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6. Development of Fatigue Damage Monitoring Technique for Bolted Joints

by Tetsuya SASAKI*, Takashi HONDA*

Abstract; To prevent fracture of construction machines such as cranes and concrete boom pump trucks, which
are widely used at construction site, is essentialy important to assure safety of workers and the neighborhood.
Although there are some fracture types, fatigue is a major factor that must be considered to prevent fracture
accidents of construction machines. Basically, prevention of fracture due to fatigue used to be attained by
employing safe life design or damage tolerance design. In the safe life design, it is set so that the design life may
not exceed predicted fatigue life. In the damage tolerance design, nondestructive inspection (NDI) is periodically
applied to materials to assure structural integrity during service life. However, these two design concepts are not
perfect because predicted fatigue life is inaccurate and all cracks are not always detected by NDI. These
fundamental problems of the safe life design and the damage tolerance design are rejected if all fatigue damages
which may result in afatal accident can be monitored at any time using some sort of damage sensors. This idea
has being applied to composite materials in which damage sensors can be easily embedded during their
fabrication process. In spite of it, quite a few attempts of fatigue damage monitoring have been made for metals,
the most widely used materials for any industrial machines and installations, since it is difficult to embed
damage sensors in them.

In this study, built-in sensor bolts are used to overcome inherent difficulties of monitoring fatigue damage of isa
strain metals. The damage sensor embedded in a bolt is a strain gauge which is not only low cost but aso highly
sensitive and reliable. Fatigue tests are conducted using two types of specimens; shear type bolted joint
specimens and flange type bolted joint specimens, to demonstrate the ability of fatigue damage monitoring with
built-in sensor bolts. The shear type bolted joint specimens are used to monitor fatigue damage of base metal. On
the other hand, the flange type bolted joint specimens are used to monitor fatigue damage of bolts. Following
conclusions are reached from this study:

(1) Fatigue cracks in body metal of shear type bolted joint specimens can be detected before fracture of a joint
using built-in sensor bolts although the change of sensor signal is relatively small.

(2) Fracture of bolts due to fatigue in the flange type bolted joint specimens can be easily detected using built-in
sensor bolts because fracture of one bolt resultsin the change of axial forces of other unbroken bolts.

Keywords; Fatigue, Damage Monitoring, Bolted Joint, Strain Gauge, Damage Tolerance Design, Safe Life
Design
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Fig.1 Shear type bolted joint specimen.
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Table 1 Mechanical properties of 2024-T3.
2024-T3DHEMAVIEE

Yield strength

Tensile strength Elongation

MPa MPa %

464 322 20

Table 2 Chemical composition of 2024-T3 (wt. %).
2024-T3DILZERK S (EE%)

Cu Mg Mn Cr Si Fe Ti Zn Zr

429 140 0.49 0.01 0.06 0.18 0.02 0.14 0.01
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Photo 1 Sample crack growth nature for notched
specimens.
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Fig. 2 Sample crack growth curve for notched
specimens.
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Photo 2 Sample crack growth nature for
unnotched specimens.
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Fig. 3 Sample crack growth curve for unnotched
specimens.

Pk &5 UARKICH I 2ES & RERIG
D—pl

FAZ BT 5957 ZHER MO —FITH 5 . KHhoUl
~U4IERNVIFET2ELTWS T2, U2+4U31302¢E
USDORNV RO ELZEHPERLT—2ODE
Bl o7zl kB T LTWD YR EMREFT CTIEHD
BIORNNRPOIEAELIIET SRPERL D5
ET5TRb05.

—7J7, Photo 213 Y)/R &7 LR 12 BT A JE 59 &
FUEREEAZRLTWA R ER LA TIE RV
I AR AR B AR 0 r F 0 0 AR L | o} R (A7 2 )



PE SE L A FFE TR U e

1.20 T T T T T T

link-up
U1+U2+U3+U4

-

-

(3]
T

link-up
U2+U3

-

-

o
T

First visible crack

-

o

o
T
1

000 p 00O Qo0 O ot

Normalized output
g
¥

095 + 1 ]
00
0.90 | 1 il
link-up
U1+U2+U3
0.85 + e} .
1Failure
0‘80 1 1 1 1 1 1
0.0 1.040° 2.040° 3.010° 4.040° 5.0x0° 6.040° 7.040°

Load cycle

Fig.4 Sample fatigue damage monitoring result for a
notched specimen.
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Fig.5 Sample fatigue damage monitoring result for
an unnotched specimen.
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Fig.6 Flange type bolted joint specimen.
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Photo3 Flange type bolted specimen in
fatigue testing.
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Fig.7 Bolt arrangement for a flange type specimen
clamped by two sensor bolts.
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Fig. 8 Sample fatigue damage monitoring result for a
flange type specimen clamped by two sensor
bolts.
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Fig.9 Bolt arrangement for a flange type specimen
clamped by four normal bolts and four sensor
bolts.
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Fig.10 Sample fatigue damage monitoring result for
a flange type specimen clamped by four
normal bolts and four sensor bolts.
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