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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 kinetic
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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Table 1 Comparison of principle specifications of
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.

BER O — LM O IR

IHRFOEE G, 2.64
HRMERR R @ %) 198
BHERR @ %) 108
AR I, 90
BEE K @ s ) 103.5
WMEEME  ¢/P 0.41

KEERE LREEZFERT DI —b A
FOBERBIEER Lz, ERALEZEA Y MNIBER
AV MNEEAMAFTLERTHY, K@K ERA L M
i3 0.23(%IE.20 FE, KB 18 E)TH B, BLEICELTE
AL MEAER—LDOEKIEL, FOEDIZEL > THR
R BIAK L2WEHFTHRENRTRKE 2D LD IR

800 ————
FHEDEN 147 kPa ;
(1.5 kgf/em®)
~ 600 | FiOEIDEFH: 24569 C
a
=
4
& 400
H C
2 200
|
ol .: ‘
0 10 20 30 40 50 60
BAVBEE IR

Fig. 3 Relationship between unconfined compressive
strength (g,) and mixing ratio of cement (R,).
AV MNEELIO—BERRSICRIZTESED
82480

FoF



L7 8,

AL MRERRNL, BEESAkKOBEEr—LEE
(mp &R A NEEM) M OERENZEBES LD
EEMmprm)IIxT2E2A 0 VEEmM)DEEEHEL
7o R, X9 5 —@ERER & () DBfE% Fig. 312
Y, HEEREIT 2 BEO CERL, BoEDEADP)
T 147kPa, #FDEDEFE(TIX 24 BRI CTH D, —Hh
JEMETR S (gL, A Y MEARO ERITHE - THEMY
HIEM &R LT,

b) #EE AR D IFR

BRI AR 1T SRBR R 2R D TAE IR U7z, — iR BhAR T
BREEKIICHEE L-o—A%BE S5cm BIZSTT,
REDE DES(P)DS 147kPa CTHEIITEHE L TIERI L 7=,
H3E B2 Y oEEEIY 15cm Th D, 2 BHIBRIITE
Ne—h, KEBREA Y MEAD—LDLEBRINS,
TR L FEIC L T — 2% D ED TER
L7z, EEEHDEF o —ANEKTERLTEL ok
BEEEL, u—2btEX L FOREARBHIL - TH
BEDRELZHHR L, u—2b% P=147TkPa THHH
DB, BRERSETHE-—ERERS 2 gt
%) 588kPa (Bkef/cm)TH Y, FL P, ki3 3 g, 0%
9 FORMEEZRLE, THERBEDORELE AL K
BEV—ACX-oTHRTIHEDIZ, EAY NEEE
(B)E 50%E Uiz, REOMODEDEHPNITRE LR
U 147kPa TH Y, EE 1.5cm H 5 3.0cm OR/E
PRI, - T, HBo7y Ry A7 — MERE
(D)3cm ZxtT 2RBEH) O LH/D)ZENREI 0.5
k1.0 Thsd, HEOEEBEIL, RBOLMBHIZLSL
FNOHE LK 15cm TIFIFEL/ER L,

(4) WERELHRER

B L— 2 g BICRET AR, Mle—
FeELVEET T NI H—IZEBET D & EHIZ, TERE
2D B2 T A ¥ —REMFHO VA Y —%T ¥
N HTa— b OT7y ZIZRY T35, ZE LR
DEEIIKESREZER L TKEELERD LT ESN
5, VZWXTHEEOEFHFEIZR LT 90 ERERL,
BRI ET 5,

WIZV I 2 b—bT37 L—rDEESRMEL LT,
I U=V ORMZENREHET VNI —DED
HLUIE, PTEE)EFREL, BN ENTESD
VT ORRERA L, DV ROEEEERAFE) DM
REFRD, WIZ, 4 DOT T M) H—IZEAT 57
ENRBEZE L AR5V TEBRALER TS &
BIZT U M-S OMAEELITH), ZOREELE

FERL P s

NIIS-RR-2001 (2002)

BREBMERTOBEEI O MERRE L $ 5, T LT, #HAE % H
BUCERE U CEESS 2D T2, ERARS
WOBBIERERICER T, FEFEOETIZIT
CCD B ATZEWMOAMTT, 77 U NBD I N—% +4E
EEICELY T B,

(5) EEREKWH

BOEAEREE SIS CHIEDMEEE T
HI¥3, —EOBRBLIBIZBWT, BREBELTY
L= DU TRRAERBLES®D, ThCEoT, Bk
Ble—RA v bBRET D, VITEIRADORDEE T —
AL POBIMZHEST, BEEERDT Y NY T—
DOEHEITIEINT 5, Z OEEHEN R OKRRE 28
ZHE, TU NI H—IXILTT 5,

BES I 2 —var DL, 7 LU RBRARRE
FEEmETAIREBIZBNT, TY NI A—2E T4
HZEIEARRENBREOERE B ETS, 0D
TeOF LR 1, HARDRRRIRE I X » THE S,
RAR 98 B 1 T R B BRI S0 ST - T S % 308 /1386
WZEoTROLND, iz, BRIV T7THRAIIEN
TEHEZPREIRDI-DICEH, BOINEEITREIHL
Do THITEREIE— A > FoEI (YT RRADORD)
WHESTERTAT U MY H—OBEHIE D HiE D REIR
RICEGET HARO VT RRAZEBIEL720TH 5,
72 BARER TR LILEE OFEWV L7 L — 2 D87
D ENICR L TEEZRITIRWERE LR,

—REHAE L 2 FEIED 2 BHUIBIC OV TIT o7 6 4 —
ADEBREM% Table 4 127573, Photo 2 I3 EERK T
BICHRE LEBEEOGRBORTF Th 5, BEALAIIIE
By L— ENBICERETIEREBBTHY, EEAL
ANIEH LR 7 L—o D7 7 R H—RN I D

Photo 2 Model mobile crane in container for experiment
(left) and overturned crane due to sunken
outrigger (right).
ERTRBCEHELEARBIL—2V(ERUTF I b
?{;ﬁ‘—b“ﬂb%l:&b YRAATEHRBLE-EROHKT
(&)



BT L — o ORI RIS SRR ORI T &M BT 5 ERAITFE —15—
Table 4 Test conditions and results of simulation of overturning.
S L—UBHIZEBERELIAL—2arvDEREGEER

ERL CT1 crz2  |cts  |cme [cts [cre?
HEE K o—A—8k | REER - TEr—LA
BREBE 7 —F % 0 0.5 1.0
= O () 17 38 49 45 52 72
V7 K(cm) 60 60 60 40 60 90
20 DL E(R) 980 980 980 2550 | 980 315
Y 7 R A (deg) 70 70 75 72 75 70
BB Y TR A (deg) 30
ERBEF O 7 R A (deg) 37.5 44.0 46.5 56.2 54.0 60.5
B RAERHA I (deg/sec) 0.1 1.7 40.9 14.7 48.5 29.8
{RARERRIE OB AR EAL A (deg) |, 6, 1.3 5.2 5.2 — 8.0 -
AR ERR R OB AR A (deg), 6, 1.9 6.2 7.3 11.0 10.8 17.3
B R E R OB R A (deg), 6, 0.05 0.4 0.6 1.5 1.4 3.5
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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