Hans Journal of Civil Engineering /K T#&, 2013, 2, 232-239 Hans X3l
http://dx.doi.org/10.12677/hjce.2013.24040 Published Online September 2013 (http://www.hanspub.org/journal/hjce.html)

Based on the Experiment of Saturated Water Concrete Fatigue
Life’s Finite Element Analysis

Yongcheng Sun?, Gang Wang*, Xuemin Wang?
'China IPPR International Engineering Corporation, Beijing
’Gen China Holdings Co., Ltd., Tianjin
Email: sunyongcheng2002@163.com
Received: Apr. 1%, 2013; revised: May 10", 2013; accepted: May 28®, 2013

Copyright © 2013 Yongcheng Sun et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract: Based on the experiment, the paper gets saturated water concrete’s Double logarithm fatigue equation. The
article uses nonlinear finite element software ANSYS, combines with engineering instances, obtains the relationship
between the panel thickness, frequency and fatigue life and lays the foundation for the further study.
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Table 1. The concrete mixture proportion
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Figure 1. The fatigue experiment under the level of stress under
the level of stress
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Figure 2. The destruction map under fatigue load
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Table 2. The concrete fatigue test data sheet

® 2 RRLEFEHREER

iﬁﬁcﬁiﬁ T 0.900 0.800 0.750 0.675 0.600

1 37 535 7161 20402 561,243
2 50 668 9403 83,719 918,231

3 53 1028 10286 84,718 976,835

4 70 2920 11,169 87,364 1015872
5 72 3533 11,668 107,507 1,085,700
6 80 3915 13,876 109,078 1,201,474
7 123 4464 17,905 114,141 2,116,598

Table 3. The result of regression analysis with experimental data

® 3. TWBIEEASTER

R JJ7KF EVEER ¢ EPEER LS
Smmax b blnN, R
0.600 3.599779 24.457427 0.96590
0.675 3.028736 15.287192 0.95800
0.750 7.560868 31.555050 0.95000
0.800 6.885070 24.359980 0.97778
0.900 5.453900 10.362070 0.96750

S LN, _m(lnlp] I, RS SR

AT BE PR 45 R 3.
MCBL L TR F3 7K1 TR A 7R 3 A U 4 1R 5 R
T B BB AR SC REUR = (R EII7E 0.95 PAE), FEl

AL, -h{ln%jIalgmix%z;%maa‘éa@, L4

PEARC AR BEIR &

B (5] U 43 47 % Bl e i B 30T LS A
ANRIRE I 7K BiA SR 95 57 75 i TME 40 3% 4 Frm o

AR 2% 4 H iK% 55 74 i PO R ] 58 £ 4 PG
F X H g N D, BdEsITE 5.

B 4.8 5 B AN IgS =lga-blgN #HT7—7T
MRS, EIES AR R 6 Bk,

MR 6 AT LAE Hy: AR AT EEBE T BA 7R 43 AR
AR R REGHE 0.97 LA EFTRUEH: 1)
IgN 5 J)KF-1g S A2 M C R 1K, SRt
RAFEWSLI), H HE AR MFREIR & 2) AU
R(ATFEFOX EEHREL b (MR /N, PR nT L2
ANt EHETE T b PP AMEE s A R .

T R TR B - 1R UK B0 577 i R

IgS =-0.03851gN +Iga (1)

233



BT 10 Al ) VL A K VR 9 55 75 A IR TT 0 AT

Table 4. The predictions of fatigue life of Weibull distribution under the different level of stress and failure probability

& 4. RRILHKPARRILHMERET B RS HHR S F S TE

;77K
I
0.900 0.800 0.750 0.675 0.600
10% 113 4563 19,221 210,260 1,061,292
20% 97 4047 17,235 160,143 8,440,050
30% 85 3673 15,777 128,432 7,009,919
40% 77 3353 14,518 104,350 5,886,566
50% 68 3053 13,335 84,401 4,924,136
60% 60 2758 12,151 66,927 4,050,839
70% 51 2445 10,892 50,933 3,219,289
80% 42 2090 9442 35,657 2,384,905
90% 31 1626 7513 20,155 1,475,727
95% 23 1278 6034 11,660 931,198

Table 5. The logarithms predictions of fatigue life of Weibull distribution under the different level of stress and failure probability

& 5. FREILAIKPARRLMFEET B RS R S H 3 R RE

e R FI7KF
CIE 1%
0.900 0.800 0.750 0.675 0.600
10% 7.025837 5.322756 4.283778 3.659224 2.052862
20% 6.926345 5.204507 4.236410 3.607206 1.987194
30% 6.845713 5.108672 4.198020 3.565048 1.933973
40% 6.769862 5.018519 4.161907 3.525390 1.883908
50% 6.692331 4.926371 4.124994 3.484854 1.832736
60% 6.607545 4.825599 4.084627 3.440525 1.776773
70% 6.507760 4.707000 4.037118 3.388353 1.710911
80% 6.377471 4.552147 3.975087 3.320233 1.624916
90% 6.169006 4.304378 3.875836 3.211240 1.487321
95% 5.969042 4.066712 3.780631 3.106691 1.355337
Table 6. The double logarithmic result of regression analysis
6. WAHEVASFHAR
GIE: EVEESq) B R HL 1ga R ARHR

10% 0.03735 0.0218 0.9885

20% 0.0377 0.0200 0.9970

30% 0.03798 0.01897 0.9960

40% 0.03823 0.01793 0.9940

50% 0.0385 0.01680 0.9940

60% 0.03878 0.01552 0.9920

70% 0.0391 0.01392 0.9886

80% 0.03953 0.01237 0.9885

90% 0.03993 0.01077 0.9858

95% 0.03997 0.00921 0.9760
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Figure 3. The vertical displacement map of 210 mm thickness plate
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Figure 4. The vertical displacement map of 220 mm thickness plate

4. #RE 220 mm B3 R AR SR BE
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1 ANSYS
NODAL SOLUTION OCT 31 2008
STEP=1 08:16:49
SUB=1 60
TIME = 1
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DMX = 0.140E-03
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Figure 5. The vertical displacement map of 230 mm thickness plate
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Figure 6. The vertical displacement map of 240 mm thickness plate
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Figure 7. The vertical displacement map of 250 mm thickness plate
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Figure 8. The 1st principal stress map of 210 mm thickness plate
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Figure 9. The 1st principal stress map of 220 mm thickness plate
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Figure 10. The 1st principal stress map of 230 mm thickness plate
[ 10. 4R 230 mm Fix R EIERE—E RN
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Figure 11. The 1st principal stress map of 240 mm thickness plate
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Figure 12. The 1st principal stress map of 250 mm thickness plate
12. B 250 mm B3 RIRILEHSE—E R

Table 7. The influence of stress and displacement

®7. WREESEANSEEUE

TR P (mm)
[zl
210 220 230 240 250
B S 0.148 0.144 0.140 0.136 0.132
RN 2.824 2.789 2.756 2722 2.690
E=ERS -17.15 -16.40 -15.7 -15.1 -14.5

(R LR FAIE, 608 mm; ERIRIIAIE, EI9M, HALN MP),
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Table 8. The theory calculation of fatigue life
* o ERUHERESEHE

. T S 2% (mm)
Ee AT
210 220 230 240 250
9% 55 3t 1.82 7.41 20 37.11 58.83
Table 9. The valve of parameter for fatigue
+ 9. SNEFHMESHIE
N 1E2 2E2 5E3 1E4 5E4
S/MPa 0.870563 0.847638 0.79671 0.748841 0.729122 0.685134
N 1ES 2ES 1E6 1.5E6 2E6
S/MPa 0.667268 0.649696 0.627176 0.610661 0.601202 0.594580
Table 10. The influence of fatigue life with different plates thickness
= 10. HREEXEERESE RN
. THIAR 5 £ (mm)
BRI
210 220 230 240 250
i - 0.138576E + 06(1K) 0.583926E + 06(X) 0.1509E + 07(X) 0.27886E + 07(IX) 0.44311 + 07(1K)
I 5 Py (/_,
Lty (1.9 %) (8.0 4F) (20.7 4F) (382 %) (60.7 4F)

20.7 kA E T 8.0 4 B> 2 em, 57 A A EH 20.7
PR T 1.9 A ARSI 1 em, 9557 % A EH 20.7
SEIEINE] T 38.2 4F; N 2 em, JEHTAGIEME] T
60.7 o FHILTT L, T2 JE R 7K Y VR 4t -t % 1T 254
95 57 P AEBR 1 s & 8 35 1. R, ANSYS
BRI 45 ROLER 9 H5HIBTHH M4 ROLER 8L,
HEFRZEARIT 10%, MTEH ANSYS ARt
BT IR R 1
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