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Fig.1 The design figuer of RC test beams
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Tab.1 The design program of concrete test beams
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Tab.3 The calculated results of specimens’ fatigue lives

S zz Ay A, wmE REL s o, /MPa o, /MPa mif/éfiil
HBRS -1 % 210 2416 @10@ 100 €50 HBRS -1  159.88 15.70 144.18 255.49
HBRS -2 4 2410 2920 @10@ 100 C50 HBRS -2  122.38 18.38 104.00 827.44
HBRS -3 % 2010 2925 @l0@100 C50 HBRS -3 164.00 25.98 138.02 298.45
HBTS -1 T 2410 2416 @10@100 €50 HBTS -1 252\. 89~  11.58 241.31 39.87
HBTS-2 T} 2610 2420 @10@100 C50 HBTS -2  113.29 10.76 102.53 870.96
HBTS -3 T 2410 2925 ®10@100 C40 HBTS -3 120.94 15.54 105. 40 788.37
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Tab.2 Fatigue loading methods

RERE NMAKR F../kN F_ /kN S p

HBRS -1 250 15.00 12.00 0.36 0.80
HBRS -2 250 17.25 13.50 0.27 0.78
HBRS -3 250 34,50 18.30 0.35 0.53
HBTS -1 250 21.38 10.88 0.48 0.51
HBTS -2 250 15.15 8.25 0.23 0.54
HBTS -3 250 38.10 18.75 0.25 0.49
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Fig.2 The fatigue life’s logarithm-load amplitude’s

logarithmic curves of rectangular beams

HTHE2 ME 3 PR R IE S %
FRMMBARERR, A H 6 RNAAHREL
RNE 57 7 A X FOA AT BAR R B R R A (2 ~7).
HBRS -1 :1gN = -3.406 3 1gAF +10.047; (2)
HBRS -2 % :1gN = -3.698 8 IgAF +11.21; (3)
HBRS -3 B :1gV = -3.362 6 1gAF +11.323; (4)
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HBTS - 1 %.1gN = —3.594 7 IgAF +10.344; (5)
HBTS -2 3 .1gN = -3.495 IgAF +10.911; (6)
HBTS -3 #.1gN = -3.484 8 [gAF +12.14, (7)
RPN AP AF BT EE.
AR(2~4)RFRZE K 3 BETE R MR
. Rl BE AR p BN, AT IR S/
HBEMBARFHRYEFRENBERLT . ER
REHEHH AT ELAR 1N = (1 187" -
92.502p - 1.908) IgAF —2 550.3p" + 240.11p +
5.8776. (8)
FE,BERERT T B RESFaELit
BAK:
IgN = ( - 219. 1p° +20.598p - 3.951 5) 1gAF +

516.32p% +13.7155 +9.759 1. (9)
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ML, & H N HBTS -3 REHEEK,RE
T TRARER. 6 3TN S BRI HATH A
R A—RRBLE L mA (10 ~15).

HBRS -1:0=1.323 8F-0.123 9; (10)
HBRS -2:0 =1.361 1F +0.001 8; (11)
HBRS -3:0 =1.274 8F -0.188 4; (12)
HBTS -1:0 =1.327 7F -0.013 2; (13)

HBTS -2:0=1.311 1F -0.033 2; (14)
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Fig.4 The load-stress curves of tensile reinforcement

before erackingfor rectangular beams
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Fig.5 The load-stress curves of tensile reinforcement

before crackingfor T-beams
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Fig.6 The load-stress curves of tensile reinforcement

after crackingfor rectangular beams
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Fig.7 The load-stress curves of tensile reinforcement

after crackingfor T-beams
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BN T — B S &= (16 ~21).
HBRS - 1.0’ =12. 046F’ -13.635;  (16)
HBRS -2.¢' =7.463 7F' -4.064 2;  (17)
HBRS -3.0' =4.740 SF' +1.4222;  (18)
HBTS - 1.0’ =11.26 9F' +12.304;  (19)
HBTS -2:0" =7. 169 9F' +5.883; (20)
HBTS -3:¢' =3.122 5F' +2.0127,  (21)

Ko WA T F AT HFHNER.
MEBARHAN S -N#@ZLAX (1), H

O, = Onax ~ O in s (22)
RO =0, (23)
T =0 (24)

HR(10) ~ CHFUBRR/NEFTRAE
FEART, M B K B A B A TS R L T R 35
Fir S HEEHERR.

HBRS -1:1g¥ =14. 185 3 -3.603 1lg( -13.511 1 +

10.722 2F , +12.046AF) ; (25)
HBRS -2:IgN =14. 185 3 -3.603 1lg (7.463 7AF +
6.102 6F__ —4.066) ; (26)
HBRS - 3;1gV = 14. 185 3 - 3. 603 1lg(1. 610 6 +
3.465 TF_, +4.740 5AF); (27)
HBTS —1;1g¥ =14.185 3 -3.603 11g(12.317 2 +
9.941 3F_, +11.269 0AF); (28)

HBTS -2:1gV =14.185 3 -3.603 11g(5.916 2 +

7.169 9AF +5.858 8F, ) ; (29)
HBTS - 3.1gV = 14. 185 3 - 3. 603 11g(2.012 6 +
3.122 5AF +2.293 8F_. ), (30)
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(32).
SEFHE . 1gN = 14.185 3 - 3. 603 11g[6 123. 6p -
41, 503 + (0. 015 7p™"**?*) F__ + (0. 054
6p " EYAF —217 440p° ] ; (31)
TR 1gN = 14. 185 3 - 3. 603 1ig[ 146 841. 6p°
-4142p +31.218 - (8.567 9Inp + 4. 379 6) F__ -
(9.1271np +35. 860 7)AF]. (32)
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Tab.4 The comparison of calculated fatigue lives and test values

REER VAT
N, - N, N, - N,
M mesammy, patwmay,  meay, 0, TR,
L] 0
HBRS -1 215.10 214.38 255.01 15.65 15.93
HBRS -2 760.72 764.51 827.44 8.06 7.61
HBRS -3 272.81 270.77 298.45 8.59 9.27
HBTS -1 42.04 41.40 39.87 5.44 3.84
HBTS -2 794.32 835.39 870.96 8.80 4.09
HBTS -3 837.14 787.38 788.37 6.19 0.13
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The Fatigue Life Prediction and Analysis of RC Beams
with HRBF500 Used in High-speed Rail

WANG Xin-ling', GAO Hui-zong®, LI Keé’

(1. School of Civil Engineering Zhengzhou University, Zhengzhou 450001, China; 2. China Radio & TV Iniernational Architecture
Design-Research Institute, Beijing 100045, China; 3. School of Civil Engineering Southeast University, Nanjing 210096, China)

Abstract ; 500 MPa level hot rolled steel bar of ultra-fine grains( HRBF500 steel bar) is successfully developed
new-type steel of high-speed railways in Chinese metallurgical industry. HRBF500 steel bars will be used in
high-speed reinforced, so it will be exposed to repeated loads. In view of that, the fatigue life predictions of
RC beams reinforced with HRBF500°S are urgent to be solved. Based on ANSYS software, the fatigus life pre-
dictions of rectangular and T-section RC beams reinforced with HRBF500 were studied and compared well with
the test results, which indicated that steel ratio, minimum fatigue load and load amplitude were the main fac-
tors affecting the fatiue life. In order to promote prediction method for practcal engineering design, the simpli-
fied fatigud life formulas were obtained based on comprehensive analysis of finite element calculation results.
Those formulas can provide guidance for practical engineering design.

Key words: RC beam; HRBF500 steel; fatigue life; finite element analysis



