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STATIC AND FATIGUE STRENGTH OF FRP CONCRETE REINFORCEMENT
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B1-32, B4-25

BOND AND FATIGUE PROPERTIES OF ARAPREE

J.A. DEN UIJL(Delft Unv. of Technology.)
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Fig. 1 Set-up of pull-out test (left) and repeated load test (right)
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B2-36

Characteristic of Aramid FRP Rods

K.Mukae(Sumitomo Construction),S.Kumagai(Sumitomo Construction)

Fiber-Reinforced-Plastic Reinforcement for Concrete Structures ,international
Symposium,aci,sp-138,1993
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Fig. 8—Creep rupture curve
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B2-42

Fundermental Properties of Continuous Fiber Bars

Technical Research Institute, Zenitaka Corporation
Building Research Institute, Ministry of Const., Japan
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i
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Fig. 4—Relationships between loading periods and creep strains
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Fundermental Properties of Continuous Fiber Bars

Technical Research Institute, Zenitaka Corporation
Building Research Institute, Ministry of Const., Japan

[SP 138-43]
8mm 3
1
1/3 1000
1 300y o 15
35 / 1 1200 1400y o 17 19
2
0.1mm
7 0.1mm
1400
1200 (MPa) — Free-End _ ~~~ lLoading-End ‘
- i ]
~ 1000 3 so |~ sp E GaR T w
e 2 !
~ @ 20 AR SIS, ity B S
< o N g '
£ 600 g ] -
0 — e
C;)400 2 30 { cen \_ ,,,,, : icar I
8 - o T // i [
3 S B 20 - T 3 [ CaE
<200 o~ T E ;) [__\7 ______ Lm_ / T; ‘L ‘
e sy gy SN LI 7 ' S — A
L IS S A 8 L (I N S
200 _ % 500 1000 1500 2000 Tl sy 500 1000 15700 2000
0.1 1 10 100 1000 Slippage (microm)  Slippage (microm)  Slippage (micro m)
Loading Periods (day) ' o ) )
Fig. 4—Relationships between loading periods and creep strains Fig. 7—Bond stress intensity-slippage relationships

115




. 053

B4-14

ENGINEERING MODEL OF STRESS-RUPTURE OF AFRP IN CONCRETE(

M.SCHEIBE(Braunschweig F.S.ROSTASY (Braunschweig

FRPRCS-2 pp.74-81 5
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\ i
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mmle}'F model stress rupture model of
naked bars in solution
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th [ 13 l
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Fig. 1: Stress-rupture behaviour of FRP schematically in a specific environment Vi ol it il i i oL basi Yoag-terms loadiog of

ions in naked bars in alkaline solution pre-tensioned slabs
exposed to various na-
tural climates

force level %)

transport model verification of
TRANS RUPL
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ption of water and residual strength of bars) %
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80
70 L
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e
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Fig. 2: Test results of stress-rupture testing on AFRP

Fig. 3: Flow chart of activities for model development
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Epon resin

Shell Epon resin

goe
-.F

Splash zone specimen away Splash zone specimen near

007 from concrete interface concrete interface
0 030 Properties of Shell Eporia Resin 9310 System(11)
d Property System AL Systen B
Density, gr/cc 1.18 1.20
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1 psi = 6.895 kPa
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1 Curing schedules(System A similar to that used for fiberglass rods)
2 Sample immersed in 2000] F water
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PC AD

Flexural Fatigue Behavior of Prestressed Concrete Beams Using Aramid-Fiber Tendons

K.lwamoto Kinki Concrete Industries Co.,Ltd. Y.Uchita Technical Research Center of
Kansai Electric Power Co.,Inc.

ACI Symposium, SP138-31, pp.509-523, 1993.3
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Bond characteristics
and Thawing Deterioration

FRP Rod and Concrete after Freezing

M.Mashima( , K.lwamoto(
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Tensile Strength of Continuous Fibar Bar Under High Temperature

S.Kumabhira (Japan Testing Center for Construction Materials)
Y.Masuda (Building Recearch Institute, Ministory of Construction)

ACI International Symposium, SP-138, SP, 138-44, pp.731-742, 1993.3
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Evalation of FRP as Reinforcement for Concrete Bridge

A.H.Rahman (Institute for Research In

D.A.Taylor (Institute for Research In Construction, National Reserch Council Canada)

Construction, National Reserch Council Canada)

ACI International Symposium, SP-138,

SP, 138-5, pp.71-86, 1993.3
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NEFMAC C
CG
10 30 2 3
LVDT
50 10 000 417
10, 25, 40, 60, 70%
50
S-N -30
10 30,10 40,10 50,30 50,30 60,30 70%
4Hz 1 -30
60% 5
120, 240, 360
50 CG 20 9.5% 2.5%
-30 11% 2.5%
NEFMAC 175 40%
CG C 2.7% 1.8%
10%  20% 5Hz C, CG
NEFMAC 400 400 CG 92% C
93%
CG -30 50 8.39x 107
3 1 2
3 NEFMAC
5 ) 1
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Creep Rupture Behavior of FRP Elements for Prestressed Concrete - Phenomenon,Results
and Forecast Models(

H.Budelmann(Kassel F.S.Rostasy(Braunschweig

ACI Symposium 1993.3 vol. SP138-6
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Fig. 5—Creep rupture of GFRP
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CFRP

CFRP CF/GF

FRP

J. Soc. Mat. Sci., Japan , Vol.43, No.487, pp.441-444, Apr.1994
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=0 45

(2)

Fig. 2. Master curves for short term flexuzal
creep of CFRP by the reciprocation law
between time and temperature.
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wprEE S (0 Hfk ) #eggik 0 Ccp)

CFRPD®—N 11 J& R EE U A 0D O™ 03 JEE 45 174

H N &2 QRS TR 2 —), BN GRS T 22 T8

#EH]. Soc. Mat. Sci., Japan), Vol.43, No.487, pp445-450, Apr. 1994

|{CFRP, Fracture toughness, ENF test, Impact strength, Mode II, Split Hopkinson pressure

bar method
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(J. Soc. Mat. Sci., Japan), Vol.43, No0.487, pp434-440, Apr. 1994

CFRP Delamination Mode Delamination resistance Load holding Stacking sequence
Stick slip
CFRP
T400/Epoxy
stick-slip
AS4/Epoxy stick-slip
0
stick-slip P-0
0 stick-slip
0 0
2
B T 2H= 2mm z
B =20mm [
== (& g
L L ﬁ g oF
L=227mm L1
[ vl
l —_—— %
Fig. 1. Specimen configurations.
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CFRP

Vol.43,N0.487,Apl 1994
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B1-28
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(J. Soc. Mat. Sci., Japan), Vol44, No.499, pp,401-406, Apr.1995
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FIRE RESISTANNCE OF CONTINUOS FIBER REINFORCED CONCRETE

H.TANANO(Building Research Institute,Ministry of Construction)
Y.MASUDA(Building Research Institute,Ministry of Construction)

Non-metallic(FRP) Reinforcement for Concrete Structure,1995 P368-375
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ASPECT OF LABORATORY TESTING TO DETERMINE MECHANICAL PROPERTIES OF
FRP

M.SCHEIBE,F.S.ROSTASY (lbmb, Technical University of Brauschweig,Braunschwig,Germany)

Non-metallic(FRP) Reinforcement for Concrete Structure,1995
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on the right side: wedpee bond ancharage [4])
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BEHAVIOUR OF FRP GRID REINFORCEMENT FOR CONCRETE UNDER SUSTAINED

LOAD

A.H.RAHMAN and C.Y.KINGSLEY (Institute for Construction,National Research Council

Canada)

Non-metallic(FRP) Reinforcement for Concrete Structure,1995
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Long - Term Behaviour of Arapree

A. Gerritse(Consultant, Rotterdam) J.A. Den Uijl(Delft University of Technology)

Non-Metallic(FRP)Reinforcement for Concrete Structures. PP57-66, 1995

alkaline environment, aramid, creep, long-term loading, prestressing
tendon, relaxation, stress-rupture

AFRP

(PH13

20

60 )

(1)
2)
)
(4)

20

principles of
lever system

hydraulic jack

wedge anchor

Tia 1

Table 1. Load and duration of tests at 60°C and pH 13

1/10 1/15

40

LvVDT
AL

specimen.

sleeve
A

extension
rod

T nnd cuctam fae nraan tacts and manntine £ T UTYT

test  load  fime  observations st load  time  observations
o kNl [h] a. kNl [h)

i 1857 8640 no failure 2 2252 0 splitting at oading”
2 1835 8544 no failure 2 2252 69 spliting/fracture

3 1850 3039 fracture 23 2175 310 splitting/feacture

4 1875 5202 splining/fracture 24 2138 600 fracture

s 18.50 335 slip, unrel. measur." 25 21.24 21 splitting/fracture

6 2025 (161 fracture 26 2153 470 fracture

7 2030 614 fracture 27 2252 103 fracture

8 2190 731 fracture 28 2035 353 fracture

9 2340 46 fracture 29 2050 2847 fracture

10 2430 7 spliting/fracture 30 2357 63 fracture
2330 35 splitting/fracture 31 2327 21 fracture

12 2338 44 splitting/fracture 32 2355 21 fracture

13 2153 269 fracture 33 2355 11 fracture
42155 69 spliting/fracture 34 2055 3001 splitting/fracture

15 2153 105 splitting/fracture 35 2055 1019  spliing/fracture

16 2155 1311 splitting/fracture 36 2030 445 splitting/fracture

17 2124 361 splitting/fracture 37 2040 150 splitting/fracture

18 2138 344 splitting/fracture 38 2355 170 fracture

19 2153 476 fractre 39 2033 2686 spliuting, test ended
20 2122 660 fracture

1) rejected for stress-rupture analysis
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Fig. 4. Relaxation test: set-up and measuring devices
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Fig. 5. Relative force versus time observed in relaxation tests
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Table 2. Load and duration of tests at 20°C and pH 13

test load time observations test load time observations

o [kN] [h n. {kN] [n]

101 2415 150 splitting/fracture 121 2235 40 fracture

102 2430 2 fracture at anchor”? | 122 22.30 5215 splitting/fracture
103 2410 132 splitting/fracture 123 1232124

104 2395 542 fracture 124 22.00 134 splitt/fract. at anchor
105 24.03 1082 fracture 125 2200 11819 no failure”

106 2385 193 fracture 126 2235 819 splitting/fracture
107 2235 468 fracture 127 2135 1488 splitting/fracture
108 2235 2235 fracture 128 2090 40 ended: measur. err.”
109 2385 108 fracture 129 2110 10787  splitting/no failure®
110 24.10 135 fracture 130 2200 10187 splitting/no failure®
11 2410 1018 splitting/fracture 131 2240 3828  splitting/fracture
12 2385 2 anchorage failure” | 132 2110 9615 no failure®

113 2430 17 anchorage failure’ 133 133=128

114 2385 1375 fracture 134 2L10 405 splitting/fracture
115 2415 63 fracture 135 2120 1363 splitting/fracture
116 2235 3283 splitting/fracture 136 2115 8448 no failure®

117 2160 13019 no failure? 137 2115 6040 splitting/fracture
118 21.60 7243 fracture 138 2125 1999 splitting/fracture
119 2240 2576  splitting/fractucc

120 22.00 2991  splitting/fracture

1.0

0.9

08

0.7

0.6

0.5

BlFux

1 rejected for stress-rupture analysis 2) afterwards tested to failure by AKZO

60°C, pH 13

—= not failed
20°C, pH 13

0

2 4 6\2 0 2

Bolfu

0.9
2°C. pH 13

038
0.7

95% reliability
0.6 interval

4 6
log(t) [hours]

Fig. 3. Stress-rupture of Arapree

4 6

log(t) thours]

Fig. 2. Results of stress-rupture tests at 60°C (left) and 20°C (right), pH 13

residusl strength after loading at 0.75 Fyy

‘osidual streagth unlcaded

»

04 . . .
0 4 6
log(t) (hours]

Fig. 6. Stress-rupture and residual

strength of Arapree in alkaline liquid:

average and scatter (shaded area)

e AFfF [%]

T vlaxation 25%

wet Arapree

4 6
log(t) [hours]

Fig. 7. Prediction of relaxation of
Arapree in various environments based
on extrapolation of short-term results
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Stress - Rupture of AFRP Subjected to Alkaline Solutions and Elevated
Temperature - Experiments

A.Gerritse (Consultant, Rotterdam) , J.A.Den Uijil (Delft University of
technology)

g oo

Non-Metal lic(FRP)Reinforcement for Concrete Structures.PP67-73,1995
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Table 1: Short-term material properties (mean values) of Arapree 200.000

Material Elastic modulus (MPa) Tensile strength (MPa) Failure strain (%)
Arapree 200.000 63.000 1.450 2.4

Table 1: Results of testing at 20°C, air

Forcelevel  Force  Number of specimen  Mean value of lifetime  Coefficient of Variation

load cell v N o 3l
hydraulik jack 0.75 48 3 3.081 1
tressing chair 0.80 51 [) 259 10

0.85 54 5 26 40

~

+
k Table 2: Results of testing at 20°C and alkaline environment
anchorage device

Force level  Force  Number of specimen  Mean value of lifetime  Coefficient of Variation
%] &N [h] %]

0.70 45 5 8.702 5
0.75 48 7 253 32

vessel suspension

FRP bar 0.80 51 10 50 42
. 00
limate vessel N -~
N K] 90 |-
anchorage device a =
@ 29,
g el J, =
£

-
=]

steel springs mount

| o air,20¢
 alkaline environment, 20T

W 000 %00 00000 1000000
endurance time [h]

g
CE
g
=

Fig. 1: Test set up for stress-rupture testing

Fig. 2: Results of stress-rupture testing at 20°C
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Table 3: Test results for alkaline environment at 60°C

Forcelevel  Force  Number of specimen  Mean value of lifetime  Coefficient of Variation
[N [ [50)

%]

0.55 35 4 1116 7
0.70 45 s 54 5
0.75 4 4 8 14

Table 4: Test results for alkaline environment at 40°C

Forcelevel  Foroe  Number of specimen  Mean value of lifetime  Coefficient of Variation
[&0) [kN] L] [*)

0.70 45 4 524 8

Fig. 4: Comparison of parameter B and n

g

90

force level [%]

80

50
a0

endurance time (h]

Fig. 3: Results of stress-rupture testing at elevated temperatures in alkaline
environment
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Fig. 9. Stress-strain relations of [+ 45° |4 angle-ply
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® Early events }‘ . 90.0 :{ y
.xLate ejems Fig. 3 Prestressedal)xasa:}l1 el; Ztﬁ:ogr;ttz:nbci;:ri, dimensions in mm %,/
¢ Early events
0 a y X |
ig. restressed beam in int bendin,
e Pb) iocation of AE 2v}:1tstb ding O Late events
b)
a) 1 1 |
=
3 \“F Bond "
g 8  No bond
o .  Bond
No bond
Metal plate X
U S LVDTs Fig. 4 Pull-out of aramid bar
a) Cross-section of specimen, dimensions in mm
b) Projection of AE sources on a vertical plane
¢) Projection of AE sources on a horizontal plane
0 0

252




1175

0 0 (B4-22
0 o0oono Ooooooooood 0o0ddd ODOoooboooon
000 A STUDY ON BOND OF CONTINUOUS FIBER RODS EMBEDDED IN BEAM SPECIMEN
O0o0doo0ooooooooooooboooobooooboooon
0 O |Nobuaki TAKAGI(O O OO OODODO)OTakayuki KOJIMA(O O OOOODODO)
O O 0O|[FRPRCS-30 Vol .20 pp.365-37201 1997.10
bbb o000 oo oUOoOoUoUooobooooooon
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2 I I A O
b 0ooo0oooooooooooooobo DO ooOooooOgo
0 0
100
Bond fatigue test
90 |AF40-5A AF20-5A CF40-5A 2
® L] L 3 Hw
] Table 2 Test ‘program.(Series 2) _ 2 0 A0 bia
il Kl il ot >
AF10-0B 10cm CF10-0B 10cm = &0
AF15-0A 15¢cm 0 CF15-0A 15cm 0 i  |Flexural fatigue] -l
AF20-0B 20cm CF20-0A 20cm S goftest(s]
AF40-0B AF rod 40cm CF40-0A CF rod 40cm Aramid  Carbon L -
AF15-6A T8cm CF15-6A T8cn Ty 4
AF20-5(A,B) 20cm 0.5Pu {CF20-5(A,B) 20cm 0.5Pu 104 104 10f 10t
AF40-5(A,B) 40cm CF40-5(A,B) 40cm Number of cycles to failure
A,B: The age when concrete was cast and the loading methods are different Fig. 7 Relation between upper load ratio and
Pu: Tensile strength of rod number of cycles to failure (Series 2)
JlicB R chan il costtine o:;:md (Seg’;e:s 2 Table 4 Results of bond fatigue test (Series 2)
Nominal diameter (mm) 7.2 75 Specimen]|P u | P |Upper load| Fatigue |Type of
Cross sectional area (mm’) 40.9 30.4 (kN) J(kN) | P/Pu(%) | life . failure
Tensile strength (N) 69200 69900 25.0 60 200><10‘ S(H)
(N/mm?) 1700 2300 AF40-5A |41.7 271 65 200)(10‘ S(H)
N 0 ModuTus of elasticity (N/mm’)] 72600 [ 133000 ggz gg 0102;1(1)0‘ F(H)
. ~20 X
20 AF40-5B 138.4 126.8 70 ~40x10*| F(H)
" bial gauge ) Dial gauge 30.7 80 ~45x10*
N tnbednent  Jflo ectient AF20-5A [41.7 185 [ 44.3 100x10° | F(N)
g D / A, 2 g, 19.6 | 471 5x10° | F(W)
o ) 5~TX 16"
T —— AF20-5B |38.4 |45 | 38 ~40%10*| F(N)
(Unit:mm) a gauy: # Mo bond region 1 o 0~30%10°
Fig. 2 Specimen and Toading condition (Series2) AF20-5B [38.4 [14.6 38 ~40x10*| F(N)
16.5 43 ~60%10*
35.0 80 5x10* F(N)
CF40-5A [43.8 [32.9 75 1.8x10* | F(N)
30.6 70 200x10* | S(H)
29.6 70 0~20x10*
CF40-5B [42.2 [33.8 80 ~40x10*} F(N)
38.1 90 ~49%x10*
CF20-58 [42.2 {16.9 40 0~20x10*] F(N)
19.4 46 ~20.6x10*
CF20-5B [42.2 |16.9 40 0~18%10*| F(N)
F:Fatigue failure
S:Static failure after 200%x10¢ cycles of loading
H:Breaking of rod, N:Pull-out of rod
0 0
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GFRP CFRP )

AGING OF STRUCTURAL COMPOSITES UNDER VARYING
ENVIRONMENTAL CONDITIONS

Hota V.S.GANGARAO(West Virginia ), P.V.VIJAY(West Virginia )

FRP for Concrete 3rd International Symposium Vol2,'97

GFRP GFRP CF -
10 50
50%
Table 1 Bar identification and resins
Bar Reichhold # Description
A 31022-00 Medium reactivity isophthalic unsaturated polyester
B 31020-01 High reactivity isophthalic unsaturated polyester
(& 7730-101 High reactivity, tough, corrosion grade DCPD hybrid
632 - 31632-00 High reactivity, isocyanurate vinyl ester (IVE)
632/C | 31632-00 IVE with (C glass) corrosion resistant glass fiber veil on surface
632/N | 31632-00 IVE with P.E.T. fiber overwrap
580 31038-00 Low viscosity, urethane modified vinyl ester

The following conditioning and testing schemes
were used: 1) Unconditioned test (tested as received); 2) Salt test (~ pH 7, 203 days); 3)
Freeze-Thaw and Salt test (141 Cycles); 4) Alkaline test (~ pH 13, 203 days); 5) Freeze-
Thaw and Alkaline test (141 cycles); 6) Stressed Alkaline test (~30% of ultimate tensile
load for 102 and 201 days, for #4 bars).

Table 2 Loss of strength and stiffness in bars for alkaline and freeze-thaw conditioning

Bars with Resin Family

% Loss in Strength

% Loss in Stiffness

A,B,C

10.6 to 19.7% in #4 bars
11.3 to 19.6% in #6 bars

7.7 to 10.1% in #4 bars
18.8 to 23.1 in #6 bars

Isocyanurate Vinylester
(632, 632/C, 632/N)

28.0 to 49.1% in #4 bars
24.5 to 35.7% in #6 bars

3.0to 11.2% in #4 bars
30.7% in #6 bars

580

15.6% in #4 bar
6.6% in #6 bars

8.0% in #4 bars
13.3 % in #6 bars

Table 3 Loss of strength and stiffness in bars for alkaline and sustained stress conditioning

Bars With Resin Family

% Loss in Strength

% Loss in Stiffness

A,B.C

1.8 to 27.9% loss in #4 bars

5.2 to 7.3% loss in #4 bars

Isocyanurate Vinylester
(632, 632/C. 632/N)

37.1 to 76.5% loss in #4 bars

6.1 to 31.6% loss in #4 bars

580

0.8%0 loss in #4 bars

15.2% loss in #4 bars
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CD, AD

Strengthning of prestresed concrete segmental T-beam bridge using FRP external
prestressed systems

Yukio ADACHI Ministry of Construction
Mitsuhiro HAYASHIDA Hanshin Expressway Public Corporation Japan

Non-Metallic(FRP)Reinforcement for Concrete Structures Proceedings of the Third
Intemational Symposium, Vol. 2 PP695-702, Oct., 1997

FRP external prestressing systems, strengthening, specific material strength, guidelines

30

CFRP AFRP
(1)
(2)

(3)

4) 50
CFRP 0.79 AFRP 0.66

(1)

(2)
(3) 50 CFRP AFRP 18

(1) CFRP AFRP

(2)

Load ratio 50 years Load ratio 50 years
Ll I3
1o el e [Meanting 11(1) I [
o5 R S % les  Feg [Mean line]
08 Mean 36 line 0.8 HMean 36 line ] =
] X
07 M50 0123]_ T TEG ot ] \%\
oo Hae 2] ¢ laei2]
B 25 B
05 I ; os(me 2 I
0.0001  0.01 1 100 10000 1000000 0.0001 0.01 1 100 10000 1000000
Time (h) Time (h)
Figure 3 Proposed structure of the deviator Figure 4  Estimated creep rupture capacity (CFRP and AFRP)
Table2 R i ffi  stat i i i Fr . . : .
able coefficient of static L 2—_Fu;:z]§ Ci\FaCP“ duc to bending The modification coefficient of static tensile capacity was determined as shown in Table 3
73u] 1704 taking creep rupture into consideration with the design service life set to 50 years.
159 tf] 154 if ’
cdu coefficient 92 091]
Bearing capacity after fatigue test 160} 160 tf]

Table 3 Modification coefficient of static tensile capacity taking creep rupture into
consideration

R;Sla;slmn ratio (%) CFRP AFRP
00 . Medification coefficient (C) 0.79 .66
15.0
10.0
e X = Table 4 Relaxation rate for the design service of 50 years
R e = [ [cFrP___ TAFRP

Relaxation rate | 3%| 18%)

Figure 5 Estimated relaxation rate vs. log (t) (CFRP and AFRP)
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O O 0O |CREEP-RUPTURE OF FIBER-REINFORCED-PLASTICS IN A CONCRETE ENVIRONMENT
Charles W. DOLAN(Department of Civli and Architectural Engineering,
0 0 University of Wyoming),
Brent L.. LEU(Department of Civli and Architectural Engineering, University
of Wyoming)
000 Non-Metal lic(FRP)Reinforcement for Concrete Structures
Proceeding of the Third International Symposium, Vol.2, Oct., 1997 pp.187-194
DDDDDD“ FRP” ,“ creep” ,“ stress” ," rupture” ,“ prestress” ,“ durability’ ,
“ constitutive properties” ,“ environmental exposure”
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@— FRP Tendon
«———— Environmental
0 0 : Chamber
p Concrete
Core

/— Drain Hole
\J 0" Bottom Cover
Plate

Figure 3 Environmental Chamber used for the
Long-term Creep-Rupture Testing
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Anchors
Steel Beams Spring & -
Confinement pipe— -
/Tendons Thread rod <
Coupler —
Tendon
Steel Beams \
Anchors
Figure 1 Test Frame Arrangement Figure 2 Spring Loading Assembly
Table 1. Results of 100% Strength Tests
Carbon Aramid Glass
Mean Strength 2.8 GPa 1.4 GPa 0.93 Gpa
Mean Modulus 150 GPa 82.0 GPa 30 Gpa
Strength COV 13% 3% 13%
Modulus COV 13% 3% 12%

[+] 1000 2000 3000 4000 5000 6000 7000 B0OOO 9000 10000
Time to Fail (hrs)

Percentage of Ultimate Stress

Figure 4 Glass Creep Rupture Results

c5885883888

1000 2000 3000 4000 5000 6000 7000 8000 9000
Time to Fail (hrs)

Percentage of Ultimate Stress

10000

o

Figure 5 Carbon Creep-Rupture Results

288

ccB888883

Percentage of Ultimate Stress

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time to Fail (hrs)
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O O [O|RELAXATION OF ROPE-TYPE TENDONS USING ARAMID FIBERS
0 0 Toshitaka HIKIMURA(Technical Resarch Institute, Sho-Bond Corporation),
Koji SAKAI(Civil Engineering Research Institute, Hokkaido Development Bureau)
000 Non-Metal lic(FRP)Reinforcement for Concrete Structures
Proceeding of the Third International Symposium, Vol.2, Oct., 1997 pp.211-217
“ continuous fiber tendons” ,“ aramid fiber” ,“ relaxation ratio” ,
oooooof. - v u - -
environmental temperature” ,“ tensile tension
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Table 3 Estimated relaxation ratio after 50 years
Polyethlene sheath o Toat comdition. [Tension r:':“ﬁ., () ¢°s° ﬁ,“;&“},“,’,‘.ﬁ“
Spike Barrel Barrel a a8
— Aramid fiber t%&% 20T g-gi %;’g }g;
M| =® 2 a2 3%
me | ec | [mm | us
Avamig toe Bast | opem e
Fig.l Anchorage of tendons Hg1 | owv e (3 1
Table 2 Test condition in specimen = = = | == —
No. Tension® Temnge Test period Table 4 ' Changes of tensile strength _
LT30 -20T more than 1000 hours e TS oy Slogng
MT30 20T more than 1000 hours Nominal | Experiment
HT30 n 80T more than 1000 hours t%‘é:é {& ggg
EX30 Qutdoor exposure 1 year, 3 years** MT30-1 1504 pres
LT50 -20C more than 1000 hours MT30-2 1957 419
MT60 o 0T more than 1000 hours il i e ﬁgm
HT60 80T more than 1000 hours TR0 1964 o 420 =
EX60 Outdoor exposure 1 year, 3 years** LTé0-2 1942 354
2 oo Wi 15585 e e MTEG2 %0 [ &
Hoos 1135 i o 4
O O

258




- 180

B2-22

PC

AB,CS

Long-Term Deflection of Continuous Fiber Prestressed Concrete Beams

K. Sakate Usamigumi Corp. , K. Nonomura Usamigumi Corp.

Non-Metallic(FRP) Reinforcement for Concrete Structures, Proceedings of the Third
International Symposium, Vol.2, pp.655-662, Oct., 1997.

PC
K1 K2
0 PC 174 175
(2 2 4
Grout inlet tirrup2:5D295 DE8I00
Stirrupl:5D2958 06850 % roul infet
i v 1 “ }ﬁj %
Figure 1 Shape and Size of Specimen
Table 6 List of deflection ratios
SS SA AA CcC
k1 1.78 2.96 1.09 3.60
k2 1.07 1.23 2.17 1.33
k3 -0.34 -0.52 -1.43 -0.90 |
K=k1+k2+k3 2.51 3.67 1.83 4.03

Table 8 Comparison of Deflection Increase Ratio

Type of main Defection increase ratio Deformation stifiness ratio
reinforcement Reinforced Prestressed Reinforced Prestressed
concrete concrete concrete concrete
beam beant beam beam
Aramid fiber
(braided) 8. 65 2.13 3.19 3.52
Carbon fiber
( braided ) 11,16 1. 77
Carbon fiber
(spiraled) 10. 26 1.66
Carbon fiber
(stranded) 2. 21 2. 25
Deformed 2. 10 1. 74 1. 00 1. 00
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DYNAMIC BEHAVIORS OF CONTINOUS CARBON AND GLASS FIBER REINFORCED
THERMOPLASTICS (CFRP AND GFRP) FOR RECYCLABLE NON-METALLIC
REINFORCEMENTS FOR CONCRETE STRUCTURES

T. FUKUSHIMA (Building Research Institute) K. SAKAYAMA (Tsutunaka Plastics Industry)

FRP-RCS3 Proceedings of the Third International Symposium, Vol. 2, Oct., 1997, pp. 235-
242

"Ecomaterials design", "Continuous fiber reinforced lightweight precast concrete”,
"Continuous fiber reinforced thermoplastic", "Recyclability", "CFRP", "GFRP"
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AP,CP,

TENSILE PROPERTIES AT HIGH TEMPERATURES OF CONTINUOUS FIBER BARS AND
DEFLECTIONS OF CONTINUOUS FIBER REINFORCED CONCRETE BEAMS UNDER
HIGH-TEMPERATURE LOADING

Hiroyuki TANANO(Building Research Institute), Yoshihiro MASUDA Utsunomiya University

Non-Metallic (FRP) Reinforcement for Concrete Structures Proceedings of the Third
International Symposium,Vol.2,0CT.,1997

continuous fiber bar fire resistance high-temperature tensile test tensile properties at high
temperature heating-under-load test
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DEFLECTION

asashi SAKASHITA Building Materials Tech. ,
Yoshihiro MASUDA Utsunomiya University

Non-Metallic (FRP) Reinforcement for Concrete Structures Proceedings of the Third
International Symposium,Vol. ,Oct., 1997

”continuous fiber bar” continuous fiber reinforced concrete beam”
"fire-resistance performance” ”loaded heating test”
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EVALUATION OF ACM REINFORCEMENT DURABILITY BY EXPOSURE TEST

F. TOMOSAWA (University of Tokyo),  T. NAKATSUJI (Shimizu Corp.)

FRP-RCS3 Proceedings of the Third International Symposium, Vol. 2, Oct., 1997, pp. 139-
146

"Advanced composite materials", "Durability"”, "Exposure test", "Tropical zone"

ACM

ACM
PVA FRP
PC
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COMPUTATIONAL MODEL FOR DETERIORATION OF ARAMID FIBER BY
ULTRAVIOLET RAYS

Y. KATO (University of Tokyo), T. YAMAGUCHI (University of Tokyo)

FRP-RCS3 Proceedings of the Third International Symposium, Vol. 2, Oct., 1997, pp. 163-
170

"Weakest-link theory", "Ultraviolet rays", "Tensile strength"

FRP
AFRP 2,500
FRP
AFRP
weakest-link
AFRP
GFRP
CFRP
FRP
weakest-link
AFRP
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DURABILITY EVALUATION OF FRP CABLES BY EXPOSURE TESTS

I. SASAKI (Public Works Research Institute) 1. NISHIZAKI (Public Works Research Institute)

FRP-RCS3 Proceedings of the Third International Symposium, Vol. 2, Oct., 1997, pp. 131-
137

"Fiber reinforced plastic cable", "Exposure test", "Prestress”, "Direct sunlight”, "Water
enviroment”

CFRP

CFRP,GFRP
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ENVIRONMENTAL DEGRADATION OF REPAIRED CONCRETE STRUCTURE

Antonio NANNI ( The Pennsylvania State University, USA),
Thomas BOOTHBY ( The Pennsylvania State University, USA)

Non-Metallic(FRP) Reinforcement for Concrete Structures
Proceedings of the Third International Symposium, Vol.2, pp.155-162, 1997.10

CFRP

CFRP
Forca tow sheet CI-30)
(0.6M KOH + 0.2M NaOH + 0.027M Ca(OH),)

Electron

dense region Bulk Solution

[OHT] out Bulk Solution

Polymer

Blister \
\Pmymer Film Directicnh it

T

Carbi
Fi:lial;aron Carbon
(cathade) Fiber

Schematic of blister formation for a soft polymer film on a carbon fiber Schematic of the delamination process for a stiff polymer

Growth
Direction
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FLEXURAL FATIGUE BEHAVIOR OF PRESTRESSED CONCRETE BEAMS WITH
NON-METALLIC FIBER TENDON UNDER WATER

Maki MATSUO , Takayuki KOJIMA

,Vol.2,0ct,1997,pp.775-782

Initial tension
@of tendon Q @ @ @ ?
A;aramid -
Dt @simo stirrms  AT8—5-—60Ws
P;steel a;8/d=2.7 s S & ®
water jamet Upper load
@ T~ Shape : @ @ Diameter(mm) iy HI
30
w Spiral hoop
EE_ qooooo08008. 0000 v L
= psllofls I : S0 3 3
150 300 500 500 K b
2100 f 5 8 7
1)Square-shaped beam { a g
(a/d=4.0) g 10 - A
= 2 @ =
5 T
= A
' = I Aﬁ-.ﬁ-'ll AB-.4-W ATB;S-W CT855-W P'I:!-I
0) 40
750 300 02 108 104 108 108 107
200 | or 575 og [g50: d i s
2)(‘:_/3(:“% ob:azn 7 2400 ‘ Fig. 4 Relation between upper load ratio (S) and fatigue life (N)
- 100 T TTTI T T T T
10 S g 1l M §=-3.89210gN+86. 961
= % sés 5 -y 8
2 1% = = s o N
- = = al TLd o M hLialr -
< 70 o4 @ T0— 5=-7.58810gN+106.95
3 s+ S B IL
= 60 @ 60 =4
ba 5
g AG-6 AE.-T A8.-4 AT§-5 LB 1
& 507 cq}s CT§-S P-4 P16 1S o i
40
& 102 108 10° 10° 108 1 0t 10? 10° 104 10° 108 107
Fatigue life Average of fatigue life

Fig.3 Relation between upper load ratio (S) and fatigue li ~ Fig. 5 Relation between upper stress ratio (S) and fatigue life (N)
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A2-3, A3-7

Durability of AFRP CFRP Pretensioned Piles in a MarineEnviroment
AFRP CFRP

Rajan SEN( )

Non-Metallic(FRP) Reinforcement for Concrete Structures Prceeding ofthe Third
International Symposium Vol2 ppl23 130 Oct 1997

FRP AFRP CFRP

AFRP CFRP
AFRP
FORTAFIL 114x%
150mm 2.44m 50mm
414kg/mm2 65 70
AFRP CFRP
AFRP
CFRP AFRP
CFRP AFRP

AFRP CFRP
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000 FATIGUE OF REINFORCED CONCRETE BEAMS EXTERNALLY PRESTRESSED WITH ARAMID FIBRE
CABLE
0 0 T.HORIGUCHI (Hokkaido Institute of Technology),
N_SAEKI (Hokkaido Univercity)
O O O[Non-metallic (FRP) Reinforcement for Concrete Structures
DD[]DD[]“ Aramid fibre” ,“ composit materials” ,“ external prestressing” ,“ fatigue
test” ,“ frexural strength” ,“ strengthening” ,“ repair” ,“ rehabilitation”
00
PC
1 T
O O
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Figure 2. Load deflection relationships of external PRC beams at different temperatures
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Figure 3. Fatigue test results under low temperature and ordinary temperature
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0 O O|CREEP RUPTURE OF FRP RODS MADE OF ARAMIDA,CARBON AND GLASS FIBERS

] [0 |Toshinobu YAMAGUCHI(Tokyo Unv.),Yoshitaka KATO(l.1.S, Tokyo Unv.)

000 Non-Metal lic(FRP) Reinforcement for Concrete Structures
Proceedings of the Third Intemational Symposium, Vol. 2, Oct., 1997

goooooyr oopoobcoo* L, RRPOODO® ,» ODOO ARRPY ,” CRRPY ,”  GFRP®
O00O@OObO0O0obOOobOO)DOrRPOIDDOIODODODOODOODOODCODDODODODO
0o0d
OO0OOOFRPICOOODOOOOODOODOODODOODOODOCODODOODOODO

O Oloo
O0000O0O00O0DbO000O0DO0bOO00bO0obOoU0obOObODOobOOODODbDOOERPOO
poOfooobOOOODbOb0ObO0ObDODbDOOobOoDO
OOFPIDODDOOOOOOODODOODOOOOOOODODODOODOODOOD
OO0OOFRPIIDODOOODO@WOO)YOODOODODODOOOODODOOODODOO
piibboooboobooboo
OobOO0oboOooOOobOoOoOoOooiiCcobooooboboobooo
oooobooOooOoboooobOoUobOobOoboooboobbOoooOoboooOoDo
ooooooono
00000000 0DbO0o00O0D0o0obO0bO0obOoOoDoY%DOODOOAFRPLIDOOD DOO
oibooooboooobooobooon

O O

271




0191 -2

AFRP:0 =131.6—9.23 In T(r=0.998)
CFRP:0 =142.8—2.44 In T (r=0.902)
GFRP:0 =117.3—11.8In T(r=0.9%90)

Fig.1 Creep rupture time of FRP rods

CFRP
1500 | /y--w.usl.u(x)um.s
E A = 5
2 = ® Aramid fibers
= 4 }
7 1000 / o A Glass fibers
- GFRP 2 3
- ¥ =-30.542Ln(x) + 1150 g8 i
1 "
2 500 | 2F
& AFRP § .
¥ =-39.306Ln(x) + 1289.4 1+
0 0
0.0001 0.01 1 100 10000 1000000 0.6 07 0.8 0.9
Loading time (hours) Streaadevel

Fig.6 Defect number in fibers
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Stress level (%)
(=3
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—— Calculation
20 ® Experiment
0
>
0.001  0.01 0.1 1 10 100
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Fig.8 Calculation of creep rupture time of AFRP rods
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EXPERIMENTAL STUDIES ON THE LONG-TERM TENSILE PROPERTIES OF FRP TENDONS

O.00000 Sumitomo Construction Co.,Ltd.C
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A3-4
G
— FRP) —
Vol.24 No.5 pp.30-34 1998.5
FRP
pH10 NaOH pH13 NaOH
pH4 HCI 50 5
FRP 3
1 180
1
0, 90, 180, 270 360
5
7oA Y pH10 74 Y pH13
153, H# HUL(0) HUL(25) SMC 531273 H# HUL(0) HUL(25) SMC
0 0.00 0.00 0.00 0 0.00 0.00 0.00
90 0.25 0.24 0.30 90 0.23 0.22 0.29
R (%) 180 0.33 0.31 0.48 AL (%) 180 0.31 0.29 0.38
270 0.59 0.55 0.94 270 0.59 0.58 0.90
360 0.28 0.14 0.52 360 0.23 0.15 0.51
0 57.2 L i 47.1 0 57.2 57.7 47.1
90 55.7 59.3 47.8 90 55.4 60.8 48.4
N—angs 180 53.2 55.5 42.7 N—a s 180 53.4 55.1 45.3
270 50.7 56.8 40.5 270 50.9 53.0 40.7
360 54.3 54.3 40.9 360 54.0 55.4 44.5
0 156 134 224 0 156 134 224
90 153 186 211 90 159 160 167
i3 & (MPa) 180 150 148 144 #h 7% & (MPa) 180 153 163 101
270 192 168 142 270 160 167 105
360 155 175 116 360 139 160 103
0 7.32 7.27 12.98 0 7.32 7.27 12.98
90 ¢ 8.46 12.74 90 7.81 8.34 12.90
B TR (GPa) 180 7.32 7.32 9.93 #hiT M (GPa) 180 6.99 7.62 7.97
270 7.69 6.94 9.08 270 6.94 6.86 7.47
360 7.62 7.74 9.20 360 7.04 8.11 8.90
FRP FRP
FRP
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FL, F e T E,A F ot E: P/ Fu |EAVER
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000 Flexural Failure Mode and Ultimate Moment of FRP Reinforced Concrete Beams
after Sustained Loading

O (1 {Z.WANG,0,JOH (Hokkaido University)
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CR:faulure in concrete crushing followed by rupture of rods
R :failure due to rupture of tensile rods
CRS:failure in concrete crushing and shear followed by rupture of rods
SR:failure in shear followed by rupture of rods
O0OFRPODOODOODODOODODOODOOODODOODODOOODOOODOO
ooooooooooon
0 O Table 1 The paramaters of test specimens
[ Reinforcement a ; Conerets - | o
Tl |1d = Elastic | Tensile Di"m":ur !‘u:E::,::::nL Flustic: BT Tensile Rﬂ:;:;[;--“-
£ cul|1:1ra- maxlulus | siraopth (“_]m" rtn | madulus I;:.:El:u stregnh | Facior
specimen Liom FiGPa) | £ Py nu;hur FRE] iE‘EGPa].;J{h:Pa] FaiMPa) g
m &) & i) {51 {A] Mm@ [T {10
L1, 51 |GF-8-R9 | 467 | 1240 | Bx5 | 0.793 26,2 | 388 | 300 | 253
802 AF-D-B 75.3 1540 R (0.305 3.1 218 | 2.1 18.2

L4, 84 |[AF-B-T.3 8.1 1775 | 7.3%4 | 0532 154 | 413 2460 226
13,55 |CF-D-8 1255 | 1730 | ax2 | 0308 234 WA | 259 | 143
L&, 856 CE-5-7.5 1213 2210 [ 75=3 0276 242 6.0 2.67 lat
L7, 57 |CF-B-7.3 102 | 2360 | 733 0.381 Rl i1.8 284 115
LB 58 |CF-5,-2.9 1407 16U B3 (La58 24.1 6.3 2.52 1.3
L9, 80 (CFy-5.-B% | 196.1 12460 gx3 458 42 355 2.72 15.3
L1, 810 [SD345.13 196.3 6594937\ D1a=2| 117 e | 3Tl 274 1564
= Yield sirengih of stzel einforcement
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Fig. 3. A two-dimensional model of DCB specimen and Distance from crack tip along x-axis , r=, mm

the magnification near the crack plane.
Fig. 9. Distribution of o, /P ahead of the crack tip in

the composite model II.
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Fig. 10. Distribution of o; /P ahead of the crack tip in

Fig. 6. Distribution of normal stress, o,, ahead of the
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