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SUMMARY

Due to the advantageous mechanical properties of the fiber reinforced polymeric
plastics(FRP), their application in the construction industries is ever increasing trend,
as a substitute of structural steel which is highly wvulnerable under hazardous
environmental conditions (i.e., corrosion, humidity, etc.). As a fundamental structural
element, pile is constructed to transfer loads from superstructure to foundation. In
general, since the pile foundation is constructed in the soil and/or under-water, it is
difficult to maintain for the damages from moisture and/or salt. It is even more
difficult to estimate its durability. Therefore, at the time of design stage of the pile
foundation, durability against corrosion must be taken into account, In this study, in
order to enhance the durability and constructibility of the pile foundation,
FRP-concrete composite pile is developed and its applicability considering construction
and economy is estimated. Existing FRP-concrete composite pile is consisted of
concrete pile and filament FRP, wound outside of the pile, to improve the axial load
carrying capacity as well as its durability against the flexural load carrying capacity,
additional reinforcement is needed. Therefore, in this study, hybrid FRP-concrete
composite pile (HCFFT) is suggested. The HCFFT is consisted of pultruded FRP
unit module, filament wound FRP which is in the outside of mandrel composed of
circular shaped assembly of pultmded FRP unit modules, and concrete which is
casted inside of the circular tube shaped hybrid FRP pile. Therefore, pultmded FRP
can increase the flexural load carrying capacity, filament wound FRP and concrete
filled inside can increase axial load carrying capacity. In the research, compressive
and flexural capacity of HCFFT are investigated throughout experiments. From the
results of experiments, we suggested the strength estimation equations about
compressive and flexural and compared with the results of the FE analysis. During
the 3rd year of research, constructibility of HCFFT pile will be explored and

eventually its applicability in the construction field will be estimated.
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Measured versus calculated pile capacities I, . i o S
oo : ; : . : 0
Net Ultimate Axial-Compressive L “\“\\ <
Tapertube Type Geotechnical Capacity, i kips (kN) = '\\_,"t‘q\
Pile Reference No measured b= = 5
calculated T
ML test Sramamic PDA__ CAPWAP g =,
s 630 650 ] 578 535 oal- 1 0
- (2804)  (2893) (2572) (2381) 7 i \ g
g |
_ 811 §50*  800* 624 562 ] ! i
(3600)  (3783)  (3560)  (2777)  (2501) 3 06— i } 5E
a 1 o
‘ 673 T60%=* 553 s L \ b
3 s " —s— measured
(2095)  (3382) (2461) g —o-- calculated “ f 20 g
37 521 GApERwE " 08 = “I \‘ il-ﬁ
‘ (2318)  (2848) E L “. :
‘ 709 900** 620 ol 2 §
131 G155 (4005 T (2759) 3 REA
- \ i |
o3 758 900* i 698 ) g i | w
(3373)  (4005) (3106) 124=._ |
Table Notes L o i
* Geotechnical failure not achieved at this load. e i
** Pile appeared to be on verge of geotechnical failure at this load. 14— el Y B
*=% Acmal pile load likely 630 to 690 kips (2804 to 3071 kN). B
=== Actual pile load likely 530 to 580 kips (2359 to 2581 kN) o s00 1000 1500 2000 2500 %000
T e b | e — Applied Load (kionewtons)
o — Measured versus calculated load-
settlement curves

i oalel B =AA AdSF R ATl mE TEIAE Skt = FAlolH
7€ FEEEe e 92 agor A8 =AA A Rde] F2 dAgsy FEA| ke
wete] wE AF7|Re] AAHo] Faste o ZAE AT webA [d 2.18]9

A B v} o] ZHE Jacking machineS o] &3] ZES AlFels AHE st

o]# gk AH]+= 7] Eurocode 39 AAA % dthu] oF 5710w A& A &37F 9

ogow Ut 244 A% 2 282 oAsted S fed FHeldn & & 9
FRmEe ge gl ot 53 gAFls A%

A row of 914mm diameter
' tubular piles being installed by
a press-in piler (New York)

[Z¥ 2.18] B4R AFE 2 &3 AE 93 Pile Jacking Machine
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ofol A F=2 AREHI e BAERFY TFE 247 (Glass Fiber), X #7d-f(Boron
Fiber), 2] 3}o] EA] - (Graphite), B44f-(Carbon Fiber), o}&bv| =4 (Aramid Fiber)
Sol Aok RAA 15l YEtWRlth 53], AYE F2FA e A

gREe AAstn goud FAH T
= A

Carbon fibers PAN-based
Inorganic { _|: Pitch-based
Glass fibers Alkali-resistant glass
_E E-glass
S-glass

Aramid fibers
Polyvinyl alcohol (vinylon) fibers
Others

[2¥ 1.5] EZA 79 F7(<, 2011)

Organic

Aoty SN Amok A dadwrt 7P AW, det o] g RE Y=
Ao Qo] & AsE AR s Adroe oftv=Adwr 7P At &
JARE F7]ol ofstrtar A vk gk 54 oo uddior & =24, 345H
SRR = dRARAT, 4F FAd LA S o, ?}_Xﬂﬁﬂ el =& e 7
G el o) mBtE = Hx Sk gk wEkA, ARSE AaE A9 Aol A
T SA4= ATsl agste] HEstolof vk AMEH = BAERl Wt fAAdFE
H7AQf 2 A8¢ GFRP(Glass Fiber Reinforced Plastic), ofetv| =45 AN F=
A}8-3F  AFRP(Aramid Fiber Reinforced Plastic), ®©A2AHFS HAAHFE A3
CFRP(Carbon Fiber Reinforced Plastic) s°] o™, + F7F o] BAAFE &F
ato] AREE Hybrid H3AI=  AvH(E, 2006). 71E &3t Ho s HFAA
NAFMACE d=A Ad9std Bi4dfol wE FRPY SA2 [1d" 1613 2o [&
L1]2 # el ®ol ARgH L, AdHes o] 7t dwe F79 545 BoE
o [29 161914 CF, AF, GF= 47 &24 4, ofetv| =4, Fd4d ol HS, HM

o 77 nAEe RRA S o,
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1.1] dgEocz 30| Jisst d3E=
Tensile Tensile
Typical . Strain to .. .
) Specific | modulous | strength . Coefficient |Poisson’s
) diameter ) failure .
Fiber () gravity | (GPa) (GPa) (AR E) of thermal ratio
A ) (A | (QARE) || expansion | (Zok)
(AA) 6 3 (%)
(10°psi) | (10°psi)
Glass
E glass 10(round) 254 72.4(10.5) 3.45(500) 48 5 0.2
S glass 10(round) 249 86.9(12.6) 4.30(625) 50 29 0.22
PAN-carbon
T-300
(Amoco) 7(round) 1.76 228(33.5) 3.2(470) 14 -0.1 to 05 0.2
(longitudinal)
7 to 12
AS (radial)
(Hercules) 7(round) 177 220(32) 3.1(450) 12 -05 to -1.2
(longitudinal)
T-40 7 to 12
(Amoco) 6(round) 1.81 276(40) 5.65(820) 2.0 (radial)
HMS
(Hercules) 7(round) 1.8 3445(50) | 2.34(340) 058
GY-70
(Celanese) 8 4(hilobal) 1.9 483(70) 1.52(220) 0.38
Pitch-carbon
P-55
(Amoco) 10 2.0 380(55) 1.90(275) 05 -09
P-100 (longitudinal)
(Amoco) 10 2.15 690(100) 2.2(325) 0.31 -16
(longitudinal)
-2
Kevlar 49 o
(longitudinal) 0.35
(Dupont) 11.9(round) 1.45 131(19) 3.62(525) 2.8 ]
+59(radial)
Boron 140(round) 2.7 393(37) 3.1(450) 0.79 5 0.2
SIC 133(round) 3.08 400(58) 3.44(485) 0.4 15
Al?03 20(round) 395 379.3(55) 1.90(275) 04 83
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150

V, = 40%
HSCF
100 | |
g HMCE HMCF/HSCF
g AF
)
on
=
§ HSCF/AF
& 50 [ — HMCF/AF
i HSCFIGF__ |
sSD40
i " 7SD30
0 PO S T T T S T S ]
0 1 2 3 4

Strain (x10™ mm/mm)
[2d 16] 24 T7 @& FRP SH-AIJE &4

. A (Resin or Matrix)

TA = T2 FAdHe FAFAL HAEFE RISt S g QAEA AA
47434 4=A|(Thermosetting Plastic)®} €714 A (Thermoplastic) = #F¥t. €74
314 A= e

FAE W A A 9L s o gat s ot drkad
o

./_":
Al e Thekd A s sk Aol vk A T (R 1.2]9F 2

o

[E 12] =XI1° &=F

ol # A (Epoxy) FE2 7, FE7] AL
Zgo g
2453}, dut, g8l sk
%73 ﬂ_}é (P?lyejter) ]'O X}', §}‘ §’]’ S
o ~g = o=
28R 54 Pl W, =5, 4%
(Th . (Vinylester)
ermose
AEA} ¥ &= (Phenolics) BMC A|Zol A&
Polymers) Za)oln =
R - S LR $FEOR ALE
(Polyimides) o g
(£ H$171 250C~4007C)
PBI, PPQ &
47144 _
UdE, d7tad EYd2H 2, ZY7tEUolE, PPS &
IR FA
a5 &Fu)5 3, Elolely @, vhdls s, UAASY o de, SEJE %
Al LFLH(AI203), BHA(C), A8 &E7H}e] =(SiC)

AAERNA T2 AMGH = MEYA A= A3 FARA I FHE sty
=

BE Zg o 2H Z(Polyester), H] 4o 2~H Z(Vinylester), % Al(Epoxy), ¥ (Phenolics)
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Fol wet g2 dubdg o g 65~120°C
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t}. z}€] A (Ultraviolet Ray)

HE 5A EuA A 2 FEdfed s genkes dovlE dde] HH, 1
A¥ A3t DS WA A "k olef g 2ol tie JFS a7V e A
15+ H7HAE WEZ 2 FAd H7teto] AMEst7] % SHAWF FRP Re-bar® ZAHEE
wAstE A9 AAs AEFAE fFAs] Wi xejde] i g g wAhdrh 1
Zlv FRP #d Go] o] =39 A4 Algte] Ao wel FAE P45 As9
| mEol AFIAJNE T HAAZS FA EYse

il
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34, Belg 4% WsAAtn ged doh et fddRe) 4 MEYs F4
o % HAHE 44 AR donw 4A% FAvel: Fo 9vee AEE U2
F gk,

of A&st= FagES HWE 9ol FRP (Filament winding
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Ao|wkgky} Zo] Az wtgEo R AP FEAO|AE F2stH om, UTM (Universal Testing

Machine) & ©]&3te] slsS AsIetAT. o HYAAALY 2 3mm/ming] L2
Aststgon, WP EANAZREEH ZHAHE= dHolH+= HOHZA(TDS-302)E &3
WHE AEoZ WY, A% AGHES FYch AGAA] G D A A
Z

17000 ekl A

O

[

rlo
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[2 1.3] FFRP QIE2A T AIE AIEHX| =

AlHHS = e et

(mm) (mm) (mm?)
150-28-1 26.29 3.31 87.00
150-28-2 25.51 3.25 82.89
150-28-3 24.99 3.05 76.20
150-28-4 24.53 3.56 87.33
150-28-5 24.73 3.14 77.65
150-42-1 27.99 4.87 136.29
150-42-2 25.04 4.83 120.92
150-42-3 24.01 4.83 115.94
150-42-4 26.38 4.79 126.36
150-42-5 26.32 4.90 128.97
150-56-1 25.15 7.04 177.02
150-56-2 26.38 6.99 194.08
150-56-3 26.38 7.41 196.92
150-56-4 26.38 7.19 185.93
150-56-5 25.67 7.51 202.43
300-28-1 25.52 3.13 79.88
300-28-2 26.35 2.50 65.88
300-28-3 26.07 3.29 85.75
300-28-4 26.07 3.53 92.03
300-28-5 24.42 3.52 85.96
300-42-1 2541 6.51 165.42
300-42-2 25.89 6.18 160.00
300-42-3 25.31 6.76 171.06
300-42-4 26.43 6.16 162.78
300-42-5 24.75 5.88 145.53
300-56-1 26.07 8.71 227.03
300-56-2 25.52 8.19 209.01
300-56-3 26.78 8.56 229.24
300-56-4 25.00 8.84 220.96
300-56-5 27.70 8.82 244.27
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(b) ¢300x600mm 3 A H

uuuuu

(c) F A3 (d) 9gEA oA 3}
[Z9¥ 1.7] FFRP QA3 =AHZ A gy

2 L4]el Agelete] depfflon, AS712 S4% HeolH
< A Ade W $H-1gE AAE (2" 19]~[2" 114l detin. [2
H 191~ (28 L14lelA 52 Zo|ud, #A52 dolAAaldoer FAAZ U E
oA mHY FAHI ZAirFyY Agedth. &g, FFRP A¥9 Zojwd v As=

[1& 1.8] FFRP AL AIE 2| 1 & EH
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[£ 1.4] FFRP QIZATAIE 21t

B L SR AT ¥ o}5H]|
AHAS
(fuis(se), MPa) (B (5), GPa) (1y(s)

150-28-1 62.75 11.83 0.35
150-28-2 66.95 12.53 0.37
150-28-3 71.12 14.68 0.36
150-28-4 63.51 9.58 0.36
150-28-5 73.34 8.80 0.36
Average 67.53 11.48 0.36
150-42-1 61.82 11.43 0.33
150-42-2 61.99 11.40 0.40
150-42-3 64.82 11.69 0.35
150-42-4 64.35 10.41 0.32
150-42-5 62.55 10.85 0.41
Average 63.11 11.16 0.36
150-56-1 59.60 10.46 0.34
150-56-2 59.35 10.38 0.37
150-56-3 58.22 9.30 0.35
150-56-4 60.17 10.46 0.35
150-56-5 55.60 9.47 0.35
Average 58.59 10.01 0.35
300-28-1 62.71 9.46 0.34
300-28-2 73.42 - -
300-28-3 62.71 11.37 0.36
300-28-4 60.14 10.23 0.36
300-28-5 57.16 8.45 0.32
Average 63.23 9.88 0.35
300-42-1 52.17 7.63 0.36
300-42-2 55.43 - -
300-42-3 52.22 7.05 0.36
300-42-4 59.40 9.09 0.37
300-42-5 62.14 11.29 0.36
Average 56.27 8.77 0.36
300-56-1 50.31 9.54 0.38
300-56-2 52.57 9.87 0.41
300-56-3 50.62 10.53 0.42
300-56-4 48.18 8.23 0.41
300-56-5 49.27 7.16 0.33
Average 50.19 9.07 0.39
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Tensile Stress, f(ﬁ)(MPa)

Tensile Stress, f(ﬁ)(MPa)
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100
80 |
60 | a8
1,
L]
\
40 \
\\
20 \
Longitude
\ g
\ == == Transverse
0 1 1 1 1 1
-0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 0.008 0.010

Strain, € (mm/mm)

[O2 1.10] FFRP QI BT AIH
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Tensile Stress, f(ﬁ)(MPa)

Tensile Stress, f(ﬂ)(MPa)
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Tensile Stress, f(ﬁ)(MPa)

Tensile Stress, f(ﬁ)(MPa)
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[ 1.13] FFRP QB AT AIHS SH-BHEE JH&(300-42)

100

80

60 |

LS
40 + \
LY
\
20 \
\
\ Longitude
\ _ Transverse
0 1 1 1 1 1 1
-0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 0.008

[O2 1.14] FFRP QB AT Al
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Y. FFRP Spilt-Disk Test

FFRP9] Split-disk testt= ASTM Standard D 2290-04(Apparent Tensile Strength of

Ring or Tubular Plastics and Reinforced Plastic by Split Disk Method)E 1% 3}

Tddistn BEgety FRARAGLAN FHEAT. 714 ASTM D 2290-04= Al

FFRPE Awtste] Al# %5 05in (=12.5mm)= A

| Y F e A9H 2Ty 24 9 F

A = de FJE5E T o dFS HAasetr] fs 719 A5 201005 R
3

Omm® /M7 ARt AAR AW Ex}p FAE F [15]°

ST

E 27 (TDS-302)5 %3l HAFEHo| Asoz HY =
Split-disk test®] AlAGE = AlGEH2 [Z1d 1.17]00 YERR AT

[O8 1.15] AIERHE & It3
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[£ 1.5] FFRP Split-disk test Al T Xl

BRI = i e

(mm) (mm) (mm?)
150-28-1 30.10 3.16 190.23
150-28-2 32.10 3.06 196.45
150-28-3 30.83 3.58 220.74
150-28-4 29.90 3.11 185.98
150-28-5 29.72 3.37 200.31
150-42-1 31.53 5.23 329.80
150-42-2 29.90 5.31 317.54
150-42-3 30.57 5.11 312.43
150-42-4 31.71 5.17 327.88
150-42-5 31.41 5.21 327.29
150-56-1 31.54 7.24 456.70
150-56-2 32.21 7.54 485.73
150-56-3 31.22 7.33 457.69
150-56-4 31.55 7.55 476.41
150-56-5 30.85 7.47 460.90
300-28-1 32.70 3.57 233.48
300-28-2 29.25 3.46 202.41
300-28-3 29.72 3.77 224.09
300-28-4 29.00 3.87 224.46
300-28-5 31.62 4.06 256.75
300-42-1 30.50 6.10 372.10
300-42-2 30.34 6.00 364.08
300-42-3 30.25 5.89 356.35
300-42-4 29.74 6.30 374.72
300-42-5 31.20 6.05 377.52
300-56-1 33.30 8.70 579.42
300-56-2 30.50 7.80 475.80
300-56-3 30.85 8.20 505.94
300-56-4 33.85 7.80 528.06
300-56-5 32.55 8.21 534.47
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(b) Split-disk test

[ 1.17] Split-disk test A/ U A|SHEEH
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)

FFRP Split-disk test 23 =& AlAe] 3= [27 1.18]e] Yebd upeh o] A
iAo 2 gy el AlF A= [F 1610 Aste]l Yo A2 =4
H odelgEEY F3 SE-HEgE A4 T ] A3dE (29 119172’ 1.24]40
et (29 1191729 1.24]91 4 FFRPO 9593k et A4E ASTM D 3039/D
3039 M-00° A Algtstal lE WHE A &ste] WPE 1,000pe~3,000pe T7rA 2] 7]
7125 E Attt

(@) $150x300mm

() $300x600mm

[O& 1.18] Split-disk test A|EH2| It S EY

68



[Z 1.6] FFRP Split-disk test 2 It

. ARA=E H7AS
(fute(sr)>» MPa) (&, (5)» GPa)
150-28-1 335.90 22.45
150-28-2 353.83 24.85
150-28-3 282.59 21.58
150-28-4 330.05 19.44
150-28-5 297.67 21.05
Average 320.01 21.87
150-42-1 368.38 27.25
150-42-2 318.00 24.52
150-42-3 345.81 22.29
150-42-4 347.89 24.74
150-42-5 355.55 21.18
Average 347.13 24.00
150-56-1 345.31 23.21
150-56-2 337.44 25.80
150-56-3 324.60 21.78
150-56-4 332.49 23.79
150-56-5 335.63 22.71
Average 335.09 23.46
300-28-1 278.03 2691
300-28-2 286.85 21.37
300-28-3 272.65 18.92
300-28-4 274.90 21.68
300-28-5 233.47 23.31
Average 269.18 22.44
300-42-1 292.50 18.31
300-42-2 339.08 27.10
300-42-3 294.17 26.77
300-42-4 293.63 19.86
300-42-5 313.75 20.77
Average 306.63 22.56
300-56-1 296.28 21.80
300-56-2 300.45 20.14
300-56-3 299.41 23.20
300-56-4 309.76 20.00
300-56-5 306.50 23.59
Average 302.48 21.75
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Stress, f(ﬁ, (MPa)

Stress, f(ﬁ_ (MPa)
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Stress, f(ﬁ, )(MPa)

Stress, f(ﬁ_ (MPa)
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Stress, f(ﬁ, (MPa)

Stress, f(ﬁ )(MPa)
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. FFRP 953# 449
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o] [2® 1.25101 vEbd A3t 2ol $150%300mm, ¢300%600mm Sl s el o
A& FAsAT AHe FAE 2 AFEE 2, 3, dplyR AT 28mm, 42mm, 56mm
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3
—‘?‘—71}6}915_’, 50mm-°4 %%k% zb= W9 ALVDT, Linear Variable Differential
Transformer)E& A Xxdte] Zo|Wak AW E SAH =S stglon, UTMS ©]-&35tho
oS AststAh s W 2 3mm/min® £E2 A&ERon HIE
AolA ¢k LVDTZHH 45 = dolHEs dolHZA(TDS-302)5 F3te HFHl =
o2 MY 7E AHHEE stk FFRP 9%3% 45439 Wye [19 1.26]00

e Az 2

3

(@) $150x300mm

FFRP RSa A== asls
D=300mm t=2.8mm
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W, A2 549 dHelHzRY a9 dAS [19 1.28]7[19 1.33], at5-Hd
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Hi
I
O

LT 2 Y}E 0 W9
(Pult(fC)’ kN) (ault(fC)’ mm)

150-28-1 158.60 6.39
150-28-2 155.81 591
150-28-3 147.92 6.07
Average 154.11 6.12
150-42-1 302.38 8.68
150-42-2 297.89 6.79
150-42-3 307.01 8.21
Average 302.43 7.89
150-56-1 438.54 10.85
150-56-2 442.48 10.88
150-56-3 378.10 7.76
Average 419.71 9.83
300-28-1 250.86 5.89
300-28-2 258.97 6.64
300-28-3 - -
Average 254.92 6.27
300-42-1 485.86 6.33
300-42-2 506.79 7.32
300-42-3 529.44 4.88
Average 507.36 6.18
300-56-1 674.27 8.56
300-56-2 573.22 9.35
300-56-3 693.84 8.95
Average 647.11 8.95
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Compressive Load, P(ﬁ ,)(kN)

Compressive Load, P(ﬂ,)(kN)
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Compressive Load, P(ﬂ,)(kN)

Compressive Load, P(ﬁ, )(kN)
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[O8 1.31] IS SFLE AME2 ofS-2H9 27(300-28)
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Displacement, B(fc)(mm)
[ 1.30] S& LS AIB2 ofS-8H9 2 H(150-56)
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Compressive Load, P(ﬁ,)(kN)

Compressive Load, P(ﬁ,)(kN)

700

600

500

400

300

200

100

700

600

500

400

300

200

100

2 4 6 8

10

[O8 1.32] IS SFAE AME2 ofS-H? 27(300-42)

12

2 4 6 8

Displacement, S(fc)(mm)

10

[O8 1.33] S SFLE AME2 ofS-2H9 27H(300-56)

79

12



Compressive Load, P(ﬁ, )(kN)

Compressive Load, P (kN)
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Compressive Load, P, (kN)

Compressive Load, Pw)(kN)
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2}. PFRP QA=A &

PFRP <14 =Ade ASTM D 3039/D 3039 M-08 (Standard Test Method for
Tensile Properties of Polymer Matrix Composite Materials)S Fi & 3to] &<t
BEEFy FRASAFEHAAA sttt PFRP A9 @S [ 14019 e
A3 o] @S FASE Hase FAe BAMARFY AU AR "2 uid
A gde] @2 5(D, 11 5(0), A¥(S)eg2 Ftate] A7 5/ AlHS AH AT
AT AH Zy FAE= (¥ 1.8l FHskch

-2

.

y.

.
[0 1.40] PFRPS S8 HEY

H 1.8] PFRP QI E LT AIE AIE X

AHHS & A e
(mm) (mm) (mm?)

1 24.56 4.17 102.39

4o 5 2 25.63 3.71 95.07
O 3 25.63 3.71 95.07
4 25.50 3.74 95.35

5 25.15 4.15 104.37

1 28.31 3.59 101.62

. 2 27.78 3.80 105.56
©) 3 28.04 3.56 99.82
4 29.51 3.84 113.30

5 28.66 3.86 110.61

1 22.94 3.05 69.97

. 2 24.33 3.07 74.69
zs; 3 26.41 3.20 84.51
4 24.75 3.11 76.97

5 2491 3.16 78.72
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[1& 1.42] PFRP QI TZEAIE AIES I EE
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[£ 1.9] PFRP Q&AL AIEZ %

AT 3 AZA= g AT ¥ olgH]
T 'l__§~
(fult(pr)» MPa) (E11(p)s GPa) (V12(p))
1 266.75 21.84 0.45
2 232.95 22.57 0.45
) 3 265.69 23.88 0.42
%
D
4 276.96 22.99 0.35
5 258.16 20.93 0.47
<t 260.10 22.44 0.43
1 234.48 28.69 0.29
2 222.17 28.02 0.32
i 3 232.38 28.61 0.28
4=
O)
4 187.57 26.53 0.30
5 194.55 27.78 0.34
H <t 214.23 27.93 0.31
1 343.73 29.99 0.29
2 410.86 30.08 0.26
3 394.29 30.57 0.30
2
(S)
4 403.50 34.77 0.46
5 384.74 31.74 0.45
Bt 387.42 31.43 0.35
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(£ 1.10] 232IE Z2AMHe &

ZAYE AAGEZ= G713k TANA
(far MPa) ) (EA)

7 5

21 14 5

28 5

7 5

30 14 5

28 5

7 5

40 14 5

28 5

Total 45

(@ 2232 E =2E ®) SAIA OA

[O8 146] 23clE SAIX RMZ
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(© OHE = SAA @ *=3SH
[O2 146] 232IE ZAIM MEAD)
ZAYE FAA Y S5AEAFES TNt EEFE I PR AP A TPt
Atk 72 FAAE 100mme] §¥S ZE LVDTE }od
gom, UTME ol&3td stzs Al .
S 2 Assld e, LVDTEZ5E A= tolH+= ulolHZA(TDS-302)E %35}

&

FHO Asoz AY, VE, AFZHES sddv. ZAE sAA A5 E AEEH

(29 14719 e AT 2

fo ¥

232 dAINA
EESEFE )

Specimen No. 7-21-1

20104 78 162
BoUNR EX3NA FxUHY
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[ 1.11] 23clE SAHM L2 AIEZ N(f,,=21MPa)

[ 1.48] 232 E AN LI EEY

OO'I:/\J;I ?‘El_'/'l': 1\] A s ‘Yj}:ﬂ] '5']—%‘ Sg ﬂlﬂ-ﬂ] -5]'% ftwe(c)/fck
(c!’——]_) T (Pult(c)9 kN) (Pa'ue(c)9 kN) (%)
21-7-1 270.83
21-7-2 141.37
7 21-7-3 250.54 24157 65.11
- - (13.67MPa) ’
21-7-4 203.35
21-7-5 278.62
21-14-1 293.78
21-14-2 265.79
14 21-14-3 242.20 24341 65.59
- - (13.77 MPa) ‘
21-14-4 187.07
21-14-5 222.23
21-28-1 318.12
21-28-2 337.44
28 21-28-3 366.52 338.91 91.33
kil - (19.18 M Pa) ’
21-28-4 280.52
21-28-5 361.17
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[E 1.12] 232 E ZAM LSS SAIEZH(,=30MPa)

F A AANE 3 35 1 937 815 Fave(e)/ F et
(oé) s (Pult(c)’ kN) (Pave(c)’ kN) (%)
30-7-1 516.02
30-7-2 503.13
521.85
7 30-7-3 454.26 98.43
(29.53 M Pa)
30-7-4 555.01
30-7-5 546.39
30-14-1 569.33
30-14-2 581.63
567.69
14 30-14-3 587.12 107.08
(32.12MPa)
30-14-4 337.74
30-14-5 552.12
30-28-1 635.04
30-28-2 652.10
610.21
28 30-28-3 523.94 115.10
(34.53 MPa)
30-28-4 614.38
30-28-5 581.21
[E 113] 2321E ZAH LSV AIEZ (7, =400Pa)
FALF AR5 3} 3] 5} = 3 33 3} fzwe(c)/fck
(?'—]_) e (Pult(c)’ kN) (Pave(c)’ kN) (%)
40-7-1 629.61
40-7-2 669.96
649.95
7 40-7-3 644.15 91.94
(36.78 M Pa)
40-7-4 650.56
40-7-5 655.15
40-14-1 725.07
40-14-2 631.17
664.86
14 40-14-3 638.33 94.06
(37.62 M Pa)
40-14-4 402.68
40-14-5 731.22
40-28-1 822.35
40-28-2 757.82
28 40-28-3 835.14 77749 109.99
: (44.00 MPa) '
40-28-4 752.31
40-28-5 744.90
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Compressive strength (f , MPa)

Compressive strength (f , M Pa)
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i 14 21 28
Curing period (day)
[O8 1.49] SAI|2H01 HE L= (21 MPa)
I —e
- // f,=30MPa
:’,—'—"
7 14 21 28

Curing period (day)

[O8 1.50] L4012t ME =L T(30MPa)
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Z 20t
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0 1 | 1 1
7 14 21 28

Curing period (day)

[O8 1.51] S4012H0 & L=SLT(40MPa)

vt FRP| W@ 2 W44

HCFFT 252 d4A 3 & Az XA = AF Ash49 J&Fs wA Hrh
FRP+= F-2o] Adtia ko] wE AdEo] #o} ARy FagEo Hlaf W24 o]
Hojupr] wjieo] dHoz Hgs Ay % A

Qlste]l Eol A A7l FRP Al#A Y HA| A7) =

=)
o eEolge AEAA AFAES B H9PEe] WMekE 43R geh(H, 2010)
@ NBAZ

FRP A& =Wl AlzAbel A Azt Aoz Aol s 1A S Al2tstdtt
FRP A#2 18, vd, [89 59 SAAR 4579 FAE AHgsidlen A=
242y moll AAAZ Al JAAZNA g AlHS FHEAT B 2% o]H S 03]
103], 303] = FZ8te] 2 W =

etk A2 [ 15219k Zow [ 1.14]d A ste] yebli Ao

=
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[£ 1.14] FRP =22 dgF & 250/ ANSEAE Xl
A (mm)
el AlEHE
4] (mm) & (mm) FA (mm) | @EF (mm?)
L-00-w-1 2447 9.64 235.89
L-10-w-2 24.97 9.70 242.21
L-30-w-3 24.97 9.85 245.95
1
L-00-d-4 25.90 9.47 245.27
L-10-d-5 24.65 9.81 241.82
L-30-d-6 25.39 9.75 247.55
C-00-w-1 24.14 9.68 233.68
C-10-w-2 24.71 9.77 241.42
C-30-w-3 24.48 9.72 237.95
S
C-00-d-4 24.87 9.79 243.48
C-10-d-5 24.43 9.71 237.22
C-30-d-6 25.64 9.81 251.53
250
IW-00-w-1 25.21 9.56 241.01
IW-10-w-2 25.35 9.55 242.09
- IW-30-w-3 24.72 9.41 232.62
(]
==
o IW-00-d-4 25.33 9.55 241.90
IW-10-d-5 24.85 9.59 238.31
IW-30-d-6 24.12 9.62 232.03
IF-00-w-1 26.49 9.63 255.10
IF-10-w-2 24.63 9.86 242 .85
15 IF-30-w-3 24.58 9.89 242.85
(]
=9
= IF-00-d-4 26.16 9.68 253.23
IF-10-d-5 26.15 9.98 260.98
IF-30-d-6 24.22 9.85 238.57
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[18 1.55] FRP =23 & & 2=0/8 AlES LS El

2 1.15] FRP =22 d& L 250/ A&Z2 W

Al#H 3 Al (GPa) FolH] =37} = (MPa)
L-00-d 324 0.32 521.00
L-10-d 36.3 0.31 508.31
L-30-d 35.7 0.32 488.62
L-00-w 34.5 0.31 555.95
L-10-w 35.1 0.31 514.56
L-30-w 343 0.30 483.93
C-00-d 34.3 0.32 564.31
C-10-d 332 0.31 494 40
C-30-d 32.8 0.31 485.29
C-00-w 33.0 0.32 520.54
C-10-w 342 0.32 534.08
C-30-w 345 0.35 480.52
IF-00-d 33.0 0.32 471.77
IF-10-d 35.7 0.30 467.15
IF-30-d 34.6 0.29 439.60
IF-00-w 34.9 0.30 519.24
IF-10-w 34.6 0.30 476.68
IF-30-w 36.1 0.29 443.88
IW-00-d 30.7 0.30 517.32
IW-10-d 33.2 0.30 469.42
IW-30-d 329 0.30 452.01

IW-00-w 34.6 0.31 565.36
TW-10-w 33.5 0.31 515.95
IW-30-w 36.7 0.30 455.96
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[£ 1.16] FRP =322 H&0| & =ctA= B8 H %2 B35
FIAE (MPa) EEAT (GPa)
Al
AAA AAF kiR AAA AA 5 H3&
00 47177 520.54 8.95 343 34.9 1.75
C 10 467.15 534.08 14.33 33.2 34.6 4.22
30 439.60 480.52 9.31 32.8 36.1 10.06
00 521.00 555.95 6.71 324 34.5 6.48
L 10 508.31 514.56 1.23 36.3 35.1 -3.31
30 488.62 483.93 -0.96 35.7 34.3 -3.92
00 477.77 519.24 8.68 33.0 34.9 5.76
IF 10 467.15 476.68 2.04 35.7 34.6 -3.08
30 439.60 443 .88 0.97 34.6 36.1 4.34
00 517.32 565.36 9.29 30.7 34.6 12.70
W 10 469.42 515.95 9.91 33.2 335 0.90
30 452.01 455.96 0.87 32.9 36.7 11.55
WSS = (A F-AA A YA A <100
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. Z3YE T FRP Tube(CFFT)

-

oN & I

dEA A FRPE AFHA Y ZAYEE BA e oF HAAR A&t 9 o
49 #ZATE v I (Concrete filled tube, CFT)ANAFEH 4, HF 235
20471 % oln] EAYE |G AWF FE5EE JHetd Vs SWY Ak
1ete 2432 A ZA 2% CFTe A% 72A=ZA 9 Aol 14
AEofoll A 7+F FRARE thEFSHA AREE I vk ey CFFTS A% obd7hA]
2 Aol WEsA FHEA ol HEA FAE el vk el o] A
T CFFTel g 7€ A724%E AL 248t As7HA 98E 724 As 5§
AT ek 1H-olA Azl oA A AldelA] AE-g FERP9 A2 ER A

2ksk CFFTol tisht 454 =A38S A AT

S
)
2

<
ot
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o

EN

O

=2
Mo

2

CFTE 98 T+ 43 A ot ZITEES A FXRFAZA o] E3gE
T

)
g Faso] dFHFS FYNA TEYOE AW Fu

R Aol gete] AA w2 ROk vt CH(e 9131 =31 3],
2004). CFT9 #Hz= @448 18799 959 Severn H=iel wzto g dex gt
ERH HE A= o® 19019l Sewell A Wi-o FAUES T T4
of wls el oF 25% F7hshe A Eelstel xStk 19619 dEeAE A
gl CFTE #g38to] Al gatgon, 1967de ZHEage FRAA7Fo] R
sl Al A AAHATE wlFol A= Kloppel, Goderoll €3] CFTel e A+7F A&

P dom, 1960 del ACI-63°] wrFE ATt FHAAM= 1995 CIDECT (Comité
International Pour Ie Développement et I'Etude de la Construction Tubulaire)E 4] o
2 CFTY AAANZS ABsATHAL 2010).

T = 1990 el Sl WA 2AZQD A7F o] Fo x| 7] Alztstd o, & A7t

A et A7b FAeEa gtk 3], 1990 ) Fukel] AZ= R ok A aE=71EA] A~ o
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B =

@ﬁ' Concrete
v

tfrp

[ 2.1] CFFTS A (2, 2007; 4, 2010)

b/

[O& 2.2] FRP S8, 2007; AL, 2010)

_ 2f o " by _ Py v
: d 2

21 @2.DA f,= 75 (Confining Pressure)©]

bfrp
S
J—ly ffrp: tfrp%

ol FRPe| 9174 A44=s mATAE e, =

AAnzA A (2.2)9F 2ol Aeojd (), 2010).
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T dty,, _ rep

by =S =1 22)
I
FEGe 4 @Dl e nps o] TS AR % % A9 g5 ey
&

A gL 3l
™ 43 3 (Confining Effect)= 759 AsE 2 F+5351 A= A7 Ik A
gl g&e vtk CFFTY 45452 (28 2.3]9
stal = AR ¥4 Huo FHaAY g A SaHRE e A
4 Sl

[2% 23]olA AHdS 7554 &GS TR ZAYES sts-WFE #Aola, &2
7/ (Short-dash)< FRP d-g¥e] SWad 45stsol st sts-HIgE F4doiH, 1
A (Long-dash)< FRP Hd&#3 FH7 ZAZES o =
a3y FRP 9% ¥ ZadE2 FH3 CFFTE F
LaN=Z A3 o) HAAY B dFATS e o

= B2 drAsel odl vkstAl A A dvkE 2010).

- Concrete
................ FRP Tube
[| == o Concrete + FRP Tube .-"/
R —— CFFT (Confinement effect) L -
el
B -
-
-
w =
B o~
3 - =
4' —_—
/ |
- 7
v
/
_ ’ j
] I L L :
Strain

[0 2.3] CFFTS =1 S, 2010; &1, 2010)

o,

o
o
o
b
o,
N
1>
rlo

rH

Srell Al dwer whel el 7|E dAFAN FEHE FIAYEY )
Richart 5(1982)] €la] A&o= AdHlen, 4 23)9 FHE = gt

Lo
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;—— 1+k, ; (2.3)

2 (23) AA o8 & ZAaES A AT RFE AGHIAL, TEHA
B TAYES A=(r,)% T é.\‘% ZAYES] FE(f )-4 Hl= A, F54(5/f,)
o F&Hl(f/f,) Aol Al AES Uehit o] & o8 A (Kabhari &, 1997
Samaan %, 1998, Miyauchi &, 1999; Saafi &, 1999; Touganji, 1999 )52 A3 % A
Tl o] A (23)2 FRPe 9&] F+&5E FATES] e FAHAE AL F A& A
o ® WriEa QR 2010).

21 (23)ol A ke TEAS(Confinement  Effectiveness  Coefficient) & 4 9] # T},
Richardt 5(1982)2> Aol s a3y o=z »AgH 4SS FH5AT kS 4109, o] EH 2
S AEEE HIFAYE BAAE oF 419 #s zZe Aom #y 3o Aw o
ATh 28y FRPZ 149 49 1% ; 7
TE SAR 77 g Aeosta Ak 7 AgAEel o8 AdEHIL de FEAF kS
[ 2.1]e] YEbl AT

[ 21]e] debd &A1 21400 Yebd biel Zo] Aow 3dd 49 A=
vl el &l fAVE AP er WEdthe A ousty, &4 FAYE
Srm 53d1E A dvlek 5o dAE A 2
[ 2.1]°14 Samaan &3 Saafi o] A|tg 22 ZAZE=R A3 FRP 9% ¥l
3 AFAde SAE Fi e vk gE AEL ZAYE 7]eS FRPE AR

P

%)
(Wrapping) 2@ Aol tist AP435 2AZ 3t JHlam &, 2002).

[E 2.1] CFFTS |SET75H =, k(2 2007)

. Samaan Miyauchi Saafi .
Karbhari et al. Toutanji Lam et al.
(1997) et al. et al. et al. (1999) 2003)
(1998) (1999) 1999)
-0.13 ~0.16 ~0.15
2.10(;’ ) 6.00f; 2.98 2.20(}{‘ ) 3.50(}{1 ) 2.00
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Karbhari et al.
2 || e Nﬁyauchj et al.
______ Toutanji

S Lam et al. il
ST | Spoelstra et al. -
_______ Samaan et al. =

g || ————> Saafi et al. -
Saadatmanesh et al. -

Strength ratio, £,/ f,,

0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8

o

Confinement ratio, f,/ /.

[O8 2.4] ZEHI2t FEHIS 2 (2, 2010)

e
B
%2,

= A wel ZolE JEhY, 71E A AT 2
#He

O
)
K-
o [>T

o) AFATe] Wk 1 e gelsa vk webd Fue] CFFTPAE AR
8317 98 2EE WAL 49 [E 210 vehd FETEARE A8 e
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seabbel QA | mepa 7

How 74

AtHLam %, 2003).

P
T

A 2 (24), (25), (2.6)3 o]

S

(2.4)

[01 - Vsec(UZ +03)]

(2.5)

[02 - Vsec<01 +O_3)]

(2.6)

[03 B Vsec(az +03)]

A (24), (25), 264 E..,

wK

' 4 @273 2ol yE

(¢}

°k

6(‘)]:

W a0

—
file)

[e))]
H

el

W

0

=
N
SN—
S
—
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(5]
N g
N | -»
N
o8
V%Vs
_
i
S~—
I_I
(&)
- 3
YN

2tk FRP Als

st 2] (2.8)7

2 @27DANA T

etz 2 2] (2.8)914 FRP %

-

file)
B
22|

(2.8)

<=
W
I
tf/
RIS
Eﬂ
—
(&}
2V%
3
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_cE
o) |93
21 3
_Vy
i
SN—
l_l
(&}
I
YN
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(2.9)¢F ZtH(Lam

, 2003).
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E,
By = — (2.9)

secu - (klfl) Ef,wptfrp Ehfu
V3 \E.d/2 )\ e,

2 (28), 2994 E ., E TEHA &S ZagEeE HAMAGSEAF(=f,/e,) 0t
FRPHHEES FIWHIFEE thAst 2 (2-92 Ase] 2 (2.8)0] thyst® CFFTe
=k G ES A (21003 o] e ) THLam %, 2003).

e
¥ rUlm
&0

2
Gi €h,rup + (1 ~ Vsecu — 2ysecu) ( Efrptfrp )>< ( €h.rup )

U» C: 6, Vsecu

E;.t un |
_ 21/360“) < ( Efrp(g}; ) ( €h,rup ) (210>

seco

+ T(l ~ Vsecu

A Q2IDNA €= BAE FRPO AF03 Sd@ oy, S SIUAE(, )

7473 il (Confinement stiffness ratio, Ej,t;,,/Fi.,d/2) % FRPO AF0a 3wy

ol 9%FS e AS & Adnk E=3 CFFTe 93 I3 g Ed 9FS A=
FolFH = Lam 5(2002)8 AT-elA 53 R xdo] JHed Aow e
wth CFFTO We S3dudEd 43Fs Fv A8 7 A723E vdstd 4
(21002 2] 2103 2ol tastd Aow xdE 4 tH(Richart &, 1928).

€ E, te. \“€ g

cc frpbfrp hfu

6co_c—i_k?( E%ecoD) ( €co ) (211)

A QIDAA e, a, 8, kE 27t FRAENA Folgue FFe W@ Aol
CFFTH 9% FRPe] 7o os) 2zl Hud Zauggo
= TEAANE T 7HAste] A (21DA «, B 15 dYst
st JE= 718 4 A TH(Richart 5, 1928).

1o

PN
T
l5s

s

(2.12)

fi
=c+t+k,
6(,’() f(()

o

&
il
=
o
Ol
o
2
)

& AFAEe] oF CFFTe FaEugee 4 <2.12)0ﬂ EEE!
F oo kB ARRT Yrk =W, A Q1A THUG FHAYES

-
e

r d)
é
rz
ot
o
i

o

e Aoz By v 9lom(Karbhari &, 1997; Lam &, 2001), Lam & ©]&
AFATe} 2Ale AHA AFZFEH GFRP Y& 3o ZAYEE A < o =

W FRWREY SRge A v Aok

Ay
4o
AN
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7N1E AR EE ZAYEd dd $H-WEE JFEE2 FRPE 1549

i
W

2]

|m

o WMEES AP o=sA Eee Aoz FriEn Jtk(Mander 5, 1998). 53], A
d4 A A7 CFFTY 98-8y E #AE o4y Fu= vevda oy, A
el AT FEDE ol TS dFshA Estal vk wekA, CFFTe digh &
-y E Bl gk A A&Ho] BY AFAEe o) AltHEI o 77
02 AE5S Adsta glon, CFFTE AAl A48 A% #dsdxr 483 Zlo=
J

5, 2002; °l, 2002; 7, 2001).

D Fardis 5(1982)
FRPZ &9 ZAYEY 28€-WdE Ed& Fardis 5(1982)0] x&o=w A (2.13)%
2ol A otstSitl,
FEe

le =T e @/f,—1/e) 2.13)

2F, t.
] 714, €, = 0.002 +0.0005$

2l (2.13)01 A4 E., e

c c

o)
L7z w4y 2adee ¢EFEs wEsl

® Mander 5(1988)
Mander 5(1988)0] A|¢tsl - WM E A Ao s F&5w ZagEo sl 7|
g Aojm, oy AFAEd & FRPE #4549 $E-#3E AsS 42357 Y
3 P

fom——— (2.14)
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c

T E-E

sec

r

E, =5000+/f,, (MPa)
fCC

6(}(3

=

sec

[

7.94
fcc=fw(—1.254+2.254 1+ fi fz)

Confined Concrete
First Hoop Fracture

Jec |
72
wn
e
73 E,
= Unconfined Concrete
% Jeo
<
Assumd for Cover
N Concrete
E i AN /
sec ! N
| - ‘

e 2¢& E.. -
Axial Strain

[OZ 2.5] Mander S| SY-HEE D (1998)

T
= fuli_w (2.14)
r— X

7 M, z=-C
€

fC(’ ):|
€, =€,|1+5|/——1
’ { (fw
EC
=
EC_ESGC

E, =5000+/f,, (MPa)
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E =

sec

e T4, f,
f(jc—fw( 1.254+2.2544 1+ 7 2fm)

® Karbhari 5(1997)
Karbhari 5(1997)2 228 E 7|55 FRP= 4 AAAC iz 2434 A+23 39
-HYdE AAE (2" 26]9 o] d<ed dH= Atedtt

A B
A
&
c
@
<
Axial Strain g
[O& 2.6] Karbhari S| S8-HEE 22(1997)

Karbhari 5(1997)0] #A|¢tst §e-HEdE F4E 19 2169014 HAF3 gl vief 2
o] 7 /MY AF=d FHE e, AFE BES 7Ieo=E 7 Y S$EH-MYE &
As A7 2 (215), (216)3 o] Atstdh 24 (2.15), (216)A v+ ZAYES X
o} w0 o},

E
f.=f,F41f v, 2y % at point A (2.15)
T E7 2f r)tr .
fo=Ff.+31f 0, 2w By | 2 gy point B (2.16)

d E d

c

@ Sammaan 5 (1998)

Sammaan 5(1998) F3E Fd FRP FrHe 428 S T8 $H-MIE As
< o F3staAt skt Sammaan 5(1998)¢] A|¢tek SH-wHFE F4H4E [1F” 2.7]0] 1
Pk [29 27194 AFEZAagEe vy Ee] S3HPIES Y FRPY 5853
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o -
T oA e AFAel SEHFA Hete HES f,= YERL, 7] HAe] HAEAA
FREEH T oAA A9 718718 Adste] 4 1D $U-NFE FHS AN
oA IDIA F Aol whe REe] 2ES FERAAF 12 AAee] RAGY
o}
A
Jee
E,
1

e .

A

=

=

<

E,
1
. . € "
Axial Strain ce
[O& 2.7] Samaan S2 SH-BHEE 2 (1998)
(E.— E))e,
= ——7 T ey (2.17)
[1+{<EC_E2)€c/f0} ]
A7 A, E.=39504/f,,
Bl

E, =245.61f27 41.3456 y

fo =0.872f, +0.371f, +6.258

n=1.5

® Miyauchi $(1999)

Miyauchi 52 $8-HdE F4 ZAYEV} gygd & FAo] Fret= A9 7
O T

fo=Fu [2(66/668)— (66/660)2] at 0 <e. <g¢ (2.18)
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f.=Ff.—Me,.—¢€.) at ¢, <€, <e, for increasing type

foo—e.—€ ) foo— 1 ) '
fe= € . —¢ at €, < ¢, < ¢, for decreasing type
A7A, ¢ =e,~ A 2L,
A= {_ 2f€0 (6(’6 € + [4fco (fcoeic - 2f€0€co€cu +f06630 )]0-5}/630
246+ 0. ,
€ =60 10F (15.87—o.o93fw)(fl/fw)“2 G004

® Saafi 5(1999)
Saafi 5(1999) F&% ZLAE Hulg=Ho] TAg o]%
askA] il A Frteke Aol disiARE dSo] JhsshH, o] ¢k 2
Zae A (221), (2229 2k

5|
r>~
1o

Fe

1+ (E‘/f(r - 2/6(:(: + EQEcecc/f?z(t)ec + (1/E?r‘ o EQE;/fzr)ez
at 0 <e, <0.002

fo=

2F, toen "%
f(: :f(:o 1+22 W) at 0002 = €h = €h,f’u,
A7NA, f.=f |[1+0.213 Lprtiey
cc CcO dfco
o) TEHE RAE] AFNF VYE
D B FRPO d5aF SedE
€. =€, 1+0.0783( le;j“) l
fCO
E, = o
@ Toutanji (1999)
Toutanji (1999)el ¢J3] =aH FAHE F5 FRP
ZAYES Zx A4, dyA FreE S FALEHAN
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(2.19)

(2.20)

(2.21)

(2.22)

Fro g st A3z EH
FRP sheet® H.7}3F 23] Aol A



Aotd $H-WHEE WA= FRP FEO FIAYEES A3 2Ad dafjrs = i
FES A4Vt FEe FuFrisld 488 ¢ gle o2 yEut oA
Toutanji= FRP ¥R ZIAZEE FAI Ao w3t $8-¥idsE ndS 2

(2.23), (2.24)9F o] Atstar .

= (2.23)
f 1 + (E;/ffc - 2/66(3 +ECCE;6CC/f§C)€C + (]‘/636 - ECCE’C/sz)Ez
at 0 < e, < 0.002
2F; t;, 0.85
f. :fw{1+3.5($) at 0.002 < €, < €5, (2.24)

2F. ¢ 0.85
A7, f.=f. 1+o.o178(f’—”f”’) l
af.,
€, =€, HOOMS(%) l
feo
E, = 0.3075—"

co

Xiao 5(2000)

Xiao (20008 S¥H-HFE S 75H ZAYE HfSHo] TG o]F 0]
et Ao del= v ol st Ut

f.= Ee +2vf, before reaching f,, (2.25)

(2.26)

f.=110f., +k,f, after reaching f,,

047]]‘1, fl = C}Eh

2t
_ e
G= d Eiy
Jo
=4.1-0.
k, 0.75 C
fco )0 8
v, = 7(
G
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. CFFTY $¥-H3 & 54

FEAE A BEe FFz FREM, ok sHwsd we RREd v A

2 = AA7E 5

A 2 tEAEA Almel s oA Hzol WAse] FxA

N5e AR BEa AFAE FF BFe PR 2SS B ok 8
A

| pEanEe] a8 §EATS 2] 98 RAZA ol

CFFT9] AZuel] w2 31545 Mirmiran 5(1993)9 93] Aoz A5H wl
Att. Mirmiran (199802 €% FRP &l ZAgEES FHAIZ CFFTE #=ol(L)
o A4 (D)ol vE 211004 5:17bA] W 3kA|
® FRPS] F7= 27 145, 221, 2.97mm ,
soz FAsAT. AdAel AHER FRPY AR R 9ohA 22 [F 2.2]0 e

W A,

A
o,

fru
E o
o Hy
>
oY
o
Ao
Jo
N W
o
do
ol
flo
s
s
e
—
=
—_
=~

[HE 2.2] &EH M0 AIFESE FRP2 & & (Mirmiran, 1998)

Properties 450-yield E-glass Polyester resin
Specific Gravity 2.58 1.41
Tensile Strength (MPa) 2,186 72
Tensile Modulus (M Pa) 69,640 4,344
Shear Modulus (MPa) 30,130 1,600
Poisson's Ratio 0.22 0.36

[ 22]o Yebd 8479 Polyester #l7S AFg3le] FRP 94&54<
le)
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(29 2809 Yehd A9ARE Eo
L/DE WFE CFFTY 45759 F3WEES 4 (227), (228)7 o] AlgHe nl 9l
o},

=

irmiran 5& /D7) 22 AFAE J|Fo =

L\ L
fcu, :fcu, 2:1 00288 3 _0263 5 +1418 (227)
B L\? L
€. = €pya:1]0-0929 D —0.5214 D +1.8506 (2.28)

21227, 229NM foo1r €= ZHZE L/D7F 291 CFFT] &7 oo, 7t 25
F L/Doll tigh 2xp=d o2 A En 2 (227), (228)2 742 L/D7F 49, 5.7 ©] st

= 4SS JEuH, 49, 57 ol ¥dA= 718t
A& /D7y v =27] o
5

% ¢ A=s 423 £45

=3
S
3 ™
> .
= o
)
= -
[=*]
-
- @
e 06 F
=
=
=
= 04}
=
@
E
g 02|
o
ZzZ
00 | L L 1
2 3 4 5
L/D ratio

[O 2.8] L/D0l 2 CFFTY =2 (8, 2010)
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g Z2agdEY A W3

ZAYEE AJZro] Agglel| uwgl A X455 (Shrinkage)¥ 2] Z(Creep) 52 A% s}
7 Atk S o] Al E A flo] AA L Wl oM PSS o= UEF
& AWE A(Cement Gel4ro] F=io] Futsle] wrAstn &2 Av]d #H$H= W
F& dovE AYZE AHAHQ dtFol A4S v MydEe] AXHoz FrtstE Ay
oltt, ZAYE EAH I FAld HAs= AAWst= CFFT F&aEd w9 & dFs
7]

At CFFTAA &3AQl FaEe +5& falAl= FRPS ZAYE Alo] 9] 114
& a3k st FRPO 9] gk g rstofof st7] W olth. Wrapping©] 1
Jacketing T THOE A & FRPel W] Prestress& 7}eto] A ES} ¥
o7 FAYEE BT # Ao CFFTe %% FRP 95#%

rot
-
A
2
o
Y

ol
et
E=)
m

FRP Abolo] 1+A& A she] 7483}
AR Bas

o] Aol M CFFTY tle Zaelee] Aass, 2 xe og 93 712 adwn
g 2, BAste] WIksHATh FRPol od) &E Avzacee dxss o agx
of g AT Naguib (200300 o) Fa® vl ov, AFUE @ ANE -

Aty th5 3 2o

Naguib 5(2003)2> FRP €&de] ZAZEE A FA¢ ZAYE F5 FRP
SheetZ A&3] ® 73 CFFT % FRP 95 #o g 7% =
gt ot o] AT = FRP de¥e] a8 ESE A CFFT FA¢ AFZAE
gk AlzE Asol disiAgk 7heFs] dgstaral gtk Naguib 5(2003)0] A @ el AL8-3
Ale [ 23] 7HeFs] A skt

[HE 23] &&H EF L Xl==(Naguib, 2003)
Age at _ _ Level of
: g. Dimension Sustained
Duration No. of Loading or
Type . Load of
(Months) Spec. unloading | Qut. Dia. | Length Capacity
(days) (mm) (mm) (kN)
Shrinkage 12 1 - 152 915 -
556, 64, 9%, 23%,
Creep 6 4 976, 53 152 915 7%, 14%
Creep -, 225, B
Recovery 1 4 465, 215 152 915
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[3 2.3]91A4 FRP %32 Spin—castol 93] A4be AEFS A3 2™, Laminate

of A [0°/0°/45° /45" ] ol dH o= STt FRP d&#9 AFddi&
(Fiber volume fraction)< 2Z}A8 (Burn-out Test)Z 3} oF 51.2%0°]H, ds+% A2

[

=

2.4101 “ER A

TH

2.4] FRP A S22 H&A A& (Naguib, 2003)

P
Type a’;;;;y Remarks
. Strength 481.6
Axial
X@ ASTM D 638
tension Modulus 24,670
. Strength 452.2
Axial ' ASTM D 695
compression Modulus 25,022

Tensile modulus in hoop direction was found to be 12,757MPa from laminate analysis

FRP 9-&3el efdst ZagEE 38MPe e dAYUXE FAEH, &y
76mm, A =X F= 10mm o]t

Az 8 2z izt J3FS Bristyl 98 S2UEE BAsty] A AlolA
(Vibrating wire gage)E FRP &3 nGAZ & ZAZYEE s o, A2
et st APA syl 2xy Al2"S =kl AUIE F¢tll: fAE e

% sheok

r
s

AAAN x5 WP ES (27 2919 Yeglew, CFFT AFZagES] 944
Az 2 ACE 209 Modele Wlalshr] ffs Aol @ik [2d 2.9]914 FRP
o] T&E ARZAYES AxFF WFES I 27 s & FUHE Holurt A
A8 gHaste] oF 0.00005~0.00010] W ENA FH3= S YEUSon, o] WY
E2 22U ZF=(Plastic shrinkage)S ¥3H3h Ay 2 2549 Fo o3 AxS
Z(Drying shrinkage)& FAle w3 ZHe Ao 7 HI7IEJT. ueia ZA9E B4 &
AzxgSo o3 d3Fo = FRPS FAPE Ate]o] ez Qg 5839 Has T4
kA &5 Ao=m AZEH, CFFT dAY Fx27 %5 mAe= 932 9 2 o=
et o}

A8 W E Addxs= (29 21019 Jetidd (29 2.10]00
S FEHA gL FAYEY AFEZ AP E(ACI 209) ) wf§- A
#S UetdH, CFFTAA AFZAZESY HPES FT7te T5US S7HA1717] witol
TEHA S At 7]l= 8oz 2g
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Shrinkage Strains (yg)

250

200 -

150 +

100

i { [AC1209 Model
A ......................... Axial Strain Gage |.............. e eeee s eemeemsaeaannan
r : at Top Quarter :
] Axial Strain Gage
: at Mid-Height
’H,'---—." et -

N U ”.e ................. Sealed Congrete | +-== === s=smssssses ..............................

ry : PCA Tests ;

90 180

270 360

Time (Days)

[ 29] CFFT ARZ3clEQ HXs= HEE(H, 2010)
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Total Strains

Total Strains

0.0015

Sustained Load

0.0012
00009 - -
0.0006 1 :
0.0003 - : : b
: : : 1
] e i t A A i i i é i i ll. A i é i L # i
] 30 (i) 20 120 150 180 210
Time (Days)
(a) Specimen A
0.016

0.014

0012

0.01

0.008

0.002

30 6l o0 120 154 1840
Time {Days)

(b) Specimen B
[ 2.10] CFFT A2232|E9 J2|Z H& S (Naguib et al., 2003)
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4.448 KN

Sustained Load (kip) [ 1 kip

4.448 KN]

Sustained Load (kip) [ 1 kip



Total Strains

Total Strains

0.0160 - - 160
Sustained Load
- 120
[ ¥ ]
0.0060 4 £ :
; - 80
0.0040 4 -- -
f , ; - 40
0.0020 + I rokis L D
00000 i i i. i i i i i E i i .& i i !. i i % i i 0
0 30 60 o0 120 150 180 210
Time {Days)
(c) Specimen C
0008

0.006 4

0,004 +---

0,002

- z - z -
g P — — —y
] 30 o an 120 150 180 210
Time (Days)

(d) Specimen D
[O& 2.10] CFFT A 2232IE9 32|Z HE E(Naguib et al., 2003)(H %)
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4.448 kN|

Sustained Load (kip) | 1 kip

Sustained Load (kip) [ 1 kip = 4.448 kN]



I-3. CFFT ¢&7 =43

CFFT ¢&7%
A (tys,,)
mmt A5 AolE 2818 F7FAIZL ¢300x600mm <l H% o] 2
A ES BHdste W oz ¢150x300mm A AE 54, $300%600mm A A= 370
A At er ek Al AP 5 WeyER gelsty [® 2510 el

FFRPE= ZFHHIE oY FAH 9 A4 3ply ©late] AF2 Alzte] ofH7] uwlid
Aply(2.8mm) ©]73¢] FAZ A#egdth. CFFT 2@ Ao A <9 wEd U3 7t
AgA ] dddFAEE 2 23) TFEHEATE 47 Mgt Axtstda, [E 26]4 3
2] ki o}

CFFT9 syt [ 26]o] vebd 32 o] Ao oF 7000kNe 2 o F= 7] ufi
of dwrAel stF AN S-S ettt wEbA o] AFAE ARG V&

Ao A8 AFA = ZadE] AAVIEAFAE(f,)e FFRP2 F
=
[e)

Agk =27]Ql ¢150x300

Ll
g
¥ m

Hﬂ
2,
y
b
o

ATh APl A 30000kN P WFBALAE FALALT gl P2
Fasarh 2 AFAE SRR QWP Qo] AAWFoz MIEANAE ¥
- =

e
2
rlr
i1t
ol
2
N
N,
i)
-]
i
5
>
2
o
o
-
%0
rlr
o
I
rH
i
i)
[t
1o
i)
[ed
i
o
A
—%
N,
o >

ZA|o] kA o 2 300kN/mine] £E&
ARZAGET dtFo] AEEHEE Attt WP EA A LVDTERE 45
= HlolHE HolHEZA(TDS-302)& &3ted AFHA Aoz A, 75 AFHES

sttt CFFT h54=43w2 (27 2110 yehd vk

4T E - o =
SEEES AN GEAE FrRe AR 7
(fopy MPa) (tffTP’ mm) (EA)
2.8 5
21 4.2 5
5.6 5
2.8 5
¢150%X300mm 30 4.2 5
5.6 5
2.8 5
40 4.2 5
5.6 5
2.8 3
»300X600mm 30 4.2 3
5.6 3
Total 54
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[H 2.6] CFFT 282 SMWX+=2 a3

gans | aAsesss | FRPEA | duvazs | dauads
(Fur MPa) tprpy 1) (k) (MPa)

2.8 1,602 90.65

21 4.2 2,248 127.23

5.6 2,895 163.81

2.8 1,726 97.64

@ 150xX300mm 30 4.2 2,372 134.23
5.6 3,018 170.81

2.8 1,849 104.64

40 4.2 2,496 141.22

5.6 3,142 177.80

2.8 4,316 61.06

$300X600mm 30 42 5,609 79.35
5.6 6,902 97.64

[22 2.11] CFFT $=2 T A S

CFFT ¢=74d%= "éx T AgAe] S de= [29 212]d YEde. ddAs Y
H-3ro] FERPel S7k22]7F B AY A rthd(strand)o] A2 2] = 3] = At
2 AgA e HF9FEl= 5 FFRPY A9 BAdR7F vixd Wt yetkst

A Fdol wABTA AgEom, m”awb gaprel A%Y Uy FHE R
shan elx PR shsgith B WrEaeEe] #52 Astar] A 4AE o

N

S Askdeo] FFRP 98 ¥o] ¢ nt) O}ﬂ%ﬂ AAZ A sAQdednh. of#t g2 W

38

ot
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[18 2.12] CFFT SRS NS IS E
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[Z 2.7] CFFT &=

2F

S AIE 2 DH($150x300mm)

o
— TR EEEE FAF=
AANzgERE | SRR (EN) (MPa)
(forr MPa) pem S o F S o F
mm)
1 N/A N/A
2 1,257 71.11
2.8 3 1,269 1,269 71.77 71.80
4 1,282 72.53
5 1,193 67.53
1 2,245 127.06
2 1,975 111.76
21 4.2 3 1,873 1,911 105.96 108.13
4 1,885 106.67
5 1,840 104.12
1 3,213 181.79
2 2,323 131.43
5.6 3 N/A 2,168 N/A 122.66
4 2,190 123.93
5 1,990 112.61
1 1,242 70.26
2 1,010 57.15
2.8 3 872 1,209 49.33 68.44
4 1,087 61.49
5 1,377 77.90
1 2,353 133.12
2 2,090 118.27
30 4.2 3 2,255 2,135 127.61 120.82
4 2,060 116.57
5 1,883 106.53
1 2,698 152.65
2 2,893 163.68
5.6 3 2,788 2,789 157.74 157.83
4 2,685 151.94
5 2,883 163.12
1 1,163 65.83
2 1,227 69.42
2.8 3 1,263 1,181 71.49 66.81
4 1,272 71.96
5 1,152 65.17
1 2,105 119.12
2 2,138 120.96
40 4.2 3 2,235 2,159 126.48 122.18
4 1,960 110.91
5 2,238 126.62
1 2,492 141.00
2 2,920 165.24
5.6 3 2,890 2,757 163.54 156.03
4 N/A N/A
5 2,860 161.84
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T 2.8] CFFT 2%E2 S AIS 2 IH($300x600mm)

— FFRP BT EEpia
g = MP
wAnegasE | | aaus (EN) (MPa)
(for» MPa) firee &% ks B &k
mm)
1 2,467 35.29
2.8 2 2,254 2,494 31.89 35.29
3 2,763 39.08
1 3,746 52.99
30 4.2 2 2,692 3,331 38.08 47.12
3 3,554 50.28
1 4,379 61.95
5.6 2 4,429 4,317 62.66 61.07
3 4,142 58.59
5000
4000
& 3000 |
S L
Q~ ***********
= N
=
5 2000
1000 .
Specimen 1
— —_— Specimen 2
—————— Specimen 3
0 4 I
10 20 30 40 50

Displacement, & (mm)

[O8 2.13] ¢300x600mm &
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Load, P (kN)

Load, P (kN)

5000

4000
3000
2000
1000
Specimen 1
Specimen 2
Specimen 3
0 4 I I I I
10 20 30 40 50
Displacement, & (mm)
[L18 2.14] ¢300x600mm AEX S otS-H S8 (t4,,=4.2mm)
5000
e
- — - T
4000 [ ”,.«; —
e
- -— - -
—— % /
o
/
///
2000 |- f
1000 | {’ .
f Specimen 1
y‘ —_——— Specimen 2
// —————— Specimen 3
0 } 1 1 1 1
10 20 30 40 30

Displacement, & (mm)

[3& 2.15] ¢$300x600mm
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Load (P, kN)

Load (P, kN)

3500

3000

2500

2000

1500

1000 B

= ﬁj‘?‘:—‘#-’ — — — - Specimen 2
500 .- (/’_,_,. —————— Specimen 3
// ——————— Specimen 4
(,/ —_———— Specimen 5
0 1 1 | 1 I I
10 20 30 40 50 60

Displacement (0, mm)

[O8 2.16] $150x300mm AE XS otS-#? SE(f,=21MPa, ti,,=2.8mm)

Displacement (0, mm)

3500
3000 |-
2500
2000 +
/ —
4
s
el
1500 | /?},//
ZZF
1000 [ /‘_{;4;"" Specimen 1
,/‘;ZT-;"” _—— Specimen 2
1 | | | ,————— Specimen 3
| [F
1 T 1 || =—ve———— Specimen 4
SR Specimen 5
| 1 1 I |
10 30 40 30 60

[L8 2.17] ¢150x300mm AE X S| otS-H? =& (f,=21MPa, ti,,~4.2mm)
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Load (P, kN)

Load (P, kN)

3500

3000 [
2500
//
v
i
2000 7l
e
1500 - 4{,/
"
e
”:;;:;b’
1000 | = f,,;z»*’
4"' Specimen 1
- .
— — — - Specimen 2
O ———— Specimen 4
/ —EEE S Specimen 5
0 | | 1 | I 1

10 20 30 40 50 60
Displacement (0, mm)

[O8 2.18] ¢150x300mm AE XS otS-#? SE(f,=21MPa, t;,,=5.6mm)

3500
3000 [
2500
2000
1300 [
1000 Specimen 1
— — — - Specimen 2
—————— Specimen 3
VO e ] ———— Specimen 4
i Specimen 5

10 20 30 40 50 60
Displacement (0, mm)

[2& 2.19] $150x300mm A O &HE-HP ZH(f,=30MPa, t;,,=2.8mm)
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Load (P, kN)

Load (P, kN)

3500

3000 [
2500
2000
1500
1000 Specimen 1
Specimen 2
Specimen 3
500 Specimen 4
Specimen 5
0 | | 1 | I 1
10 20 30 40 50 60
Displacement (0, mm)
[O& 2.20] $150x300mm AE XS otS-#? SE(f,=30MPa, t;,,=4.2mm)
3500
3000 [
2500
2000
1300
1000 | Specimen 1
Specimen 2
Specimen 3
S00 Specimen 4
Specimen 5

0 ‘ | ! 1 | I 1

10 20 30 40 50 60
Displacement (0, mm)

[2& 2.21] $150x300mm A O &HE-HP FH(f,=30MPa, t;,,=5.6mm)
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Load (P, kN)

Load (P, kN)

3500

3000 [
2500
2000
1500 |
1000 Specimen 1
— — — - Specimen 2
—————— Specimen 3
WO T T T ———— Specimen 4
e Specimen 5
0 | I 1
40 50 60
Displacement (0, mm)
[2E 2.22] #150x300mm Xl otES-H¥ & (f=40MPa, t;p,,=2.8mm)
3500
3000 [
2500
.'/
2000
1500 | //7;/
/,/
/,
1000 | f{ 74 Specimen 1
{4 — — — - Specimen 2
2 it Specimen 3
200 , ——————— Specimen 4
! i Specimen 5
I/
0 | 1 | 1
10 30 40 60

[A8 2.23] $150x300mm

Displacement (0, mm)
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Load (P, kN)

3500

3000 |-
—
3
2500 //
A
2
2
2000 + ,ﬁ’ﬁ
//j
1500 f
b
Y,
1000 - M-/f’
1 Specimen 1
h — — — - Specimen2
50 Hf—— o —————— Specimen 3
e Specimen 5
0 i 1 1 1 1 I |
10 20 30 40 50 60

Displacement (0, mm)

[O8 2.24] ¢150x300mm AE XS otS-#? SE(f,=40MPa, t;,,=5.6mm)
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(2 29] AR232|E Ol& It GHS(4150%300mm)

=g0E FERP 13 3} 5 372 =
AANELERE =7 AHAE (G587 (MPa)
(for» MPa) (tijrpy MM) 3% At 3% At
1 N/A N/A
2 629 35.62
2.8 3 565 566 32.00 32.02
4 547 31.00
5 520 29.46
1 863 48.86
2 688 38.94
21 4.2 3 655 688 37.08 38.95
4 629 35.59
5 605 34.26
1 1062 60.11
2 717 N/A
5.6 3 N/A 781 40.56 44.20
4 668 37.79
5 678 38.36
1 753 42.60
2 617 34.91
2.8 3 563 693 31.87 39.22
4 588 33.26
5 945 53.48
1 1,203 68.06
2 1,122 63.47
30 42 3 1,285 1,159 72.69 65.57
4 1,098 62.14
5 1,087 61.50
1 1,240 70.18
2 1,285 7271
5.6 3 1,255 1,248 71.03 70.62
4 1,262 71.42
5 1,198 67.77
1 723 40.92
2 834 47.19
2.8 3 819 809 46.34 45.79
4 886 50.16
5 784 4435
1 1,164 65.85
2 1,133 64.13
40 4.2 3 1,139 1,136 64.45 64.29
4 1,109 62.78
5 1,135 64.22
1 1,243 70.35
2 1,130 63.96
5.6 3 1,189 1,195 67.27 67.63
4 N/A N/A
5 1,219 68.95




T 2.10] AR232E 0lA T 5HE(4300x600mmm)

33 = kvl B A 3 =y
238 E FFRP ”}(JQN})T ’?EP"} :
AANEREZAE | T NENE .
(fox» MPa) (tijrpy MM) oy ik iy B
1 2,168 30.67
2.8 2 1,731 2,084 24.49 29.48
3 2,353 33.29
1 2,524 35.71
30 4.2 2 2,121 2,492 30.01 35.25
3 2,829 40.02
1 3,048 43.12
5.6 2 2,969 2,931 42.01 41.47
3 2,776 39.28
70
60 |
)
S 50
S’
o}
% 40 -
{2 -____'___—-
= i T
@
Z 30}
Z
@
fut
=%
S 20}
=
@
Specimen 1
10 Specimen 2
Specimen 3
O | | | |
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

Strain, € (mm/mm)

[ 2.25] $300x600mm A2 SH-HHE DH(ty;,,~2.8mm)
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Compressive stress, 6 (MPa)

Compressive stress, ¢ (M Pa)

70

60 [

50

40

30

20

Specimen 1
Specimen 2
Specimen 3

0 1 1 1 1
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

Strain, £ (mm/mm)

[ 2.26] $300x600mm MBSl SA-BHE T (ty,,~4.2mm)

70

60 |

50 |

40 |

Specimen 1
10 f | — — —  Specimen 2
—————— Specimen 3

0 1 1 1
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06

Strain, € (mm/mm)

[D& 2.27] $300x600mm AEH | SA-HMHE 2 (ty,,=5.6mm)
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Compressive stress (6, M Pa)

Compressive stress (6, M Pa)

80

\ \ "
W\ N
-,\\\\ \\\
N
60 | VNN e
L
1N e
\"\;\‘.\ ~ N
..Q'\ ~ \\
I
N
40 | S
0H — — —. Specimen 2
—————— Specimen 3
——————— Specimen 4
—em—e— Specimen 5
0 1 1
-0.015 -0.010 -0.005 0.000 0.005 0.010
Strain (g, mm/mm)
[OE 2.28] ¢150x300mm AN SH-HEE JH(150-21-2.8)
140
120 |
) ' /
B LY \
] i
\ \\ // I/
80 |- \ \ # i
N k3 ’L
"\ \\ ///.",;,/
- \ b s
\_‘A \\, Fd ”
Vool TN s
%ﬁ-‘\\\ //~/
R
40 | — = ®y
pecimen 1
—— — Specimen 2
—————— Specimen 3
20 [ s Specimen 4
Rl Specimen 5
0 1 1 1
-0.015 -0.010 -0.005 0.000 0.005 0.010

Strain (g, mm/mm)

[ 2.29] $150%300mm
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Compressive stress (6, MPa)

Compressive stress (¢, MPa)

200

180 -
160 -
140 -
120

100 EN

60 |

Specimen 1
Specimen 2
Specimen 4
Specimen 5

40 |

20 |

O 1 1
-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015

Strain (g, mm/mm)

[ 2.30] ¢150x300mm AB MO S-HSE 2H(150-21-5.6)

100

80

60 |

40

Specimen 1 AN 7
o s Sod /
pecimen 2

20 - —————— Specimen 3
——————— Specimen 4

5 s Specimen 5

0 1 1 1 1 1
-0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006

Strain (g, mm/mm)

[DZ 2.31] ¢150x300mm A S-HBE 2H(150-30-2.8)
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140

Specimen 1
Specimen 2
Specimen 3
Specimen 4
Specimen 5

120 |

=

Ewo-

b

2 80

=

wh

&

z 60k

2

e

=5

g 40}

=

o
20 |
0

-0.012 -0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 0.008

[OQ2 2.32] ¢150%300mm

Strain (g, mm/mm)

A

Hel SH-HEE J4(150-30-4.2)

180
160 -\ H—
\\\ /:/ ;/‘I
A\ 3 7

& Hor WY, s
B RN A
= \.\\.\\ 4 /Z"
& 120 | EYRE ARy /4
~— ., N FARr 1
% 100 AN //
£ - ~. I
= el
2 el '
v
2

60
E- Specimen 1
5 whd——— Spec?men 2z

—————— Specimen 3
——————— Specimen 4
20 ———- Specimen 5
0 | 1 1 1 | 1 1 1
-0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 0.008 0.010

(D& 2.33] $150%300mm

Strain (g, mm/mm)

SENe SE-HEE HH(150-30-5.6)
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Compressive stress (6, MPa)

Compressive stress (G, MPa)

80

60 |
40 |
Specimen 1
i —_—— — Specimen 2
0 h —————— Specimen 3
——————— Specimen 4
——— Specimen 5
0 1 1 1
-0.004 -0.002 0.000 0.002 0.004 0.006
Strain (g, mm/mm)
[OE 2.34] ¢150x300mm AN SH-HEE = H(150-40-2.8)
140
\
120 | b LY
NN N
N N\ \ \\
100 | N N VL
\\\\ ‘\n
\.\\.\ .
80 |- ™,
60 |
40 F Specimen 1
——— Specimen 2
—————— Specimen 3
M | Tr——— Specimen 4
— = Specimen 5
0 I 1 I I I 1 I
-0.010 -0.008 -0.006 -0.004 -0.002 0.000 0002 0004 0.006 0.008

Strain (g, mm/mm)

[D& 2.35] ¢150%300mm

141

8N SH-HEE JH(150-40-4.2)



180

160 I

140 |

120 |

100 |

80 |

60 |

Compressive stress (6, MPa)

40 | | ——— Specimenl
— — — - Specimen2
—————— Specimen 3
e Specimen 5

20 |

0 1 1 1 1 1 1 1 1
-0.012 -0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 0.008

Strain (g, mm/mm)

[ 2.36] ¢150x300mm AB A S-HSE 2H(150-40-5.6)

AFAH}E Akl FRPF/l0l W& CFFTY s34 e 9 FZAZE Ao wE

CFFT9 ¢=9a7 % wstE zzF (29 237, [29 2.38]o] Yebdcet 2829 o)
olH = AYAAZYE BAH PFFAgEo|t)

[19] 237]olA FFRP9 F7o w= 149}

sk, [19 2

d A 2 s 9l Aoz FAE oY, o]y sk dAAS F&to] wlg- AV] wiE

of Z2adE9 X+ CFFTY 3y 7wslel] JaS v x| 7] wjFo] A3t 4
T S FHE A ZAYEY Fr:=
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Ultimate Strength of CFFT, f, (MPa)

Ultimate Strength of CFFT, f, (MPa)

180

160 |
140 |
120
100 |
80 |
60 I
40 | o
—e— f,=21MPa
” — & —  f,=30MPa
—— e —— f,=40MPua
0 1 1 1 1 1
20 25 3.0 35 4.0 45 50
Confining Pressure, f(MPa)
[O8 2.37] #5H SIt0l & CFFT AEMe HaYdsLdS
180
160 - ,/,.- ——————————————— ™
140 | e
//,’
120 e ——— .
o— —
100
80 |
._
—8— — @
60 |
40 | /=28
S =28
20 —_— — — zfmp=4.2mm
RN S {mp=5.6mm
0 1 1 1 1
20 25 30 35 40

Design Strength of Concrete, £, (MPa)
[O28 2.38] 23CIE HAHIIEZE SO0l HE CFFT M Bags2dS
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A 3} ;L@u]g} Zwnle] #AE [y 239]e YERIT
) = %

(29 2390014 CFFTe] Agdole: % 5477 A8t 4845 2 dolee 4
Rxe dolHzyy fAEAste] AHow et o

o] 71&7|2HE ek R e BAlE s

onl, 4 (220)sh 2e FFFE 454 AL,

Strength ratio, f, /f.,

0.0 0.2 04 0.6 0.8 1.0
Confinement ratio, f,/f.,
[O2 2.39] CFFTS ZEH|I2t P&H(ol 23|
Jee f
2 —1.0045.89| - (2.29)
fet for

S [3 291, [3% 210114 yerdl Z32ES] o vty
FEE dFT & UdEE & me AY 3

2
Hgomne YyEadee w3

FFRP W% AFFazee 4

R [ 240]01] et Ao [29 2.40]¢]
ZEE 2 (23003 o] YERd 4 )

(o=
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Strength ratio, f, /f.

0.0 0.1 0.2 0.3 0.4 0.5

Confinement ratio, f,/f,,

[O% 2.40] LHF S3CIE 0l& Tty 2THI2E F5HI2) 2

Jo _ 1.00+3. 02( i ) (2.30)

f(’k f(’k

II-4. CFFT 38 AsA

o] AFelM= CFFT 52 =4d dxs 48k
= B T OYgd dsE 548 T
sol Sl7] wiZel d@AnE EHste] 4 Aie nuHoR A8 5
g @rhb dastth wes o] AN = fterddE Fdsa 1 4
Iheb Hl st Sl

o] AFellA= CFFT h5a@dstst vasty] glsto] WMEFF s 221
?l ANSYS Ver. 11& Abg3te] 7284 883t CFFTS HCFFTS] #3243
e Wg fasdd Tz ANSYS Ver. 11& Abgstgion, &4 &
HCFFT= 7]& dollA] A8 FAA e Zagee] AA7|Ed545%, FRPE] g
A A4 g g AsE sdeA A&tk frassAe ANSYS7E A9 84
% SOLID652H= £ =248 A&t SOLIDES S A ZstEadEvy F34dF 9
Ze A3 SRR wAE Rdgsted AR, [ 241000 HEbd A Zo] 8

=3

1
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°of dHE 7HAA o, 7 A= x, y, z Y 3/ AANS A{FEE e
tH(Moaveni, 2008).
fFretaseia e s &l
AE o2 Rredste] Fskar, Al =y
st gk siMAde AAxAI ssAstdelA 7Y Ak WSS
ARSFA (27 2421 F 7ol 150mm, 300mm<! CFFT #3248 mds 7hzt
UERd Zolm, [19 24319 [19 244]= 7 CFFT frgteasfrndo siAd34& o
Bl Aot}

N

|
| H
| \x
|
|

F |
|

E
|
|
/ I R
/ ~—__D
/
/
/
/
/
/
/
B\
A

[0Q2 2.41] SOLID65 LA HEC| XS & (Moaveni, 2008).
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'S

oncommercial use only

0,00 50.00 100.00 (mm)
HEE T

25.00 75.00

(a) $150x300mm

commercial use only

000 15000 300.00 (e = ' ~
T ]

75.00 225.00

(b) $300%x600mm

[1& 2.42] CFFT |R8tLo4 2
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NANSH

yncommercial use only

0.00 50.00 100,00 (mrm) ' ¥
HEE e

25.00 75.00

@ 232E

ommercial use only

0,00 50.00 100,00 (mim)
I

2500 75.00

(b) FFRP

[O8 2.43] CFFT &A S0l St 7eteiolA
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000 5000 100:00 ¢ Z/L. %
S .

2500 75.00

(@ ™Al

000 5000 100.00 (rm) ll)\ =
I .

25.00 75.00

®) 232 E

0o 5000 10000 mim) ZA ~
N .

2500 7500

(c) FFRP

[8 2.44] CFFT £ S0 Get RetA0HA
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[ 21119 [& 2.12]= CFFT 4574543 A4 Hvd fFaessiydsdE 2 ¥
Foll wel wlaste] yERd Zlelth vlal Az {38 A
-2.229%7-10.17%% o2 H 7] wFEo vz A
T3k CFFTS] 457457 B A H7kE 7] witol] B30 AA

wnat = gl s ddeta dddn.

H 2.11] CFFT S8tRAoiA Z 1 (§150x300mm)

LAY E - 3] 7} = (MP
77] 2—7&5 FFRP-7] : liq-ol -
£ MP (ty, mm) Ag e AN o3}
a
o ME0) ) ) %)
2.8 71.80 68.06 -5.21
21 472 108.13 99.76 -7.74
5.6 122.66 110.19 -10.17
2.8 68.44 65.02 -5.00
30 4.2 120.82 111.92 -7.37
5.6 157.83 142.52 -9.70
2.8 66.81 63.60 -4.80
40 4.2 122.18 113.41 -7.18
5.6 156.03 141.28 -9.45
[E 2.12] CFFT %‘é%EAl@é"ﬂ(d)300x600mm)
ZLIZE iRl 7/
9= | s = (MPa)
AANEZ= N o 5o AFA =
Gy MPgy | Cr T 49 fr a4 23
o a
ck (f.) fp (%)
2.8 35.20 34.42 2.22
30 472 47.12 45.36 -3.74
5.6 61.07 58.05 -4.95
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. HCFFTY &34 A& 54

CFFT+ CFToll Hlate] F-2e tfgh Ag/do] uf
7kt vk 28y CFFTE B4 R7F 95
woll FEHae gt 4EFAE] TS VT F Jovt F B Ao diste] F kgt
A7 & 7bsAde] e 3 g odd A gk ehdAgd s Frety] flete AL T
HEe] HuAAZE 4ttt

8

=

-
o~

@) BESZF =F (b) TABE ooy B

0x
O||

[Q& 3.1] HCFFTS 7 A5t= FRP £ M2 RE2E (X, 2010)
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ol el HCFFTO ww& PFRP Aol & ool me} 27kX 2 Aljbs} i),
=, [2d 32@@]e Yebd Az 2ol #Hgdd PFRPE ©]&3 9w (A-Type)¥ [1H
32(b)Jel vrebd A3t o] e g b= PFRPE o] &3¢ Wi (B-Type)lth. o get

W PFRPE A8 A5, @ 23 RUEV Frhste], 593 HCFFTS A7 A
A= H A7 Hold dis AZE ¢ dow, AFAAA FHm ddSs AT
T Atk aYy &2+ HCFFTE A v Ao Ado] &olshx] o oH
Ule] 7} PFRP H-A1¢F PFRP F-Al= <l dAst= T3 He tiste] AR EE BAS

Fast) el Aol Ak

Ae@ PFRPE A S ZSols aaRAel Age] §olsn
GeEE $HY & YY) i) AFYFO
(CFT, CFFT $)st fAHek A% 2 Al 3wy 2 2
= el NEAAe] AT $elv) don, HOFFTe $4%& Buay] 98 dx

o RS 74 4§ PFRPO &3y L3 ojgzo] s F Utk

(a) A-Type

400

(b) B-Type

[O& 3.2] PFRP &8 24
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Wl Aol oigy] WE] w)
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253X A PFRP

PN
TH

)

714

o]

-
s

HE4 0 22 PFRP

A

Tor

B
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fite)
il
IS
ol
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~
HO

il

=

3.3]° vrEbs A3t

A=
H,

L
—LLOT:

o 7

PFRPE AZAZ AH o]
e, 223y AZA A 9

' HCFFT

5|
R

Aol A Al ek

ok [z 33]Jel dERH B

O
RS

o]

1
T

!
17

KeN
T

p s

3 7

el

w
v
B

e
ol
oR

¢

oV

o

ol

0

e, 2] YeElA FRP

=
=

g} 2 Ao

A

oV

ol

¢

B

71
s

Aot e A5

(&, 2010; o, 2011)

[2& 3.3] HCFFT 2
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I-2. HCFFTY A%F 54

MEL'

TZAYE 7]5S FRPE HZstE 32 dA FUodAE RHAHo R Agsta
Wolth ey thE-E9 4% FRP SheetZ o] &3te] Zazle ¥WHS BT
1™, Lin 5(2004)2 m2] A|2st FRP Y& #el] HS w3t

W o 2 A Zsk= B4 (Reinforced concrete filled FRP tube, RCFET)o]
83kt o] Aol Lin 5(2004)¢ A4E Faz 3k, RCFFTE
&e] PFRPE IR A Z A83 HCFFTY 4E5ASS =3k

Lin 5(2004)2 [ 34]e] veRA vlel Zo] FAIA A7](¢100%x200mm)e] A& A
Zpzy 3N Al FFetel AEA ATE FdeAh 17 43904 (a)E FEIZAYE A
ACC)olH, (b WAy e Ho Bygd AIA(G), (o) FRPZ H
CFFT A3 A(C), (d= RCFFT 2AdA(C)E Yerd Aot}

%2

r\r
=
rr

off
T

(o]

i

[
ot
Im

= e
ol

oo
e o

o
s

l

J

t
ry
filo

£
i
o

r>,

rulm

ol
i g

a2
AFRP

= 232 E

wmu00g

@ G ®) G, © G @ C,

[O& 3.4] Lin S(2004)2 S=AEX &

2 AGA) ASE BAS FRYE()E 6164MPa, BAAT(E)E 206236,
FRPS| S S % (f)= 455.4MPa, S ASE 23.82GPa1H, Lin S(2004)& ©] Aol
Aot fAbE APPRL Bl 2 APA] A FHAYS F3A%

215 HE A A Lin 5200000 s 2AR 2t AA ) Shal e [E 310 e
Wtk [ 310914 Lin 5000 ¢ A Aol @ % ed F7H~13MPu),
G

, AgAe] FRPol 9% 9588 S/H=BMP)E SYHoR Hrhsha, e o

o|N
_\,L
@
S
§
Ll

2

FE3E Fetw RCFFT 4 <q>94 FHSUL A5 5 ol Ak od ARy



[H 3.1] 482 IIZE

AlEds G G G G
Test 1(MPa) 26.987 38.392 62.422 80.078
Test 2(MPa) 20.888 36.136 62.056 77.575
Test 3(MPa) 23.846 37.112 61.445 71.296
SRy 23.907 37.213 61.975 76.317
(G, G, C)-¢C 0 13.306 38.068 51.410
Free=Feot Foat e (3.1

_P +(f(( f(() co (3‘2>

A 3294 P Aozade gEAe] Fe4%E0lT, £ FRP 98 74E 2

fsl)
=1 1+4.1 3.4
cc co fa) ( )
2 BAA f e B Aol og FEte R 2 (35)¢

fa= A Cll’s”’ (35)
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(3.6)

(3.6)3 2ol &

Al
2]
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s

=75

oF
H

T

°
pal

cc + fyAst

sp A

],
oS

f,A
d

, 1975).

1
e

=4
¢}

2] (3.4)°l
0.85f,,A,,+8.2

=

=

(3.5)
Aot (Park
Pﬂ
(3.6)°A £,

Al
-
<
S
Al
1

LQL
dr

o

%a

2

AW

(3.6) 1l A

SEPY

Al
al

H
~o

FEFE

Aot webA, A (3.6)°1A4 HERA AL

i
T

%] L
=

o)

Eis

12 9t} 28} FRPo] ¢

S

o A A <]

(3.7)

st et

S

RIEEES
&

3}

=

o

] ©H(A,)0 =

q 2

1

At f Ay
E %

dgs

A (BN el &
fyASP

o

T

H

3]

A

0.85f,,4,, +8.2

sk 4 (3.6)
Pu

¢}

(3.7l A

s R
wehd, # 9 zbel FRP7F ®73 ¥ o] 9l RCFFTH Al o

Al
&l

2 17

1

o

e

4qr

ol
.50

(3.8)

s 2] (38)3 2ol e

S

st 47

S

;’ A+ 1A,

A
dS

3l RCFFTel gt

9

=

[€)
(f..—0.15f,,)A,, +8.2f,

o

=

ZAwolth webA, A (37)S A (42)0]
PRcc

o, 4 (3.8)

T
Nfo

il

4 73}

1
S o]

<)
pul

ol A A d 3 FFRPe 9

H A
7}

=
-

A,

A

v 4 (3.8)9
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RCFFTo] A UFH%I_ of o3 & aykel FRPe| o3k +&axtE Wlalske] FRPo| |3t
TEERTE B A ddEI g% FEEde FEse] neld Fevh vk mebA
21 (38)2 4 (3.9) ¥ (310)3} o] sk Aol el H ot

PRcc:Pu+(fcc_fck><Aco_Acc>’ fls 2fl (39)

=feeAow T Ags fis <[ (3.10)

2 B9NA fi, 2 WA E T o7t FEgelth A4 B9)= AW FEHEHT T T
&¢ko]l FRPoll o3t &8t & 424 AFIZagEs d2d 9% FHa0ns
g3t PE 2 (37l &3 AAtsta, 23 FRP Atolo] EAlsts I HZAE W
A2 FRPel o3 &7 avhs udaiqivt. 28y 4 (3.10)ol A= FRPol o3& &<t
o] Ao o3 FxetHT 2 AR duy wE ZAgEJ s FRPo| 93 &
Faks arelste] As AR

21 (3.9), (310)°l gk AFAAS HSsH7] #lal RCFFTel w3t A543 43 2
2] (38)ell olgt o SZAxe} nlaste] [ 32]o bl AT

=

No. Test Result (kN) Proposed Eq. (kN) Difference (%)
RVO 2,399.8 2,314.1 3.7
RV1 3,937.8 3,887.8 -1.3
RV2 5,224.5 5,110.9 -2.2
RV3 7,454.0 7,603.1 2.0

[ 32]4 RVO Al ta] o5d =54 == FRP7F B A &2 23
Ael7] witell A (B.8)el o Ao, v x] Al e = 4 (3.9), (B10)=
3 =7 Axtolvh. [# 3219 Ax=HEH A (39), 310> ddZItet vud u of
25% ol el Apol= e AHF g AFsh= Ao= dEuT. (% 32]¢ Zd3E
wsk7] fs) FRP BAF7l wet b54%=S [29 35]°0 HeEtl )l

o

[«
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8000

.
7000
=
= 6000 |
1]
=
o
=
v 2]
E 5000
o]
<
2
E 4000
= ——O—— Experiment
= — =A=— = Lin et al. (2004)
3000 —:=0=—-  Proposed eq. (4.9), (4.10)

2000 L
00 05 10 15 20 25 30 35 40 45 50 55

Thickness of FRP, Ly (mm)

[1& 3.5] RCFFTY &A=2LT HD

[Z29 35]eM AgAx 2 =23 Lin 5(2004)°] <& Aotd oSnde vug
Ay} Lin 5(2004)9] 93] Ayl =2 RCFFT #=H 74 ®o & 9

i Qe AL F9T = 9lonw, RCFFT 23714 FRPO 93 1w
ATH.

¥+ RCFFTS FAFshA ot

HCFFT® 79 uF7F <4l PFRPE - & 24 B10E
g S & ogloh 2 (310> HZo] 7 S dto] o mgsite
Eo] g E

2ol Ao FESH(f)S PFRPY A FEE A
& A9 o9 2 g 5wk mebd PRRPe] $¥& HCFFT/L 939 wel %94
q

o] AFo|A = PFRP} FATES B AF7F FAFSHY] wito] HCFFTe =4k 1t
WP EH CFFTY ¥y Eo] & Zol7l glv AL =2 71438kl HCFFT disgt =
wak Gy HPES 7|EATFA (8 2010091 4 (3.1D)ZFEH AA ST

Ecc fl
=4.954+14.32| = (3.11)
6(’0 fco

HCFFT7} 3t¥€9 u] PFRPO ¥4=S532 2] (311)& o]&3ste] FIHIES 3 &

BAATE Fote] AAstArt welbA, HCFFTY &4 %= 2 (3.10)03 fAFsHA 2
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(3.12)sk 7ol vEbd £ <tk 4 (312014 f,< HCFFT7} 339 w PFRPS| ¢43%$
99 e, A4, = PFRPS] Aot}

H(c = fot co +ffrApfrp (312)

o] Ao Fo AF/Y =HLE PFRPE =ste] Wk IARZAr AesA Fe
e Jfrel7] wiitol], 7|Ee TE FAENY] FAF o
fstrt. o] AFtol A= AISColA Ajbstal sle THE ZAYE A4z 44 2
I e =5 e HCFFTO e |44S F4sat

AISC. Specification for Structural Steel Building (2005) A AlqfF==o A& 7339
= A FAF AN 3 a3 FA (Effective stiffness) S 2] (3.13) o= AA 3}
=

% Agtata gk

_1-[

o
T

[
Ll

S

2 (310 A Ex= Aol §AAS, Ex ZadEe] A, [+ Awe 3 2%
THE E 2

L= A & 23 B
AgezA A (314 9&) A2AH

) ST

G, =0.6+2( <09 (3.14)

of drelM= FAYE T ool HE&sta = #2843 de HCFFTO 4
&st7] 918 2 (3.13)3 (3145 Z4Z 24 (3.15), (3.16)3 o] F8ske] A|tatdtt.

>~

Elycppr = Eprplipep T Epprplyrp T Culd, (3.15)
A
1
Cy=0.6+2 —) (3.16)
A, +Aff1"p

2 (319)°0A  E,, = FFRPY ©A4A4, I, = FFRPO @d 23 mulE E =
PFRPY] B A, I [ o
olm, 2 (3.16)°l A A, = FFRPO| FWa &= ojr},

o] Aitoll A= HCFFTE A 3t= FFRP, PFRP9} Za g E7F datele] i) =5 A

£ PFRP @1 23 RWlE (= HCFFTol sldsts #aAs
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F2 o Fsn.

i 714

131, A (3173 o] HeA
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(3.17)

V; + fvafpr + fvaPfTP

VH CFFT

FFRP9]

=
T

V=

21 (3.17)°1 A

(3.18)

) fck’ bd

N,

144,

1+

(3.18)ll A
o] Folt}
(317

Al
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Al
A

FaL,

| bdE nd’/a=A,2 BT

SGE

S

48

2] (3.18)914] HCFFTe]

aas|

R, 4 (3.19)9 2ol

5]

(3.19)

- ) \/ fck +fvaff7‘p +fp17APfTP

14

N,

1
|1+
4

VH CFFT

Fol Alokd 2] o]7]

£3

Z
&

sl E- O
ol‘aa

3 7FgAL
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L -
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S

AAZIEAA A
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(3.19)

Al
2l

391l AA]

Abg-&te] [%
35l o=, ¥,

shith [® 33)~[%

=
=

= A= )

=

2 100kNo| A3

=
=

oo} ¢

HCFFT¥]

@'

of o

Fech
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H 3.3] HCFFT &M 252 0=

A7 o] 38 E 7= | FFRP F7 PFRP 57 I VA
(D, mm) (L, mm) (fer» MPa) (ty, mm) (tp) (MPua)
2.8 1.0t, 70.50
21 4.2 1.0t, 87.52
5.6 1.0t, 93.72
2.8 1.0t, 68.85
300 600 30 42 1.0t, 93.69
5.6 1.0t, 110.66
2.8 1.0t, 68.05
40 42 1.0t, 94.35
5.6 1.0t, 109.80
[E 3.4] HCFFT &EX2 24 05
27 Eol Z3YE Z= | FFRP 77 PFRP 7] 34
(D, mm) (L, mm) (fop» MPa) (¢, mm) (t,) (kNm?)
2.8 1.0t, 7758.14
21 4.2 1.0t, 7989.84
5.6 1.0t, 8220.50
2.8 1.0t, 8822.82
300 600 30 42 1.0t, 9084.66
5.6 1.0t, 9345.05
2.8 1.0, 9831.19
40 42 1.0t, 10121.58
5.6 1.0t, 10410.12
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H 3.5] HCFFT &8 xe MHA 0=

A7 Eo Z3YE Z= | FFRP 7 PFRP 7 A=
(D, mm) (L, mm) (fer» MPa) (ty, mm) (tp) (MPa)
2.8 1.0t, 9.22
21 42 1.0t, 9.27
5.6 1.0t, 9.32
2.8 1.0t, 9.24
300 600 30 42 1.0t, 9.30
5.6 1.0t, 9.35
2.8 1.0t, 9.27
40 42 1.0t, 9.32
5.6 1.0t, 9.37
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M-3. HCFFTY A %

o] Aol M= [29 32l YEFH F 7F#] FHo @S zhe= B AQE Azt =,
A A

<D:300mm, L=0.6m, 4.0m, 80m)¢ B-Type ©¥ & 2= A (D=400mm, L=4.0m, 10.0
Z = [e)

A5 AAge Fa) HCFFTS A% %
Wa, A A B 489HE HA DAY HCFFTS) A9 A2

EE/ O.I_/
o o
2

PFRP-FFRP #AF A= PFRPE Alztete] ¥ @H JuHE FAAS § 555
AZE =eo| uAste] A 2stl. PFRPE A& at Ao A 283t olgs &£44 &
7] 938le] o]dAA =S :¥sly] wjEo] PFRP2} PFRP, PFRP$ FFRP2 % Zo] o Hrt}.

ek, e okld 42 PFRP F-A9 olFAE ekdd= AAR § dAls
o AzE gL (" 36]~[L¥ 38l HER AT

32

(@ 2ZE7 32

[Q2 3.6] HCFFTOl AIE%/= H&8 & PFRPO| A A2 E(A-Type)(E, 2010)
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0x
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o
tor
0p
04

[2& 3.6] HCFFTO| AI2%Z= PFRPS MAEH(A-Type)(El, 2010)(H=%)
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o
3

N
S

@ EH, 08

(e) XS PFRP

[2& 3.6] HCFFTO| AI2%Z= PFRPS MAEH(A-Type)(El, 2010)(H=%)

165



(a) PFRP & &

() Ol M HH
[O& 3.7] HCFFTOl A2 &= FFRP2| A A2 A (A-Type)(Z, 2010)
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@ B grolg EY

[2& 3.7] HCFFTOl Al ElE FFRPS AL F(A-Type)(Zl, 2010)(HI=)
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[1Q& 3.8] HCFFTOl A= PFRPO| A4 A2 H (B-Type)
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Z g

() PFRP D& E CHCHCONEEHEHE

[28 3.9] HCFFTOl AI2&= FFRPL M &HEZ A (B-Type)
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-] oy

T et P S Sog YD g P

@ ZEUE 9oy =Y

[2& 3.9] HCFFTO AIE%lE= FFRP2 M AFZH(B-Type)(Hl =)
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A-Type®] HCFFT A 3A:= FFRP F7¢ ZAYES AAV|EUSAEE W=
AAst] AZstA T =, FFRPY F7& 2.8mm(4ply), 4.2mm(6ply), 5.6mm (8ply)o]al
ARIFEE [ 36]o veld wigu =z, AANESGE=357F 21 MPa, 30MPa, 40
MPao] ¥ == AAstdtt [ 3.6]0A4 w/pe AHEE &34 3 S5, Slas
A&, we GATFE, e E3AE, o5 GHANER /4 AHEE A § £3H4
g o5v A, v #F2EAY, ADe 1T HTAY ST ESs A4 vERA A

ol o},

o
d

[H 3.6] 2dcIE AN E

fa | W/B| Sla DN FZ(kgf/m®)

(MPa) | (%) (%) w B C FlA S G A.D
21 520 | 510 | 165 | 317 | 286 31 928 | 909 | 222 | 0.70%
30 400 | 480 | 168 | 420 | 378 42 827 | 913 | 3.15 | 0.75%
40 34.0 46.0 170 500 450 50 759 908 4.25 0.85%

AAA A S [2" 310l dERH A Fo] ZAFEE A7 MY
PFRP-FFRP A F-A19] stH-5 Hel2S o] &3te] 3zt JFAAA epde 24 &2
ZAYES FE& WA F [2¥ 3111, [29 312] vEebd A3 2ol zF A A
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[ 4.1] PFRP-FFRP &4 2T 2L AEZ
. %35} %) 9 BE5T B

o (kN) (mm) (EN) (mm)
2.8-1 1187 3.96

2.8-2 1357 4.69

2.8-3 1127 3.82 1109 4.49
2.8-4 893 5.85

2.8-5 1013 4.15

4.2-1 1243 4.50

4.2-2 1396 4.44

4.2-3 1330 4.03 1369 4.32
4.2-4 1547 4.05

4.2-5 1380 4.59

5.6-1 1277 5.92

5.6-2 1550 4.62

5.6-3 1527 4.51 1489 4.74
5.6-4 1290 4.65

5.6-5 1390 4.01
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Load (P, kN)

Load (P, kN)

1800

1600

1400

1200

1000

800

600

400

200

1800

1600

1400

1200

1000

800

600

400

200

2.8-1
—_——— 282
—————— 2.83
——————— 2.84
i, e 2.8.5
4 6 8 10
Displacement (&, mim)
[12 4.3] PFRP-FFRP B&LTHO| 515-219 2 (ty,,~2.8mm)
v
”
P
et~ L~
/fr-/ -~
4% o
. P
Vi, e
44 '
Ve i
4 "
5 P
g
i -~
- -/
/ .
; - 421
f'j = —_——— 422
2 N 4.2-3
-~ | m—— 4.2-4
./-/ —r — — 4.2-5
4 6 8 10

Displacement (&, mm

[Q2 4.4] PFRP-FFRP S22 615-B 9 &
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Load (P, kN)

Compressive stress (o, M Pa)

1800

1600 |

1400

1200

1000

800

600

400

200 |- ¢
0 f L 1 1 1

2 4 6 8 10

Displacement (&, mm)

[Q& 4.5] PFRP-FFRP S&2THO| &tF-819 2 (ty,,=5.6mm)

160

140 |

120 |

100 |

80 |

60 |

7o} T — Spec?menl
— — — - Specimen2
—————— Specimen 3
20 o ——r—r— Specimen 4
—e—e— Specimen 5

D 1 1 1 1
-0.014 -0.012 -0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006

Strain (g, mm/mm)

[QZ 4.6] PFRP-FFRP StHS IO SA-BES 2 (ty,,~2.8mm)
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Compressive stress (6, M Pa)

160

140 |
120 |
100 |
80
60 |

| Specimen 1

4 —— Specimen 2

—————— Specimen 3

20 o —r—r—— Specimen 4

——— Specimen 5

O 1 1 1 1 1 1 1 1

-0.014 -0.012 -0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006
Strain (g, mm/mmnt)

[Q& 4.7] PFRP-FFRP S& LT SH-HEE B (t;,,~4.2mm)

Compressive stress (G, MPa)

160
140
TN — b
120
100
80 |
60 -
Specimen 1
O0FH ——— Specimen 2
—————— Specimen 3
Ll T —— Specimenaf
R Specimen 5
O I I I

-0.014 -0.012 -0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.006

[O& 4.8] PFRP-FFRP &4 S22l

Strain (g, mm/mm)

S HEs

(=T R =S
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(12! 4.10] HCFFT £H2 2=1}1l & el
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[E 4.3] HCFFT 9=2S A
e S a= FA A=
7712 FFRP o (kN) (MPa)
dagm | T AREE -
(ka’ MPa) (tffrp, mm) Sy %i 55 T%E
1 3,490 49.37
2 2,905 41.10
2.8 3 3,140 3,261 44 .42 46.13
4 3,153 44.61
5 3,570 50.51
1 3,845 54.40
2 4,485 63.45
21 4.2 3 4,330 4,077 61.26 57.67
4 3,890 55.03
5 4,010 56.73
1 4,220 59.70
2 4,330 61.26
5.6 3 4,365 4,293 61.75 60.74
4 3,765 53.26
5 4,330 61.26
1 3,615 51.14
2 3,615 51.14
2.8 3 3,805 3,633 53.83 51.40
4 3,575 50.58
5 3,670 51.92
1 4925 69.67
2 4,880 69.04
30 4.2 3 4,880 4,895 69.04 69.25
4 4,970 70.31
5 4,840 68.47
1 4,885 69.11
2 4,740 67.06
5.6 3 5,015 4,797 70.95 67.86
4 4,765 67.41
5 4310 60.97
1 4,050 57.30
2 3,855 54.54
2.8 3 4,175 4,012 59.06 56.75
4 3,795 53.69
5 4,130 58.43
1 4,860 68.75
2 4,060 57.44
40 4.2 3 N/A 4,738 N/A 67.03
4 4,460 63.10
5 4,895 69.25
1 5,015 70.95
2 5,160 73.00
5.6 3 4,995 5,157 70.66 72.95
4 5,825 82.41
5 5,295 7491
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Load, P (kN)

Load, P (kN)

6000

5000

4000

3000

2000

1000

6000

5000

4000

3000

2000

1000

Displacement, & (mm)

[1& 4.12] HCFFTS| GtE-#1Q Z3(21-4.2)

194

//___ —————
’d 4 /,/,:- —_—
G
A
Wil
5 e
2 Specimen 1
g —_——— Specimen 2
B /J —————— Specimen 3
——————— Specimen 4
A St 3 Specimen 5
f‘ 1 1 1 1
5 10 15 20 25
Displacement, & (mm)
[O& 4.11] HCFFTY &t5-H9 23 (21-2.8)
e
5 // /; -
LT
o
/ +
Specimen 1
e Specimen 2
- | == Specimen 3
——————— Specimen 4
e Specimen 5
1 1 1 1
5 10 15 20 25



Load, P (kN)

Load, P (kN)

6000

5000 f
———
—
4000 e
Gl A
3000
2000
Specimen 1
_——— Specimen 2
M0 b—pp—ey—t+——————— 4 — = ——— Specimen 3
——————— Specimen 4
— et Specimen 5
O I I I
5 10 15 20 25
Displacement, & (mm)
[O& 4.13] HCFFTY &t5-H<9 23 (21-5.6)
6000
5000 [
4000
PR —ouy s
7
3000 | yr,
/
A
!
2000 } b/
‘/~ Specimen 1
/ —_ Specimen 2
1000 } /: —————— Specimen 3
S T o Specimen 4
7/ e Specimen 5
0'/“
0 I I I I
5 10 15 20 25

Displacement, & (#mm)

[12 4.14] HCFFTS| GtZ-#12 23 (30-2.8)
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Load, P (kN)

Load, P (kN)

6000

5000
4000
3000
2000
Specimen 1
Specimen 2
1000 Specimen 3
Specimen 4
Specimen 5
0 1 1 1
5 10 15 25
Displacement, & (mm)
[O& 4.15] HCFFTY &t5-H<9 23 (30-4.2)
6000
5000 | P
LA =
ey
P 7 | e
4000 | Y A ey s al B L =
L4 =
4 R
iVeava
R
3000 | / -
v
/ s
/[
2000 | / )/
f / 4 Specimen 1
/ !/ —— — Specimen 2
110 0 L A S E— N SR R Specimen 3
L Specimen 4
R Specimen 5
0 : I I I
5 10 15 25

Displacement, & (#m)

[1& 4.16] HCFFTS| Gt=-#12 23 (30-5.6)
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Load, P (kN)

Load (P, KN)

6000

5000 |
s — T
4000 [ = /" P
oy
3000 | / // /
L
i
2000 |- A [‘# ’/
! / Specimen 1
/ / _—— Specimen 2
1000 k / // — — — —  Specimen 3
LR D R Specimen 4
s 1 |\ | =—— Specimen 5
~
0 1 1 | 1
5 10 15 20 25
Displacement, & (smm)
[3E 4.17] HCFFTS ot=-219 23 (40-2.8)
6000
5000 f
4000
3000
2000
Specimen 1
1000 i — Specimen 2
——————— Specimen 4
i i Specimen 5
0 1 1 1 1
5 10 15 20 25

Displacement (5, mm)

[12 4.18] HCFFTS| GtE-#1Q 23 (40-4.2)
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Load, P (kN)

Stress, ¢ (MPa)

6000

5000 f L — =
L T
Y4
X/,
Py
4000 |- 2
AW
/7 /i
i
3000 | s
i/
/
2000
Specimen 1
——i— Specimen 2
— — — —  Specimen 3
1 000 ................. Specimen 4
——————— Specimen 5
0 1 1 1 1
5 10 15 20 25
Displacement, & (mm)
[3E 4.19] HCFFTS ot=-2191 23 (40-5.6)
100
80 |
60 |
40 |
Specimen 1
Specimen 2
20r Specimen 3
Specimen 4
Specimen 5
0 L ]
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

Strain, € (mm/mm)

5
=

[12 4.20] HCFFTS S-BEE 247(21-2.8)
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Stress, ¢ (MPa)

Stress, ¢ (M Pa)

100

80 |
k 7
60 |- RN s
40 F
Specimen 1
| | — — — - Specimen 2
=] Specimen 3
——————— Specimen 4
R Specimen 5
O 1 1 1 1
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Strain, € (imm/mm)
[OE 4.21] HCFFTS SE-BEE 21 (21-4.2)
100
80 |
60 | =
40 |
Specimen 1
Specimen 2
27r Specimen 3
Specimen 4
Specimen 5
O 1
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

Strain, € (mm/mm)

[12 4.22] HCFFTS S-BEE 27(21-5.6)
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Stress, ¢ (M Pa)

Stress, ¢ (MPa)

100

80 |
60 |
40 F
Specimen 1
Specimen 2
20 F Specimen 3
Specimen 4
Specimen 5
0 L J ]
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Strain, € (rmm/mm)
[OE 4.23] HCFFTS SE-BEE 2 (30-2.8)
100
80 |
60 |
40
Specimen 1
Specimen 2
20 F Specimen 3
Specimen 4
Specimen 5
0 . I
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Strain, € (mm/mm)
[ 4.24] HCFFTS S-BEE 2 (30-4.2)
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Stress, ¢ (M Pa)

Stress, ¢ (MPa)

100

80 |
(58
-—\-\\\
60 | ~§\
\\
\ AY
\
40 | \
\
\\ Specimen 1
— s — Specimen 2
oL 8] |- Specimen 3
——————— Specimen 4
s Specimen 5
O 1 1 1 [l
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Strain, € (mm/mm)
[2& 4.25] HCFFTS| SE-HEE 2 (30-5.6)
100
80 |
60 |
=~
40
Specimen 1
Specimen 2
20 | Specimen 3
Specimen 4
Specimen 5
O I I I
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Strain, € (mm/mm)
[O1& 4.26] HCFFT2| SH-HEE 2 (40-2.8)
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Stress, o (MPa)

Stress, ¢ (MPa)

100
80
60 |
40
Specimen 1
20 Specimen 2
Specimen 4
Specimen 5
0 1 1 1
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Strain, € (mm/mm)
[2& 4.27] HCFFTS| SE-HEE 2 (40-4.2)
100
80 | \.\ :
‘-\o
60 |
40 F
Specimen 1
Specimen 2
20 F Specimen 3
Specimen 4
Specimen 5
0 1 1 1
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

Strain. € (mm/mm)

[12 4.28] HCFFTS S-BEE 2+7(40-5.6)
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100
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X 80}

< 0 -

= =7~

= T

%) 60 | =T

== -~
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=

&

= 40

g

#

£

E 20 — e £ =21MPa

= — e —  f,=30MPa
—— 8 —— f,=40MPa

0 Il L 1 [l 1
20 25 3.0 35 40 45 50

Confining Pressure, f,(MPa)

(28 429] T&H SJH0l IS HCFFT A&H BRARAT

100

80

Ultimate Strength of HCFFT, f (MPa)
S5 \
S

ce

———

60 | @&————

40 |

20 | —_— =2.8mm
— e — t,. =4.2mm
—— 8 —— 1, =5.6mm
0 1 1 1 1
20 25 30 35 40 42

Specified Compressive Strength of Concrete, £, (MPa)

(0% 430] 232/E SHIZLSAE SO0l D2 HCFFT AEFH O BRASLE
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HCFFT ddAe] d5dd2dx 5o dwnle] dA= [2d 431] yehd it

a9 55004 HCFFT® A@deolee & 45707F AR HEAT Ad243 2F delge A

FExs UEU, o] AddExd dHolHE IFEHe] Aoz dElidv. £33

CFFT® 5o A WHoR o Aol 7e7|258 5ok v dAE
gato] 2 (4ol dEbl AT

f(:c o fl
;= 1.00+ 3.89 I (4.1)

5| AEA A3 HCFFTY F+£A414% CFFTHET ¢F 61% #Astgon, o= dHS
T8 PFRP7F AAF-ZA2ES 99 FEo 2 vire 928 st 2Ashs e

A& Ay HCFFT+ CFFTY 4&7=rwd HA 103%9 ZEs7HE dehdon
FFRP«] FAZE 42mm ool W AEFIt FL Hhcte 0w yEwth webA
HCFFTE A43S 4% 454%9 S7t=2 d8 CFFTRY AAAA 7% AA7 7}
T3tH, FFRPS F7= 42mm o8t AAst= Aol tf AAXY AHolgha aetec)
CFFT9 ¢4 =¢ HCFFTY 457 %E v A= [ 44]9 JebdATh [£ 44]
= Y3 FAYE AAVIEASAEE zZ+= CFFTS HCFFTE |
150x300mm ] CFFT A& A= ¢300x600mm CFFT A& A9 #4474 &at HCFFT 9}
A2 vzl of@y] wite] H= wlaold AlLsry EI FETIFE uE

HCFFT9| t54= 7S 4 (42)9F 2ol A8

"

Strength Ratio, f /f

0o 0.1 02 0.3 0.4 0.5

Confinement Ratio, £,/

[O8 4.31] HCFFTS| 2T HIQ ?=5H|Q 2|
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[E 4.4] CFFT®} HCFFTS 2t=2% H|D

ZIYE FFRP B 93 A=
A= A 5 5
(fex» MPa) (tsfrps mMM) ( A;;ZI; (:;;:; Pycrrr/ Porrr
2.8 35.29 51.40 1.46
30 4.2 47.12 69.25 1.47
5.6 61.07 67.86 1.11
Pycrrr = feAeo T 1-103f A1, (42)
2] (42)¢] A WA L FFRP= 7454 ZaYES] 54 EE ved Ao, F+ ¥
A 32 PFRPO 4=4=E Yvlete Ao=m 7+5¥ ZAES PFRP F-A17F 9=
AR 2, #ZE5go] EujEE W E dAl(parallel relationship) 2 |43t A E T}
PFRPS] 57 %=9] 103%°] Z=g7b7F 2AgE ovditt. o= HCFFTel =20
At o] FAe] FGFI7E Eopd EoE Qs F-EoE w PFRPO #44Ho=w W
of A&st7] WEom dadnt T3k PFRPO #7440 & A% ¢=4=7F 9% 57t
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IV-3. HCFFT 38484

¢l ANSYS Ver. 11& A}-&3}

2 A
3 BAA g 2adEee] AAVF

Ho
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=
flo
ja)
ofo
Jo
o
o
v
=
[
u
I
i)

HCFFT¢] x
on Ao AgE HCFFTE 71& Ao 2&
H=4=, FRP 934 Ad 9 oW X545 sdaiA A&sidnh. e ssa S
CFFT |43} sdshAl ANSYS” Z SOLID65EH= &E|=ars AL4 3

At HCFFT9 f-3ta As)A] mc

_,d
B
o
ol
rlr
ko
B~

i)
flo
)
juic
=
R
e
i
o,
)
32
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A= 013%7-17.96%, %
235 YERH AT
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NNS*

Noncommercial use only

000 250.00 500,00 (mrm) z T
I 20O 000

125.00 375.00

(@) B3cIE

' 7ANS)

Noncommercial use only

000 25000 500,00 (mrm) z 3
I ]

125.00 375.00

(b) PFRP

NANSY'S

Noncommercial use only

000 250,00 500.00 (mrmj ki 8
I ]

125.00 375.00

(c) FFRP
[O2 4.30] HCFFT 22 S8tANA A
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000 25000 50000 (mrm) z X
I 000 O a0
125.00 375.00

(@) B3cIE

000 250,00 500.00 (mrmj Z X
| |

125.00 375.00

(b) PFRP

000 25000 500,00 () z K
I 00O O 000

125.00 375.00

(c) FFRP
[O18 4.31] HCFFT S22 SEAGHA A
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[2 4.4] HCFFT & 21 Hlw
Zage e
- FFRP 93] 7 %= (MPa)
AAZIE =7
FERE T ) ]
(s MPa) (ttrps M) A9 IR AL B A&7 =2
ck®
2.8 46.13 46.07 40.95
21 4.2 57.67 56.88 49.56
5.6 60.74 56.48 58.16
2.8 51.40 47.06 49.95
30 4.2 69.25 62.64 58.56
5.6 67.86 58.25 67.16
2.8 56.57 49.47 59.95
40 42 67.03 57.74 68.56
5.6 72.95 59.85 77.16
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V. HCFFTe 37 =Add 2 F=g 7ty
V-1. HCFFT 37 =438 AN 3#e & A

HCFFT #43dAe vd HALe CFFT ¢=43 AyE o|&slo] 33}
HCFFT 8434 @S A4 300mm<l Aoz HAQ8e 5 CFFT A@dA gl
ZAwalel grEule] A a2 E Ak, 7S ATelA AAg CEFT 9H 3 53
&S Zk= CFFT 5 Ad@Ae +&5uE A4etdrt [19 5112 CFFT ¢4
FA R g Arvjel = €
Al S Zh= CFFTY +409E 2As s B34S ved Aot

Iy
jud
o,
s
X
=2
R
N

10 |
@
I
ol |
‘ I
N |
\Q.a
~ 6} |
£ |
=
& |
<
2 |
= I
22 (e =2:277
2 |
| £:4£,,=0.369
0.0 02 0.4 0.6 0.8 1.0

Confinement ratio, f,/f,
[O8 5.1] 248 AME2 P5H 23

HCFFT @2 8Ae Zagle AA7|Z27 % FFRPO F7= 28 44794 AA3H
TEHAEREH & 5 = CFFT h574d=

9}
Tl A AAIE CFTE &A= (Prp=4830kN) 2t
H
T}

_I-{

%
7174 =% FFRP #7158 A7443st7] $1ste] ®& FA814 Z =139 Mathcad(Ver.
14)E AHgstg e, 2 (37 ©]43te] CFFT
FA A AF, CFTe 9% A5AEE e CFFTe Zad4E AAVIEA =<
FFRP®] T2+ 717 23MPa, 28mm(4ply)Ql o= et FFRP= 3ply ©lske] Al
T Az oy o] A7l witel, A¥A ] FFRP 77 ¥Wo e d52AdAe} sdot
2.8mm (4ply), 4.2mm(6ply), 5.6mm(8ply)Z A4 Arh A2 HCFFT A =7
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oF M5 S [® 51l JERAT

[E 5.1] HCFFT 24 &8H 2 S5 =&

iig]E
A7 Zo) AR PFRP 7 FFRP 7 AHZ
(D, mm) (L, mm) (f.r MPa) (t,, mm) (ty, mm)
2.8(4ply) 3
300 4000 23 1.0t 4.2(6ply) 3
5.6(8ply) 3
2 A 9

V-2. HCFFT 3Z =43

rlo

HCFFT #4=4dL d=dd7iedrd F2ddeddAy s, 4392 [19

5211 YeEbd mpe} o] H =2 500mm* W H (overhang beam)2] FE|Z A]HS A

Askar Az e 1/3, 2/3 A Aol 2L shsol AstE =S 5o "’F-/F‘%(pure bending)°]
Aotes el 4 APA= A T T, 1/4 2ol 5718 MFEANAE
dolpgkow F2stal, 1000mme] &% 2t golofAolAE T4 1/4 F2o 2
2 R AdAske] ekl od WMeE FAs e, 20006V & UTM< |83}
of g2 Attt shse WAAAY AN R Smm/min®] = Aol on, HY
=7 °] i

A ¢} spojoj Aol A =R E FAH = vlolH = HelH 27 (TDS-302)5 Fste] 7
2 Ag N2 AFZHEE 9. HCFFT 74 =23A49 248 3A4gLe
# 53] YEFH AT

Loading
Frame

-

HCFFT
| | Specimen

5 & /[

Wire gage
Base &8 Base
Block Block

e
0.75m ‘ 0.75m ‘
< >« >« >« >« >
0.5m ! 1.0m ! 1.0m ‘ 1.0m ™0.5m
< >
4.0m

[18 5.2] HCFFT 82482 I X otSHote
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(a) HCFFT 823 =& &

i |

M TN

) y
B 7ot B0
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5=
=)
i
32
lo
R
ofN
o2
e

ELQ/] o] &}

1 O

o

1r

ARAD ARAE (17 5410 ek vhsh ol
A FFRP7E 4594 4 3

xow WelEolrt A%e welth AWANE [ 5200 A ste] teulgion, st
ool Aol A=Y 48 dolHuyy de dF-wel BoAE (19 551~[1¢ 5130
vheha it

[O2 5.4] HCFFT A MO It & A
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[2 5.2] HCFFT 82&

CaE 2

=

n;

e | AW | swiEaE | Adud s
A|HHAE 57 (P kN (M, kNm) Omaxs M) (51/4, M)
(tf, mim) B B B _ _

AlEE | Ho | AEE | ¥ | AEdE | "Wy | AEdE | 3dE
2.8-1 367.0 367.0 149.9 112.9
2.82 2.8 3953 | 3531 | 3953 | 353.1 | 130.1 | 1292 | 101.6 | 982
2.8-3 297.1 297.1 107.5 80.2
42-1 376.2 376.2 132.5 96.1
4222 42 356.0 | 3516 | 3360 | 3516 | 1485 | y354 | 2.1 | 4053
423 322.5 322.5 125.2 98.6
5.6-1 392.8 392.8 114.9 84.8
5.6-2 5.6 3519 | 3972 | 3519 | 3972 | 1119 | 1149 | 844 | 846
5.6-3 446.8 446.8 117.8 84.7

Load(P, kN)

400
300 |
200 |
100 |
/ CENTER POINT
— — —  1/4 POINT
0 1 L L L

20

40

60 80 100

Displacement (8, mmz)

[O& 5.5] HCFFT S4A&8H 2 ot3-He =

214

Hl(2.8-1)

140



Load(P, kN)

Load(P, kN)

500

400

300

200

100

350

300

250

200

150

100

50

CENTER POINT
1/4 POINT

20 40 60 80

Displacement (5, rm)

100 120

[Q2 5.6] HCFFT A& 2 3t5-BH2 2H(2.8-2)

140

Displacement (8, mim1)

[Q2 5.7] HCFFT A& M2 ot=-#<
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P
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- CENTER POINT
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20 40 60 80

2 H(2.8-3)
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400

300

200

Load(?, kN)

100

140

120

100

80

60

Load(FP, kN)

40

20

s
.4
= “-"
— il =
—
-
P4l
/
/
“,’
CENTER POINT
— — —  1/4 POINT
20 40 60 a0 100 120 140
Displacement (5, mem)
[1Z 5.8] HCFFT EAEX 2 515-H 2AH@.2-1)
5 CENTER POINT
—_——— 1/4 POINT
20 40 60 80 100 120 140

[Q2 5.9] HCFFT A& Mo ot=-#<

Displacement (8, )
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Load(P, kN)

Load(P, kN)

140

120

100

80

60

40

20

120

100

80

60

40

20

CENTER POINT

Displacement (8, mum)

[J2 5.11] HCFFT SASH S 615-819 ZH(5.6-1)
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—_——— 1/4 POINT
20 40 60 80 100 120 140
Displacement (8, mm)
[12 5.10] HCFFT HAEMC 5t5-H9 2AH (4.2-3)
> 8
/
¥ i
7
/
/7
Fe
&
Ve
< CENTER POINT
—— — 1/4 POINT
20 40 60 80 100 120 140



Load(P, kN)

Load(FP, kN)

120

100

80

60

40

20

120

100

80

&0

40

20

I CENTER POINT
— — — 114 POINT
20 40 680 a0 100 120
Displacement (5, mm)
[22 5.12] HCFFT A2 ot=-819 2H (5.6-2)
i Ve
i
Fd
g
/s
- 4
‘I"‘
V4
v
Fa
= Fd
i
s
'
B ra
e
A
o
ra
7z —_— CEMTER POINT
— | 114 POINT
20 40 60 80 100 120 140

Displacement (8, nm)

[J2 5.13] HCFFT SASH o 615-819 2 (5.6-3)
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HCFFT ¥4 =23d43 7zt 23432 FFRPY FAo i3t A4 == 378489

S o FErt SUbekeE Ao® Yebgth AR, AR ST wig #a, Axt

A7) wjFo F7FHel Aol "ttt #uEh [y 514]= FFRP2] S0 W&
Aol mHlESt FAHE UERH ol

600

500 |

T 400
z
-
=
€, 300
£
E
= 200 |
100 |
0 1 1 1 L 1
1.4 28 42 56 7.0 8.4
Thickness of FFRP (t,, mm)
[O& 5.14] FFRP SHOI & ALl SHE Hot 2

HCFFT #4243 % PFRPS FFRP Afole] F-Zo] wojxl= dio] AT whehA
PFRP$} FFRPO| H#to] Wold we] eSS o] &3] PFRPY} FFRPY A} =2
shotgh = otk wekA|, Zb AlHel A PFRP9} FFRPS] -3l Wol & uf, ghaofa]
A Ao #&HFALE)S [E 53]¢ UEr A

[£ 5.3] PFRP2I FFRPS| 22T

AHHE FFRP F7 F-2 73 5= (MPa)

(ty, mm) A 37
2.8-1 134.66
2.8-2 2.8 145.02 129.56
2.8-3 109.00
4.2-1 136.14
4.2-2 4.2 128.80 127.21
4.2-3 116.70
5.6-1 140.19
5.6-2 5.6 125.59 141.75
5.6-3 159.46
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V-3. HCFFT 3R =39 7}2

7 HCFFTY

<

A
a

Rl E 7}

3)
=

At HCFETel

C,

-«

Tpfr'p - Cp/r‘p

+

pfiv

[-—— Cn/rp
—»C

et o ey |7}

¢
pfp

C
.gz/m

-

-«

[c29 515191 WEb AT

0857,

[2& 5.15] HCFFT EHS0 CH

[29 5.15] A

= vhE  olth =Y, 238 EE FFRPE

A ES A F PFRPO

W)

il

r

o

4

<

Y

w
™

o

O

o

a g

o=

o

pese 4
))} G.1)
(52)

%

2

2sin®9
3(6 — sinfcosb

+
2 (5.2)9F #t

}9dct. HCFET9

asinf
0(r—a)

°

uff 7} ¥ = o] v

)+h—m
!

0]
yal

sinf
+ 0
goll i

asinf
0(r—a)

ww el A
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f prpD
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(BG.DelA D
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[ 5.4] HCFFT #4¥3 37 =29 A7 v

FFRP 7 T e 344 3 23}
(mm) (kN'm) (kNm) (%)
2.8 353.1 356.3 0.91

4.2 351.6 358.3 1.91

5.6 397.2 360.7 9.19

of AT E 71E A58 &, 2010) WE&S Fag o,
7F 9mm$l o2 B3 CFTO W3k =23 dxe 27 2
42mm, 54mm<l FFRPZ X7} HCFFTY #Hxuwlug Fdsict d54d=s 4
(4.2), 874 == 2 GDE A&ste]l n&Eadrh M43 HCFFTY 54 % 2 8%
=+ CFT¢ #FARSEAY ¢-stAl vk ew, HCFFT+= 2528 AEE of CFTEY
EEH BAYS gt HCFFT9F CFFTe Axuas [F 55]00 YERRAT

[¥ 55] HCFFT #4433 #3=49 23 v

HCFFT
35 FH CFT
tiprp=2-8mm tiprp=4.2mm tiprp=S.6mm
AEATS (BN 8,802 7,986 9,144 10,302
A4S (ENm) 2,445 2,575 2,663 2,754
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V-4. HCFFT9 P-M 4 #x%

gl
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AZL ool A m Qleh. webA, o] ool

RERRREIBY
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(2% 517104 P,

oL
-

el A

2]

pAh upgo = ubw sk

|

2 7159

2 vhehie o] @

AAE

]

b

et 3,

=
=

o
0

—

0

&t

o}
H

[Z29 5.17(b)]

g, °l

-
1

ez} erd

s

o =g

=
=

0

e, [29 517(0)]e] JERd A

S

& 2 (balanced failure condition)&} !

(5.3)

‘Pn:q—i_Q_T

= 0.85f,,ab

o714, C,

Folom, o] o

5]

=] devhar 7HA

Fd== 4 (659 2o

2] (5.3)ell A

<l

(5.4)

0.85f ,ab+ A, f,— Af,

P, =

(5.5)

+A/f(d—d)

@
2

P =0.85 fck,ab(d—

M, =

why
o
T
._._mo
)3

H

Heo] 44T A (plastic

o

] o
=a=1

&

centroid)©] 2} L

=

[ 517 1}E

FH=

=
3

Aol &
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@ % (5.6)
Seum ZaYEe $EAA ol 4 G 2tk
= b6, =6, % d (57)
agod Y v=02 Agad, FEREE A ()T 2o Y & gtk
P, =0.85fab+A'f, —Af, (5.8)
ZAFEA ) tiste] Y M=0< &84, 4 (59)F 2
M, = P, (5.9)

4 ab ’ 4 % 7
= O.85fckabb(d—d' —7)+ A'fld—d =d' )+ Afd

=

4 68, 4 GYNA A9 0,9 ke AAFE FYHE L FIYRWES 7T 5 gov,

.
FFAAL 4 GYRTE T FE gov, 4 Gl e Az o] 3k S vk
(5.10)

B gL B7] e e o' EANE Hv & d¥HEIHE HQ
GEFAZE FFUE S Sl ol SHR A ¢ F /PN S48 A7 485
040]: if}l“/} =, ‘EL&]E_Q ‘ﬂ”tﬂlﬂ]ﬂ— E—xﬂo]x}t& &637]_‘6:.% 7] _q XH&Z:ZjSﬂ T‘?:Xﬂoh;}‘ wat

%.
Y= vl AAFGIE F587] YJelAE FHEE A &S S JgATE 7

N

nE ¢
FolAE 4L Yt E AN 5 ik

@ 7153 E} AR AHH = B+
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o] P& 273 a/d% TS 4 GIDIH 2ol yeEha 4 9l
3—1—i+\/(1—i)2+2{i( —pm)+ g (1—1’)} (511)
d  d d AR A '
X = A
A7|A, p ol
’ AS’
P b
_
B 0'85f(:k
webA o] 9o whHel FAAEE A (5115 A G4 dgste] A (5.12)¢ 2ol U

® 7NEAEN} gFoE AuEE A$

e<egolW 7ge FE7F FAYES tFow AujEo] B <P 7t Hol dFHETo] F
etz doll ZaYET WA dE9aE doiv

ol Wo] FAZE P> Pt P, AlelolA P o]l Mol wleEldta st it S
Mol MAA ZAge wel Pe PolNYH PR gasch waia P& 4 (513)%

B A A ] 2 ekl = Qlvh
M,
P, =Py~ (Py—P,)~F (5.13)

M,

9 AGA M, =P, M= Pe, 2 Qa0 2A2%EE 4 (5149 2ol tEp 5 ik
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1+=
€

Oq 7] /\1 ’ PO = 0'85fz:k:<Ag - Aat)—i_ Astfy

Aol yebd A3} o] hEAle] s} Ao QoM e= 219 AXMAES AFESEAY
T= Wy ol Az o3k Wi (strain compatibility analysis)oll &]3}e] o] Fo]x o slc},

Y. HCFFT9 P-M F# %=

HCFFTE A AHer 23 o] Hg AMElA] &S FAA 25024, oAl AW
g S AR ARt dEA AES A& F glvh. HCEFTOA 1A=
AH&E= PFRPE &5 glo] A aAdd 7he AsS veEtdithzh g gt o9 e
PFRP] 14 AE 54& wadste] 2 63)~24 (B14AA f,5 f,,= A&st] At
W, HCFFT P-M 4#=E 48 F vl T o] dAtelA Atst HCFFTS 4574
B BT BUHAE whedsto]of itk

gy v =7 PFRP 9] JEi7E B56h7] wiiel A4 @] we gy
PFRP¢} St PFRPO @4, =4 55 T3t7] ofgrh wehA, o] Aqoldes A
3] Al=FstA %Udoﬂ et Fx814S Fte] PFRPS] @ AZS wadsiginh ey, A
&3¢ PFRPO] 74, F7H4Ql oe] A% 2 44 A7 &3 =&l HHe v ¥
gloll tiste] wi/fAFaAS st A Qs EYsteer & o ke

o] Ao AAE S8l A&stdd, A7 300mmet 27 400mm<! HCFFT2] P-M
== (29 519] [29 520100 eI, dubH o Had Ajws Ao fAke]
woll wi7bd 2 F Ao FAEe AARSrE frk. 18y PFRPE @ JHE 3

=
Fol s WAL 5 dar, WA AT et FE D FHL AL 5
=

H

> do A

(

0.

o

£

o

pacs
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Compression (kN)

Compression (kIN)

5000
tmp=2.8mm
4000 tmp=4.2mm
tmp=5.6mm
3000
2000
1000
Q1863 I8TI2N (687.7, 197.18) \(B62.65, 205.28)
0
200 400 600 800 1000
Moment (kN m)
2% 5.19] && 300mm? HCFFT2 P-M &A2T
10000
8000
6000
4000
2000
(403.29, 1,282.47)
O 1 1 1 1

100 200 300 400 500
Moment (kN m)

[22 5.20] =& 400mm®! HCFFTS P-M A&
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9 wae aAsR
s} PHC# %3} ] 33}
5,61~ 58100 ekl 3} 2o,

[¥ 56] A £45 A% ZEL5Y AL

SR PE 2 37 =S
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2% 3 AN A=A
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a [l = T *m
kN, 2 £H - -
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500 80 2.740 1,084 | 247,794 | 42 | 0.15 117 161 1,730
600 90 3.750 1,480 | 495913 | 42 | 0.15 193 256 2,360
[¥ 58] AAA 48 93 HCFFTY AY
o] = 2% pe 2] 7, =S
| kN/my | ©™) (em*) | (GPa) | ° g 5} 3) =3
300
(51919 O 1.708 727 | 42,035 | 2670 | 0.14 | 279.16 | 353.14 | 4,787.52
Z?lz X 0.209 111 9,983 | 24.19 | 037 - 203.11 | 253.89
400 O 3.036 | 1,292 | 132,850 | 29.67 | 0.14 | 731.78 | 925.71 | 9,967.32
(she19 | ’ = o7 | ° : TL | 9.967.
T
56) X 0.390 207 | 36,960 | 2433 | 037 ; 558.77 | 477.58
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Ok Al S
FS@ENAAELS KS F 2591 @ 2009 2 ASTM(American Society for Testing and
Materials) D4945-087+78 9] & AetA & (High-Strain Dynamic Test)®¥ ™ol £ato] A
Alate Algdgd] 9 s=A e v 2o
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AssME ALstas FEpAFol] AMEEHE ojmst TR s AME 7hEst HE
ARAFst52 1% ~ 1.5%2 RamsHFS 7HAoF 3},

@ W3 E A (Strain Transducers)
HYEEAE A2 st d5d WA= WY ES S45H o] Wy EAY d9d
2~(Impedance)© ¥5% d3dx=9 0.5 ~ 287} H oo st}

@ 7}&EEA(Accelerometer)
JMEEAZEEH SA4FA JMEEE dERTA V| & HE ] 2 W

& 7.2 PE Accelerometer & 7.3 PR Accelerometer
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SEREA 7] (Pile Driving Analyzer)E& ARE, ElZ QI3gh W&o WP EY & #
st dlolHE FAste] slime] as, Tl 2&ste ogFE 9 A", d5o AAH
TS5 AAS = WHo RN I y|Eo 2L g Euh

7. Ol EH HiE

18009t FWRE] A AAHOR 45070 o ge] FAAAY FHo] Aeksle] gov,
AAE FHRFe] Febweld F2 AGHw Ak o FHEL Ferle] ouxs 2
%o 2o WA vhehd e 2AE Fa gk
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W &% Cg o]%5aH] Hn o] 7o) &% (Wave Speed)z} F-Ert}.

[F1& 75]oA Bz wheh o] BAOCR <l @A s7h ARE Atg<t ALAR T olF

Sk, ALS thy A(72)= 29 5 Atk

facs

AL= At-C

(7.2)

t+ At

Strained File Material

G
tNINYEINNIN =

¥ v

&
AL
Tare Speed. El T

Unsrtrain File Marerial

A
v

A
Y {::I
<IN &

[0 7.5] 8@ SS(V) Hliz22H

olgfgh vteof Hutel] thE oWl Aol Mo TEYA Aol WL FE 62 b HMAE(e)S A

(13)= 7 5 vk

A(73)S A7) Adsha 2(74)= 21(75)7F Dt
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SHH JA AE AtY AT
(Particle Velocity) V& zt=t}
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A7k H(THE FH A(T6)= A= 7 Atk

(= _g (7.6)
21(7.6)e] ol TEo BAATES dHH(A)E w3t 2(7.7) 0] doxitt
FA
= el 1% (7.7)

21(76)2 PDAE ©]&3 5434 e] 7|&o] H&= Aoz v EA/CE 459 dad
2~(Impedance)2Fal st} 9] 2o 2Ry 5 o oAl 32 FAg HolAe] YA}
Ero "= AS & 5 Aoy olE (¥ £%9]) Hl#FA(Proportionality) 2 1173
=3

1_4

_4

rob

Aeeelecometec

[u]
=]
Gtcain Icansducec
=]

Conneckion Cahle

#ain Cable
File Ociving Analyrec _w |

_ ]

[O8 7.6] 250 FE HEESH} IS AH

[27 76]914 H= uvpel o] PDAE TEFHOIA ¢F 15D2DY = Aol H-2e Wy
£ 7|(Strain Transducer)®} 7} =4l (Accelerometer) S ©]-83to] =43 HE &Y /&2y

Eﬂ 7_'1—7L zaxq oz Fﬂ- Va ] =
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Fo A3l vepgel 2718 etk web e ¥ 200 (xE T FRYE $437)
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AR WS F
of 3ol sl & o B2 Zi% & 4 Utk Wave Down ol @59] Addy- o s 3
&3l Force Wave® 9] A= Fxuh Hdl A 18-S 2bgeh=d A
Wave Up?} Wave Downs S4% Fo} V& o]83te] 7AILte gholth FHeo Aoz A
S8 9] WhAlE FoF VEA/CE 22 Z7|9E Rigigafo s F3A7] 22 Wave Downs F
o} VEA/C9] o] Aulola wpx7iA| 2 Wave Up F¢F VEA/C2] §o] duto] Htl,

= Liro+ 2 v (78)

SERORE=AIA0 (79)

(23 79](@)F (b= FEHEA 72 S4 ¥ Fo VEA/CZH-EH Wave Down¥ Wave Up<

Artes IS Holal Stk
oAl Amgk viel Zo] Wave Up 7HdS o] 8 3? Zo Ags FxE Add 5 9l

th. = Wave Up2 &9 Aol ofal 117} vhabs]o] @25 557 Ko w
o] Aol wEdold we} dAsithH FHA e o3k o] whALZE A o] Wave Up
AlZbe] me} Ao w Frtelhs FHE Y Aotk wheF Fe| Aol 7y &
A Wave Upe AlZrel] whe} vl Ao &
A owpo] Al S FERA] FEREA VIR SAHE &S Helal 9loen Wave Up9

- [¢]
Fo mol Ful AT Zolo] wlel Wt Y BEEF 2E AoR B & 9
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WAYE DOWN --i. IFle v _"F]

(a) Wave Down H|AHOH

WAVE Lr « 3 F-ve ME

(b) Wave Up H&HO
[2E 7.9] Wave Down & Wave Up H &0
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ooz N ALlste] HEAoR I XY se-HotddA v AT F A
+= CAPWAP(Case Pile Wave Analysis Program)® o] o o|E JjFyow 7|&sld

cheah 2.

7t. Case Method
o] WS Witz Edstel AL oJg A4

A, FEAHoT WEFR| WP EA S} 7t

4>

D Case Method capacity
EHEA 7] Closed Form Solutio goto] 1A S o|EoZHE WA EA
3H(Total Driving Resistance)S A4 $ o]& A A3 (Static Resistance)?t &2 A3
(Dynamic Resistance) 0.2 #&]3tt} o] A
AN BH= o] Case WHHOE Pile Driving Analyzers¢ Z¥7]9} AE3gz =
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RTL= RD+ RS (7.10)
1 1 EA
—E[FT1+FTZ]+§7[VT1— V72|
o171 RTL D AAA
RD PEA A
RS e IR

4
FTLFT2 AR 4,3 t,0] BERoly 249 9
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EA/C DR Ydyds

i/
T

Pom EAst M AR E SNl wEARAA ] Dol7} Lolehul AT 4 €

= 1

sl Aol Ao R Aelshn A7 = ¢ ORRE /O A A

’

AF
= 1) v+ 7y~ R1)
A7IA e Case 37
Vit M) WL E

FERA] D5 HAAAEgHE, RTLS A A&7 Dampingl.2 QIgh #8AgHo = 4
A}t CaseH oAM= 58 A4EES Case Damping Al(J), B59 JIHA=(EA/C), E5A

dolde] GASE(V)e] Fom Aodstn AAAGHORYE BAAFLL AAGORA

RSP= RTL— RD (7.12)
= RTL— JCE—él v,
1 EA, 1 EA

= S U= DIFN+ VI ED] + 5 0+ LFT2+ VT2

C C

- [

A@IA J, £ FEEAY 2 248 4 flemw Adslof s ghow WAy
=

0x]

FN

Aol whel gekzich 196071970 tiell A A s G A58 A 37 Davisson 419 O
AAH3t 2(712)¢] RS= diAste] FA4keh A Aol wE Jghe

>

gt

4N
rot

QLY

72]e] Hol= el ZtH(Goble &, 1975).
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[¥ 7.2] RSPl A}85H &= J

B EEEE AzAR 9 ge
dEAge AREF L((Soabslz, 19075)H (PilHe sznam?c:, 19?96) Al
Sand 0.05 0.05-0.20
Silty Sand or Sandy Silt 0.15 0.15-0.30
Silt 0.30 0.20-0.45
Silty Clay and Clayey Silt 0.55 0.40-0.70
Clay 1.10 0.60-1.10

Case W2 gEle} Al W5 A A g Aitstez gefdg]o] ul-g- He|shx] vt
o] AA A28 ZAHA] Case Damping Al52! Jo & APH o2 71gsFofof &fa, A7F
FT ¢ VT 9 AXLS fa Az t& Agstojof sl 59 A adls ¥xshsta ).

olg|st EAIMS JNAsH] 98] JHtE ZH o] CAPWAP(Case Pile Wave Analysis Program)

Case®H 2 FAolA ekl TAlol o] dld=qAxdg A stz depaefo] v

of a7} wAer 4= glom wHo] Walsl= Nonuniform™ & thal &4 E7ls3ith
ozt FAH MAS s /itdE Wy o] CAPWAP(Case Pile Wave Analysis Program) .
=2, Case Western Reserve Universityoll 4] Rausche(1970)o] 2J3 A< 7Wde FH3FEH Z21
Holm FEREA7IE A2 Fof VO 7|58 o] &3] Aldexyon +
AZALEE] AAH, o] Ay BX Quake % Damping54)S AAsH= WHolt) o
EZ2OL UES GF3] o] FAIFte] T AEHQ Segmentz EAHSIH FHo A
< dRkHo] g Ae] o3t FetejM It miAR AE SAAE Quake, LE]aL
Damping 7= 22 g}

CAPWAPZ = e olE d&Erd FRd Tuji WEFRAA SAE 395 s
PEAZ Aeste] FEpA] 5] AsS AL & 2

H = = ]
G} o] w WHEER| A JYAR F, WD, VF hbE ARgeto] zhzte] ¢ At
X A 2

%= 248 Parameterz XA Ao
Quake, Unloading Level, Radiation Damping, Plug Mass, =34 A&, F o] AEEFE Lo
uem [29 71112 CAPWAPHH e mdlgy} vhE AxaA S HojFt)
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Fla Bagman|, M, —’:lq—-——l g;rhﬂ: Fractlon,

\ B, - Fuw,. Ca-Fia

Huoll Mazs, M, fidn Aecketlan
e Ceanping WModel

'
Ten Bon Gagment, 3, +1 * Ton Q8D 8,
Phag Maee. My I::I —[

LT

R 1

Toe Fakatio
ﬂ""DIn:l r-‘nl:hal

Bofl Waes, M,

. R A
IR

= T}t o = B
=9 Il HES] o] A
=L=90 123 [e} - & =) =] 31 =
ote& ZEAIA BEO #Yd oo AaHE FHO AAAANY AR AAFAETN)E
= > =] = AN 5 o = =
Aom Fw mpaAEel Bx 2 AAeth [27 71215 CAPWAPSIA9] dnbdel &2 o=
Holil lt}
200.00 —tons 200.00 —tans
Faree hsd For. Msd
P -
100,00 - 100.00
14 54 ms
G e "\'|'|i‘|'|'|'|'|'\'|'|||||\|\||||||'\'|‘i'| R =
Lie
-400.00 400,00
Load {tons)
0.00 50.00 100,00 150,00 200,00 T —
Pils Top £ i Distribution
— — — Bottom % A :
k)
i Ru = 1721 tons ¥
= Rs = 548 tons
= Rt = 932 tons o
E EV == :; mm File Faices
o = e 80 at Fu
=
= w
2 £ o
150

200

=00

= 2 elry] 93t
CAPWAPe oI @ AXXsh 4= AsHA @& wast A3k, CAPWAPSIH A7} of +15%o] e}
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9] A= Helthal F=3eth. HANNINGANY WEBSTER(1987) % 40917 &2 Ald 4
32 EY)2 CAPWAP Z#tst FAAaA 2 4ne asgon], & sjme] 2o A= )
dol @ WA ARHT FAGAGA 2Ho W97}

ful
o0t
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z
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oluf E(t)e] Huigte]l & E—ErldrOH Add HdoUA(EMX)elH o= 45
el |qA & onfgitt. et § BE-5% Azgdd dol = AMUAEFN)= 2A <
FAAZI7] Sl I g olyAo]n EMXSF EFN9| b= FEA~ES H 5017t ouA S
vebdich (298 3.3]% %7] e} (Easy Driving)d 75 E(t)¢] ¥W3lAS UehE Zlo
2 o] A siwrt 253 3 ofetdFo® o]sdtal rebound’t WASHA] goE® E(t)9]
W3tk o 2 Hard driving?! -5 @59 rebounddhil, defo|ux]e] AXH 7} SFEfA] 8] O
2 HEopto® E(t)= 2L/CH-ellAd gk (EMX)& Bl ¥ Zashy] Al

(29 71313 [2¥ 7.14]=5H EMX®] 23 43 EVe] Wstefds Aty 25 o
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[2 7.14] Hard drivingAl SEHHIUX ®

TEF AgE HAUAEMX) = FEb7IRte] G&o] obd FERA 2 AA(FE,
impact block, &E}7] FA, Y TEFTAF)e AsS Hrlelsdl 8% HE7E "
EMX<} &E17]19] rated energy S5 WH(W=3E}7] #1o] F7| H=319] Y3slar)e] Hl= oYy
A A<4(Energy transfer Ratio : ETR)o|&ta Bolwn ETRE Uwkd o=z 30 ~ 60%4 %=
o]t} Raucher(1985)%= 2001 &E}719] 755 Hrlsto] 3er]o T/ E5o] Sl w
g} oA o] dafo] tarta FFeth ol A A [ 7.3]0] Kol upel o
), SdlellA F2 e AMEE = Kobe TAIE = Add5e] A5 oF 34%, ZAYE

o] G- 25%2] HiteluA] dEdES M & 5 3

1

[£ 7.3] eV 9 25 & A Hdes

Energy Transfer Ratio

Hammer Type Pile Type
Mean Std.Dev Range
Single Acting Steel 49% 10% 29-71%
Air/Steam Concrete or Timber 46% 16% 25-95%
Double Acting Steel 33% 9% 24-51%
Air/steam Concrete or Timber 27% 8% 15-44%
] Steel 34% 10% 15-59%

Open End Diesel ]
Concrete or Timber 25% 6% 13-43%
Close End Steel 36% 7% 23-48%
Diesel Concrete or Timber 26% 6% 18-33%
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[E 7.4] PDA AA&EZR

= 9 A 8 5
CSX(FMX) Gaugel A A ] HUlgFSHEFHNGF=)
CSB(CFB) TEA R Y] HAAFSHEGHNEFH)
TSX(CTX) Aol ZhgatE HA IS H(FH UG H)

DMX Gauge 91|l A9 Z <]

BTA TEY EEAEE Uil ddE A

EMX Gauge?l XA 9] FHd] gtelol Y A

ETR AqUA A&

RTL W= 9] Total Resistance(H A+ 524)
RSP(RP#) Case ol 23 XA HRSP w/j, =0.#)
RMX(RX#) Case WHol <3 HNAHAAHRXM w/j, =0.4)
RMX(RU#) Early unloadings 243 A&AA2RSU w/j, =0.4)
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Zb AmE dEo dis] va AME=ZS(FHWA)o] A|oksk Hu] &8 dEels8S [X
7519 2t e AS AAUE giejas [ 75]9 7S FE AMEsY, EagE 3
of tisl 3]-8d=-82-2 060ck , Hdl 3§ AFE=H-2 0.85xPrestress®] 7]&0] & 485
3 Stk FERS] A s E4o] WS v WHe el A He] FEUA7F s
of Mool Aol AXHE Zte IES Algd 7 Jor=z e CSX, CSB, TSX
55 WSt UEFE 9 Mo &4 g el HAS sk A sHAA dEldEE
ANetE Aol BEAQ) FELH Wt BAoln
[E 7.5] FHWAY HA&E-sd F3X
Pile Tvpe Maximum Maximum
yp Compression Stress Tension Stress
Steel 0.9f, 0.9f,
Timber 3.00, 3.00,
Precast Concrete 0.85f 0'7.f5‘/ of Steel
Reinforcement
Prestressed Concrete 0-85f . = f e Vet it
Notes Fy = yield strength
oa = allowable design stress
fck = concrete compressive strength
fpe = effective prestress after losses
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HE sl 8AAHS TR &5, # AN FEAAH, & Hluste] A2 Fo

A= Ho] o8] 71X o]AE Yoy =

Qo =4,00.250,— 0, (7.15)
1714 Qma DA g o] 345k
Ap B e T
o, D dE R 2A0EY GEFEPHCES S 49 0, =800kg/cm?
o, # & prestress(AF PHCE5 2 4% o, =39%qg/cm’)

of R AHEARY OBH HEANSRTI o]7lo] WA AT APl A
ol g o] T ol gl 7k wmelslojof k. @A) Fje] MAvIFelE PHCES

of Agel B AL Qi Aolth meb Qwel 4L AgH D PHORS
of Auhs g B 7ol 110DeIM (o171 DE BHAZ) Wb ofw i 49w Bl
£ ool kg xaehx woloksin @uE WA 8D ool HW A Holhd
olol weh ofel Az} ol A AL ;eSS TSR ek,

Qmal Q‘N’lll (1 - [(L/D) 85]/100) (7.16)
o 7] 4 Qmal : MZHIE S YA RS §85F
Ap 57 o]
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TB: 0L0O X _-» -
PRODECT: CHUNCHEDN-YANGYANG EXPRESSWAT BIENTIRIBCTION
PILE M&ME: A2(STA.3+115) RAI 153tn
DESCR: FRP FILE F 3007 R S4m
CPERATOR: KICL CSY 24.5 MPa
FILE: P2#2 CHE 25.5 MPa
2012-07-12 7 ? 10:32:47 TSX 0.6 MPa
Elcae Munnber 20 DAY 1mm
BV 3.28 trm
DM 24 mm
LE 7.0m _
AR 70685 an™2 Sanas
Bv 267 tam2 Fi: [Fi] 54.4 (1)
= 2,40 t'm3 F2: [F2] 22,3 (1.7}
WS 3203.0 myfs Al [A1] 580 g's/v [0.9)
EAC  SAltms'm A2: [A2] 1070 a's/v (0.5)
H/C 420nms CLIP: Ok
ic 0.70 []
L 63m
CAPWAP #447(No.1-1)
L o < '3 e e
—— -FumsCa I-:I —— =Vczty
[l
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[22 7.18] HCFFT & Z XHi5t&l & (D= 400mm)
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ol’de] AP AF}E CASE Methods F3ale] A3 vl th33F 25 495 A
[¥ 7.6] HAMMERSY &€} oux] AdE& 54
E’—:}‘E‘? =2 ) ‘:,]'"6']-_'11 ] U= Z]@_ BTA
T } =5 = = o= | Ay .
S (m) a7 (%)
(mm) (mm) (ton) (ton'm) | (ton'm)
(%)
15 HCFFT
A No.1-1 PILE - 3.0 2.0 6.0 3.28 54.6 100
v @300
HCFEFT
No.2-1
PILE - 7.0 0.7 4.9 3.83 78.1 100
(EOQID)
23} @400
Al¥ HCFFT
No.2-2
PILE - 7.0 0.7 4.9 4.01 81.8 100
(EOID)
@400
[¥ 7.7] &EF $89 &A
. Bs | A% e
T}t 5
= B = aoe CSX CSB TSX e e
HS (ton/cm) | (ton/cm) | (ton/cm) ==
(mm) (mm)
(ton/cm)
- HCFFT
12 No.1-1 PILE 0.246 0.269 0.008 0.480 0.K
Alg | (FUEE) ’ ' ' ' '
300
HCFFT
No.2-1
PILE - 0.206 0.901 0.024 0.480 0.K
(ThdEE)
o) 400
Al HCFFT
No.2=2 PILE - 0.213 0.121 0.008 0.480 0.K
(AALE) ' ’ ' ' '
@400

% PHC PILE 3-8 3E}-8-# (fy=800kg/cr, Fca=0.6.fy) 0.2 7173
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L}. CAPWAP 24 ZHu}

[¥ 7.8] 3 &XAH 2 (CAPWAP Method)

I ] At =3tk 58 A7
T ;? ul-zk= A 2] E SR obd & ] 2] = 2] 2] E H] 31
H S
(ton) (ton) (ton) (ton) (ton)
R T 1444 | 1618 2.5 64.7 -
Alg | (FEs) ’ ' ’ ’ ’
No.2-1
44.1 85.2 129.3 2.5 51.7 -
N (G5
22k
Alg
No.2=2 33.3 98.3 131.6 2.5 52.6 -
(A42E) ' ' ' ' '

2 AlFe] #1412 CAPWAP 2006 Program$ ARE-8lom, EAIStAIEAl SAHE A
A (FankEs +AdAX ) S dEeFo A, slo] FHASAE KS F 2591:2004
of migel et FAGer HHo] bt HdE& 25, VISESSI(ASCE)S] Al <t

AlE e s EAAHEE Ao Yehd BTA(Pile integrity factor for pile

damage analysis)= 43 4 v} 5o AXE AFBTA T &45A &2 dHs/9d

S gty A E Ak ob ek 2

BTA(%) ==

100 % 74 gH(uniform pile)
80 ~ 100 % ok7F &A= (slight damage)
60 ~ 80 % #+=4= (damaged pile)
60 % o]s} 3}<&== (broken pile)
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S YEH S BTA(%) 9 7} H] 11
12t No.1- ) . .
R gy 100 A4 8 uniform pile) -
No.2-1
100 AA 3 (uniform pile) -
22} (GE=)
Al ¥ No.2-2
100 A3 (uniform pile) -
(@A) ’
VI-5 A& Rof
2 AFE E9 MEE FEAFEEAE o83 EAALSEHCFFD) o st SEfAlE
< SASIAIE S A AuE g okeld vt 2tk
7F 2 AE2 b5 2ol skt
T B e H e H] w3ka H] a1
A=l
12 Al g HE & e 2.0 m
3.0 ton
S ot a0
2z} A9 2] & e} ek 0.7 m
7.0 ton
. &% CASE Method S 2ol A @5 AAZE 100%= PILES] &40 gl A=
e
t}. PHC PILE®] &Elg5Ho =z 7M4ste] 2 A3} 383 E-s2 0480ton/cr oW &A=
=3
g} B A (HCFFTD)EE2 241 (E=(SP/g)*x(WS)?)
T A (E) ¥ o}FH](v) 49 S (SP) 94(WS)
& 300mm 26.7GPa 0.14 23.5kN/m’ 3303m/sec
& 400mn 29.67GPa 0.14 23.5kN/m’ 3480m/sec
vl 12 AlFA] FASAIE SAHANE BASHH 3 9] Fdo] 2L/col| o=} § <
= A Sk, S22 = ALY 00 B8 ¢ 5 Juk ol A9 vl gt A
A5 POz SRIEM AHAFALE AlFEH H-24914 A% 63m AgFoz FAHS
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85.2
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