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Upper plate Bolt

B Rk
Welding Bolt
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Lateral plate
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Lateral plate type”
(strong and weak)
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Closed type
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Thin plate

* Anchor bolt pitch was determined

CFRP¥ — I based on assumptions that the

c L= CFRP sheet ffective strength of CFRP sheet is
E effective strengf
& ;. 2 :ﬂ-—t 2/3 of the nominal for strong type
Nail type and1/2 for weak type.

Figl CFRPI—bOTrH—Fik
Anchoring Methods of CFRP Sheet



AMABEAAIERTIR No.54  RFMMEITIC X BEEERM 05 (20 3)

Table 1 #HEDOEE

Material Properties

CFRPY — h Ef & AWTHIR I 70—}
CFRP sheet Longitudinal rebar Shear rebar Concrete

=X BE WMEMREC I WA RIE WUARE  RIE RHERE
Series  Strength Elastic  Strength Elastic  Strength  Elastic  Strength  Elastic

modulus modulus modulus modulus
(MPa)  (GPa) (MPa)  (GPa) (MPa)  (GPa) (MPa)  (GPa)
B 4350 %' 241 1028 # 216 343 # 204 376  263%
S
M 3900 *' 240 371 % 195 372 % 201 18.1 20.0 *
C 383 #° 198 16.2  17.5%

*1 : BEITORE Rupture stress *3: BRERIGT) Yield stress
#2: BARIE(0.2% F 7 € v b) Yield stress (0.2% offset)  *4 : B#4% %% Secant modulus

5 R & “ﬁﬁﬁ@Z/S&ﬁ%quJLté@f
By, [55] BAHBEDNDL,/ 2LREL-HDTH
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) — XEEEE) .

HEBREDOEAMHMEL R THIEL LT, BHFEAR
WA IR (p,(s)) WCHIBAMERIET) (o (s)) %
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HUE mm 27 7EM M DI0@160
Unit :mm M 4 :D6@125
TR Y r=30 Rebar arrangement in slab

Longitudinal: ¢ 10 (deformed), pitch=160
Transverse : ¢ 6 (deformed), pitch=125

Chamferin,

D6@2501T A2t
¢ 6 (deformed)
pitch=250
lapped welding

D6@250TL A%
4 6 (deformed)
pitch=250
lapped welding

500

10-D23(¥3 %)
10-423
(high-strength)

10-D23(i55%)
10- ¢ 23
(high-strength)

| 250 | 300 | 250 |
300 { 800 |

Bi1)—X B series S U—X Sseries

27 7HfM N DI0@160
B 71 D D10@150
IR Y =30 Rebar arrangement in slab
Chamfering Longitudinal: ¢ 10 (deformed), pitch=160
Transverse : ¢ 10 (deformed), pitch=150

lioo]

D6@300 D6@300

135° 7v 7 135 797
§ ¢ 6 (deformed) $ 6 (deformed)

pitch=300 pitch=300

135" hook 135" hook

8-D19
- ¢ [9(deformed)

12-D22
12- ¢ 22(deformed)

L oaso | 300 | 250 |
300 [ 800 |

M2 1J—X M series CP 1) =X Cseries

& A WFili % D 6 @300
Transverse (shear) rebar
4 6mm (deformed), pitch = 300mm

iR 12-D 22
Longitudinal (flexural) rebar
12 - ¢ 22mm (deformed)

A % 7 Stub

A /%7 Span = 1,200mm

& AW D 13@75
Transverse (shear) rebar
4 13mm (deformed), pitch = 75mm
B (M2 U ~X)
Example of rebar arrangement (M series)
Fig. 2 HERIKRDELH

Rebar Arrangement of Specimens

Photo 1 SEFRZEME (C> ) —X)
Test Setup (C series)
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Table 2 FEBRIEE

Summary of Tests

R AR 4e e CFRP A5 7 & ARTHMERA 7 A= R AR Wi R CFRPY — + [z h_v)
(R7¥2) ¥—t (MPa) *' (kN) BARU$ A& (10°)
Specimen Loading condition CFRP Slab  Shear reinforce- Anchor #? Maximum Strengthening effec- Maximum strain of Failure condition
(Span) sheet ment (MPa) *! shear force (kN) tiveness ratio ** CFRP sheet (10°)
B-0 % L Non 0.26 - 221 - - & A BT Shear
B-CF-A0 B3 3 minh =L %L None 260 1.18 1,580 2 — P HBE Sheet peeling
B-CF-AB Mnotonic 1%  None 248 H[E (54) Lateral (strong) 476 2.16 12,600 S — MHMT Sheet rupture
B-CF-C three-point 1 ply BISER!  Closed 517 2.34 15,170 S — FEEIF Sheet rupture
$-0 loading % L Non 0.26 = 259 - - & AT Shear
S-CF-A0  (930mm **) HY L None 277 1.07 9,800 S — b 3@ Sheet peeling
S-CF-AB 1% With 2.48 BTG (3%) Lateral (strong) 514 1.99 12,040 &AM % Shear *¢
S-CF-AS 1 ply slab FASAR  Closed 567 2.19 13,970 o — MEERT  Sheet rupture
M-0_ BAFEAERING % L Non 0.22 - 269 — — & AR Shear
M-1 Mnotonic anti- %L % & 9 #T Nail 314 1.17 4,890 2 — FFI#E Sheet peeling
M-2 symmetric loading 1/  None 2.44 HITE(59) Lateral (weak) 304 1.13 5,880 7 — M #8E  Sheet peeling
M-3 (1,200mm **) 1 ply BT (58) Lateral (strong) 358 1.33 8,460 & A MF ¥ Shear ¥
Cc-0 $RWEASFRIST % L Non 0.22 - 170 - - &AM Shear
C-1 Cyclic anti- Hb 0 & 9 #7 Nail 209 1.23 2,590 & AWF*  Shear *
C-2 symmetric loading 1 /& With 2.44 BT (§9) Lateral (weak) 213 1.25 3,650 PR Yielding
C-4 (1,800mm **) 1 ply slab BT Closed 246 1.45 6,990 [ES Yielding
#1135 puS) 0 J(8) T pueD) v o W(eh)} w6 - AT THEEBICE - 2 CUERILKIC L AHIR

*2 : Fig.15 88 See Fig.1. Failure due to crack propagation through beam-slab connecting part
3 AEATREABRIR DR A A A WA B HE *7 ;R & AR O HIR
Ratio of maximum shear force to that of non-strengthened specimen Failure of anchorage part and non-strengthened region
#4 ;& ARTA /X Shear span *8 . Bk, M AEL/S0FE TR & A
#5: QiR /S Clear span Strength was kept after yielding until deflection angle reached to 1/50.
AR Shear f kN
& AMi? Shear force=P,/ 2 B mm 600 B3 ear force (kN)
Unit : mm I
500
"""""""""""""" 400
] A
AW RIS AR AN
| Shear span = 930 ‘ 540 l Shear span = 930 ‘ ‘ B:-Sy =X 300
2,740 B and S series
200
HI%J 25 HE Relative displacement = (8 +48,) /2
& AT Shear force =L, (P,+P,) / (L+2L)) @PZ 100
..................... A¥T
S Stub, 0
YT A R _ 30 40 50
swb | 002020 V¥ s 727 Displacement (mm)
5 B 1) —X B series
|
' } \ 400 | PR A28 Clear span ! 400 ] AT Shear force (kN)
2 . T T
& Totallength b e [ S0
500 ~—S-CF-A0
Series Clearspan L L, Total length  Shear force R Tl e o VR S-CF-AB|]
M 1200 1,600 800 3600 0250 (p+py) M- CIU—X —S-CF-AS
C 1800 2200 1,000 4600 0238 (P, +P) Mand C series 400
Fig.3 AL 300
Loading Condition
200
22 B, SYU—-X 100
B, SHY)—XTid, A7 7HHBIRAIL %5 & 7,
ox _ RN . . 0
SRERIR % R L C TR E ICHEAMD L (Figd) - EBIZ 0 10 30

BAHER B2 CERAB0~40mm (EBH £ T1/30~1/23)

IELZBATRITL, BTE Lz, RBREROMEE
Table 212, ® AW ~BREBREFigdlIRT (EABD
BITEDIRTH D) o 72, BRBREOBIRKLE LTI

LRy %o
221 ST PEBOLEVRERE  S-0M
ER{RIZB - 0 RERKIZILN, AT TOFEIZ L > THRARYE

AFHDR R E LT 5o REREIITE AR OUEIN

35

2 Displacement (mm)
S¥ 1Y —X S series

Figd B, S¥U—X0®AM~ELEK
Shear Force - Displacement Relationships of B and S Series

P35 U7 B-CF-AQ, S-CE-A0DZRERE (BE %
L) 2BWT, EMmoORBEKIET sRREABNO
M, 7 %ho1 8 %ikLESs, CFRPY—FL
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2RV,

BRI R OME % Table 21277 T, 72, BREBEOHK
BRI % LT ICRE T 5,

231 MY U—-X (—ARBREHFTER) My —
XD ABST ~ IR 2 Fig.610R T, = 2 CHIs
TGRS 7HOMIEMTH B, M - 1 3B
(T xHHE) |, M-23BE (BIER (59) ) oBkw
AW, M-ORERMR (M) 1CH~13%~17% DL
Rizk ok, 2OZo0REFIZBWT, CFRP
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NS E LR CTERRESSHE L2 (Fig.5-a) o &
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Photo2 B-CF-ABRRERIED NI A DIRI
View of B-CF-AB Specimen After Loading

BWRT v h—

Mechanical anchor

WERT v 7 —
Resin bonded anchor

CFRPY — }
CFRP sheet

a) BT > H—

b) 48T > —
(1832 2 28 & 60mm) VBT

' ($E1A AR & 130mm)
Mechanical anchor Resin bonded anchor
(depth=60mm) (depth=130mm)

Fig.5 TEAEBOBEHDOENK
Fracture Pattern in Anchorage Part

AMS]  Shear force (kN)
600

M

— M-

0 A U AT SR M
M.

400 Lovemmmemenemeeeecesnenesnenenen b T

300

o “‘I \
100 Heeeeeeieeee \
0
0 10 20 30 9 %

AAXFZERL  Relative displacement (mm)

Fig.6 M — XD+ AW ~ZhB1%
Shear Force - Displacement Relationships of M Series
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ZEREERTHL, TUH-RLIDEYFORENM-2
HERETY, THLBRAARLOT VA —BENLNRT
WAL, M-3REBREE FAE0MOEL N b0 L
ENbe KL, M-3RBEOCFRP Y- FORKD
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FEBFRTELRV, BHIET 7 — 122 2T, BHEZ X
FIREBT ARV WA Z LT hwEET oMbz
o, LDBVEBMREIEONRD LEZLONS,
232 CYU—X (EERVERLEEERR) CVIJ-—
A D& AW~ BV R (BEHR) ZFig7I2R 7,
Fo—BlE LTC-2 RBREDE AR~ AT ERL R E
Fig.812, FIRMERAEOEIAH1/30 (HIHEM T60mm) O
BRI % Photo 3127797,

C-ORBRMA (EEHHTE) DOMAE, EARRENEEL
EEETELRE L, —F, C - 1 RKEE (U ) THE)
&, EFHRERBED LESAMD2#ELKRIT -, EER
WU &R =068, WMHASL /50 GEEENLT
36mm) WELLLRABICCFRPY— I EEEWE
EHICHEL, MOSREICET L, BIERORITIZ
M-1ERERE LA, V- MCEESWELE S Hemp 2~
7] — A E LIIREECRARE S S RTE L 720

C-2ABRfE (R (53) ) &C-43ERMA (BASEE)
i, B AE120 ETOAMBESSE L, o7,

& AMTJ)  Shear force (kN)

300
200 [-.-
100 [---
0
-100 --- —C-0]
S T N V7 2 T A R B c-1
----- c2
200 .. i =
0= 40 20 0 20 40 60

HXFZENML  Relative displacement (mm)

Fig.7 C3V) —XD¥AWII~ZEMBER (i)
Shear Force - Displacement Relationships
(envelope curve) of C Series

W AW Shear force (kN)
300

200 [---

100 f---

0

-100 [---

200 [---

-300

-60 -40 -20 0 20 40 60
FH*3ZEfL  Relative displacement (mm)

Fig.8 C-25RERIEDE A W) ~ 25N BIFR
Shear Force - Displacement Relationship of C-2 Specimen
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727ZLC-2BRIRDM I]1Z, TR S 5RO
Rizedbzw, PRETTHERAFALNL, O
BTFOREREE LT, & 27 7HEEHTOOUTENRO
RiZEbar s ) — N DEMCIEZEEDORTHE R
bbb,

3. BROBHRECET s EE

EROTHICBIT A LIEZE 2L, F#HE LD D
BEREDFBEFITH 5, HEHOHEEIC L 5 EHHE
BEBELS»I2T 5729 2B-CF-AB, S-CF-AB® 240
S AEHY BT ABIBII DWW TEERITo /2, Lk
BEOMIEBETEROT v A —BOHTOHOHEE,
Fig 9D & ) IRET 5 (KIEMAF A bE, B -
Ttz REES & TV 5, Fig.10, FiglldEL) . 4k
DIBTIBETHZEOE 2 FOTHE L TFig. 100 & 5 [RE
L, ABHEHIC L 55ERIDDPEA N T—HRIZH
HTBLDET D, Fig9ll BT A B@tasEils X Ok
EEO N T AEMROAFE EWHIERL, KDL HIL52
bith,

cotq)ﬂzw ........................ )
bpw(s)ow(s)
Gi2= pW(S)GW(S) ............... (2)
sin2¢21
COt¢11= sin¢21 COSq)ZthZ ......... 3)
pw(Cf)O'w(Cf)+Sil’12(|)21Gt2
- pw(Cf)Gw(Cf)+Sin2¢.216t2 ...... @)
sinzq)“
ZZIZ,  bIdRIR, p(s), p(cDiFTNETNEEFIRE &

CFRPY— MIXBEAWHMALL, o (s), o, (cf)
FENETNEEFSHG & CFRP ¥ — ML 22 AW
FOIEHTH B, EBRTREOMIFIROUBIRIIEISE S

Photo 3 C-23RERMEDERM f1/30 (HXFAEAL60mm) |2
BT BRI
View of C-2 Specimen at Deflection Angle = 1/30
(Relative Displacement = 60mm)
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nF, PIAAICL ) ABEEINIEAMNIE—HTT
ZEBOBHEFII—HTHEEZOND, TOBENE
AR, —H b T AEBIC BT A HRER T O
AWV, B & CEHBERTOE ATV, & O

Vi=Vu+Via=bjiZpwoweotdy, o 5)
LB, T,

Tpwow=pw(s)ow(s)+pwlcfowlct) - 6)
THhhb, 7T—FERICHETIILIHE, BROEZH
CHEL T (Fig.11) $EEL7 T—F R b Ty MIb
2K LB OTHAMBIZ BT A3RAIOBM T
(x=L) L LT3, 7—FEMAICL > TRIASNLEA
Wi IERRTE R b B,

Va=2d1gb(5atan6 .............................. D

2dgb

tan@:V( L )2+2( D -1)- L =+(9)
2d[g 2d‘g 2dtp,

THbo b T AERILHHTOEEHDIETIE—FRTIE
<, WBOEHIIAEC, RSO EFHILNE L

Lk

Strengthened region

TR S

Non-strengthened region

L5 . Gravity center of upper rebar —dT,

—dT, ¢ EHEEES RIS
Increment of tensile force of upper rebar

:CFRPY—MEEER
Tensile force of CFRP sheet

Ty BEAE AR R85 3R

Tensile force of steel shear rebar

Cyp - WSO 3 vy ) — MEMEN
Compressive force of concrete in strengthened region

Cpy - MEHBRFASED 7 ¥ 7 ) — MERMT)

Compressive force of concrete in non-strengthened region

¢y - MR T v 7)) — M ERERAE

Angle of concrete compression strut in strengthened region

§oy @ BERERERO T Y 5 ) — MIESR A

Angle of concrete compression strut in non-strengthened region

oy L AREEO 3 Y 7Y — MERRIES)

Compressive stress of concrete in strengthened region

oo | IERREMO T Y 5 ) — bIERRIGS)
Compressive stress of concrete in non-strengthened region

Fig.9 (AEHRERE DREBREIZBIT BTOHEDIRE
Assumption of Equilibrium of Force
for Lateral-Plate-Anchor Specimens

38

LoTwhEEZLNS, EFHUT AL, WEOEFHD
D L AROKRTHIE L2720, WO EHUSNOEH
DUFEREICRT BIERE c 2 HETH I LIZTH, LT
Ao T, (H~@ONUIENBT, T(x=L), d % EFT~N
TcDBHE %%,

UL DO E T, KIRE ¢ 2 —4k - IS
FHOBRME, EERAE, EHTIRDIMEEOR
¥ EEFNOEDRMEBAEN L, THIIHLT, ki
DERTEROND LM, CAMNOFEEL EREL
D—, LHHERUEIZBT 5 EHT IR DA OHEi

TR E L Gravity center of lower rebar
~Fk F T A3 Uniform truss region

Ui

L Joint ré i »
I

LB E L+ Gravity center of upper rebar

? Il & C
T WER A WMZESB Measuring
Measuring Measuring point C (x=880)

point A (x=50)  point B (x=465)
%5875 |3 77 Tensile force of upper rebar

Fig.10 MHERER DREREKICBIT S b 7 AERIET
RENERE (B, S¥—X)
Assumption of Stress Field of Fruss Action for
Lateral-Plate-Anchor Specimens (B and S series)

1

L HHH E.Ls Gravity center of upper rebar

& AW A 7% Shear span L _‘

Fig.11 7 —F{EAILTIIREE
Stress Field of Arch Action




FMRALEAT R T AT

M &, BHOEDOERENS R 6N, 7272—2DIRNEN
EE D, LIAT, T AEREMEL T — FIEREHE
ROERLEFOELEMES] o JIXNTERI N5,
’ _Ox+oy (0x'0y)2+1:2

2 2

Cu

Gx=%{0a(l +cos 2 e)+0t(1 +cosZ¢)}
oy=%{041-amze)+odl-am2¢»
‘C=%(Ga sin26+(5rsin2¢) ............... (10

Thbo o WR)RTHFAONA, o &V VI —ILiE
ME o, ThREE, 302 - DOFHREREL A
HT& 2, 72720, WREHD v 122V TIE, o 12(4)
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BAHGREILD v 12DV TIE, 0 122) Ritdk b o, %,

glz) NicL s ¢, 2AT 5,

HERRIC T B HEERE S % Table 312777, B-CF-AB#
BRARD ¢ | 755457 LERRREL Lo TWDY, INHE
B FOREOMBE RO, HEREERIFEDORRED
», SERETT AUENHS, LirL—HT, S-CF-ABH
BRIk ¢ 1346.0° Lo TWwh, ZORRICEDE,
AARBEZELOKRFREHEE KL o THADOFHEAT
DBEITI, RSO b T AEMERAE § | & HEH4S”
&4 5%, ¥/, B-CF-AB, S-CF-ABMBREDTAME
BOCFRPY—POEHOTA (CFRPY— FOHR
DT AD38~51%) &, BISHEIEHRDHERE (F59%) 12
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HATE FEMEEICHET IO NZZCFRP Y- ho
T3, MENCB L TR R > Twb 72, B
BENIHEAR TR DI VEER LS, ZO2D
CFRPV— MNOBEREERy |, YERTHLEN DY), LH
v, & 045 IZEET o

ay 7)) — NOBRRERE Y IZDWT, HHIRERO
BEy $90.64~0.66THDDIK L, T ¥ —KN
MMLE L AR OLE IS E N ERREE O R
v ,130.74~0.92 L B o T b, THUTHIS Liw#h
DHEFEICEBHBEEZONL, Thbb, SRBOFE
LD, DHEEICER Y 2 ) — M EEOE S A
AHNZRELS 2 Y, POBRBHOWMEIZL>TI Y7 —
FOMBEEGLMAT A0 LHEINL, Lok
T, IOEWREROI Y ) - PESRERKY,
0.85BELAVAILNTELTHL ), T/, EfFR
FEEO DT AEHAE ¢, | IHBHREHRHIORE NS A
BEOTRIE 26.6° ) #4940 TFR>TWAES, ERT
BESNLVUERAER, BHMERORORS ©%
By, BENLREBRERLE VA S,

4. BAMMADFFMICDONT

B REHES TIE, B I AERIC L 2 —FRIC %
IRE LTV 5, EHMRARERG DS X U sEE 2 & BRI
DRIFERETR S ICHE L /o d AW I DT EME % Table 4, 5
WRY o 772 LERBRICD L O, EriMiRifoa
v o) — NEMBEREIZ0.25, BSEREERBREO
S AEHEMAEIR45 L LTWh, $72, EWHRAR
RSB R EIE LB 0 CHRBREHE IR E S h:

Table 3 HIERESREEOLTREDEE (B, S¥1)—X)

Esitimation of Stress Field of Lateral-Plate-Anchor Specimens (B and S series)

SERTK wK VuTD VuThH BWHRERR Y, FI7AE BRMERE., FIAEH LB
vukN) &S ARES RER) (HlisaeE ) (niiafs) (IR iR C
Specimen  Maximum  Share of Share of Effective strength Truss action Effective strength Truss action Reduction factor
shear force truss action arch action  coefficient v, angle ¢ coefficient v, angle ¢, of longitudinal
Vu (kN) in Vu in Vu (strengthened (strengthened (non-strength- (non-strength-  rebar section
region) region) ened region) ened region) area C
B-CF-AB 476 0.24 0.76 0.66 54.5° 0.74 13.4° 0.70
S-CF-AB 514 0.41 0.59 0.64 46.0° 0.92 7.7 0.41

Table 4 EHITRIRERED & AW /) EHEME
(B, S¥—2X)
Estimation of Shear Strength of Non-strengthened Specimens
(B and S series)

R ERE  EBEFAERIEHNILBHEME (v 130258 RE)
Test Estimation by AlJ guidelines ( v is assumed to be 0.25)
N A T—F1E b T AfE
Specimen  V(R=1/50) Vu MEiEs  MAESs  WHE
(kN) (kN) Share of Share of Truss action
truss action  archaction  angle ¢
in Vu in Vu
B-0 169
S-0 199
B-CF-A0 160 188 0.29 0.71 26.6°
S-CF-AQ 218

39

Table 5 FASHELEABERIROE A W T) T E B
(B, S¥V—2X)
Estimation of Shear Strength of Closed-Anchor Specimens
(B and S series)

BT ERE  EEESKRIEHICLAHEE (41345 LEE)
Test Estimation by AlJ guidelines ( ¢ is assumed to be 45° )
M7 A T—FE BRI
Specimen Vu Vu RaEis BaiEs R
(kN) (kN) truss action  archaction  strength
in Vu in Vu coefficient v
B-CF-C 517 .
S-CF-AS 567 496 0.53 0.47 0.52
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Table 6 R ESRBREDOE AWM DEEME (B, S¥ U —X)

Estimation of Shear Strength of Lateral-Palte-Anchor Specimens (B and S series)

a) v FAVEFESERBIEC L 2B =45 )
Estimation by AIJ guidelines using v, (§=45" )

b) v R AR R RIIEIT I £ A TR § =45 )
Estimation by AlJ guidelines using v, (§=45" )

NS A T—FE BRME FoAE T—FE AWML ISR b
Vu Aas  BAElEs B4, Vu Reds  HaEEs B, 7 AVER ML 6
(kN) Share of Share of Effective (kN) Share of Share of Effective Truss action angle
truss action  arch action  strength truss action  arch action  strength in non-strength-
in Vu in Vu coefficient v | in Vu in Vu coefficient v, ened region 75
597 0.30 0.70 0.52 496 0.37 0.63 0.83 8.5
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