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Experimental Study of Failure Characteristics of the Ground
Causing the Overturning of Mobile Cranes*

by Satoshi Tamate™

Abstract : This study focuses on the instability of ground causing the overturning of mobile cranes. The mobile
crane is a truck comprising machinery for hoisting equipment. The mobile crane is usually kept level during the
hoisting operations by supports of four outriggers, which are located at each corner. When the outriggers
happen to penetrate into the bearing ground, however, the crane becomes unstable with two types of
mechanisms. One is static instability and the other is dynamic instability. Where the outriggers penetrate the
ground gradually and the machinery rotates slowly, the overturning moment increases because the lever arm of
the hook load increases due to rotation of the jib. Meanwhile, where the ground fails suddenly and the outriggers
penetrate rapidly, the inertia moment due to angular velocity of the crane is an important factor in addition to
the static instability.

This paper examines a series of experimental analysis to investigate the relationship between the instability of
mobile crane and characteristics of the outrigger penetration due to failure of ground. Experimental simulation
using a newly developed model crane is performed in a centrifuge at the National Institute of Industrial Safety
(NIIS) to examine the realistic behaviors of both the overturning of mobile cranes and penetration of outriggers.
It was found that mobile cranes become unstable due to rapid penetration of outriggers caused by brittle failure
of the layered ground, which comprises a hard surface overlaying soft ground, comparing to slowly penetration
due to ductile failure of the uniform soft ground. Back—analysis of experimental records was undertaken to
ascertain the kinetic conditions for overturning, and it makes sure that mobile cranes satisfy the Kkinetic
condition for overturning prior to reaching to the static limiting equilibrium where rapid penetration occurs.
The relative instability index, which is the ratio of the critical settlement for overturning due to kinetic condition
to the static critical settlement due to the static limiting equilibrium, indicates almost constant value where the
ground condition is the same even though the condition of the crane (i.e., jib length and jib angle et al) is
different. The result supposes that the stability of mobile cranes was classified by the ground condition.
Keywords ; Overturning of mobile crane, Penetration of footing(outrigger), Layered ground, Centrifuge model
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Photo 1 An overturning of mobile crane accident.
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Fig. 1 Schematic drawing of geotechnical centrifuge
testing apparatus at the NIIS.
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Fig. 2 Schematic view of model crane and equipment for the centrifuge model tests.
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mobile cranes between model and prototype.
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Table 2 Principle specifications of AC servo motor.
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Table 3 Physical properties of Kanto-ioam.
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Photo 2 Model mobile crane in container for experiment
(left) and overturned crane due to sunken
outrigger (right).
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Table 4 Test conditions and results of simulation of overturning.
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= O () 17 38 49 45 52 72
V7 K(cm) 60 60 60 40 60 90
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WREATIC & 2 RIERF OB AMER A (deg), 6, 1.2 4.9 3.1 6.6 4.8 7.0
A2 ERE(ERE) 0.63 0.79 0.42 0.6 0.44 0.39
F=tan(8)/tan(6)
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Fig. 4 Bearing capacity characteristics of outrigger

footing on soft ground and on hard surface

overlaying soft ground.
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Photo 3 Punching failure of ground due to penetration
of outrigger(CT_2).
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Fig. 6 Effects of ground conditions on behavior of

overturning.
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Fig. 7 Schematic drawing of kinetic overturning.
EERB D IZE

0 G
G

;
| b——

Fig. 8 Modeling the crane’s center of gravity.
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Fig. 9 Relationship between tilt angle of crane and jib

angle during overturning.
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