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Investigation of Overturning of Mobile Crane due to Penetration
of Outriggers induced by Failure of Ground*
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Naoaki SUEMASA*** and Toshiyuki KATADA***

Abstract: Overturning of mobile cranes frequently occur on construction sites. Mobile cranes are
comprised of hoisting machinery combined with both a base carrier and a revolving super structure.
Outriggers are equipped at the base carrier. The mobile crane usually stands on the outriggers
which are extended laterally and set on the ground during hoisting operation to keep the crane
level. Investigation of these accidents confirmed that one cause of the accidents was penetration of
the outriggers into the ground. This study focuses on the fact of both penetration of the outriggers
due to failure of the ground and overturning accidents of mobile cranes. Procedures and results in
this papér are summarized as follow;

1) Investigation using reports of occupational accidents was carried out to clarify conditions at the
overturning. Penetration of the outriggers was seen in about 40 % of the reports investigated.
Although the net rated load is prescribed for safety of stability, about 20% of the overturning
occurred where hoisting weight was less than the net rated load.

2) Bearing capacity tests on model grounds were carried out to investigate both strength and
deformation characteristics due to the penetration. Soil used in the tests was Kanto loam which
is a kind of volcanic cohesive soil for the partially saturated ground. Model footing simulating
float of outrigger settled with increasing acting stress on the model ground which had uniform
strength. It was found, however, the footing settled rapidly on a layered model ground which
had a hard surface layer overlying soft ground. The hard surface has characteristics of brittle
failure considering condition of the soil dried. A wedge failure under the footing was developed
in the ground due to penetration. Vertical displacements around the wedge were predominant
comparing to the horizontal displacements.

3) A theoretical stability analysis was performed by both static and kinetic formulations. The
mobile crane tilt due to penetration of the outriggers. At the same time, an arm length of
overturning moment increases with decreasing a boom angle. This mechanism is considered as
the static instability of the mobile crane due to penetration. Meanwhile, where the ground fails
suddenly and the outriggers penetrate rapidly, moment of inertia due to penetration is important
in addition to the static instability. The results indicate that penetration of the outriggers into
the ground (i.e. depth of penetration and its speed) greatly influences the stability of mobile
cranes.
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Table 3 Physical properties of Kanto loam.
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Fig. 9 Relationship between stress and settlement of
footings showing scale effects due to shape and
size.
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Fig. 12 Relationship between settlement and elapsed
time showing difference of speed at penetration
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Fig. 15 Distribution of maximum shear strains inside of
ground. (depth of penetration is between 0 and
5 mm).
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Fig. 16 Distribution of volumetric strains inside of
ground(depth of penetration is between 10
and 20 mm).
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Fig. 17 Modeling of mobile crane for analysis of static
instability.
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Fig. 18 Schematic figure showing process of kinetic
overturning.
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Fig. 19 Impulse due to motion of rotation.
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Fig. 20 Parameters indicating geometry of center of
gravity of mobile crane.
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Table 5 Conditions of calculations.
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L(m) |8 (deg) B(m) Ws (F>)
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CASE 2 25 30 5.1 0.66
CASE 3 15 60 5.1 5.92
CASE 4 25 60 3.6 1.14
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Fig. 21 Static and kinetic instability of mobile crane
comparing effect of angle of jib.
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Fig. 22 Static and kinetic instability comparing effect of
length of jib.

BRI CEMERICRETOSTROBE

I VT ELDNE & ZDRIGDD Y FOALE D/KERE)
BIIDLWDIS, ETICH) REEPHZ VAL
TwinErBbhb,

—7%, BIE TR, YT7ESADNEWEA ]
NTC, RETLFHEDFTHFKRE W, BIb, @R ES

i3, PTERBIEIRECEAOERINRETH
5, NP TDELEDYMDOMEX, V7K
PR ENGA Li$W$ULE< V7 DIERHE N
SVLIEAITIIHICEEN LB IS B E BB L Tn
5B bhs,

Fig. 22 V7 RDOBELRT, YV 7HEFA%E 60 E,
T A—EE 5 Imi—FEE L, V7ES 15m &
25m DIFAITDWTHE L2, Wiy —X DRI B »
T, V7 H K\ CASE | OFI RS TRIZFRE L
FEIICHT 2 CASE3DRER LD L&, EHOR
RBETHDI EETRT, BFEFIIZBWT RT3
CASEl & CASE3 DIt FTEMNERI, FEILOBAIZ
o THWMT B HEERT A, FDBRWEIDLL, ¥
TEROMBIIVTAHDEEITIL T R,



— 98 —
0.7 :

: A EAY
~ 08¢ GASE 1 m—am = |7
E 0.5 N\ : (L=25m, 6=60", B=5.1m) | |
iy \ CASE 4 s s
0.4 N (L=25m, 6=60", B=3.6m) |...
RO \

i% 03 <
lﬁﬁ [ ) :
q 0.2 ; g
I’}. L
B 0.1
0pb——i R -0
0.8 0.9 1.0 1.1 1.2 13

FEL(DYFOEE EHTE)

Fig. 23 Static and kinetic instability comparing effect of
setting width of outriggers.
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etration and working radius induce static and
kinetic overturning.
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