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A BASIC STUDY ON THE FLEXURAL FATIGUE OF CONCRETE PAVEMENT SLAB
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By Masashi KOYANAGAWA, Katsuro KOKUBU and Tadashi FUKUDA

The flexural fatigue strength of concrete is a basic character of pavement design.

Accordingly, this research is aimed at clarifying the effects of stress ratio (omin/ omax)

and maximum size of coarse aggregate to the flexural fatigue strength of concrete by

conducting various tests. As results, it was found that the effects of the both factors

are minimal and that they need not be considered at actual designing. Due to the fact

that fatigue phenomena reveals scatter in general, flexural fatigue equations were

obtained with the consideration of probability of failure. In comparing the life of con-

crete pavements calculated from test results and the results of condition survey of con-

crete pavements in Tohoku Region, the validity of flexural fatigue equations were veri-

fied.
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Tablet Mix Proportion of Concrete.
Aggregate | Slump | Air | Water | Sand . . 3
Maximum | Content | Cement | Perce- Unit Ueight (lf%{T_)__
Size (Gmax) | Ratio ntage | Water | Cement | Fine Coarse Admix-
I
M L cm % | % % | Aggregate | Aggregate | ture
| 20 [8+1.5 ] 4+0.5] 47 35 150 319 650 1217 0.798
40 [8%1.5| 4+0.5] 44 | 34 | 153 348 621 1210 0.870
BELZZR L ESMg B & & LT, Table 2 Results of Flexural Strength Test.
BEICCOMmTESHEAHWT Iy 7Y — pEIRED Gmax | ?\}atch Flexuril/Stfength :ejnsz E gge
- X L, B . mm 0. g/cm g/car ays
WHFMOFBEZITY, ThEFEIMATEBBL Y 1 62.2156.8] 60 |56
. - e 2 [49,1043.77%5.0 46 |56
7Y — MEREORKHBMRE G TS LI LT, 3T TE30 613 57 156
oy s sroe . 4 47.5157.9 53 156
S5 55 HRAR O RRGE % 3 7 72 S e 23428
NN 6 154.0151.151.0 52 156
2. HFETHR 20! 7 T3 3766 63.0]53.0 68 | 586
8 126.447.4147.3,50.0] 48 |56
(1) ERAMASsLURS oot and AL R
AREBRCHOWIZEA Y MIEBAENV T Y FEA YV b ;1__754.0 53.7155.5 1 54 98]
) [12 '57.2155.4150.0 54 |62
THY, HMITAHFNE IR, BEEENRAZBOL. 13 s 51.1 4710480 81T 1T
S A - | SN . o 14 1 44.0,48,3153,9153.8] 50 170
wBRICHO Iy 7 )~ Mg, AT YT 8.0cm, # 15 T57.6154.9749.252.9] 64 148
L%, HOmATE hy/on (e |40 L IS8 150,
X1.15) ®EEE L. MEMOEAHIE 20 mm, 18 T5L.o75L8] | 1 52 j217
40mm O 2HHE LI R IZEDEGERT. LH,
ER#E LT AE BukFIA VY 2 Nos L &{EHL 7. Table 3 Number of Specimens,
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Table 4 Results of Fatigue Test, Gmax=20 mm,
Stress Ratio=0.0 Stress Ratio=0,3
Flexural | Maximum | Minimum | Cycles to | Batch Flexural | Maximum i Minimum | Cycles to TBatch
S Strength | Stress | Stress | Failure No. S Strength | Stress | Stress ’Failure No.
kg/cn® kg/cn® | kg/en® kg/cn” kg/cn® 4 ke/cn’ } !
60 |54. 0 1.0 8300 1 46 41,4 12.4 581 | 2 |
57 |[51. 3 1.0 4147 3 58 152,215, IR 4]
0.007 61 54,9 1. 0] 2845 5 59 T46.8 14. 0 14053 ' & |
[ 763 '56.7 1.0 - 1% 7 10.90] 48 143, 2 13,0 2783 1 8~
| I B3 47,7 1.0 292 9 ‘51 145,938 T Tig
60 ,48. 0, 1.0 15768 1. 54 |48.6/14, 6 264 12
T 57 145. 6 1.0l % 3 54 48,6/ 14. 767 112
0.80 61 [48.8 1. 0]1236430 5 B4 145,913, 692454 ' i 1
63 150, 4 1. 0] 31857 7 54 [45.9'13.8] 735 11
53 [42,4 1. 001366653 | 9 54 ]45.9 13,8 121 11
0.75] 53 [89.8 1.0 33028 | 6 Jo.85] 54 45.9/13.8 st 11|
B0 _'492.70 1. 0] 588196 1] 54 145,913,840 11
57 139.9] 1. 0[7052576—>" 3 54 "45.9:'13,8 qsozos,ﬂfkljk“
07061 142, 7] 1.70| 112346 5 | 54 ‘*447_5#,9}*71“3*5 17712 )
: 63 144. 1 1. 0]2100000 7 [0.821 58 a7 T4, 3l isaT B
53 [387. 1] 1. 0]2633311 ] 46 [136.8 11, 0 32046
54 37,8 1. 0]2a00000> 12 | 58 146.4 13. 9 7144904
60 |86, 0] 1. 0]1097358 i 52 41,6 12.5 B
0.60 97 [84. 2 1. 03146725 | 3 | .1 48138 7:}37”1”;7 5 yi8
Y81 [36. 6] 1. 0]7i30000»] 5 |51 140, 8 12,2 77,2357717,“}_1 0
63 |37, 8 1. 0! 203000 7 48 T38.4"11.5 @8
Stress Ratio=0.5 54 43,2713, 0[3080274 12
['Flexural | Maximum | Minimum | Cycles to | Batch 54 [43.2"173. 0, 3685 il_”%_“
§ | Strength | Stress | Stress |Failure No.|[0.79 54 '36. 5 12, 9 5140000 : 1 1_
kg/cw® | kgfen® | kglen® 0.75 51 [38. 3 11.5 3343 ‘{0
54 |45, 923, 0 335 |12 |0.73] 58 42,4 12,7 2487420—"' 4
54 145,9 23. 0 340 (12 T 46 32,2 10. 7 23614=" 2
0.85/ 54 145.9/23. 0 3060 (12 | .| 52 [36.410. g*fzsooooo—’% 6.
B4 (45,9023, 0] 6232 112 |- 48 133,610, 1]2862300-7 "8
54 145.923.0] 10796 [12 51 385, 7100 7 35 16
51 | 35.7]17. 95370000 |13 [0.68] 54 |36.5 11, 0 5000000—»T;L
0.70 |81 35, 7] 17. 9|5158619> | 13 46 127.6 8, 313925540—>+«g_
: 51 |35, 7,17, 9/5852101» 1 13 }0.60] 52 |31, 21 9, 47800000 " &
51 |35, 717, 9{5721277> 1 13 54 32,4 9. 7/5270000> | 12
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Table5 Results of Fatigue Test, Gupax=40 mm,

Stress Ratio=0.0 Stress Ratio=0.3
Flexural | Maximum | Minimum ! Cycles to | Batch Flexural | Maximum | Minimum | Cycles to ! Batch
S | Strength | Stress | Stress | Failure | No S | Strength | Stress | Stress | Failure No
kg/cn® kg/cn® | kg/cm® ! kg/cm® ke/cn® | keg/cem®
50 . 0 1.0l 2323 |14 58 |52.2/15. 17 952
. 50 5.0, 1.0/ 4506 :14 © 52 14¢. 8 14. 0] 4464 |
0.0 54 _148. 6 1.0 574 15 o0l 5% Tae. 8 14. o %0444 |17
. b2 46.8 1.0 20670 18 ™52 46.8 14, 0l 3907 1
. 52 8 1.0 20972 ;18 } [ 5 2 ‘4e, 8l 14l ol 4T
f*‘sﬁ 1l Ol 1. 0:1483338 |14 ' 58 146,413, gl5467467—)
=50 0 1.0 4z lia oss a6 120 5 10sd |1
0.80! 50 i_{1"(7)7 0] 1. 0] 243861 |14 [0.80! 52 J 41. 6112, 5 7582 1
.52 41.6] 1.0 301i816— ' 18 | 52 141,612, 53004945 H
| . 52 141,86 1,0 744841 18 1 52 141, 6 12, 5] 51261 1
T80 35. 0 1. 0[5602688— 14 | | 58 T40.6 12. 22275491 |1
0. 70{ 50 135, 0] 1. 0[6016425>; 14 |0.70; 52 136. 4] 10. 9!5812252—> | 1
| 754 1878l 1. 0lseisi00 (15 52 136, 4/ 10. 955360735 | 1
i 50 ﬂ'ﬁgo/.f 0, 1. 0/6079032—> ' 14 | 58 134.8/10. 4]5690962— | 1
0.60! 54 32. 4J,r 1. 0]5923645—> , 15 10,60 52 31. 2] 9. 4787667270 [ 1
b4 32.4 1. 06447044 15 52 31. 2 9. 41 5093817 | 1
Table6 Probability of Failure,
Stress Level = 0,90 Stress Level = 0.85 Stress Level = 0,80 Stress Level = 0.70
m Cycles to | Probability | Cycles to | Probability | Cycles to | Probability | Cycles to | Probability
Failure of Failure | Failure of Failure | Failure of Failure | Failure of Failure
1 264 0.0435 315 0,0769 1547 | . 0.0370 23343 0.0500
2 498 0.0870 451 0.1538 3685 0.0741 112346 0.1000
3] % 0.1504 811 0.2308 5980 0.1111 213775 0.1500
4 952 0.1733 1274 0.3077 7582 0.1481 339288 0.2000
5| 1444 | 0.2174 3060 | 0.3846 9525 0.1852 588196 0.2500
6 1767 0.2609 3640 0.4615 10394 0.2222 2100000 0.3000
7 2283 0.3043 6232 0.5385 15768 0.2583 2633311 0.3500
8 2834 0.3478 10796 0.6154 23471 0.2963 2052576
| 91 2845 1 0.,3813 | 17721 | 0.6923 31857 0.3333 2131614
10 3907 0.4348 33656 0.7692 32046 0.3704 2400000
11 4147 | 0.4783 692454 0.8462 42025 0.4074 24874720
12 4464 0.5217 | 960708 0.9231 51261 0.4444 2500000
13 4506 0.5652 | 243861 0.4815 2962300
14 5714 | 0.6087 422222 0.5185 5000000
15 8900 , 0.6522 o 744841 0.5556 5158619
16 14059 1 0.6857 1236430 0.5926 5320000~
17] 20670 | 0.7391 1366653 0.6296 5721277 _
18 23236 0.7826 . 1483938 0.6667 5952101
19 24924 0.8261 2144904 0.7037 | e
20 27387 0.8686 3089274 0.7407
21 29872 0.9130 ] 2235640~ -
221 299444 0.9565 | 3004949
23 i » - 3011816—>3 N
24 5440000
25 5467467
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Table 7 Relationship between Cumulative Number of
Commercial Vehicles and Cracking Levels
for Slab Thickness of 25 cm.

No, of Sites ,( ):%

Cum.No.of C.V. | Cracking Level Total
(X10* V.P.L.) 1 ! m
500— 1000 (474),; (367) (139) (11060)
100500 N léﬁ) (12 |0o0)
=100 | "0, © o | (00)

¥ Includes 3 Sites of 1000—2000X10°V.P.L,

Table8 Transverse Distribution of Wheel Load Placement

and Its Relative Frequency.

Placement of = Over
Wheel Load @ | 15 | 45 | 75 | 95

El?e].atxve (%) 50 46 9
requency

* Distance from the Center of the Most
Frequent Passing Position of Wheel Loads

Tabie 9 Distribution of Wheel Loads!?

Traffic | T D . ] Number of Wheel loads
Volume ' M.N.T.V. 'M.N.C.V. ) 0-1 T 127 2-3 ;" T a5 175-67 6-7" 7871 8-9019-10°10-12 12-14
Level : [ T - R t L
LB 1 4986 _1 749 ¢ 8371 ) 810 420 119 L1891 45 2. 15 ] 6.7, 4.3, 0.57]
C T8930 | 1889 13934 ! 1 1855 1210 620 | 335 08 U181 59130 13l 8.5 16
M.N.T.V. ¢ Mcan Number of Total Vehicles (V/ddy/dlr‘ectmn)
M.N.C.V, @ Mean Number of Commercial Vehicles (V/day/direction)
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Table 10 Calculation Results of Fatigue

Damage.
Probability | Traffic Volume Level
of Failure

10% 0.546 -

20% 0.154 0.412
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Hbﬂfﬁﬁ%ﬁﬂvwf% ZEBERLTVD
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