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ABSTRACT

Prestressed concrete structure including steel with mechanically high stress
and concrete section is structure that can be efficiently used when compared
to general reinforced concrete structure. Also, it has an advantage that
flexural strength can be increased by disposition of tendon. However, if this
structure is exposed to poor environment, loss of structure internal force due
to corrosion of internal tendon and increase of maintenance cost due to it
have been a problem like general reinforced concrete. As a result, research
that uses FRP(Fiber Rienforced Polymer) having excellent durability against
corrosion and high tensile strength as substitution material of steel tendon
have been actively progressed.

At present, most research investigates about static behavior in prestressed
concrete beam using FRP tendon, and research about fatigue is very
insufficient. Accordingly, this study is to examine stability under service load
by manufacturing the prestressed concrete beam having internal bonded FRP
tendon, and to examine the prestressed concrete beam using existing steel
tendon and fatigue performance.

Repeated load was decided in load ranges of 60%, 70% and 80% on the
basis of 409 of ultimate load obtained though static behavior. The repeated
load was carried out in ranges of 1~3Hz according to the 4 point loading
method by using sine wave. fatigue limits were supposed as 1 million cycles.
As a result of fatigue test, failure of a specimen using FRP tendon was
initiated from fracture of internal tendon due to stress concentration at
fracture area by the repeated load in case of the specimen with load ranges
of 40~80%. Also, the specimen with load ranges of 40~70% showed partial

bonded failure that cover of concrete tensile area was dropped at about 0.65

,iX,



million cycles, but it didn’'t show fatigue failure until 1 million cycles.

The specimen with ranges of 40~60% didn’t show fatigue failure until 1
million cycles, but it was found that horizontal crack in a direction of the
tendon was generated and bonded force between the tendon and concrete was
degraded as repeated cycles were increased.

This fatigue test study showed that the prestressed concrete beam using
FRP tendon was safe against repeated load under service load.

Fatigue strength in case of repeated load of 1 million cycles respectively
showed 69.2%(about 30% of stress ranges), 59.8%(about 20% of stress
ranges) from S-N curve of the prestressed concrete beam using FRP tendon

and the prestressed concrete beam using steel tendon.
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Table 2.1 Properties of Steel tendon and FRP tendons (-8 3% 1999)
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Tensile elastic modulus (ksi) ;8880 65(%)0 2222(%)0 Z(l)ggO
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3. FRP Z2I& A o] H=LEX|

AAFA = ARESte A wet EA AREST PS A AS A7
A2 AFGAR, YALB 2 55 FE ARESHH, FRP 1173219 45 #7139
Split-wedge A% Al 2¥l  Freyssinet cone¥} H|53dF 922 Pug-in cone %2
Al2=dl sleeve ol B Z-& A9 Eo] A ZSI= Resin-sleeve A2 A 2=H®l cone
& sleeveol| S A9 A2 3= Resin—potted G2 A28 Fo2 A4 vs

T AUt Fig. 22% ACI 440R-07¢] 1 FRP A244A 5 yebdl Zojt
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2) Plug and cone anchorage
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3) Straight sleeve anchorage
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4) Contoured sleeve anchorage
Fig. 22(d)ol~2 #°] contoured sleeve anchorages straight sleeve
anchorage®} #& FAS o]Eth. F A|=HIZFe] F23 Ao]i= contoured

sleeve?] W&
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5) Metal overlaying

CFCC¥] die-cast wedge systemolA & AFo|A FAo] Adx 22 A Zsl=
2 54 f1A9d A tendonol WE FEZF £0171HA 871 93] tendone] A eo]7}t
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ZHHA (SR A A e AE) dEo AREo] AgtE T o] anchorageol 4 S5 -
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6) Split-wedge anchorage
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o7 UE F duh Zay e 4EH wedgest tendono] ZFH AZA® Al~H
7 wedge¢t tendon Abolell sleeve”’} AF&% Al~®lo|t}h wedge anchorages
Steel tendone A st=t] de] AHEHA R FRP tendong AHEE wie= Zol&
S7HAI Ak ek o= tendonoll A €] #&-=S Fo]al tendonoll A ] slipE 27
$al wedgeoll Ao ARA7E Azt &7 wjEolt}h. split-wedge °§ 7 & ] ol

A barreloll 71 YA = wedged FE 2~67/71A sttt Wedged 8 5

= F273 o]FE tendong| HMAMFS] WA o] F8-HS A BAHA 7] 7]
#stolt}t. Grippinge] WAYEES wedge$t barrel, tendon Alolo A w23}

Steel Plates
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190%6%6%%%% 09026 %0%6%6%6%%0 %% % %%
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Conical socket
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Multiple rods
Sleeve
rod
j\\ : > -
w B
\ ' i ] '
Resin
Conical
(d)
Resin
rod Sleeve
\‘ = 2
(e) - ‘

Conical

[ Z 1
Wedges

Fig. 2.2 (a)Clamp ; (b)plug and cone ; (c)resin sleeve ;
(d)Contoured sleeve ; (e)metal overlay ; and (f)split
wedge anchorage systems(ACl 440R-07)
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1. 438 A3

& A
1. M
= /‘\
AdH S

= Table 3.17 #o] Steel? FRPE Ui {2 NAAQN= AFL3 g
2EY2E ZAYE HE AZXSNT =2 Y2 47 44 HdYs A L

o FF @2 ol g3tel WEHF WNT Y T 2P Ak

Table 3.1 Experimental parameters

Parameter Specimens Internal tendon Load ranges(%)
static PFUO -
PEUB0 | 2 ¢ 9mm, A, = 141.68mm’ Rl
FRP
fatigue | PFU70 fy =041, 40~170
PFU60 40~60
static PSUO -
PSUROD 40~80
2% ¢12.7mm, A, = 197.42mm’
Steel PSU70 40~170
fatigue f =0.7f pu
PSU65 40~65
PSU60 40~60
¥P F U700 : O ZY2EH2E B @ S UF Steel 1A F: U5 FRP 14A)
DO ® © U: FRZAFA
@ 0 : AAHAFA 60,7080 @ FIZ A A HdlstFHSA

,14,



2. AEA A=

Fig. 3.1& & A3 Algd AldA @i 2 LS Yebd Ao 24me T

g B2 AFsA. AldAls W I3 AE FRP tendon¥ Steel tendons ©]

B2 Steel ZHEAEH A
ZJE Hel H23g 3 AEE AR
T AEYAE ZAYE B} 2 3 FEE NAEE o 12 ZEE Huw

317] $lsi o] o}

@
Lo
ol N
o)
(@)
Lo
120
Steel tendon FRP tendon
[unit : mm]
< i 4 2 4
4 4 7 < ’
4 Q < <
1 N
150 2100 150

2400

Fig. 3.1 Dimensions of specimen
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Fig. 3.3 W4 713 Al stain gage
o] wj1zg 7] wjtol strain gage
Aol A FFHE Eol7] 9@} FRP
E2 A E4
of 2704 F-2tekdth. 28k strain gage §oll+=
Foll Heolz= a4 IFAE i Aok ZAHE B Al BE & 5 9]
e

FES ol&dte] AAstaL o] % #wEE o]&3ke] Fig. 34 &
detath odS fsiA= 9,000~14,000 Hz/mine] %52}
oo Hed gdPgoew Qgu Eert do

1.6mm ANZS 72t= AF71E5 AR
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Fig. 3.4 Casting of concrete
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Table 3.2 Concrete specifications

ZA e FTFo e FE ZaYES & FA
PC
A 7% (MPa)
35
<% 2 (cm) 15
F2 ZA HY X<(mm) 25
AHE 57 15 B% ¥Ed= AdE
T 7 4.5+15%
A3t E = 0.30kg/m’ ©] 3}

Fig. 3.5 Compressive strength test

Table 3.3 Results of compressive strength test

Specimens Failmre Ibad'd\l ,—' .essive stress(MPa)
1 274,522 34.96
2 280,255 35.69
3 285,595 36.37
4 276,486 35.21
5 291,404 37.11
Average 280,778.7 35.76

AZE SDA00 s HIom AL

&
[>

Ege HI0Z Algalin. Ao

o1 A1d Ay Table 349 2}



Table 3.4 Test results of tensile strength of reinforcement

Tvoe Diameter| Yield load|Yield strength |Elongation|Ultimate load Hli‘zzﬁis
P (mm) | (N | 02%) (N) | (%) (V)
(GPa)
Reinforcement
(SD400) H10 41,382.0 41,7529 20.03 49,794.1 197.34

3) FRP 1177 ¢k Steel 1744
(1) FRP 717

B A7l A A18F FRP 1471 1447)

AT KICT 084 o

o ZERddE AFE AHSS

Fig. 3.6 Shape of FRP Tendon

Table 3.5 FRP tendon specification

T Di ter( ) Area Tensile strength Ultimate Elastic modulus
e | e e (mm?) (MPa) elongation (%) (GPa)
rod $9.5 70.88 2500 1.8 135

FRP 17&Ae] A5 dd7Ied dolA Azel Hg v=zdds A s

g A3e v ZFEHS 40% nAstn, AY 32 FEH S 80%E do] A

Lo

719,



e FAstdth 92 43 A= Table 36% Zom, 92 ZEH] 40~68%°]
AlERE 20098 o Fell M v Zahvh i AskA] ekt

Table 3.6 Result of fatigue test (114 7]& <1<, 2008)

Patzleee Load(N) AStress

strength R N
ratio(%) Max Min ALoad (MPa)

80~40 137.20 68.60 68.60 967.80 0.50 2,714
71~40 122.50 68.60 53.90 760.42 0.56 1,421,084
70~40 120.05 68.60 51.45 725.85 0.57 35,482
68 ~40 115.76 68.60 47.16 665.36 0.59 2,000,000
65~40 111.48 68.60 42.88 604.88 0.62 2,000,000
60~40 102.90 68.60 34.30 483.90 0.67 2,000,000

(2) Steel 117

v

Steel 1A= =l D AAolA] A3 Ze]l~EgAd g Fdxdoz SWPCTB
S5 A4 127mmE AFE380 Tl Table 3.7 Steel 71419 o3tz A4S

b 7 o]},

Table 3.7 Steel tendon specification

Diameter | Area Yield Vi Tensile Elastic
Type 2 - modulus
(mm) | (mm?®) | stress(MPa) |elongation(%6)| stress(MPa)) (CPa)
1x7
$12.7 | 9871 1798.8 432 1894.4 200
strand

4) strain gage

A A AA B g s i AFAY WEES SAsSY] flste] d2
< ol uF FRP 1A 9 Steel 7174219 Sl strain gageE ZH7 271
A F2stloh 12la o] 5 FRP 1A= 243 Hd jacking forceol ¢gF FRP
40 WP ES S457] At &F 0GA Tl 22 218 F-32skalTh

Strain gaget™ A9 mWS Wiy A A 3 & CNEEE AFE3ste] FZ

il

,20,
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2 E]

Table 3.8 Steel strain gage specification

Gage type

FLA—-5—11
Gage Factor 2.11+ 1%
Adhesive P—2

Coefficient of Thermal Expansion

11.8 <10 ¢/°C

Temperature Coefficient of G.F

+0.1+0.05 %/10°C

Other

Tokyo Sokki Kenkyujo Co., Ltd.

Table 3.9 Concrete strain gage specification

Gage type PL—60—11
Gage Factor 2.09+ 1%
Adhesive IS 2

Coefficient of Thermal Expansion

11.8 <10 ¢/°C

Temperature Coefficient of G.F

+0.12+ 0.05 %/10°C

Other

Tokyo Sokki Kenkyujo Co., Ltd.
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Fig. 3.7 Hydraulic jack and compression process (714 7]+
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Tapered length : 40mm
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Fig. 3.8 Sleeve production (A4 7]+
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5. Prestressing HitH

[t
m
[>

Yg2EY2E EY3t7] A8 A 112 Hydraulic jack(Fig. 3.11)<
ARESe] A s Fig. 3.12% Ul FRP 7178 A9k Steel 717A o Zg]~E
Rl

| dat7] fe Has e

Av)

il
k1

Aotk FRP 1A= AH jacke = 1%

1- O

>

N
2
ftlo

_I

T3] oJHFE=Z sleeve?}t tension rodE coupler®z A ZAZ 3o
tension rodE &3] FRP 71 Ao] Zy|~Ed 2~ =933
a2 31 Steel 1A= jacks o83l 11433, wedge anchorages AF-83)

of 1% 8 A st Fig. 3133 #o] 1A ZelAEdAE =AUt
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Fig. 3.11 Hydraulic jack for tensioning'

Prestressing Chair

FRP tendon N —-I —
7, % \IlllllllllIlllllllllIlllllllllw{I‘lﬂlﬂﬂlﬂlﬂlﬂl

coupler Tension rod

Fixed side Tensioning side

Prestressing Chair

wedgelapchorage [
Steel tendon L —H
\ jack —H

— wedge anchorage
Fixed side Tensioning side

Fig. 3.12 Jacking of Steel and FRP tendon

Fig. 3.13 Jacking of FRP tendon(left) and Steel tendon(right)
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2) Data =4

2 A8 A dolE Fx¥L wrE3Ss 100, 10°, 10, 10°, 2.5x10°, 5.0x10°,
7.5x10°, 10°8]] 4A Age AAse 5y AW, FAYES] WP E, WEe
R NFA ] WMPES HES FHAHIESHVE FA SAHsAH, =2 2
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LT ;;‘ ;
(a) Dynamic strain amplifier(MDS-16) (b) Computer (MDS 2000)
Fig. 3.17 Date acquisition equipment

Strain gages

Strain gages on
on concrete gag

Internal tendon

LVDT for deflection/ —~—— Dial gage

2

Fig. 3.18 Arrangement for date acquisition
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aggregate interlock &9 H33 dAo] dojue= Aoz & A ot & 34

A A AAE A E+E Fig. 413 #o] Hognestad =rA ol A3 A|lAlH

Table 4.1 Properties of materials

Concrete Steel FRP

Elastic modulus (MPa) 27,226 200,000 135,000
Compression strength(MPa) 35 - =

Tensile strength(MPa) 35 - 2,500
Yield stress(MPa) - 400 -
Compression ultimate strain(e,) 0.0038 — -

Max. tension strain(e,) 0.002 - 0.018

A

®

Fig. 4.1 Concrete uniaxial material behavior
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, € e\’
0< € <€, fe=fe [2(6_)_ (6_) ] (Eq. 4.1)
€. < € fe= fc,[l_Z(e_GOC)] (Eq. 4.2)
A, f/e ZAaEY A& GEAE, Z= AU GFFE olFo FirelA
o

o FHET B 71871, 6= AR FFE =

el Aoz 78 & olrh

€5 2 (Eq. 4.3)

4714 E, = 3 27ddA5
ZAYE Y=o AZAFL Fig. 413 o] A57t AABE o]F w7

Ao, 2 Foll= Adew fHists A= 7MY, Za2E AA A

2Gf
€= (Eq. 4.4)
L Al
G, ZAYEY I X
l 3+ & 2] =42 o](Characteristic lenth)
f, :2aded A4Aw
2) 2 &

Ao AE2 Fig. 429 o] F5SH(f)o =2t del= AF & A
o Holn & Fo= AR A Yo whet kA 7 E (Perfectly Plastic)
olv} A8 W3 &7 3 (Linear Strain Hardening)® A%< UEE Aoz 714

~
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Fig. 4.3 Stress-strain curve of FRP tendon
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22| (modelling)

E+= ABAQUSOIA Alsst= E8l= 2491 C3D20RE ©]-&ste] Fig.

44(a)et 2ol Rdgsian. 28 BAAR] d=HIY 2EZS Fig. 4.4(0D)

ODB: psc-1129-4.0db  Abaqus/Standard Version 6.7-1  Sat Nov 29 11:50:32 GMT+03:00 2008

Step: Step-1
Z/L‘X Increment  18: Step Time = 1.000

(a) Concrete modelling

L4

|
—L!_.

I
= |
-

| o=
==
=
[
|
—
|_
‘= |

ODB: psc-1201-10.0db  Abaqus/Standard Wersion 6.7-1  Mon Dec 01 21:35:07 GMT+09:00 2008

L Step: Step-2
¥ Increment 15 Step Time = 1.000

(b) Compression reinforcement and stirrup modelling

Fig. 4.4 Modelling of reinforced concrete beam
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1

' ODB: psc-1129-S.0db Abaqus/Standard version 6.7-1  Sat Mov 29 14:10:04 GMT+0%:00 2008
¥
_.Jg Step: Step-1

Increment  16: Step Time = 1.000

Fig. 4.5 Loading point

3) FRP 11#&A ¢ 711342 =9

FRP %177 ¢]
FRP 17Ae] WedE 1
(945MPa)< Fig. 4.63 #o] I

T AFA ] &Y BX BES e Blojth

ODB: psc-1129-4-1.odb  Abagus/Standard Version £.7-1  Sat Nov 29 12:07:12 GMT+09:00 2008
Y

Step: Step-1
)—J( Increment  28: Step Time = 1.000

Fig. 4.6 Prestressing force transfer at FRP tendon
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Strain (x10°)

l

0 50 100 150 200 250 300 350
Time (sec.)

Fig. 4.7 Jacking strain of FRP tendon

5,511

(Awg: 75%)
+4.250e+00
+1.462e+00
-1.325e+00
-4.112e+00
-6,900e+00
-9.687e+00
-1.247e+01
-1.526e+01
-1.805e+01
-2.084e+01
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Fig. 4.8 Effective stress of beam(mises, 75%)

3. oA (Analysis) Z I



AT Y AT FEolA AolE Holuh fARSE AEE Hth AP A
Ao F38tFS 18kNI u] 14 %= 1945kNo. 2 oF 3% 4o Qx5 HATH
Fig. 4102 F3eolM e $HEELE Yebdl Aola Fig. 411 FR
o BAHETo &2, Fig. 4129 4132 =3 Ao dd 3o #¥X5 Yy

w
™
o2t
=

15 _ET oo

10 B ot

Load (x10kN)
‘b‘;@»
%

5‘?/
5
7
K ©— Test
? --E--Analysis
0 s
0 5 10 15 20 25 30 35 40
Deflection(mm)

Fig. 4.9 Load-Deflection curve of Test and Analysis
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Fig. 4.10 Stress of concrete at ultimate state (mises, 75%)
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Fig. 4.11 Stress of FRP tendon and reinforcement at ultimate state
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Fig. 4.12 Stress of concrete at ultimate state (s22, 75%)
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Fig. 4.13 Stress of concrete at ultimate state (s11, 75%)
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Yo ABEH FHHE 2 sk FUE ebd Aol
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Table 5.1 Test results of static experiment

Ultimate Ultimate Ultimate strain of
Specimens| strength deflection Internal tendon Failure type
(KN) (mm)* (<10 3)s=
PFUO 192 37.68 8.4 WH-FRP u}¢t
PSUO 179 22.71 4.8 o1 ¢t=yly
* Deflection at ultimate load, x* Increased strain from effective strain

Fig. 5.1& FRP 1HAAZ o] &3 AdA(PFUO)2F Steel NHAS o] &3 A&
APSU0)S sta-AHFA IAolty, 2 ZoA el vlel o] FRP IFAAE
1=

o] &3 T AEYXE FAg

kil

RP 1A E o] &3 AFA(PFU0)S 23] HFEl= T FRP

F
gAY Rz A¥ wA} BAYRGT, Stedl AFAE ol FF AGA

—

(PSU0)e] A ZagE9t 1144 Alole] debonding WA ¥ ZAYE d=3
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Fig. 529 #Zo] F AlgdAle 9 A ¥4 E5S 2¥W FRP UGAE o] &3
AAA(PFUO) = 7] ¥ olF dt5 Astzilel Ao Mz dd& 2
ABtAA EETE B ¥ Steel IIEAE o] &3 AFAPSUOE 27 TIH

ol st Aol o2/ F FAZ sl 4¥ FAAAA Yk
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15

Load (x 10kN)
>
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Fig. 5.1 Load-deflection curves of static test
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Fig. 5.3 Real view of static test (PFUO(left) and PSUO(right))
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Table 529 53 2 A3d A#yE Aest 24 FRP 1FAE o] &3 =g
ZEY2E FAZE Ho} Steel AFAE o] &5 ZYAEHYAE FAYE HI
.g_ 1=

2 A3 235 yed Zejth. FRP I1ZAE ol

E wo vz dde AAdddy oM e Fasks 192kNE 7[=o= 4
0~60%, 40~70%, 40~80%= t}ro]l A& dAadrh FRP 1gA4& o83
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ZYUAEYAE ZAYE WO H& ZFEe vy $3 Steel 1A A o] &3
LYAEYAE FIAYE HO 2 AFgS F3stF 179kNS 7o =2 40~
60%, 40~65%, 40~70%, 40~80% = o] I = 23S AASAT.
Table 5.2 Summary of PFU specimen fatigue test results
Resident Max. Crack
Specimens Proax | Lin olgucm]gleers deflection | deflection | width | Failure type
(kN) | (kN) y (mm) (mm) (mm)
1 0.84 i®. 7% 1.05
10° 0.03 12.77 1.08
10% 0.14 12.9 1.08
10° 0.04 13.65 1.07 .
PFU60 1152 | 76.8 2.5 10° 0 1375 1.10 No Failure
5% 10° 0.02 13.86 1.11
7.5%10° 0 14.71 1.16
10° 0.06 14.83 1.17
1 14 19.16 1.18
10° 0.44 19.72 1.27
10* 0.1 19.77 1.27 2 &
10° 0.55 20.77 1.30 55} 57} 37
P 134.4 . T
il 3 . 2.5x10° 0.12 22.76 1.44
5x10° 0.37 24.49 1.48
5x10° 0.06 26.7 1.51
[ 610 No Failure
10 0.04 30.42 1.52
1 1.25 25.7 2.64
5 FRP
PFUR0 156 | 76.8 A4 s
10° 1.42 26.6 3.45 i =
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Table 5.3 Summary of PSU specimen fatigue test results

Resident Max. Crack
Specimens Proas | Linin olgucm]gleers deflection | deflection | width | Failure type
(kN) | (kN) Y (mm) (mm) (mm)
1 0.6 7.0757 -
10° 0.22 7.452 0.03
10* 0.12 7.888 0.04
10° 0.12 8.143 0.04
PSU60 | 107.4 | 71.6 - No Failure
2.5%10° 0.16 8.406 0.06
5% 10° 1.95 12.583 1.24
7.5%10° 254 15.938 2.01
10° 3.12 20.17 3.24
1 0.49 7.929 0.56
10° 0.66 11.015 0.85
PSU65 | 1164 | 71.6 10* 0.78 13.981 1.12 1.3} 5 3]
10° 5.75 22.094 2.22
2.5%10° 12.58 35.954 4.15
il 0.14 10.798 0.80
PSU70 | 1253 | 71.6 10° 35 18.592 1.73 1.2 5 3
10* 15.6 51.583 5.39
1 0.12 12.84 1.57
PSUR) | 143.2 | 716 Bzl 5 5
10° 7.96 26.941 3.52

1) FRP 213A&

(1) PFU6G0 A& A
PFUG0 AlgdAle] wkE 3l HElE PFUO Al & A <
sttt HA dFS 768kNO® sl

Aol A e
sz

47 2%

.
=3

)
o

359 40~60% =
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Fig. 5.4 Load-deflection curves with the number of cycles
(PFUB0)
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Fig. 5.5 Max. deflection curves with the number of cycles
(PFUB0)

Fig. 5.6 Test set-up before experiment Fig. 5.7 Crack propagation
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Fig. 5.8 Crack after 10° cycles Fig. 5.9 Crack details after failure

(2) PFU7T0 A & A
PFU70 A @A+ =359 40%~70%(76.8kN~13.44kN)& wt&Ests o= A
d= AASAT. Fig. 5102 10082 74A] wkaelgo ¥ Al A sf5 -3 3
T2 g zoA Holx A o] PFUT0 Al@Ae] 4 tiAlZ PFUS0 Al @A

b FAE Ase B
NESIZS w2 AFA Hd AAFL Fig. 5113 o] 10'374A1E 254

S7tek oy ol Feol= ATl FASA TUIEAL FEIALL =AY %
7] TSRO Fdel AA YeErgey, 10°~ 103 Alele] wrEEFS o wA
% Astd staFelA AMZE dHo] YEhUHA #FdZo] Frtsklth oF 43
THel ol M 711G AX A r=wkeke] ddEe] WA A, oF 65530 o=
A ZAYE AR dHo] "Hox yrie FR FASIE Bk 2y
10073 7424 238 E 455y 118 A Y] v 29ty = @A 2dt). Fig.
512~5.15% PFU709] #+<9 2 vy A& veld Zlolo).
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Fig. 5.10 Load-deflection curves with the number of cycles
(PFU70)

35 T

E
&
s
"
A od
3
2
Y
]
Q '
% 3
g 15 . !
E '

10

—e—PFU70
5

1 10 100 1000 10* 10° 10°
Number of cycles

Fig. 5.11 Max. deflection curves with the number of cycles
(PFU70)
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Fig. 5.13 Crack propagation
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Fig. 5.16 Load-deflection curves with the number of cycles
(PFU80)
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Fig. 5.17 Max. deflection curves with the number of cycles
(PFU80)
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Fig. 5.18 Test set-up before experiment Fig. 5.19 Crack propagation
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Fig. 5.22 Load-deflection curves with the number of cycles
(PSU70)
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Fig. 5.23 Max. deflection curves with the number of cycles
(PSUB0)

Fig. 5.24 Test set-up before experiment Fig. 5.25 Crack propagation
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Fig. 5.26 Cracks after 10° cycles Fig. 5.27 Debonding of concrete and "
tendon
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Fig. 5.28 Load-deflection curves with the number of cycles
(PSUB5)
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Fig. 5.29 Max. deflection curves with the number of cycles
(PSUB5)
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Fig. 5.30 Test set-up before experiment Fig. 5.31 Crack propagation

Sk BV
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Fig. 5.34 Load-deflection curves with the number of cycles
(PSU70)
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Fig. 5.35 Max. deflection curves with the number of cycles
(PSU70)
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Fig. 5.37 Crack propagation

Fig. 5.39 Failure detail after test
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Fig. 5.40 Load-deflection curves with the number of cycles
(PSU80)

35
30
25
20

15

Max. Deflection(mm)

10

—e&—PSU80

1 10 100 1000 10*
Number of cycles

Fig. 5.41 Max. deflection curves with the number of cycles
(PSU80)
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Fig. 5.53 Crack development pattern with the number of cycles (PSU70)
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Table 5.4 S-N relation

Parameter S-N relation
PFU Y = 0.53959 — 0.041216 log(z)
PSU Y = 0.635367 — 0.07277 log(z)
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Fig. 5.55 S-N curve of PSU and PFU specimen
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