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A Study on Safety Practices of Investigation of Bearing Capacity of Supporting Ground
for Prevention of Overturning of Heavy Machineries

By Satoshi TAMATE* and Tomohito HORTI*

Abstract: Drill rigs and mobile cranes are heavy machinery used in construction sites. Sufficient bearing capacity is
required in the supporting ground to keep the machinery horizontal. However, overturning accidents frequently occur
because of ground penetration at the foundations of lower careers. A differential settlement AS makes machinery
unstable because an overturning moment increases whereas a moment of stability decreases. Thus, the machinery
overturns by reaching the limit equilibrium of moment. Therefore, a value of the acting pressure through the
foundations p, should be less than a value of the ultimate bearing capacity of ground ¢q so that AS can be reduced to
negligible small values. Therefore, careless investigation of merely observing the ground surface is an insufficient
method for survey to confirm the safety. Ground investigations must be conducted to clarify a value of gq.

In addition, a tall super structure of the machinery takes high center of gravity. Then, the rotational energy induced
by a quick tilt causes the machinery quite unstable by reaching the limitation of kinetic equilibrium earlier than that of
static equilibrium. Accordingly, brittle failure is dangerous characteristics of ground for the stability rather than ductile
failure introducing the slow penetration. Then, it is important to survey the potential risk of rapid penetration at
ground investigations.

A value of difference between p, and g4 is considered as the margin of safety that is also identified by a safety factor
of bearing capacity Fs, which is defined as the ratio gq divided by p,. Bearing safety of the supporting ground is
ensured by verification of Fs by a threshold value of SR. As this type of machinery is usually placed on construction
grounds for a short period, 1.5 of SR is generally referred in accordance with a code for the temporary placements.
However, a limiting depth of penetration decreases in dangerous ground that composes the potential risk of rapid
penetration. Therefore, authors propose to use the higher value of 3.0 for safety unless nothing of the potential risk of
rapid penetration is confirmed.

An index of rapid penetration Rg, which is ratio of an initial tangent modulus K divided by a tangent modulus after
the yield Kq4 those are obtained from curves of the relationship between an acting pressure through the loading plate ¢
and its settlement S, is introduced to associate with the bearing characteristics of the kinetic overturning. Then, a plate
loading test (PLT) is required to derive the value of Rg in addition to g4. However, PLT has also problems of taking a
long period to perform the test as well as doing many procedures to set up the instruments. Therefore, high speed
bearing capacity testing (BCT) method was newly developed to derive values of ¢4 and Rg efficiently. ¢ is loaded
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through the same loading plate of PLT though a penetration depth increases by constant velocity of Smm/min in
consideration of both a condition of Imm/min in CBR testing and a ratio of diameters between PLT and CBR. In
addition, a simple method to measure S was also introduced to decrease a number of the procedures at the preparation
of test. Several sets of BCT and PLT were conducted in various conditions of grounds to compare the results. It was
ascertained that an almost identical relationship between g and S are obtained from both the tests. Accordingly,
bearing conditions in the supporting ground can be evaluated by BCT of simplicity method.

This paper summarizes safety requirement for prevention of the overturning for machinery. Ground investigations
are needed to ensure the safety on bearing capacity of supporting ground. In addition, a new testing method BCT is
also developed to measure the ultimate bearing capacity and rapid penetration characteristics. Authors finally propose
to conduct the safety practices of quantitative evaluations in consideration of the results from ground investigations.

Keywords: Drill rig, Mobile crane, Construction machinery, Overturning, Toppling, Supporting ground, Penetration,

Outrigger, Crawler, Bearing capacity of ground, Safety requirement, Ground investigation, Plate loading test.

* R e 7 v —7"  Construction Safety Research Group
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B — FEEFEIC S L X, &0 2 &I HI ) OME
W HIREHEOR RN D, O FEIZITKGs 7
TENGHTHELEBITH TR S EN-TE D &R
B2 & e o 7o YL THEGTEE & AESEELS O i T8
Wi B 1T o 72 & 2 A, Rk T REICxT 5#
FE S OB TS EOENR R b, £, th O
3 S MR BUI R IR DO Z DK 1/10 5 & /NS ho
7. L7eid o, A CAEZEBG IRV T I /1%
GANZ L > TRRDLIGAEND Y, BRSOEE TENE
MHZLFTEhnwz el BB L—
SOHERRME D B BITIEF IR E W oD, HAR A <
HHREW. L7an-> T, HIlfI3EEBOICHEAE LT
EDD HINLDMENDH Y, & D7 OIZ TR A T4
e Z L AR

Q) REFXE L BEICRDELGHIT N

1) HUE FICBEIR Y L — o RO R A R ET S
BANE, FAET DT ISR L CHIE S SRR AT RE 7R
MRE] ZH LTV DR TOINERDH L. Fiz,
ZHUWIIMA T, ZOETNZE>THALS IETE] A
BARIB R 2B R 2 520D b RGET D L ER B
L. 2o IgEy & GETE] O &2 & DR
W TH 5. BEIR S L— o & B T B
FCYESERREE N 70 5 72 0, BB S E D FARIL L B
o TS, LLAENRD, 2D DOREICHLE M
it 7J G DN TUI L FF L RE FC L@ L7
R CHETE 5 2 L&Ak~

2) BEIRXS L— a0 B E oR eI [k
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EBIC, 7YYL T A
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—ENCHW LTS F >1.5 IC X DIRAETIER
T THY, F>3.0IC K DMBENNLERZ & ZBRN
fo. Fio, BIGENAEBET D WO X 9 e K
DR CIE, PR & TREE) & THI )
DIOORKELY FTITI ZLBHETHY, [H
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MHEEZBELT, FEICF>3.02 T2 L 2@RELE.

Fy % BBAT 272 DIITHATES) pa & HIBE O RRRR
KR qua RO DTN D . p [T O H E
HIZEDLDOTHY, WX aTEOHETROA— T —
DOEREGDLZETMHZENTED. —H, q
BAIDZ LIRS TR, YRR LN ALSCEAE T
PHDLLOTH7ZRW, Ledi-> T, HBERENLE
LD, AETILHE T2 (GS)FEHER JIS FITE
DHITWDHIREN R FIEL MR L, BRSO
LEMR LT 25 GO BERREIZHONTHE
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3.1 REBAHER

311 #@E

Y ANGRBR(LL T, SPT &FES)IE SPT Yo7
—ZEMICEAT D 2 LI X o THROMEER, fiiE
» BAOHE KR O TR A R S 5 7o Ok 2
B TE5WBR DITH Y, T ETHR S kA7 H
MERAEDTEE S %2 5. SPT @ JIS FAEIT 1959 412
TETHEV Uo7 4 v TRBIERBSNREEE
% L, 1961 4FIZ JIS A 1219 [+ R AG R )71k
L LTHIES NI, £D%k, ZOHAET 2001 &
2013 FEIZHET TV D, 2013 HEDOLIETIE, 2005
AT [ERE B 1SO 22476-3 Standard penetration test(F
HEEARB) DSBS L SN Z LD JIS & 1SO DFE
ARSI 721, 2013 FE£OHIETIEHAEN
O TEBROBEHESS, ZhETOHKTHRONE
RERAE R HREHARD Y SLo TS Z L 2B &
L, BNZ TEREHIHW D NEZ KD 572 O OFEEE
ANRBRILEE ) SR E AVICRENTWD. 20k
IEORAE & FEITSTR DICRE Y AETIXZ ORBRO
T, S, SR ORI A FIEC O TS &2k~ 5.
B 3-1 | IMEAEE AGRERIEE O ] & T 2R
LR 04T ERT. SPT TITE & 63.5kg D/ >~
—% 760mm D S0 H T V EIUICHE T EETC, SPT
YT T biAte. ZZCSPTH 77 —%(H
BLX O HIZE > TEASEZ#)300mm 15
AT T2 DI FT RS Z NELERLTND.

3.1.2 NfBICHEZRIFTER

RN L 72 NE SRR R e OMESE I B L T e e
2L ERMENTEY, FICHBRAKDORAEL
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BT REERIIIRDO 20085 D L ENTW 5.
1) %EE -2 B K ORI B 2 2K
2) ANAHIER(ERE - Bk fE A 7E)

N DX SO T HPH £100%I2ET D L 9 2 H
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BWETE

ﬁﬂ‘g

AAKOE ——
INIT— “

FUENL ——
A= ——
=El w
F—yss I, W —
SPTH L J5— “ A

3.1.3 N{EZFAL-tBER L FFHDOF

N fEI - OREER & i £ 0BG & MRS 3Hx%E
7R IEE CH Y, BT L OIS £V &<
RNEITHDH. Lol, T—REFICEREIN
TWD Z &IT 2 THHBNE D DaRFHES - KL
IZH N AEAEmBAYIZHIRY ALb T 5. Terzaghi
and Peck|IWE LOMXIEE D, & NEDO B L% %R
1 DX IR LTE. 728, N EIXFEUHiE BE
Tho THLAED FHTFe IC k> TR D), 22T
EEESN TR, o, DREEZEE L= BRI
Meyerhof IZ & » THB-DD L H ITR-EEN TN S,

N

D, =208
o,'+69

(3-1

q, =12.5N (3-2)

N 7> bW Tl OB EE A g% HEE T 53K
& LTIEER 3-1 1Z7” T K 9 72 Terzaghi and Peck?,
Meyerhof”, Dunhum®, @& D72 EDIENIZ, HIK
R OERHIEAS N2 K O D78 LA RR G A%
EREHIEI ST D 2.

A OREER & N AL O BILRITHYE 1 & BN EE P
NTND. i EOBEHREEDE SN E a2 v A
73— EMEQY, Terzaghi and PeckV|Z = v A7
U— &N E —HERTR S qu DB ERI-2D L D

31 EEEARREELFEDEH IR L7, B, RI2DEMENSFFHO L%
=31 NELROBEXREEERNBERADER
FERH 4 WA 95
Tl . . FH LR Ry TE)
N fE Terzaghi1 )and Terzaghz )and Meyerhof? Dunun® Kl 9 AR B HI L
Peck Peck
FEFITHRN . . FRAR(EES 13mm) A5
0~4 (very loose) 28.5 Al 30 Al ICFCHA
e AL R — TarYY ATy )T
~ S [/ S5~ ~
4~10 | ¥\ (loose) | 28.5~30 30~35 NV +15 T
VA BT HL TR B JISN +15 | 8% 5K v~
10~30 30~36 35~40 N R
(medium) JI2N +20 20N'+15 (N=5) THOLIALRKS
30~50 | %7¢(dense) | 36~41 40~45 BT F4 TR —4k [l | 30cm FREEE A
S| 7 NJI12N +25 [f LTS5 75 6cm HA,
50 L1 I (Vj ;ense) 418k 45 LIk N CESRLE, T
Y AHBHC B
) B OEARTT 13mm
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£3-2 NELHETOAVIRTFU—E—BIERRSD

EE
N fE gd (kN/m?) SUYVRT Y —
0~2 0~24.5 FEFIZE L
2~4 24.5~49.1 FH 0N
4~8 49.1~98.1 A7)
8~15 | 98.1~196.2 | FfL>
15~30 | 196.2~392.4 | FEHITHHL
30 0 F | 3924 L0 1 [EE L7
#=3-3  Terzaghi IZ&k 2XFHEH
HEY | N | Ny | N
0 5711100 0
5 732|164 | 0
10 9.64 | 270 | 1.2
15 12.8 | 444 | 2.4
20 17.7 | 748 | 4.5
25 250 | 12.7 | 9.2
30 37.2 | 22.5 | 20.0
35 57.8 | 41.4 | 44.0
40 95.6 | 81.2 | 114
45 172 | 173 | 320
=34 WIRRE
W EmE OIR | Hikk | EHE | BEHE | AF
o 1.0 1.3 1+038 | 13
L
B 1.0 0.8 FM% 0.6

W5 NEE g DBRZRXG-2) D X S IR LT
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B % M SRR D 51k
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EOMBMETI LT L b @< 2NEd Th D, EHHL
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A—=RLLTEY, Z0Ocbgdiick~7z N@EE
DOERNOHESINDEDTHD.

1
94 :aCNc'+EﬂleNr+72Dqu (3-3)
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O L OREFEFI(RN/M?), B FLAEECHE OBE(m), D 135k
HEDOEAE S (m), p (FEBER LY T O Lo AR
FEE EKN/M?), » [ TIEHEEE L0 Lo o BA R
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%, WTHEZEOTHDL I ENTERW. LR
ST, IETICEMR LI=fElRz SPT 22ba s Z & 13k
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3.2 5B — 2 EARER

3.2.1 #=E

G a2 — B ARBRLT, DCP & FES)I
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SHDEME Y OBIRE T DORE S, ROYTET X
X —NEI2 5TV 5. DCP ITE & Skg DN~ —
ZE S 500mm 26 HHE% NS S THER OB R E
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VXA 3 S D AR S0/ N BUASTRE ) oD LR 0D 7
FEIPHIE 7 SRR WSz 2 £, 1995 4F
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FUEIL —
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(CHE TRt L L CHIE Sz, 20,
L2012 FFICHES N, BUEICESTWND 10,

& 3-2 |2 DCP DHEE DO —1{l & 7R3, ALEE O T
FermablcIiE a2 — UMb v, ZORKRIIMH#ETSH 5.
el 60 FECEARIT 25mm THDH. TD EHO
DBz F—Fa— T
BETLHHLOTHY, HMEIE 16mm THS.
—OEEIT kg THY, ThEHA KHny RO
& 500mm MNHT VEMIFE FSHT, a—r &4
HiAte, KRR CTiZa—r % 100mm ¥ HiATe729
DFTEFEHA Nofi & L TRegk S 5.

ARREEOHEREITI N ~—bFOT 10kg 16
15kg LIETHHZ 0D, MOVFWIIES LS
L. LinL, ARBROFTBET X LF—ILSPT LV b
XD Th ST, BABRELO KR & W RE 1
ORI TE v, £, vy RRHEE
Ko, a—r OB AN/ SWHIE TIXE A
MRS 725 & ay ROEHEBEER D
ZO7W, —ITITERS A 4m FRE £ TOMREICH]
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a2y Nignr~—|
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Ad+sbolanTtgy, Etpme HEmo®R
JEB SRR S0/ NS Y FEpE R O 18 5 ) E
WICHAWSBRTWS

3.22 HREBEROMREEER
RKABRNLELND Ngfd & SPT HELND N
EDOREURIZOWTIE, ZIVE TOWZENLHOD
BENIN TS, MHS X 33 fgilckibhd 5 2
U e—F RS T T 4 v SRR L AR A E
BL TG4 EXEHDOBMREZREL TN S,

Na=4
N=0.50Ny
N=0.66N4
N=0.75Nq

<HE >

<WEt>

<A >
(3-4)

Ni>4
N=0.7+0.34Nq
N=1.1+0.30Ny
N=1.7+0.34Ny

<HEE 1>
<WE >
<P >

(3-5)

F7o, LS WIS/ VRS O ik
RIPBPHE L L THGB-0)ZRELTND.

N =1.50,/N, +0.75

KB O NEAFHET L &, JenFR3-1 LK 3-2
N e & gniRE D, FORERERRIZE-3)ITUA
T LIRS ) qu s RDDLZENTED.

DCP (% SPT IZHATHRERIE A ER S ThH Y, K
Bk RIENEICHAE C & 272 0FMEM: S @, — 5,
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3.3 RUz—TFURYIUT 4 VT

3.3.1 HE

AV =2—F VAP T T 4 v TRBRLT, SWS
LIRS IR EBAIC LD EA L, MR L5 EAL
O L7 RrERBR ch 5. Liznd> T, SWSIixt
OFMEAEIZNE L, ZoMike s LS
HET D & L bICHIBRRZ R T 5720 ORERT
BV, Jed SPT X° DCP & 13 faf EOHAT ST IER D72
VEIR > TS, SWS Tt x AN ¥ F 7 #ET
IR EN T DO TH 7273, 1954 FEHIZH
KIEASH, Z0%, ERLELDOTHD. HiE
N TN TEIE SRS IR TR R MEN TE,
FfGB T T 4 T ORI E A RE
IEN TV D, REBRTIEIT 1976 £ JISA 1221 T2
Te—F R T 4 U TRBGE & LTCHIE
&, FO% 2002 4F &£ 2010 Ak E S U THAES
EoTWB B,

SWSHLE IR 3-3 IR T L ORAT U a—HRA
N, o\ B, RO - Rl - 5] & $h & S E (TR E
TIEIANV R, BHY, fim 7 70 7)) THE S 1L
L. REBTEr Yy RENMLTAZ Y a—KA > MZ
i Lo E & BARORR, KUE IkN THA
fEikgicn v R ER Sz & &0, [EEEkk s BA
wEOAGREZ AL CTRHET 5.

A7) 2a—KRA v MIES 200mm T, JEEEicm
Mo T—EEOA R CIVEEEH L, £ OMEILIIS
G450l ITHESNTWAS. A7 U a—RA > bk
ny REfRR ey FOBERITE HIZ 19mm TH D
M, FNENOFE X1 800mm & 750mm F 721X
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3—3%")—/
iﬁ?ﬁ‘rﬁbiyi/ |

*&ELD-‘J}-“/

1000

x&ul—ﬁ4>ﬁ_d//’

RN a0

RO a—Aif o —
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200

33 FHICLIRVz—TUXYIUT 1 UTHR
KEEHREDRTT

1000mm T 2. #ifrdiE X, = » FIZ 150N, 250N,
500N, 750N }¢ O} IkN OffEZ#H M CTEHHDTH
O, #SifmH7 77 ICB Y0 AE T 5. RS LEE
1% IkN O EIC L 2B ABNMEL LIS, TOME
ZRFFLIEEE LRI CEERSE S HOT, [HlfSH
FEIX 157 60 - EHRFR EEAS W REA & D & ST
%, AT E L AR E oW TR, 2 ToREE
FHTITO b O, FHB(EHED ST B 8o
b O, EEBGHEM, FiEE, EAETHEE)OLO
D3N D 5.

ABR TIIATE A 50N, 150N, 250N, 500N, 750N,
1kN & PSR L, B Wsw TDOAZ U 22—
WA FOBAELTET H. RIZ, IKN TR Y R
DEANIEESTHAE, TOBEAEZFGK LK
2, By REAREESE 5. 2 OREOEERH N,
WX DB AR OSG, BEAE Im H720 O
HEHREL Nsw 23R 5.
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3.3.2 ARBEROBREBER

ATV a—KRA 2 bORKRFIE3B3mm THY, =
v R 19mm L0 HREVWD, HEXoy FTHDH
OREBEOEELZ TS, 2D, Wsw &
Nsw N OHEE &5 L osi S 1%, g oEm & LT
fEIRT REHDLEINTND .

SWS DR & N EDOBLRIZ OV TT OO
ENMZE - TKE-7)E LB BIBES TN D 9.

<fE - W-WwE >

N=0.002 Wsw+0.067Nsw (3-7)
Kbt e REMEE>

N=0.002Wsw+0.067Nsw (3-8)

F7o, —HHERR S g0 & OBRICOWVTIEA(3-9)
DEITHRESNTND 19,

40045 Wsw+0.75 Nsw (3-9)

SWS TP CTEER & O/NEREEY I3t 5
KRB AL TEY, 3.6 b kb5
AT FRER ) & 5K D = RIIFFA SR ) gu & DOBR
KNHB-10)E KG- 1D LV ITHRESH TN D 12,

Wsw=1kN O¥4&

¢.=0.00003(Wsw)> (3-10)
Wsw=1kN D o
¢.=30+0.8Nsw (3-11)

= A

A(3-12)1% 2001 FH R EEERF 1113 55
AEYHEITTRENTZERATH DM, TOREIZIFX
G-1H &Y b/ REREH STV D, FE R T
[EREDEH S T 2m AN T, fifE 1kN LR T
HIL T DEPHFET %6, E72i%, [ERER)
5T 2m 55 Sm LANT, fif & S00N BLFCHILT
LENBFET D56 1%, LT R EOMBEE L%
JE L CREMICHEERBESEREE LRI &%
DD EHFE ST TS,

:=30+0.6Nsw (3-12)
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