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Low Cycle Fatigue Model for Longitudinal Reinforcement

Seong-Hyun Ko" and Jae-Hoon Lee”*

"Dept. of Civil Engineering, Jeju College of Technology, Jeju 690-714, Korea
“Dept. of Civil Engineering, Yeungnam University, Gyeongsan 712-749, Korea

ABSTRACT The purposes of this study are to verify the existing model and to propose a rational model for the fracture char-
acteristic of reinforcing steel which is manufactured in Korea being subjected to cyclic loading. This investigation deals with mod-
eling of the low-cycle fatigue behavior for longitudinal reinforcement steel of reinforced concrete bridge substructure (piles and
columns of piers). The proposed low-cycle model of longitudinal steel is modeled based on 81 experimental data. The non-linear
analysis program was developed using the proposed low-cycle model. The non-linear analysis are applied to the 6 circular bridge
column test results and the accuracy of proposed model is discussed.
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Table 1 Variables of low-cycle fatigue test

Bar diameter| f,
Cl SR*| s /d, Y
ass S (mm)  |(MPa) "
GROUP I | -3 10, 20, 35, 50, 65
GROUP 11| -1 15.9(D16) 300 17755 735 =5
19.1(D19) | 400 —— ">
GROUPII 1 8 | 2om22) | 500 20
GROUP III 10
*SR _ Emax _ tension strain
© &, compression strain
400 + __—  __—
£ 04 : —
= ) a,nr -. ) R»\I\ |mme‘mm|
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0.4 5 -0.02200040 0.2 004 006 008 0.0
5 400 T D16, s/dy, = 6, f, = 359 MPa
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(a) Hysteresis loops of stress-strain for 50¢y
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(b) Cycle numbers for tension strain
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(c) Cycle numbers for compression strain

Fig. 1 Test result of GROUP | (D16, f,=359~386 MPa)
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Fig. 2 Proposed model (Coffin-Manson model)
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Fig. 3 Proposed model (Koh-Stephens model)
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Fig. 5 Proposed model (Lorenzo-Laird model)
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Fig. 6 Proposed model (TWX cyclic energy model)
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Fig. 7 Proposed model (TWX total energy model)
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Table 2 Proposed fatigue-life models

Original model Modified model
Name Equation Equation R’
6 mean value : g,, = 0.0455(2Nf)_0'5056
Coffin-Manson™ &, = 0.0777(2N))~0-486 0.7566
: . -0.5056
lower value : £, = 0.033(2N))
Koh-Stephens” g, = 0.0795(2N) ¥ g, = 0.0473(2N) Y 0.7567
Smith et al.” Fonax€a = 51.6(2N) " Fnaxa = 30.425(2N) "> 0.7600
. _ -0.5899
Lorenzo-Laird"” Fonax€ap = 50.6(2N) ™" SnaxEap = 29.291(2N)) 0.7674
TWX cyclic energy AW, = 142(2N) > = 813(2N) "7 0.6991
TWX total energy Wy = T44(2N)"* W= 81.522N)" "™ 0.5471
Energy-strain amplitude W = 6.72(e,) """ W = 60.52(g,) 2" 0.0604
Energy-plastic strain amplitude W = 8.00(,5‘10)70'884 W = 34.502(5:10)70'3752 0.1485
Energy-stress<amplitude Wer = 1840(frnaxel) Wer = 335.74(f ) 0 0.1282
Energy-stressxplastic strain amplitude Wi = 1456(f,,0x8ap) 0745 Wer = 314.98(fraxEap) 03086 0.1348
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Table 3 Test column details and material properties

V [kN]120

100
SPN-LN-23-12 80

test : longitudinal steel 60
fracture dueto LC.F 40

100 140
A [mm]

/. transverse steel

low cycle fatigue failure
. mean value
120 @ lower value

(a) SPN-LN-23-12
V [kN]120

SPN-LN-23-12-C g

test : longitudinal steel 60
fracture due to L.C.F

60 100 140
A [mm]

transverse steel fracture

-140

M ow cycle fatigue failure

-120
(b) SPN-LN-23-12-C

Fig. 9 Comparison of test and analysis result (SPN-LN series)

1.0 T 1.0 7
SPN-LN-23-12 N lower
508 T ! 0.8 T /
S lower value § value
Zos 1 / So06 7 o
o .Ir o /
go4 mean value g 04T / /meanvalue
[} ] r
coz 1 , Q 02 T //SPN-LN-23-12-C
0.0 ———t 0.0 —t—t—t
0 4 8 12 16 20 24 0 5 10 156 20 25

Number of Cycles
(b) SPN-LN-23-12-C

Number of Cycles
(a) SPN-LN-23-12-C

Fig. 10 Damage index and number of cycle (SPN-LN series)

Transverse steel i i
Specimens Longitudinal steel hd P (kN) Axial l;)ad ratio
fyh S (mm) Ps ps/ ps, code (A))
SPN-LN-23-12 | 8-D16 f,=356 MPa
= MP
P, =1.26% Jm=356 MPa 96 0.0088 0.65 333 12
SPN-LN-23-12-C _ (D10)
cover =20 mm
Table 4 Comparison of failure mode (SPN-LN series)
Failure mode
Specimens Test result Analysis result Remark
longitudinal steel fracture | transverse steel fracture | longitudinal steel fracture | transverse steel fracture
SPN-LN-23-12 occurrence - prediction - correct
SPN-LN-23-12-C occurrence - prediction - correct
Table 5 Comparison of test and analysis result (SPN-LN series)
Test result Analysis result Remark
. A, (mm) No. of cycle
Specimens A, No. of —
longitudinal steel |transverse /D | ®/D | ®/O | ®O | @/
(mm) D|cycle @ mean ©® |lower @
mean 3 |lower @] steel ®
SPN-LN-23-12 | 120.2 24 83.7 71.9 130.5 229 17.6 0.70 0.60 1.09 0.95 0.73
SPN-LN-23-12-C| 642 26 64.2 - 130.5 24.7 13.2 1.00 - 2.03 0.95 0.51
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Table 6 Test column details and material properties

Class Content Class Content | Class | Content

£ (MPa)| 29.0. | s (mm) 19 [ p, %) | 094

£ (MPa)| 448 |cover (mm)| 145 | p, (%) | 2.04

S (MPa)| 434 d; (mm) 9.5 P (kN) | 200

2
for MPa)| 690 | 4, (mm’) | 73062 |d, (mm)| 4.0

D (MPa)| 305 |d,y. (mm’)| 61575 |H (mm)| 1372
V [kN] 80
A2 60
test : transverse steel 40
fracture

80

. transverse steel
low cycle fatique failure

Il mean value
80 = @ lower value

(a) A2
V [kN] 80
Ad &0 AN
test : transverse steel 49
fracture

-80 -60 60 80
A [mm]
/\ transverse steel fracture

M low cycle fatigue failure
-80
(a) A4

Vvikn] 100 T
A5 80 T
60 +
A0

test : longitudinal
steel fracture due to ;

80 -60 20 .. 60 80

4 =E A [mm]
\ transverse steel fracture
T I low cycle fatigue failure

400 L

(@) A5

v [kn) 80

A6

test : transverse
steel fra Ctl.l__l',e:,:-- =

. transverse steel fracture
B low cycle fatigue failure

-80
(a) A6

Fig. 11 Comparison of test and analysis result (A series)

St A6 ABAC] R9E 3
A stess 293 99 A4S .
FA2e G o2 X PYolRe 7]zt At

Mander 59] 41 54 3te] 2§35tk AS @A
Fapaas) o AgAt ST W4

e o

280 | gH=232|EsS| =22 M223 M25 (2010)

1.0 1.0
lower value _i' lower /
308 T / s 08 T value /
2 / b /
2 %6 T meanvalue 06T \,f \
o o 7
g 0.4 E 04 1 mean value
] ] /
0o0.2 002 + A4
/
0.0 e e 0.0 : b 3 1
0 4 8 12 16 20 24 0 5 10 15 20 25
Number of Cycles Number of Cycles
(a) A2 (b) A4
1.0 , 1.0
lower
xo0s flower %08 1 value /
- value \ - \ Y, ,\
= . s 1 /
£ 06 \ ; £06 ’
E’M 1/ mean value go_;; + / mean value
o o /
Qo2 ";/ A5 Qo2 + s A6
/
0.0 b t : t 0.0 i } 3 b
0 2 4 6 8 10 0o 1 2 3 4 5
Number of Cycles Number of Cycles

(c) A5 (d) A6

Fig. 12 Damage index and number of cycle (A series)
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Table 7 Comparison of failure mode (A series)

Failure mode

Specimens Test result Analysis result Remark
longitudinal steel fracture | transverse steel fracture | longitudinal steel fracture | transverse steel fracture
A2 - occurrence - prediction correct
A4 - occurrence prediction - incorrect
A5 occurrence - - prediction incorrect
A6 - occurrence - prediction correct
Table 8 Comparison of failure mode (A series)
Test result Analysis result Remark
A, (mm) No. of cycle

Specimeny Ay | No.of 17 edinal steel [wransverse 0 | @0 | 60 | e | o
(mm) D |cycle @ mean ©® |lower @
mean @ |lower @] steel B
A2 76.5 30 75.6 66.7 74.6 222 18.9 0.99 0.87 0.98 0.74 0.63
A4 57.0 26 57.0 - 74.6 23.2 12.3 1.00 - 1.31 0.89 047
A5 75.0 10 75.0 - 74.6 8.4 4.4 1.00 - 0.99 0.84 0.44
A6 94.8 5 94.8 - 74.6 4.5 24 1.00 - 0.79 0.90 0.48
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