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A Study on the Salety of Reinforced Concrele Structures under Fatigue Load

A4 7
Won-Kyu Chai

ABSTRACT

In this thesis, the fatigue tests were performed on a series of reinforced concrete to investigate the
variation of strength and the safety of reinforced concrete structures under fatigue load.

The specimens were of the same rectangular cross-section, of effective height 24cm and width 30cm
and their span was 330cm. The three point loading system is used in the fatigue tests. In these tests, the
fracture mode of reinforced concrete structures under fatigue load, relationship between the repeated
loading cycles and the mid-span displacement of the specimens were observed.

According to the test results, the following fatigue behavior of reinforced concrete specimens were
observed. By increasing of the number of repeated loading cycles, the mid-span displacement became
greater, however the incremental amounts of the displacement were reduced. It could be also known that
the inelastic strain energy of the doubly reinforced rectangular beams was larger than that of the singly
reinforced rectangular beams as increasing the number of repeated loading cycles. Compliance of
reinforced concrete structures tended to be reduced as increasing the repeated loading cycles, and the
compliance of the doubly reinforced rectangular beams was generally smaller than that of the singly
reinforced rectangular beams.

Based on the above investigation, it could be concluded that the doubly reinforced rectangular beams
under fatigue load were more efficient to resist the brittle fracture than the singly reinforced rectangular
beams.
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d = diameter : As = cross-sectional area; gy = vield strength: ¢ u = ultimate strength: Es = modulus of

elasticity

Table 2 Mix proportion of concrete

sf s a w c w/c af ac
(mm) (cm) (%) (N) (N) (%) (N} (N)
25 7 1 1670.0 3484. 3 48 7387.7 112.8

Re F1est N7 BEg 2INIE Rl & - )
Qe = ” slo} Rl o] AT DI9F A B FH P2 A}
Table 1 Properties of reinforcement
Bar t d As oy gy Es
ar vpe (cm) (cm?) (MPa) (MPa) (GPa)
D 10 0.953 0.713 272.3 398.8 200.1
D 19 1.270 2. 865 349.1 492.3 200. 1

sf = maximum size of coarse aggregate . s = slump value: a = air value: w = water per cubic centimetre: ¢
= cement per cubic centimetre ; w/c = water-cement ratio: af = fine aggregate per cubic centimetre ; ac =

coarse aggregate per cubic centimetre
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AYo] AHLE HIZAYE AFAE Z 2Acm,
0] 30cm, H°] 330cmEzA EAE HFEAMA
9] FA F3to AA Az Gel. FAe 8%
Ag 393, AT dolds e AEN
ZA=WstE WAs7] st P 1des
s g3 AAY RoM e Az g
DI9EZ I E AHE3lgen, Bd2 A A48 B
dMe AT L2o2 DI9AEE 27e) AR HE=Z S
o2 DI9AZ e 4z AHesignh 18 2EF
2 D10 A o 25cm 7HAvic U
oz wiAsg. AY 249 EFE Table 37
¥dge )

Classification of specim- | Used reinforcement
ens

Name of specimens

Pmax/Pu = 70%

Pmax/Pu = 85%

Singly reinforced Sl 52
rectangular beam lower : 3D19
Doubly reinforced upper . 2D19 D1 D2
rectangular beam lower . 3D19

Pmax = maximum repeated load: Pu = static ultimate
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Fig. 1 The general view of the fatigue test
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Table 4 Fatigue teat results
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Spec Pu Pmax Pmin

No. (kef) (kef) (kgl) Pmax/Pu Nu
S1 10,620 7,430 500 0.70 470,010
S2 10,620 9,030 500 Q.85 33,000
Di 11,230 7,860 500 0.70 243,000
D2 11,230 9,550 500 0.85 81,320

Pu = static ultimate load ; Pmax = maximum repeated load : Pmin = minimum repeated load: Nu = num-
ber of repeated loading cycles when specimen was fractured
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Fig. 2 The relationship between the repeated loading
cycles and the mid-span displacement(S1)
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Table 5 The relationship between the repeated loading cycles and the compliance of the singly

reinforced rectangular beams

N & (mm) C(mm/kgf)

(cycles) St Sl S2

1 0.903E+1 0.997E+1 0.122E-2 0.110E-2

10 0.907E+1 0.110E+2 0.107E-2 0.952E-3

100 0.918E+1 0.112E+2 0.955E-3 0.964E-3

1000 0.788E+1 0.116E+2 0.107E-2 0. 968E-3

10000 0.803E+1 0.118E+2 0.104E-2 0.948E-3
50000 0.825E+1 0.106E-2 -
100000 0.836E+1 0.105E-2 -
150000 0.100E+2 0.106E-2 -
200000 0.100E+2 0.960E-3 -
250000 0.992E+1 0.107E-2 -
275000 0.992E+1 0.106E-2 -
300000 0.985E+1 0.102E-2 -
350000 0.100E+2 0.106E-2 -
400000 0.100E+2 0. 106E-2 —

N = number of repeated loading cycles: § = mid-span displacement: C = compliance
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Table 6 The relationship between the repeated loading cycles and the compliance of the doubly
reinforced rectangular beams

N J (mm) C(mm/kgf)
(cycles) D1 D2 D1 D2
1 0.919E+1 0.162E+2 0.117E-2 0.170E-2
10 0.956E +1 0.187E+2 0. 942E-3 0. 988E-3
100 0.960E +1 0.189E+2 0.923E-3 0. 985E-3
1000 0.101E+2 0.190E+2 0.970E-3 0.981E-3
10000 0.102E+2 0.193E+2 0. 942E-3 0.992E-3
25000 0.165E+2 0. 194E+2 0.942E-3 0.992E-3
50000 0.154E+2 0.194E+2 0.975E-3 0.992E-3
75000 0.155E+2 - 0.994E-3 -
100000 0.157E+2 - 0.999E-3 -
150000 0.162E+2 - 0.999E-3 -
200000 0.162E+2 - 0.999E-3 -
227400 0.257E+2 - 0. 115E-2 -
228000 0.381E+2 - 0.135E-2 -

N = number of repeated loading cycles: § = mid-span displacement: C = compliance

Table 7 The reistionship between the repeated loading cycles and the inelastic strain energy

[Unit : kgt-mm]
N S1 S2 D1 D2
(cycles)

1 0.895E +4 0.157E+5 0.114E+5 0.572E+5

10 - 0.345E+4 0.492E+3 0.485E+4
100 - 0.324E+4 0.494E+3 -

1000 0.122E+3 0.990E +3 0.139E+4 0.277E+4

10000 0.276E +3 0.782E+3 0.869E+3 0.196E +4

50000 - - - 0.146E+4
100000 - - 0.448E+3 -
150000 0.929E+3 - 0.484E+3 -
200000 0.659E+3 - 0.538E+3 -
227400 - - - -
228000 - - - -
250000 0.852E+3 - - -
300000 0.324E+3 = - -
350000 - - - -
400000 - - - -
450000 0.687E+3 - - -
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Table 8 The relationship between the repeated locading cycies and the elastic strain energy

[Unit : kgf-mm]
N S1 S2 D1 D2
(cycles) _

1 0.262E+5 0, 312E+5 0.264E+5 0.455E45

10 0.286E+5 0.339E+5 0.281E+5 0.398E +5
100 0.274E+5 0.342E+5 0.285E+5 -

1000 0.283E+5 0.350E+5 0.279E+5 0.435E+5

10000 0.277E+5 0.356E+5 0.281E+5 0.440E+5
25000 - - - 0.293E+5 -

50000 0.291E+5 - 0.296E+5 0.467E+5
75000 - - 0.301E+5 -
100000 0.297E+5 - 0.302E+5 -
150000 0.287E+5 - 0.305E+5 -
200000 0.287E+5 - 0.299E+5 -
227400 - - 0.331E+5 -
228000 - - 0.308E+5 -
250000 0.291E+5 - - -
300000 0.290E+5 - - -
350000 0.281E+5 - - -
400000 0.292E+5 - - -
450000 0.292E +5 -~ — —
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