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The Prediction of Fatigue Behavior using Cyclic Creep Concept of
R/C Beam Strengthened with Steel Plate and Carbon Fiber Sheet

S Rth 25 g -
Sim, Jong Sung Moon, Do Young Park, Kyung Dong
ABSTRACT

Fatigue strength of concrete is ususlly presented by the Wohler Curve. But, new dimension
T(time) from the view point of cyclic creep concept should be considerd. This paper
presented four variable F-N-T-R relationship, this four variable relationship simultaneously
accounts for the time effect and the effect of load rate. And analytical models are
presented to predict fatigue strength of R/C beam strengthened with steel plate and carbon
fiber sheet. Also, the correlation between the ratio of stress and the fatigue life was
investigated.

1.4 B

HI 50 ITTIZYUE FXEY A8 4T B=IE S 5Hoz g i7&%‘ﬁ°] ERCS
Hi eon ol RAARS g 2 AFTEG dF AFEC] FF ZTe A2HFe
T3 243 AYPHL Yo FAHLE FHI{FT At Aol YoM HFPA /\}"8‘% o 7}t
A HEATE B3AY £ M H A7E 58 21 AT S AHEnA e 22 A7 #3945
I Jon, wEEF A Y HMd doAMe & FTFEENM H L& =W Wohler Curve(F-N
Curve && S-N Curve)& AH&3to H2&4ASF 9 24y oF 59 gYg HYdA m=

A%E BASD Utk
$AW SR AN AZZEARA BEHF AstA ANALN) B 13T B, OGE o
d WEEe 9%¢ £Y99 A7E BN Ago|ch 53 FAgETze ASE 2rEdE 8Y A
2ol g4z FoAE WAL BYIA AZNE EQe] FaMel WS Atk Ade A3 7
289 W2 5942 L AT nFe) o] FUR TE WY & At A4S WEsD Yok
gety g A7l HEZZE ARAE AZA Axe} FUF QA7 N2REE AR RTR
« A5Q, BPNR EL . 2AT} 24
o R84, BYURT ES - $AFHY ARY 21
e B9, BIURT EL - SR T A4AHY

23] =3 555

e
il

20039 & &



ARHD G2 RAFUE F 48 % G2HKAER 278 AU A2292A02yE A
AAde £9ste] F-N-T-R 8792 fEsgon 1 A3422 A3 4Psgch £3
F-N B84 $gu(®e) Ba oz dgut AS3e 53 3348385 L S$2ARAT
59 9¥2 nASHA.

2.4 8
21 A
B A7oA AL E AP 24me] BIEAYE R ety $EHFEE BANE R BPLolE
Hyg dgen BAAEE 287 a2 HFHEC]F CFSE 7t AHEANT B3dels zhzte
Azl chsh 1.5me}t 1.9mE AHESAch AFE AEA 93 € B FEFe ¥ 19 2o
B 1 AYAe HE Y 2UHY

AldAly 33 BAAE 77 el(cm) AlgA 53 HBRAS RSl

C-0-60 S-1.5-60
C-0-70 s 78 $-1.5-70 I w 150
C-0-90 $-1.5-90

F-1.5-60 S-1.9-60

F-15-70 44 f-sheet 150 $-1.9-70 A3 190

F-15-90 S-1.9-90

F-19-60 »PF)RFAEE FA

F-19-70 &2 f-sheet 190 1. 729 @ 23mm

F-1.9-90 2. ©aAdfrsheet : 0.22mm

22 A¥NSe

AP ZAYE AEAT 2lkgl/are] @& R/C E(15x25cm)E AMAS F, AFF-HA9 sd4
o RZAAE HAsAD AsteFe FHHY F3FTY 60%, 0%, 0%E FJon, Yue <
01 3= 2 AR KRG} AstEEs 3HzY S22 APA 7 B398 711 dRAQ3slged 5
At 05ton Ao 2 33 Aty 28 1S A3 2 H24dde AFE el Aok

P

010 @10 s om 1
————i
€3 Stesl pap oI
== Cancrate page
== ’ wor 22 25
- R = var.
Aoris ,,S,,z,,, 5 T
L 175 ' 175 as N sl
™ 2ROl (var. ) K
bt fe

**
20 200 2

28 FNDEAY ¥ TR HE

3. U8 32|32} S-N Curve
31 ytEagze &g

Bazante Adleo] X T pd2BE uHEEFE A9 Ae345 N dFe nd 53
AgE 298 2] (D go] MAsQH?

556 RTFHEIY/AF7E]



€ max — Ee+5t

€.t e crees T € fatigue

=L+ iE‘b— (t'™ "+ a ')(t—t')”1+‘%¢— (¢t'""+ a)RN™
0 0

E,
_f L afu(t—tO™ | BfRN®
=+ o +—5 1)

A71A, fn P BESH, R: &5¥Y
(t—¢t") « BFAAZ, Ep @ 27) @8AF

L = EoM SAstE FA HIS I AEE HEIE 2l ¢FFoA
2od A3 B WEe #aed, S, sFAsAL, BESs o tdd AAES ¥
2 B 4 gtk o] o olF QAE FoM ©E AAEo] nl2] FHITH L7 THERAF(N)
2 2gu)(R)Y T2 Uehd 4 e AF Ao AT E 4 ()9 2ol v + Yok

emx = f(¢t, N,R) 2)

W Fol A P2

K
“

=
=

32 #EAT :

Sparks®} Menzies®, Awad 9 Hilsdorf?& & 2
AYEY W2 AE7F AR ot wstdods :'
AL w3l v Qo®. Rusch®e E3EY I3
FEE Azl B 52 dehhdoh 39 29 on iR
3= 22 o5 ANPAHE Ui !

Rusche] Al¥dxzxe Hau® 7124
Wohler Curveste gl X&) o3 Hd$
g7t WE3SE 9 AL iy 2,
10003 AFAE 7]1FL2 Low-Cycle Fatiguesh
High-Cycle FatigueZ &3 3, 4 3)34 &2
F-N-T-R #AE Attt o ® &6 R
AHdeg AFITL M-S A

i (SEC

b Lo Y
G (SECAYCLE
FOR1CYAE)

2 Stress-Time ZA=M (By Rusch)

j;'fm = ; L — 81+ y— yR)logN—alog T (High-Cycled] 73%) (3)

ATNM, fomx = HEEHFAY HALH, o = BAVIT ASEE,
o= 7eg® a = NZEEY digt 2839 7187,
B = AFAFZd g 359 7€),
y = 284} & gx+= F-N PlanedolA ¢ 71-&7] vl

0039 ¥ Shetws =83 557



L0 1.0
S £0.1200 '
~
osf-° @ T 0.94 vecrepcte 1 0sF
tmar OO €68 e 08T
| eaavew cneRETE L
fe 07+ - o fe o7} .
© Tr94 sec/cycle ) -
06} P TrOSAmcsokle Toaiame T~ 06} 06} ~]
R+0.37-0.47 o R0  CyBE _wm\’m} LIMESTONE CONCREE ~4 LYTAG CONCRETE ~J
0.5 }-SPARKS 8 MENZIES, (973 STRENGTH . 0.5} CUBE STRENGTH + 30MN/m?(4400m) 0.5} cusE STRENGTH » 20MN/m2 (290008 -]
SoX 4 X0" PRISM IN COMPRESSION
04 (103X 103 ¥ 206mm) 1 1 1 04 1 . i n 1 0.4 1 L 1 1 1 L
[s) | 2 3 L S 6 T logN o 1 2 3 4 6 log N o } 2 3 4 S 13 T logN

-]
a8 3 ml2ATolMe AjZt eixl T2 1 (By Sparks and Menzies)
4. HotAl 2 0|83t m=2Z2x MF

2 ARdAe FEZ 2 RZE R
F-N-T-R #AE Hsu®d 93 AAg BAYLS o
71Bo 2o AASAY. of W Z7|FYuH=
Rusch®e] NdZAFHERE Aoy, o« 2 BE
Hsu®< who g ztzte] g2uld w& geixe
F-N HaaoNel 71&7] vle A8 AxPan
B =&k

a2y 22%H logle®td AR & F /. =
0.75 o2 [ =f 2 3™, A&sFd dd &
gule 2 ()t o] AAHD) o] W §F, A3} |
0% Ao A 22 HF2 dehd 329 49 2 -
%‘-q {sec/cycle)

log N
(cycle)

18! 4 F-N-T-R 24

f’l — f’c

I sus I sus

S=AsR 50 we} QSRS HAEe 2782 R = 194 o = BolH, logl0®5d10:d)
A#A F-N 2 F-T HaAdAe 71&7e 4 59 2o

=1.333 (4)

AG AG 0.333 0.0392

e= 8= 3¢ = Gc T 850 - ©

o714, ¢FPule] e gk F-N FagolAe] 717 ud y& APe2RE & 29 2] 2
hale
I 2 AEAo oE 3ol HE

A [asme | B3A7 RN o | B | meas T | R
C-0-60 425,882 5.6293 141,960 16512 S-15-60 | 757,800 5.8796 252,600 15274
C-0-70 111,014 5.0454 37,005 S-1.5-70 469,572 56717 156,524
F-15-60 98,660 4.9941 32,887 20127 5-1.9-60 35,717 4.5529 11,906 23126
F-15-70 51,285 4,7099 17,095 5-1.9-70 15,180 4.1813 5,060

558 HFHI/AT7NE]



A5 4 3)~6G)% & 29 gt A&EEHF(f ool e HASB(f)BlE 2] 6)F Zo] 5. o]
g 2 WAXNY F o= 0.75f 23EH FH235s Jehid 4 (13 2o
Smax

T = 1.333—-0.0392(1+ y— yR)log N—0.03921og T 6)
S = 'jffﬁ = 1—0.02941+ y— yR)log N—0.0294log T (7)
A (D F224H HEREAE 2481 100943 A2 HE2REE A A oLy, Y
o2 AgHE Wohler Curved ©] &3 H2xs) vlasgtgen 1 d34& F 34 et
I 3 AMEE D222t Wohler ¢intel dlm
54 o3 0 H2RE (%, @) L #
AgAl 33 A e A Az o O 2w 06 D oSt D)
C-0 1-0.0735log N-0.029%4log T 57.61 61.6 3.99
F-15 1-0.0820%1og N-0.0294log T 51.66 57.2 554
F-19 1-0.0854log N-0.0294log T 50.13 56.7 6.57
S-15 1-0.0704log N-0.0294log T 59.30 63.2 3.90
S-19 1-0.090%10g N-0.0294log T 46.92 546 7.68

5. 2AHE I E
51 AgAle] @& N-7 <o Aaa

Hsu®7F A2 & 712 7oz R, B dFdX dA $3u] R=1¢]4 R=07}x AgHo=z
stk HRskel P2 =S 2433, ol CEB-FIP MC 907dA dojx 19 59 $gHlq
UE A fFAsiY a8y, AR FREAAM Y BEIHFASA AFAFe e J2ERTE HW
PHog AFFo] B2 AFE g3 ¥ A vl ) oy T AR FF AU FUF S5
F-N guAe] 7]187] H|Q ygte] vl Fo e vehA 28 AZE 4 9oy o] ¥A4g B ﬂ?
A dojd 19 6& T3 FIY 5 AU

a3 6ol 9 o] APH o] WE N-y 9 4o#AE Hsu®7F A 1.259 & ©t2 A A|FAd o}
gt A8 Gt ZESFE, SYSFF B2USFE L FF FoEe A4S RYon, H2Ax
 RE AgAd o] F 301A 9} 2o] Wohler CurveE ol &3te] 239 Bazzro 24 e
stk

©

E Sc.mn 7 ——c-0
v 08 0810 R s
4 B
5 | (-1.6
—3 06 K‘i\ 06 P et e K = *
g \\ N~ | 104
2 04 ~ o2 a
3 - : .
e 02 0
1
0 o
0 4 B D NN B 0 0.5 1 12515 2 2.5
log N
08 5 1A S-N ZHAH(CEB-FIP MC 90) 02! 6 N-7 2| AR

200395 ¥ sheuRd =F3 559



52 dFAEE 9

F2AETY FFL A7) A8 2L vAxdoT ARy
o, A} 2Hz& =2 AP vt Y= 1.9mB B4 F AJPA .
o yRE Vs 29 73 o] nmsgch s

29 7 WAHeE BE AUAL AL ol AW |
Woll ¥y gto] EAT Yee ¢ F Aon, 2Hz2 ASE Al .
Ao AL dREe) ANPA7F 3Hz2 ASH @A) vlg
Be %L YehiT LS & 4 9th ol= WE 5@ 8 o s 1 1s
Z A8 499 dedzst v ASR A gL A8 7 SISHSSIO -E Wt
VRt

6.2 &
B ATANE 28 ¥ BAURHER B2 AR NZYPIRLRY wEIeze) A2

e =gsel Qoln e aodw e g

D 2 dTdME 924EE SRS GRBR FFBAZ ejse AEY AroE 2l

==

vl 7HA MSE e 34 S ez ddsiaag.

2) & AN#EA s F-N-T-R A2 Ry FHE FHazdse dirdoz Algsls Wohler
Curved o] &3t FAE TPzt ZA yeistc. g3, Wohler Curvedl X+ F-N-T-R
AANL2RY FIE H2EZERY 3o P AS5E ¢ F AN

3) &¥Hd W& E@X = F-N Plane dolAe 71€7] vl y o nd& 53 AsgE 274 o
& 273z Hidgy Ags gelsyen dutiez AQaAFrt FAEFE, S¥FF) ga
g5 y7t FUleke Ao2 gyt x3 dFA4EEY Sl e y2gest A 245
€ ¥4e gl

ek

1. 434 5, "% 2 94 F sheet RZE RCRY = AFH @B |3
B dewEs =33, 1995, pp. 319-324.

2. Bazant Z. P., "Mathmatical Modeling of Creep and Shrinkage of Concrete”, A Willy Intersicience
Publication, 1988, pp. 153-176.

3. Sparks P. R. and Menzies J. B. “The Effect of Rate of Loading Upon the static and Fatigue
Strengths of Plain Concrete”, Magazine of Concrete Research (London), Vol 25, No. 83, June
1973, pp. 73-80.

4. Awad, M. E, and Hilsdorf H. K., "Strength and Deformation Characteristics of Plain Concrete
Subjected to High Repeated and Sustained Loads”, Civil Engineering Studies, Structural
Research Series No. 372, Department of Civil Engineering, University of Illinois, Urbana, Feb.,
1971, pp. 266.

5. Rusch, H. "Researches Toward a General Flexural Theory for Structural Concrete”, ACI Jounal,
Proceedings, Vol. 57, No. 1, July 1960, pp. 1-28.

6. Hsu T. T. C. "Fatigue of Plain Concrete”, ACI Jounal, Juy-Aug, 1981. pp. 292-304.

Comite Euro-International Du Beton, "“The Text on Behavior, Design and Performance”,

CEB-FIP Model Code, 1999, vol 1, pp. 52-55.

3

R EREE

=

560 HFHIY/AEE]



