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Strengthening Technique of Pier by Use of Carbon Fiber Grid and under Water Curing Type Resin
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Abstract

From being reviewed quake-resistance standards on the experience of the Hyogoken-Nanbu
Earthquake, seismic strengthening work of the pier due to reinforced concrete jacketing method and
carbon fiber sheet jacketing method is advanced in everywhere about the land-based pier is almost
completed. However, seismic reinforcement of the underwater part (especially deep-water part) there
is a problem with the existing method, there are still many piers that are not seismic strengthening
works. We have developed a pier reinforcement technique using a carbon fiber grid and underwater
curing type resin in this background. In this document, overview of the pier reinforcement technology,
verification of reinforcing effect, the introduction of construction cases, we describe future prospects.

1. #&

HARGIHELREETHY), MEY O RREIXEE 2
RED—DOTHh b, LERMITHE (RKEET7, v 7=
F2—F73) TELEOBEEDITHEE»AEL, FRmH
B EOEBEOSma Yy 71— (LUF, RC) EHIA
B, ERLBENIFA L2, FHRE L TIERCERD
OGS AR R W U (DUT, BEL L) 1ICHE
WL BMEEMUEOMITE— XY b L2720 EEZ 5N
bo COEKRH T Z CIELENRE SN2 &
5, RCEM oI =R TH T Tt ST E 7,

i A oR T & L Cld RC & &0 C LR e Rk~ —
MEETIEENL RSN, Ao RCERIZD
WTIITREMTR LHIE T L7252 5. LrL, KHED
D RCHGH (FRCHIOKIRER) Tk, FIABREIITH L,
e ONVEE 22 % MRS 5 720 OIGHE Y THEALETH D,
IAN, LTI D 5 &) B & K722t R R L g

il

AHEEN TRV RCIEMAZ RSN TWE, 20 L)
RS, MY TS 2 KR RC G OHish %
HE LT v B EHE L AR LT E G 2 Fv 7z
IRHE LAY RE G IR AT 2 B S L 720 AR, LEC
TEMRSRET OMEE & MisRRh R OWGEE, HE THp % /3
5o

2. 7y FIRKFEMHE & KPR 2 A
AR R OB

21 ERITEDHRE

TER D e Tt > — A S TITER, KbTid, (1)
JRFMAME Y — D2 R o WEE, (2) THRF D RERE
EEIREPEHTEZRY, Loz lilins, RCHEHDHE
P 2 AR AR SE TG E) L N 7 A BRI L T L % 4
Bhbole L, W LHEEZIT) BT, (1) AKE
TR LHPARMEN 25, (2) THAUIFARAERAK
&G RIHENE L ABND D 5, L Vo 7ZE D H 5720

*OHSESP# ) oY= T ) Y IHER V=T )y IS

e ST

PRI BB TR I 1-4-16 (FTHLY L 202 %) T 900-0021



Ty RIRIRSRMHE & KPR EARRE & A o 7o AR AR At

22 J1) vy NIRRFEMHM & KPE A4S & B 248
R 40T D45

BE1II7) v RIREEMHME, FT11270 v FIREFE
MEALRE, T2 1KAPREALTZBR DMK 2 7R §. AKHE RC
MBI BUT 2 R FMHES — NEE L CLEOREICH L,
RFEBHEY — b2 70w RIS L7227 v Rk
FHME (LT, CFG) 23RH L, RCIEBMA~O#EAE IZAKF
WAL R 2 R > TR AT 5 ke Lze B ICHi®R
JEWITH % 7”9 o RCAEMFEMIZIEAT A8 L st
RS D720, 7L ReKRB 79 A ML DT AL %17
Jo BT, HEHNEORFIZED EHFNITEMEL

BE1 Ty RIRixRkkH
Carbon fiber grid (CFG)
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Specification of carbon fiber grid
Cross-sectional| Tensile Degrc.ee. of Pitch of bar
Grade area of bar | strength | elasticity (imm)> (mm)
mm)*(mm
(mm%bar) | (N/mm?) | (N/mm?)
100x100
CR4 6.6
50%50
100x100
=
CR5 132
£ 5050
o 100x100
<
© CR6 17.5
%ﬁ 1400 100000 50%50
g 100100
£ ] CR8 264
5 50x50
= | crio 39.2 100%100
CR13 65.0 100x100
CR16 100.0 100x100
CMR5 132 50%50
£ [ cMReé 175 50x50
Z 8| CMRS 26.4 50%50
k= 1200 165000 ——— ——
= 3| CMR10 39.2 100%100
'éb CMRI13 65.0 100x100
CMRI16 100.0 100x100
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Property of underwater curing type resin

Item Property values Remarks
Adhesion strength = 2.0N/mm? 23°C x 7 days
Compressive strength 55N/mm? 23°C x 7days
Bend strength 49 N/mm? 23°C = 7days
Tensile strength 32 N/mm’ 23°C x7days
Density 2.05g/cm? 23°C

Resealing edge

Preparation surface

Under water curing type resin

Form (SUS 304)

X1
Cross-sectional view of reinforcement layer
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Method of three-point bending test
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Load-deformation curve
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Relation between the number of cracks and load
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Dimension of test piece and reinforcement layer
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Results of flexural shear test
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Configuration of the reinforcement layer
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Standards of reinforcement

Circumferential
Specs of Number of L.
No. reinforcement layers direction fiber
weight (g/m?)
1 Unreinforced — —
2 CR3-60 1 57
3 CR3-50 1 68
4 CR3-30 1 114
5 CR3-30 2 228
6 C0-10 1 50
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Results of compression test

Circumferential . Displacement at | Circumferential strain .
Specs of Number of L. Maximum load . . Final fracture
No. . direction fiber the maximum load | at the maximum load
reinforcement layers . (kN) morphology
weight (g/m?) (mm) )
1 Unreinforced — 440 1.1 867 Concrete fracture
After CFG fracture,
2 CR3-60 1 57 463 1.7 2679
concrete fracture
After CFG fi
3 CR3-50 1 68 480 1.7 2714 et CFG fracture,
concrete fracture
Aff FG fi
4 CR3-30 1 114 494 17 3294 ter CFG fracture,
concrete fracture
After CFG fract
5 CR3-30 2 208 647 38 3810 er T Tracire,
concrete fracture
After CFG fracture,
6 C0-10 1 50 447 1.2 1157
concrete fracture
*5 HEBRKERV CFG R
Results of compression test
Fiber level Shari idth C rted
Configuration of the Fiber level foerieve anng wi (.)nve. ©
Standards CFG . . Number of row per a row perarow  |norminal tickness
reinforcing fiber (mm?)
(mm?) (mm) (mm)
A CR10-100 39.2mm?x43%x2 row x 1 layer 33.712 16.856 100 0.169
B CR3-50 4.4mm?x43%x3 row x4 layer 22.704 3 7.568 50 0.151
C CR3-30 4.4mm?x43%x2rowx2 layer 7.568 3.784 30 0.126
£6 MW3lE¢ANRRESR
,,/W“’ Results of both pull shearing test
600
/ \ Sharing Tensile
500 Nod No CFG width P G strength
i = 0., ’ ' /
/ Aty Ses N_;‘ : — (mm) )| (Nmm) | )
\ [oX 0.
X \ Y A-1 CR10-100 100 187980 2.85 2788
Noi % . N A-2 193150 3.01 2865
‘o
S S~==\o g A3 222810 | 400 | 3305
--No.I:Unreinf:r:ed ~—No.4:CR3-30 : Ave. 3.29 2986
o eiomstd  —henopie B-1 | CR3-50 | 50 | 167770 | 449 | 3695
o 05 1 15 2 25 3 a5 4 a5 s B-2 171120 | 467 3768
Deformation mm B-3 161150 4.14 3549
10 Pl - SR ACVT CR3-30 30 693 :’:g iii
Load-deformation curve : ) 26935 : 7
C-2 53050 3.37 3504
T HlimmE Th L KHE A, DHiTHED CFG ZE C3 54275 3.53 3585
GbET kB, KA, BICHAVNIORER A TR Ave. 39 | 3617
3KHE B LRISETH KR C, DL 3KH#ER BT CHfiia:
DFEEGE L 720 RIEBIZBWT, KA LFAED G HHENTRSS
Eh G, /NiTEE D CFG %i:@f?ﬁ%tf DAF AR S 12
3.4.3 ABRIER ?ﬁ*.i.“btcbn_ Db h o7z,
RO MG | X AWK R EZ R T, [TEHRIOIREL WRICEFERZ TR Lo THIIL 72,
L TP &) FHERIBER R T AV F— 6, (N/mm) 25T L v, =Ae, xE,_xAF/S /b )
726 L=P, /(2x1 xb) 3)
G=P, 2 8PxE, xi ) (1) WRNFAEIGT) © 7, (N/mm?)

Hﬁzﬁﬁ P (N)
CFG T%?*FEJFW o b (mm)

CFG 5 [tk : £, (N/mm?)

CFG MRS ¢

L (mm)
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Results of calculation enable attachment length

N CFG Pmax Ty Le
0.
N) (N/mm?) (mm)

A-1 CR10-100 187980 2.29 220
A-2 193150 2.09 221
A-3 222810 237 217
Max 221
B-1 CR3-50 167770 2.14 190
B-2 171120 1.96 182
B-3 161150 1.61 208
Max 208
C-1 CR3-30 56935 345 165
C-2 53050 3.19 166
C3 54275 2.79 195
Max 195
250 OExperimental value |

£ m calculated value
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Comparison of experimental value and calculated value
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Preparation
(installation equipment)

]
| Marking coverage of repair

|
Preparation surface
(sandblast-cleaning)

|
| Install CFG
|
| -

| Install SUS form and falsework |
T
| Grouting epoxy resin |

______________________

| Remove falsework |
I

| Resealing edge by epoxy patty |
I

| Remove scaffold |
I

| Completion inspection |

12 FETEHBI 70—
Flow of installation about major construction

0, SAPERICRE LTI s e OB & B Uk, 2R fRaE H
M CRFHES — MEEITCIIEE L, KHERIZEL TiX
7y RIRGERMHE & AR BLIER G & V7 fis Tk e
L7zo CORMEROHHELIIHEH LIELHEB & L Tl
ERAE

412 IR

K122 L7 —%Rd 27— M, i
B L T METIZE OBh LB A L7, BHiE1E %
1Ty, CEG LBEfFa > 71) — D e OFE IR T 5720,
U RTITAMIELE THIE AT 5720 77 v KRR
WHEDARR LB EHILIC X D8 OIEE S 2 Wil T 572
¥, CR5-50P (FWriEFE @ 132mm?, ¥ > F :50mm, P
By FEEERY) & L7z MiBHEHPET%IC CFG KUY
SUS BlMa =13 2 &% i%iE L, CFG (ZFH iz SUS Rl
WIHIZFXE S A 2 & T—1R1k, CFG KU SUS FFEREE T
BofHizM-7: (BE4),

CFG, SUS #If— i M O R T A iE L 7ot Kl
{LRMIIE & R Y TERIC L > TR L 720 KL I
T HHRL, BIROWMEINEZ MR 5 720 ma I
LB BRAR L OB IRREE AT o720 72, BHRTGE
BEDZER DB X AR I LHEELFTEAHNE LT, SUS
BIB T SEREEAT o720 FEIE5E T, SUS lFE il
KPR LR X S BR/STIC Ty =) v 7R L, B
L7 (BEE5),

ARTHFEICL 5T (1) CFG + SUS Bl#:—1Kfbiz X 2 THE
SRR O/ A, (2) FEMNIBREEIZBT 556 L5
WCHIRERD ZEHRTE, Rt RO RCEHIZIRIZE
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CFG-SUS form
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Completion of construction
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Construction results list

. Timing Of, Place Facility name | Area of CFG

implementation
2000.9 Iwate Pier pile 6.0 m?
2006.5 Hyougo Water tank 3.0 m?
2009.3 Hyougo Pier 32.0 m?
2013.1 Aichi Bank protection 25.0 m?
2014.1 Tottori Beams of pier 187.0 m?
2014.11 Toyama Pier 30.0 m?
2014.11 Toyama Pier 25.0 m?
2015.1 Tottori Beams of pier 75.0 m?
2015.2 Miyagi Pier 50.0 m?
2016.3 Tokyo Pier 63.0 m*
2016.4 Aichi Bank protection 4390.0 m?
Total 4886.0 m*
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