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On the Stress of Bolts of the Slewing Circle
of a Truck Crane Extracting Sheet Piles

by Yutaka MAEDAY

Abstract; A 30 tonf telescopic jib crane was fractured twice by breaking the bolts connected to its
revolving circle. To clarify the cause of the accidents, experiments to measure the stress of those
bolts were carried out. This paper describes the circumstances of the accidents and the result of
the experiments.

The first accident occurred when the truck crane lifted a girder of a bridge crane as the
weight of the load was about 1.5 times as much as the rated load. Although the main cause of
this accident might be due to the overload, there were some evidences that the bolts were broken
by fatigue failure, but the details were not clarified for lack of sufficient evidence.

After four years of the first accident, the same crane was fractured once again when it was
directly pulling out a steel sheet pile. In this time, most of the bolts were obviously broken by
the cause of the fatigue failure, but the magnitude of the pull load was unknown for the sheet
piles were fixed by the ground. After the first accident, the bolts were replaced from SCM435
to SNCM630 to raise the tensile strength, and were made longer by inserting collars to improve
the fatigue strength. ] _

Experiments were carried out as follows: all the bolts installed in truck crane were exchanged
to the new bolts for the measurement, and the sides of the bolts had been cut before strain

~ gauges were glued. Then their initial stresses were set at 470 MPa. At first, static stresses were
measured when the crane lifted various weights of load. Next, dynamic stresses were measured
while the crane pulled a steel sheet pile with a vibro hammer, or extracted it directly, pulled
it out till the outriggers detached from the ground, and furthermore, winched up and down to
swing the crane itself to see the dynamic effect.

The results of this measurement were: (1) Load concentrations to some bolts located near the
web plate of the base carrier were observed both by the static and dynamic stress measurements.
(2) The maximum stress was around 700 MPa with the static test. (3) When a vibro hammer
was used, the maximum pull load was 1.5 times as much as the rated load, and the stress of bolt
was 886 MPa. (4) By swinging the crane, the maximum pull load reached to 1.9 times as much
as the rated load, and the stress of bolt reached to 988 MPa.

Keywords; Truck Crane, Bolt, Stress, Fracture, Accident Analisys

FHERTFZ SR Mechanical Safety Research Division



-2 -

Revolving superstructure

e

Slewing

==
SN

N

J

- - ring
\ N
N .
| '
X N\ B
1
[
s
|
Base carrier
M20
$1330
Fig. 1 The structure of the revolving circle when

the first accident occurred
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Fig. 2 Arrangement of the stud bolts
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Fig. 3 Feature of the stud bolt broken at the first
accident
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Table 1 Chemical composition of a stud bolt used when the first accident occurred (wit%)
1EHHOEHOERERAINTVWART Y FRIL b OLEERES (with)
C Si Mn P S Cr Mo
stud bolt 0.35 0.25 0.69 0.018 0.012 1.06 0.22
JIS G4105 0.33 0.15 0.60 0.90 0.15
(SCM435) | ~0.38 | ~035 | ~o0gs | <0030 | <0030\ o0 | ~0.30
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Table 2 Chemical composition of a stud bolt used when the second accident occurred (wt%)
2EIHOEMOBFERSATVAZY v FRIL FOIEZES (Wwt%)
C Si Mn P S Cu Ni Cr Mo
stud bolt 0.281 0.26 0.45 0.012 0.010 0.05 291 2.85 0.54
JIS G4103 0.25 0.15 0.35 i 2.50 2.50 0.50
(SNCM630) | ~ 035 | ~0.35 | ~o0.60 | <0030 | <0030 1 <030 | 555 | _350 | ~070
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Table 3 Specificaions of the crane used in experiment
g E Lt
Maximum rated load 30t
Materials of jibs High tensile strength steels
Jib 4 sections, box type telescopic jibs. 10.0m ~ 31.0m
Fly jib 2 sections, braces and box jibs. 8.45m, 13.5m

Crane capacity

30.00tx3.3m, 10.25tx8.0m (Jib length 10m)

20.00tx4.8m, 3.20tx14.0m (Jib length 17m)
13.00tx6.5m, 0.65tx22.0m (Jib length 24m)
9.00tx8.5m, 0.50tx27.0m (Jib length 31m)

" Wire rope
Hoisting rope speed
Hoisting mechanism
Safety devices

Non-rotating rope, ¢$18 mmx135m (Main hoist)

74 m/min (High), 28 m/min (Low)

Drived by oil motor (capable of free fall)

Rating capacity limiter, overwinding prventing device,

automatic hoisting brake, hoisting drum holding devices,
oil pressure relief valves, etc.
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Fig. 8 The bolt used for stress measurement
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