)ollA] Ho)
= H9} o] FRP} FAREV} At R o R Ak AIRA] tiste] AW AThE 915 FRP 54
off QP ASHA| FRP FAj0]| Qlgdeio] WhaekA Hat, Z3ejE S sksAfsiae s vt
AlojElo] Qlemg gr&-g-elo] Wgst, FRP HA7t AHPatE AlgA o] tigt AlgS olu|sict

FARAL At Ao 22 AFE-E 220 mmx220 mmx400 mm&} 150 mmx150 mmx600 mm
TR AR ofgsto] S uh glom, AFA ARAl I 2004 Hol= upe} o] Ea8
E ARA el I 37 58 71 HASAY, FRP B4 QA S8k B=of XA Fol
[ QI E3L FRPO} ZAYE AW 3 RAAT 54 BAL $1510} 320 mmx250 mmx1,700
mm(7}2x A Zx o)) o] Y AFAE 27 T AFA AR 2 AgFo] golskA] ekgtt.

2.2 U5 H5t HMEXSAIEH

2 ol d Ast Al 1Y o)kt 2ol FRPS} EaelE Awe) HuARE WE

so] #o12]E Aol Hatgo] gl FRPo| Awhiako 2 wslAlo] Hale) ufet g5l Afsh

SIick. Al@A FRP £)9t Eae]E0] WE ok-geio] 285 Huz d%2 Ast dd Ag
A E(push-push single-lap joint A|EHolet FHY 4= ik

FRP-2322|E Awie] Web3e 3712 913k push-push single-lap joint AE o] w2 5154)

POl 2228 Amelx aug ARt wasie, ol clste] Eaeset Hatux o

o2 Flojxlts nHASL 1A wm, FAlo] FRPEAJol: Qo] skl ek BT
2o ABHE oY ZAE Sodols B &l FAlo] AEIE push-push

single-lap joint A|%:e- ol2i3t € golide] s1EAeh 2L 7|& ARRch vlwA T vt
oIk
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3. FRP 2N fAZEXH =& AY

3.1 Al e

# AolA =33 E FRPEAQL 32| 9] ARzt digh A% Wbe AR Ut 7o
2 3holek FARe) Wik oF | kg/m’~7.2 kg2 HSAA O, FAKS Y72 13 mm~9 mm,
9~6.5 mm, 6.5 mm~4.76 mm, 4.76~2.38 mm,2] TFAE ARESIGCh RAke] QWS whE
AHRZ BEA BAE 9f5te] 3 104 Boli= vl 4o} 13 mm~9 mm, 9~6.5 mm FZAE
E-83 AIFA, 6.5 mm~4.76 mm, 4.76~2.38 mm FFAE L85 A AL F2IA et AEAE

EF PR F 72 TRl AAsgic

B1 A 9E R e x=A

1-1 25.5 25.5 51

1-2 12 12 24

1-3 21 21 42

2-1 60 60 120
2-2 75.5a 75.5 151
2-3 57 57 114
3-1 90 90 180
3-2 90.5 90.5 181
3-3 94.5 94.5 189
4-1 28 28 56
4-2 30 30 60

4-3 325 32.5 65

5-1 41.5 41.5 83

5-2 34 34 68

5-3 43.5 43.5 87
6-1 60 60 120
6-2 55 55 110
6-3 61 61 122
7-1 10.7 10.7 10.9 10.7 43

7-2 6.7 6.7 6.7 6.9 27
7-3 7 7 7 7 28
8-1 133 13.1 133 133 53
8-2 16.8 16.8 16.8 16.8 67
8-3 19.1 19.3 19.3 19.3 77
9-1 36.5 36.5 36.5 36.5 146
9-2 37.3 37.1 37.3 37.3 149
9-3 44.8 44.8 44.8 44.6 179
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3.2 NgHl Rz
RO FAIYe] S AUPHGEL FATYUL FRP FMole] HapHel g rc)
AR el E Aole] A7 BAe o 2 G Wk A0 deid YoukATAY e
AT, 2006), ¥ AT 1Y o] Hol ulek o] FRPEA Fie] wEs|o] gl wrelA|
Sf3t WA F Fejol ARE olgstol sk, Fi= AL L A(final coating) 22

FRPFA FARRLRE 38t lth

)
2L
i

(a) FRP 22 22 (b) FRP 54 st=A 2

(c) FRP 22| FIA 2] (d) sFArZA

(e) FRP R4 F=A¢ M7 h FAZE 98 & A4
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& A FRP FAE

Et APA b
ll TG S

MZ2 FRP-Z328|E

E gd AlgH

38 5 FRP-Z32

8 6 USUSUE AE B4
TAEE 22 3 FRP HAE 712x A4 2x2401=100 mmx100 mmx400 mm ESof Az & F3
2E B el om(E 5 3R), 28U B T AJES et 35—33‘59«1 FAEE
fiste] 18 60lA Hol= el o] dEiETtE Al gsiylon, By dFUE Y=
39.1 MPaoj|t}
3.3 Al g
FRP2} AT E AW HbA%S H7FE 93t push-push single-lap joint A) 1% 7oA B
ol the} o] UnkAQ) YRYZTE AlRAHIo] FRP Aol AjsH oz siEAjelrl 7hs et
2] T, ASUSTE NG gARE o= sHEAskE =4Itk FRPo} 212
Foidelnz AEzAE 1 mo/min®] A0} Whilog 4=aakgiry.
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“strain
gauge

a8 7. Push—push single—lap joint A|&FH

4, Nda 24

4.1 Y52 Rt UHME AFZ 2

i QieAl FRPEAS Eae]=0] 4ol A8 5 ol AREQ FAA § Aae
HESP] gstol, 43 NBAS o193 A& Aot AHAFAEUS AsIgon, FA=
AR B 97 B S R o U9H A7E s

AL 91 A 2R sl w2 FRPYA EaElE A v 993Ee 1Y sut
2Th. 19 olA Bolk ulel o] Felat A AolAl HAle] BUUET) H2E A
o3 HHSHE HYHOR Sk, Ak EAUEE Ave) shudd SN B AUHS
Hol oz Utk 4HATY HALAS Tl APIE ATASLUR)L 086~0.95 ol
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R =0.93
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€ 15w : SRR
e 7 / /
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N2 FRP-2aP|E MEwANs BIIMS B8RS % FRP FARE Z200| 25t o7

A, A, At F2EA) £ 37 2ol dish AlgEn), B A ZAY R
B A =z P 2 Adu AR Uejshs A 0R yepth E3F 7AYo
22 73 Y A AU SV ARel] dgEe] 24 Sriske 2eR Uehdth

A ddwislef] whE FRPEA} F32E Aol shujgeis 17 904 Boli= Hie} Zo),
FoT AN U AIBAS] L Ka) ) T2 FRPEAR} GPANLE SR H2tA o A]
T Ho] st o, TNk 2T AFAS] A9 FAEE IRt EaEE B v
2R EZF shEE A0R UERTIY 9(b) ).

2 GrolAls sEeAslell whE FRP HAje) MEE-S S451] Hste] 119 100]j4] Hol Hle}

o] FRP A £9}50] strain gaugeS A1x|5}ich

@) F2=4 29 AEA = (b) Z=A 29 AEA w2

713 10, Strain gauge A% MA
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Strain

a3y n. sis-HIE I

AR 1)5E 2 7(case 3-1, 6-2, 9-2)0f gt BlaEAZATL 17 1104 Hol= Hie} o,
FRP 279] HHEL Aslslzol S7Igel met A AgHos Frishy Aststz oF 100 kNoj
A FRP2} 232]E AHoA FAduta)zh waehe o2 vepydel ey 2Rt 243 case
6-22] 7 HIAEZL 2F 0.0018 o] EE| FRPY} ZAZE A Ho)|A] 2 o](yielding)o] BHAU3H

olF A (perfect plasticity) FaFE Holiz 2102 Ueyith

whbA] 2 AollA] ek Ajdzd 7hed] FRP RAfjeh £ =0 348 ffsiil= 6.5 mm~
238 mm AIZAE =2 Uxg TASN= o] /1A Akl Ao wohEch

1.67-

‘ 4 2,096.7~ 2,299, T 21035

4~7 2 1,334.0~1,481.3 1,418.0
Pull-pull double-lap joint 4~7 3 1,832.3~2,174.3 1,960.3
4~7 : 4 1,996.3~2,176.3 2,091.8
6.75~9 4 1,848.0~2,221.5 2,004.5
13~6. A~7. I~ 4 2

otxe A5t AGAGAE 3~65 1L1~72 1,542.7~3,710 2,620
. L. 4.76~2.38 05~3 2,227.2~4,598.7 4,160.3

(Push-push single-lap joint)

13~2.38 1.1~58 2,347.9~3,983.6 3,108.7
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MES FRP-Z3|E FICHEAIAL TS SR8 £ FRP JAEE =40 2

7|1& Ao A =3yt Al A= pull-pull double-lap joint AJE o] 23t Flo|™, 9~1.67 mm
A=) FAE oF 2 kg/m’~4 kg/m® WEZ FAS Auo|oi(MEd 5, 2006). EgH £ Ao
AREE AlEAE ALY YEREE W Uk, AR ARSE P 5 ApolR QlEte £7
Fol Aot Ao vwEAE S glov, 7 At ARt AEY A =S SRt
A Brhs 7hesE Ales wdESIo:

5 2014 ol Hke} 7o pull-pull double-lap joint Aol ofst 71 Q17 2elA] FRPE} 2t
Se)E Awie) 53 S HE 13340 kPa~2,209.0 kPaolth, Al uh] Hrgkgeloz 2
shel A} WES7lo] weh FRPe} 2elo] Hekal Ao} 571k Ao vhertoLy 1At
A7 islo) ok gaRe X e AeR ey

B clolla] AN AEHoR Belel Fulolx FRPS} 232|= ARiel 9 Aekgele
1,542.7 kPa~4,598.7 kPao|u], {FA} W=Z=7lof whe} FRPQ} 3 EL] A2 gi7) 71
ok olujel el 8 TR, AR w3 BRATSeow Bash FAIIFo] 2He4S: FRPY} 221
elEe] Muna Gib} Z7Rs ZoR et

719 2ol T AR ARAZTE BEdiE & AolA] AljteE AR FRPF EH 2] ES)
AEaE e Briohe ARHoR Fue B 4 9l 20 BEEE, pull-pull double-lap
joint Ale dhel A W] Qdgia) Defa 4 gl Aldvolet B
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B @TOIME FRPS} EaelE AuAYE B
Fel e Aesioch g FAEel A8 B4 947 o
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>
El
E

ol

1 R
Hig G175 Flo, FRPRAH 2elE0] 3] A 4 ol B FARIZ B e
Hetel sk HHere Ak olet BUE ATHES Yelshd ohgat 2o

1. Pull-pull double-lap joint A|@-E& E3F 7] FRPL} ZAZE AukAE o AFZyet &

AFollA Al k5 st AUAFAIR Auke] A vlag B3t & AollA Algket

AR FRPO} Sa2) 0] Jgh A3 Aol kAo B8 4 9lou, pullpull double-
= AREel Aoz gEEg

lap joint ATE] Thelsl TARIA Wske] G TeiE 4 Sl
2. ARG ASE BAY U W YRS WARSE ABS ST AT LEFlo) wet
FRP9} Zae|=o] Rataabt A3Hoz S71ke A0 vehgor], B34S Agsis A
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FRPS} 228 o] ek maHel A0 ehdeh web 2 apola S AlEz
2 ke FRP Rajol Ea12]ee] B0l Qe TS HHAE 6.5 mm~2.38 mm )
WEE TUSE Aol 1Y anEd AR e

Sjo] T2 FRP2ASH 22/ AR B P FLEATS B4 A FRP
A A A atajHo] FAdxm, 2EARkS S A AL
s 232121 53} wishe AoR Uit o2 st
oM REA AT AP FRPS} 2AEE ARIA] Solelyielding)
o] B o]Bojl= b A Al(perfect plasticity) 7332 Rtk
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g

ol AFA2010), “HY lold 2xARA 2R 4948 2R 484 AES AT 2AsHA
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A5, FEEEEE=EA, Vol 12, No. 6, pp. 451-461.

O, AIFA, U501, B ol FRAZN TS T J9 FRP-2AE Byhnael oot

A ATEAR B4 7, dxEdAsRIeE =4, Vol 13, No. 2, pp. 149-158.

el

Zl, Vol. 24, No. 4A, pp. 653-661.

., ARAYIS ATU2006), 44 B2lS skt AR sk, A7) 2006-067 BEAN S

ATY 71RAY HERIA.
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