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ABSTRACT

The present paper focuses on the development of a realistic analysis model for the deformation calculation of
reinforced concrete beams subjected to fatigue loadings. The proposed model considers the effect of cyclic creep,
which arises from the repeated loading, to calculate the deformation of reinforced concrete beams. A comprehensive
experimental program has been set up to identify the deformation accumulation of reinforced concrete beams under
repeated loadings. The major test variables were the concrete compressive strength and the magnitude of fatigue
loads. The model was calibrated from the present test results. The proposed model allows more realistic analysis of
reinforced concrete beams under fatigue loads, especially deformation accumulation of such beams.
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Fig. 3 Flexural stress distribution due to repeated

loading
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Fig. 8 Load—deflection curves for fatigue loads(fc’: 28 MPa)

Flexural Diagonal Yield load of Deflection{mm)
Test members Pu(kN) cracking laod cracking eid foad o . . .| Failure mode
Perack(kN) load(kN) tensile steel(kN)|  Midspan |Loading point
N-S 1716 138 60.3 156.3 14.34 12.69 Flexure
MH-S 253.1 202 107.1 244.6 9.4 8.20 Flexure
H-S 3005 29.4 99.2 293.7 9.99 8.839 Flexure
Table 2 Test results for fatigue loads(R1: 0.7Pu, R2:0.85Pu)
Compressive . Pu Prax Pin Prrean Failure-
strength | oad level |y (N) (1N (N Range cycles
R1(061) L e s 061Pu 972,897
28 MPa 176 0 85? 0 oéP 0 4éP
85Pu .09Pu 48Pu
R2(0.76) (149.9) (16.6) (833) 0.76Pu 127,554
mn | omn | omm | an | e
A5 MPa 231 08P 0.09P 0465
.85Pu .09Pu . u
R2(0.76) (212.3) (236) (118.0) 0.76Pu 13694
0.70Pu 0.09Pu 0.395Pu 1,000,000
- R1(06D) 0 (205.5) 27.0) (1375) 0810 | (non-failure)
a :
0.85Pu 0.09Pu 0.470Pu
R2(0.76) (249.8) 27.0) (1383) 0.76Pu 103,163
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Table 3 Indices for cyclic creep model

> Whaley: Compressive strength(MPa)

n = 1/30

28 45 70

Fatigue 0.7Pu(R: 061) | 1/40 1/375 | 1/365

load level| o gspu(r: 0.76)| 134 | 1/32 | 1/30

TAstATh et 28 MPaollA] 70 MPa& 7]A|HA] =)=
= AR 73'0 Holgy itk $reth AejZRde] A
of YANE Fxe] F7tel 8l ARE AFES HAF

}:l

o] HFF AP nelFw gk

512 o) S5 8slel We 9

SEYITE AU WRAYE A 234 AR
A% wolFT gk olze] Fig 119 eit 9tk

5.1.3 Whaley—NeVille73 e} vl
Whaley-Nevilleo] A3t x|E 58427 oF 10 Hzo)
bl g o= ’b“%ol H2zlde] el 7] Ha
58 MY 04501312 Agto] Hof ¢ko] FAHE B
et 9ok Fig. 120 Whaley-Neville®] #|5=¢}
Azte] A@Az vHaE B wkEIEX|e] ¥
iz HojFa gl

o>
N
N

£l

il
ko

o @ of

oX.
o

(@)}
nNo
=
]
jgh
oM
=2
10
o
rII
ozt
1]

E7tael Hu

FFI
>.

e
H
X

2 #of wEay Ry
210] Table 491 S.oksof
1408 Al o
W] e w2l Jgel
o2 ey 2ol 3o

% 4 0, ® 24 =

—

A9 484
-’] H: n1J_'Jrl’12 1::—%
]

no 1t
m

=2
2} . o] AFolN B%o
ALY nHTRE 3%
hE A w7 b o 2 A
F B & 3er £ 5 gk £ 4

Bzs} Bz o WFF F/ES WuE IHS
o 2@ og 237} 2A vt B AL ﬁliﬂ 7
LR =)

53 I 2hju|e| mjn|odsty M

2 A7E wEsEel df AYs wdes Hay
23 7] 4% A72A Pz

o olg ARAA Age ATHel Zee ik
JEM, o) Ssspslol Y G A o g
Aoz Azsie, ool

i
fesi)
)
o
£
A

420

Failure point
€
E
C
°
S
2
8
2 —A— Theory
—@— Test
0

1E0 1E1 1E2 1é3 1E4 HIES 1E6
No. of loading cycle (log N)

Fig. 9 Comparison of theoretical and measured
deflections

0.4

03 k——’f‘/’d

0.2
0.1
—4&A—  R=0.61
—@— R-0.76
0
0 20 40 60 80
fc' (MPa)

Fig. 10 Cyclic creep indices according to f,.

(0.7, 0.85Pu)
0.4
03 } %
<
02 }
0.1 —a— 28
— 15
+ 70
0 R -
05 0.6 0.7 0.8 0.9

Range

Fig. 11 Cyclic creep indices according to fatigue load
range(28 ~70 MPa)

o
©
]
5]
=3
®
(]
[on /~/‘
gt : —a— Whale 1/3.0
o — = Test 1/3.2
1.05 ——— Test1/3.6
—-- Test 1/4.0
1.00
2E4 4E4  6E4 8E4 1E5

No. of cyclic loding(N)

Fig. 12 Increase of relative strains according to number
of load cycles

FEde|Ests| =22 H|133 55(2001)



Table 4 Results for cyclic creep model for various test variables

COSII’IU}Z;l:E;tSﬁVQ Load type Components rlég;i tathour, N) nj I2 Failure modes
. Creep 061 67.56 1/77 Ve< Vs
Fatigue 0.61 972,897 1/4.0 i i
93 MPa Fatigue failure
- Creep 0.76 8.85 /7.7 Ve < Vs
Fatigue 0.76 127554 134 | Fatigue failure
. Creep 061 2764 1/56 Ve < Vy
Fatigue 0.61 398,156 1/3.75 i i
45 MPa Fatigue failure
. Creep 0.76 0.95 1/56 Ve C Vs
Fatigue 0.76 13,694 1/3.2 Fatigue failure
Creep 061 69.44 1/3.1 Ve < Vs
R1
Fatigue 0.61 1,000,000 1/3.6 ;
70 MPa Fatigue damage
- Creep 0.76 716 1/31 Ve < Vs
Fatigue 0.76 103,163 130 | Fatigue failure
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