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EHIRZ (X What is fatigue?

MEDFRIEE (WO S FEEEE) LY/ S AL REIRLIE
A9 A_&T, MM MIET S & fracture of material under

many cycles of stress less than its strength
— $M# DIEF 5|5EMEIE fatigue fracture in tension of steel
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FRRNSREED60%DIE 1HY, 127.64 5 EIEALT=1RIC

B FH U IE A A L= Example of fatigue fracture
occurred after 1.2764 mil cycles of stress with 60%
of static strength
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https://en.wikipedia.org/wiki/Stress_intensity factor
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M DIRFHIRD T8 prediction of fatigue fracture

o HMDBERERTHR (F5EE) prediction of crack A ﬁ p A
propagation in steel (semi-experimental equation)
da m FEX = (experimental eq) o
E =C- AR )/\'JZEIJ&FI?(M’L% so-called Paris's law
_ Py
AK = Ao --(2)EH= (theoretical eq) »

—lZ, a: B E Scrack length, N: #82:R L [B]12K
number of cycles, C and m: # ¥}H{% Fmaterial
constants, AK: i JIHE K f% #stress intensity factor,

Ao s AR MEstress range

BRAHNIE, /SRBEAVI—RIPTRARTHES. ==

If you are interested, you can check internet for the details

Sy

http://www.fgg.uni-lj.si/~/pmoze/esdep/master/wg12/11000.htm

of Paris’s law.
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¥ D FEEIE D F 8] prediction of fatigue fracture

o /\JRBIZERAL-F6F 8l Life-prediction by Paris’s law
% (1)(2)&Y From eqgs (1) and (2),
1

dN = da = a—m/Zda ...(3
C(Ao+Ta)™ C(Ao\m)™m (3)
1 ac BREINGMHalIGHETHDIRFIG DI
N = mJ a ™/2da «<— sRL% Number of cycles when crack length
C(Aa\m)™ Jg, changes from g, to a,

==L, ThIZIS AIRIEA —EDIHE However, this is the case that the stress range
IS constant.

I NIRENEILT SHEEE, BaREzSEILEY, XQB)DEFEZERZALT, 1X
T I EIZEHE T 5. In the case that the stress range is not constant, the integral
interval is divided, or N is calculated step by step using the incremental form eq (3)
directly.

alZDOVWTERZEITIE, AcENILBRESDERZ FHITES. By solving the
above eq for a., crack length development can be predicted by 4o and N.
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¥ D9 5585 1E 0D F 8l prediction of fatigue fracture

in material

— RERICE DAV V) - DEFREDHAR (S-NIER)

prediction formula for fatigue strength of concrete obtained

from tests (S-N diagram)
f. = klffl o /f(l—

/.

4 K =17 &E
K =10 \

0
fro :klffu(l_ap/fu)

A in air

7}( H in water

log N

logNj

f: J& 5558 FE fatigue strength,

N: #&23& L[B] #number of cycles,

f.: FRR5E E static strength,

o,: KA 71 (FPRIG 73) permanent
stress (lower stress),

ki constant
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BHIZHESH LR deterioration due

to fatigue

- VDUEINDERDE, B+ DEIE crack
propagation followed by member
failure

{5l Example

BEMESN =gk V- IYD

& 77 B % Fatigue failure of a RC beam Léi ”/ f’( f”;j

strengthened by overlaying

https://youtu.be/OkHk_RGKrf0



https://youtu.be/0kHk_RGKrf0
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EH 259 {LIREK deterioration due to fatigue

—-HEEDNEES, 1IXDEENRRITERE, &
X, SR#f DERIE L7385 in steel structures

single crack propagates gradually causing
member failure at end

-V —MEEDEZE, VUEINDOHEERSH
WmRICIEZ, &L, BBMOBIRMNEIS in
concrete structures number and length of
crack gradually increase resulting in member
failure
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EEEEE IR -
Free lime [SSuips
A
ZHAEUVUVENOERE ZARVVEINOER-EHA RAKVBEEELRY, HikE
Two-directional cracks JRDF A LiRK B AR FEA
OCCUr. Progress of the two-directional  After the increase of the
cracks and occurrence of free water leakage, punching
lime and water leakage. shear failure occurs.

BRI 0 —NRIRDIEFHIE IO X
Typical progress of fatigue failure of RC slabs
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Report Assignment

IO ARELI=ECA, BIRDIG HiRIEAG = 100MPahMERT AERARIZ,
BES10mmOEHMNRDOhvof=. COHM D /N XBIICAHAWSSRFZREE, LLTF

DETHAZEMNHSNTLVS. From an inspection of a steel girder, a crack
whose length is 10 mm was found at the location where stress range Ao =

100 N/mm? in tension. It is known that coefficients used in the Paris’s law for this
steel are as follows.

m=3 C=1.0x10"12
G- RSEENDBEAEZFNRFImEMPalZ3 5154 unit of length and stress

should be in m and MPa, respectively)

7=, BRHESINI0MMIZEL-FRZERFEFRET S. Itis assumed that it

reaches to the fatigue limit when the crack length exceeds 30 mm.

< F1)# Scenario 1

B, ISARIBIXEDLSLZENVEDET S, NYRBZRAWNT, EFRRICESE
TORLEZHETE LS. Itis assumed that the stress range does not change

in the future. Calculate the estimated number of cycles at the fatigue limit by using
the Paris’s law.




LR— FERE (&)
Report Assignment (cont.)

v F1)# Scenario 2

10 &I, BRENMEMIT HENFESINTINS. £CT, §2D1005
EE TS AREBIEIZEDH ST Ac = 100MPaTHSHS, 1005 E LI (XA =
150MPalZiBMNT 5LRET 5.
BEFBRICESIEFTOBRELHA G TRIEIZGSD, NJRBIZHAVWTEE
L7gsLy.

It is expected that transportation load will increase after 10 years. Therefore, it is

assumed that the stress range will keep constant (A = 100MPa) in the first 1
million cycle, while it will increase up to 150MPa after the 1 million cycles.

Calculate total number of cycles at the fatigue limit by using the Paris’s law.
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