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Safety Requirements for Prevention of Overturning by Drill Rigs and Piling Equipments in
Consideration of the Potential of Instability

By Satoshi TAMATE* and Tomohito HORI*

Abstract: Drill rigs and piling equipments are large pieces of construction machinery used to build pile foundations
and to improve the ground stability. Crawlers comprised in the lower base enable the machines to propel themselves.
A tall leader given in the upper superstructure provides top heavy weight distribution. Sufficient bearing capacity and
flatness are required in the supporting ground to keep the machinery stable without any tilts while propelling between
the positions to drill. Nevertheless, overturning occurs in connection with these kinds of construction works. This
study focuses on the phenomenon of ground instability causing machines, so called drill rig in this study, to overturn.

Two sets of crawlers support the drill rig to restrict pitching during operations of self propelling. Nevertheless, the
drill rig may become quite unstable if the crawlers should happen to sink into the bearing ground. Overturning huge
machinery gives quite large damages to facilities in the sites as well as surrounding societies. Accordingly, it is
important to prevent the overturning of drill rigs at works.

Two potential causes concerned in drill rigs becoming unstable. One is a problem caused by structural instability so
that the body is composed of a top heavy weight distribution. An overturning moment much increases with an increase
in tilt due to ground penetration. In addition, a pitching at the self propelling causes to increase inertia to overturn. The
other is concerned with supporting grounds. An excavation in sites and an overlaying by reclaimed soil are performed
in the processes of constructions. These works produce an uneven surface as well as a distribution of different
stiffness on the supporting grounds. Then, the drill rigs pitch by differential settlement in the crawlers during the self
propelling. Therefore, risk of the overturning in drill rigs arises in aspect of the self propelling in the work sites.

In this paper, firstly, investigations on safety code and regulations in Japan as well as in Europe and analyses of the
accidents in the past are conducted to make sure the problems in terms of keeping stability in the drill rigs.

Secondary, prototype model tests were carried out to investigate the basic characteristics of pitching during the self
propelling. A huge drill rig composing 1MN of self weight moved on a test yard that was prepared in the developing
site of the Tokyo International Airport. A series of leveling, ground density tests and bearing capacity tests were
performed to clarify the condition of supporting ground to be propelled by the drill rig in advance. Predominant
frequency is distributed in around 1Hz so that the drill rig pitches by long period during propelling. As a value of
horizontal acceleration in the upper leader shows the maximum, it is ascertained that the drill rig pitches around
fulcrum of the front drivers supporting crawlers.

Thirdly, a series of experimental simulations using a newly developed 1/30 scaled model of the drill rig was
performed in a centrifuge in order to classify the hazards causing the drill rigs unstable. It was made sure that
distribution of differential stiffness in supporting grounds induces the drill rigs to pitch at the propelling as well as
uneven surface. An acting pressure through the crawlers shows the highest value at the front drivers. It was also
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confirmed that pitching during the self propelling causes to oscillate the values of acting pressure. And, a difference in
characteristics of pitching, while amplitude and a frequency of the pitching, varies both the maximum value and
standard deviation of the acting pressure. Coefficients of variations decrease in the flat and stiff supporting grounds.
An average inclination of supporting ground (6,) is introduced by frequency analyses on profile of surface. Several
sets of experiments were conducted on model grounds which consist of a different 6,, and its variation.

This study concludes that the stability angle (6,) in drill rigs should be set higher values to keep stable against
happening of settlement in crawlers, existence of uneven surface and occurrence of pitching. A number of safety factors
on bearing capacity () also should be set higher by penetration measures on supporting ground to prevent the tilt in
the drill rigs. It is also important to reduce the ranges of distribution on bearing capacity of supporting ground so as to
decrease a differential settlement in crawlers. Accordingly, this study proposes to set the drill rigs by F; > 3, 6, > 10
and 6, < 1.25 to keep stable while propelling.

Keywords: Drill rig, Piling equipment, Mobile crane, Overturning, Self propelling, Pitching, Excavated soft ground,
Uneven surface, Construction site, Bearing capacity of ground, Safety factor

* R RS 7 )V —7"  Construction Safety Research Group
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3.2.1 EN-996 (1996)-Piling equipment-Safety

requirements

R LS D3R 9 < WHTBR D 2 e Lt D — >
EN-996" 3 0, Z D HHETIE < WITHEZ Piling
equipment & FEA TUWND . EN-996 [ZERIN 4 [E TH
DOEHFELLTEHWLNTEY, £1¥U XTiE BS
EN 996:1996, R~ 7 Ti% DIN EN 996:1996, %7 >
4 CIE NEN EN 996:1996 L ERE ST 5.

['1.Scope) TlEZ DEEHEDEHFFHI R 5HT
BY, £I2-10@EYFEHEINTND.

3 3-2-1 EN-996 I1Z#17501.Scope | D iRk

1. Scope
This standard specifies safety requirements for piling
equipment suitable for the following purposes:

a) Construction of foundations, slurry wall or retaining
walls using piles or other longitudinal elements
b)

©)

Removal piles

Installation of drain or injection elements

i FA 6
ZOREMETILL T O HIIZEET 5 < W B D224
BIRZHOWTHIET 5.
a) BUE72ITZ O oM EEHE & 7o B T, ek

JENE £ 20k, HikoRETH
b) Bk E
c) HEAKETZITEAMEER O E

T FAFEPHIC OV T, BRSO s aE K OV Ik
51T, <WkETHE, YU R RL
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3 3-2-2 EN-996 [ZFH1F5l4. Safety measures and
/or provisions ] M E0uk

4. Safety measures and /or provisions

4.1 Stability

4.1.1 The stability shall be proven according to Annex B.
Stability criteria are:

— A minimum stability angle and the summation of suitably
amplified moments.

The operator’s manual shall state under which conditions the
piling equipment can be stably used. The manufacture/supplier
of the piling equipment, as derived, is responsible that the
stability is verified by calculation.

4.1.2 Weight and positions of centres of gravity of the machine
parts which are the basis for the stability calculation shall be
obtained calculation and/or weighing.

4.1.3 Each manufacture of single parts of the machine shall
supply all necessary data about these parts relevant to the

overall stability calculation.

4. BEXNRR VDD WVITERELE
4.1 ZEME
4.1.1 16 B I2ESWT, REMIEFEENE O LT
5. REMEOFMEAREIILLTOEY Thb.

— /DR EM ERRICINE S N BEE— A bO
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FRU—F D~ =2 T I WITHEN L E L TEMT
EOEMEWHART DO L L, <\ WITHEO RIS K UG
FILFHEIC L B SN ZEICOWTETLA /T 5.
4.1.2 ZEFROREAR L 72 ZH AT 2 2 TOHEMD
T IE & FOESFFHEIFRICEVELNDLI O
LT 5.
4.1.3 BIRIC BT D ENENH— 0y 0K MIEE L, &
IR 7222 LG R B 4~ 2 50 ISP L B 2 T — &
DETERMET LD LTS,
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IHIZ, ZO4FETSR LTS Annex B Tl
S WFTHE D22 EVE L BT TS\ T, EDFE A
RT3, Annex B OHEBAIZRDEY TH 5.

B.1
B.2 Calculation parameters
B.2.1
B.22
B.23
B.24
B.2.5
B.2.6
B.3
B4
B.5
B.6
B.7 Dynamic and other moments
B.7.1
B.7.2 Dynamic forces
B.7.3  Other forces
B.8 Operating conditions
B.8.1
B.8.2
B.8.3
B.8.4
B.8.5

General

Stability angle
Tipping lines

Centre of gravity
Partial safety factors
Work loads
Traveling

Stability criteria
Static moment
Centrifugal moment
Wind moment

The calculated moments

stability criteria
In-service - during operation
In service — travelling between pile positions
Out of services — erected leader
Out of services — during erection and stowed
condition during transit
B.8.6 Traveling and operation on slopes
B.8.7 Piling equipment on floating barges
B.9 Load cases
B.10  Ground pressure
B.10.1
B.10.2

General
Calculation of ground pressure for crawler

mounted piling equipment

FEIZ B.8.3 THTIE, H&IK% #E5|(Tractive movement)
T OBRDEMESN T D BEARLELENTND.
SUVTHED B AEIZ DWW TIIEME ) OB B AR LT
WRON, [ CHREHINEEZ X bid.

B.9 HiOfEHPETIZ, ff BRI & LEE
[ZONWTE3-2-3D L HITIBRTND.
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£ 3-2-3 EN-996 O Annex BI'B9 Load cases | (D &gk Table B.3 TIE, < WTHEOIRAEZ i TIRF & IR 11 IRf
B.9 Load cases D2OTKHL, S HITHERAEE ZILE 4L 3 DITHE
The most significant load cases to be considered are listed in HLTWS. fE-T, <WITHEOIRAE T 6 DI2HFA

AN

—JTH
Table B.3 and Table B.4 together with appropriate values of LTCWaA. HH 2 Tl TR HEICOWNTMSN L
partial safety factor £ and stability angle a. However, this list is EE R TN

not comprehensive. The manufacture shall ensure that the most

onerous circumstances are considered for the piling

1 JELReESES BT E & R B AME < R
2. MELEpEET BIRUATE & B EAVE) < REg

equipment’s specified duties.

B9 THESHH
LTS RERGESEY, BRARKALE % 3. M LREEE(H VS 2 BhAOLTEE & RV EE HME) < KT

a4 JEIZ Table B3 & Table B4 Rd. Ll | 4 WIER D JREFEAMER T2 ()1

WH, ZOU A MIAEHTIERY. BEEE, WT 5. IRIERE 0 U —Z NN UERORTEE M ER 5 K8

BEY Z TR ST VEREICHE » Tl & INEE 2R B BE CHEH] 6. ARIERF : U —Z 2R < LRFRTEMEMN T 24K 58

SNDZEEBRLRTNER LR,

3R 3-2-4 EN-996 D Annex B [Table B.3 Load cases]

ZDOBIYHOHTHEM L T % Table B.3 & Table

Load cases | Piling equipment subjected to

B4 ZZNTNEK 3274 LR 325 (TR, 72, 1 Dynamic and wind loads in service
Table B4 ISIZLL T O LD #7272 LES RS 5. 2 Dynamic and wind loads when travelling on
jobsite in service
The classification in Table B.4 is valid for piling 3 Dynamic and wind loads when working load(s)
equipment and drill rigs capable of adaptation for use as are released and/or ground in service
4 Wind loads when out of service

piling equipment

+72 5 Table B4 OFESTEITL U ‘*T%(Plllng 5 Static feces during erection out of service
equipment) & < WHTHEE LTHWVBNE T —2 Y 6 Static in lowered condition out of service

(travelling)

JU(Drill rigs)|Z & B FTREZR & D LR TW 5.

%% 3-2-5 EN996 0 Annex Bl Table B.4 Classification of use on land and floating"]

. . Stability
Applicable subclasses Partial safety factor
angle (deg)
Load Working Wind Centrifugal Dynamic /
B B B b a
cases load(s) moment moment other moment
1 Suspended B.6.2 B.5 B.7.2,B.7.3 1.1 1.1 | 1.1 1.1 5
22 Suspended B.6.2 B.5 B.72,B73 | 1.1 | 1.1 | 1.1 | 1.1 8%
3 Released, grounded B.6.2 B.7.2,B.7.3 1.1 - 1.1 1.1 5
4 Defined in manual B.6.3 - - 1.0 - 1.3 - 5
5 Not applicable - - - See B.3.2
6 Not applicable - - - - | - ‘ - | - 59
1)  Stability of the ship, barge or pontoon shall be calculated in accordance with B.8.7.

2)  Travelling on deck shall be calculated in accordance with B.8.7.
3)  Value of a can be reduced to 5 deg if travelling on paved surfaces or bearing plates / timbers.
4)  This is additional to the slope of any ramp to be climbed in loading onto a transporter.
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Table B.4 TiE, 6 /34 L= fE3RREICH VTl
4 HADWMBELZERELZELZRLTND. ZDON
ReR3I-2-61T77. F/o, WESEL L2128
AL EDKEFHIOWTE 3-2-1 12T 5.

T 3-2-6 MERELHIPRTEER

fERME | VT | bERIE | RGTE | BEUWER | ZEE
1 1.1 1.1 1.1 1.1 5°
2 1.1 1.1 1.1 1.1 8°
3 1.1 1.1 1.1 5°
4 1.0 13 5°
5 WET— A b>LIXEREEE—A 2 b
6 5°

Load cases 1 and 2
1) In services
2) Dynamic/travelling

X

3-2-1 {LMTHEICER T AR ED S (EN996 D
Figure B.2 Loadcasel ( in service; dynamic). Load case
2 (in service; dynamic: travelling)&kl))
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LEEITOWTIE, HEARIC S B s Tn
L0, MLHLENEZ B ET 25618 LR ~T
%, 7k, MNEIITEE R BB & OFOR F 4 &
7T D25 BILLEE %2 5 BRI ATRE & H ik~ T
%, A H R A SRR TR e A —
AT S ELLEEHE L TWDR, B AN
TIEEAMR D 2 W HAF OIS K DL TR o+
BEHERBEDITTND. €5 T, EWHAEDOLEILAET
EN-996 L HEARMIZF L L~V ThHhDHESZD. ek,
EN-996 TIIELGNBEIRFICB1T D ZE R O HEfE
X8 L LTHY, 5EIFRONIZEMTORHER
AR D THD.

RIZ B.10 % TlE$EHE /)( Ground pressure) D AL
ZaLTEY, B.10.1 General| TixF 3-2-7 D L
HNZIRARTN S,

& 3-2-7 EN996 O Annex BIB10.1 General D itk

B.10.1 General

The calculation of ground pressure shall be made for all
machines including crawler mounted, wheeled piling
equipment and with outrigger supports.
The maximum value of occurring ground pressure shall be

stated in the operator’s manual.

B.10.1 —f%

PEHOE ) OFHRLE, BN ET R A AT D < W T
BEY, 70 NI — RS 2 2 7o AR A — 0T
a2 G e TOBMIZI L TIThbaRELD LT 5.

LD DERROBMEOEEA XL —F =27 )L
IRtk o b D& T 5.

SWVFTREIZ I W TA U D o REEHIE S OFERIL, X
FRERES METERDIBHIC L 256G LTV R
—IZEBHEDW Y A TITHONTIT) T ENFTH S
TonTkY, SHIZZEDRKNEIT~ =27 VICH
INRTUIR RN RN TN DS.

[B.10.2 Calculation of ground pressure for crawler
mounted piling equipment| “ClIEEHLTE ) DFHRIZE
THEMEZONT, RI-2-8D LI ITHERTN S,
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3| 3-2-8 EN996 @ Annex BIB10.2 Calculation of ground

pressure for crawler mounted pilling equipmentJ(D%EJ"j

AN

2L

B.10.2  Calculation of ground pressure for crawler
mounted pilling equipment.

The calculation of the maximum ground pressure that can
occur between the tracks and the ground can be carried out in
accordance with Figure B.6.

The effect of the total weight G, at its point of application shall

be divided into single forces P, on each track, according to the

position of the most unfavorable resulting force.

B.10.2 BHA WITHICKIT 2 BTN OFHE
By & g DRI A U D iR DHEMIET)1X, Figure B.6
> TOFET DD & T 2. Fe b AR & 72 2 i 5o
IZBWT, MEE G, [ ZTMEFICETMNE P &> TEH
T 560 L (LT DA% 0 )T 5.

ZDOXHFTEIL T3 Figure B.6 & 13EICiR~
7= JIS A 8509-1 787 % HEHIIE 43R 3-1-2 %

HYEHAEITFRLCTHD.

3.2.2 EN-791(1995) —Drill rigs—Safety®

FEIZiR <7 EN-996 & AT, BRMNHLAS Tl
EN-791 Z/EHTE Y, Z OHEHETIH L WITH % Drill
rig & FEA TV D EN-996 & [AREIC EN-791 & BERM 45
ECTHEOKEL L THOYLATEY, /XU AT
[T BS EN-791(1996), K7 Tl DIN BS-791(1996),
ﬁ?VﬁTﬁNmﬂmﬂmawﬂk%ﬁéhfwé.

EN-791 k4 2% L EIILLFO@Y TH H(HE

OWTITREHZ AT D).
0. Introduction
1. Scope
2. Normative references
3. Definitions
4. List of hazards
5. Safety requirements and measures

5.1 General safety requirements
5.2 Driving, tramming and operating

5.3 Controls, functions, systems
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54
5.5
5.6
5.7
5.8
5.9
5.10 Pneumatic installations
5.11 Lightening

Control devices

Stability

Carrier brakes

Protection against moving parts
Electrical installations

Hydraulic installations

5.12 Fire protection

5.13 Noise and vibration

5.14 Dust and gages

5.15 Draw-works, winches and ropes

5.16 Roller and leaf chaines

5.17 Mast, derricks, feed beams and working platforms

5.18 Special requirements for remotely controlled and

automated drill rigs
5.19 Warning devices

6  Verification of safety requirements/measures

7 Instructions for use — Instruction handbooks

7.1 Marking — data plate

7.2 Indicators

7.3 Maintenance

7.4 Instruction handbooks for drill rigs

Annex A (normative) Measurement of noise and vibration.

Annex B (normative) Instructions for the examination and
checking of blocks, wire ropes and chains.

Annex C (normative) Brake test for drill rigs excluding truck
and tractor mounted drill rigs.

Annex D (normative) Hazards related to operation modes of
drill rigs.

Annex E (informative) Symbols and signs

Annex F (informative) Bibliography.

M. Scope] TlE Z DIEHEDEH PR HITEY
ZOAFITRI-2-9DEY ThoD. £z, WITHE
DOEEVEIZOWTIE, 5.5 € [Stability | (ZF DR
MaRLTRY, UTOX D REICHEL TR
NTWD. 7238, LUF Tl Drill rig il oW T ARG
T TKSWITHE ) SRS b D LT 5.

5.5 Stability

5.5.1
5.5.2 Definitions for stability calculations
5.5.3 Verification of stability

554

mounted drill rigs

General stability criteria

Ground pressure, calculation for crawler
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3= 3-2-9 EN-791 [ZEI1F501.Scope |D EE

1. Scope
The general term “drill rig” covers several differing type of
machines for use in the construction industry, water well
drilling industry, mining and quarrying, for use above ground
as well as underground and for tunnel construction. The
differing tasks determine the choice of drilling method and
type of machine. For this reason there are many possible way
to separate drill rig into different groups, e.g. in accordance
with:
- The task;
- The drill method used;
- The cutting removal method;
- The type of construction work
The methods

used for drilling can be basically

differentiated in percussive and rotary drilling principles.

Drill rigs are stationary during drilling. They may move
from one place of work to another , under their own power.
Self propelled drill rigs may include those mounted on
lorries, wheeled chassis, tractors, crawlers, skid bases (pulled

y winch).

1. A

"RUJLY Z(drill rigs) &V D RIS IR, Hh
M EICB T DA N xRN S D
B 2O 2 G e, SRHEITE E OB IR
WL - THRAEZS. ZoBEANDL, FUAY Zidkkx 7
TN—TVHTHZEMARETH D, T7bh, LIT
WX THET L ENTES.

- (s

- A S D HITTTE

- JREIBR = D J ik

- BRTEOLA T

BT 723D O 7 BT AR B 2 & a5
NHETDHZLENTED.

FULY ZIFHIBIOM, BESHhREE RS, 20
BEIIEEC RV IBMABET 52 L0805, ZORE
AREZR KU LD 70, IhEBRL-EhadEE, £
Tk, 7o &, BESETER, ATk o THET
AIREZ A L BT,
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5.5.1 HO— M2 EEUETIE, < WITHOZE

PEIZOWTEHMIZRRTE Y, TORNEEER 3-2-9

(7R, EN-791 TlX, 2 S>O/ERIREE (B AR & i
THE) AZDWT L WD 2 E FE DRI HEZ 2 4
ZI0EL SELEDTWD. LEE 10 EOfEIC
VX, NGRS &R IERF OB 72 D OEIC X 2 AN

EEEINTWAS.

F-FHEOEEFE T, LTEOMEIC/EESYS
DAL EERE LT B EORBE M L e s
R E BIRREN TV S (F 3-2-10 & HR).

& 3-2-9 EN-791 [2HI(15551 General stability
criteria | M FCik

5.5.1 General stability criteria

Drill rigs shall be so designed and constructed that they are
sufficiently stable under the intended operating conditions, e.g.
transport, tramming, parking and drilling and that there is no
risk of overturning and falling. The stability shall be verified by
calculation.

The following stability criteria and calculations refer to
mobile and stationary drill rigs but are not applicable to drill
rigs fixed to the ground or a foundation. For those drill rigs the
moments from weights and forces shall be taken into account
when calculating and designing the anchoring of the drill rig.

The stability angles, ¢, as defined in 3.9 and 5.5.2 shall not
be less than 10° in any directions when tramming and be less

than 5° under any other conditions.

5.5.1 — A 72 RREMEEE

SWTHRIE, BB SNAEESH T ebb, Eifh,
HAEF, FHEPB XA ICBW TR LZEEHT S
L OB LOCRIES NS D ET 5. it T, fHHECHE
DIEBRIEIR 7R ZEVEIRITHINC M D B LT b D TR
FAULR B 720,

PURIZ R~ 2 22 5E MR E & GHRT, BT & AR IEIRFOD <
WHTHEIZ DWW TO LD TH Y, HECEARIZFHE S 7z <
WFTHRIZ DWW T ShuZev. Ziun o W D
T, BERLMEICELZE—AL F2ZDT o H—Iit D
EEHREICBET RETHD.

3.9 fi kO 5.5.2 THIZER SN2 LEMA(o)E, BEIFIC
BW TR ARG FIANCK LT 10 ELL T &R B0 H 0
EL, ZDOMDOWDTe DARBUTE N TS S ELLFIZR b7
WHD LT 5.
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R 3-2-9 EN-791 @ 55.1 EIZHR RS TLVS Note

Note : The stability angle of 10° includes also a margin for the
effects of the dynamic forces from acceleration and braking of

the total drill rig.

EE 10 EOWEMI(AAET D) WIS < Nk &
PR 2 & o> T W@ < BhRY Zefmf BRI & 2 s BT k)
THRMLEALTND.

£ 3-2-10 EN-791 @ 5.5. 1 HIZH 1+ 5K EEHE

CBT SFEEE

When the drill rig is intended to work, tram or be pared on a
plane deviating from the horizontal, the verification of stability
shall include the maximum allowed slope angle under the most
unfavorable conditions as specified and stated in the operator’s
instructions.

The stability angle shall comply with the above mentioned
limits, i.e. the safety margin of 10° and 5° respectively shall be
added to the specified operational slope angle.

Instructions on stability and other essential restrictions of use
which are of immediate important shall be given on signs
clearly visible at the driver’s and operator’s position, e.g.
maximum allowed gradient angle for slopes when tramming or
drilling. Detailed instructions regarding the restrictions and
special measures to be taken when drilling, tramming or

parking shall be given in the operator’s instructions see 7.4.2.

WAV KTl 2 Wikl - CIEZE, E1TH 2 WO IR
HIZ4T 5 B i, AL —2 OffnEICHmR - BLEShiz
i b AR 2RI T D RRFFR AR & 22 E M DORERIC
EHDLHDETD.

ZEME LR ORISR T 5. T72b5, 10EL S
FE DT L E NIRRT O Al % B8 LI L 2O R0
DI E 72 TR B 780

EHIZEE L 25 EOREME L ZOMO KRB
HIBRIZ B 2 L R T A N— XTI A S —Z OFFFENL
EICBWTHIBIZHR T 2 Lo lmRasnidiide s
o, Fhebh, BEREREINCBS T B RRKFF AR
Tho. #EHIT, ETH, FEPICBWTEEIND N
HUH & FER 22 HEEC BT 2 B 722 T 7,42 IS H D A
AL —2 T HEEIIRT .

30

&k} INIOSH-SD-NO.28 (2010)

WIT, 5.52 T CIFZEMOFRICEE T 2 E#H Nk
NHENTVND. TONEEZR -2-11 IR,

] 3-2-11 EN-791 M [5.5.2 Definitions for stability
calculations | D EC uft

5.5.2 Definitions for stability calculations
The following factors and symbols shall be used to calculate
the stability:
G, is the total weight of the drill rig including all equipment;
X, is the abscissa of the total center of gravity referred to the
tipping line;
Y, is the ordinate of the total center of gravity referred to the
tipping line;
a is the static stability angle (a, = arctan X, /X));
M,, is the overturning moment of wind forces;
M, is the overturning moment of centrifugal forces;
M;is the overturning moment of other working forces;
M=M,+M,+M;i.e. the total overturning moment;
M=G*X, i.e. the total stabilizing moment;
Ax=M, /G, i.e. the apparent horizontal displacement of the
centre of gravity, equivalent to the effect of the overturning
moment;
a, is the dynamic stability angle, i.e. a,;=arctan(X,- Ax)/Y,
Note: Tipping lines are defined in 3.10 and also shown in figure

2 to 6. The stability angles are illustrated in figure 7.

552 BREMHEDI-DDER
UTOEEE AN EREROFREICERN T2 b0
L35
GIET R TCoORME G WO LERETHS.
X THRE SRR 2 REL O KA TH 5.
Y TR E R T A RELOB S DEETH D.
a [ XF Y2 E B (ag=arctan X, /X)) Tdb 5.
M XED N KL DHEEEET— A N THD.
MATEDINZ L DEREE—R 2 N ThD.
MM OERAFEIC L DBEE— A FTh 5.
M=M+M M. 7205, REEE—A 2k
M=G, XX, Tiebb, RLEE—AL K
A=M, IG,. T72bb, BT — A2 hOG &R
T O BT OKPZELL.
ag (XL ERE. 370 b, aarctan(X;- Ax)/Y,
HEE AT, 3108 TESRSIND & &I, Figure
D2~6 ITRENTWD.  Z2EEIE Figure7 IR ST
W5,
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Z I T, BRILTEE (a,) & BN TE E (a) N TE TS S
NTEY, a TR &R S AR S0 L ShiE i
DT THY, EN-996 EL[RILTHDH. —7F, ag
T ICERSNTHEETH Y, BIKITE< 350
KEDNZEERLTERLTND.

1B (Note) TZ B9~ 2% Figure 275 7 & LL P
9 %. K 3-2-2(EN-791 @ Figure 2 (Zxfii) &K
3-2-3([A Figure 3 (2T AR A — VR EITHRE AT
% < WFTHED A ZERFIZ 35 1T 5 448 S8R (Tipping line)
DEZ TR LTS,

[ 3-2-4([F] Figure 4 |2 &) LB A XD < WFTHEC
DU THRE S (Tipping line)&Z /R LT\ 5. F7-
3-2-5([Fl Figure5 (23T X FFROMATIZ L - T
R SN HIEEISHRZ R LTV 5.

/
f
i=[u
Wheel support
points

——Jack support points—P»|

3-2-2 RA—ILHFETRITEHIN=KUTHE
(EN-791 =[5 Figure 2. Wheel mounted drill rig 0 151)

E S
H Tipping lines H

B 3-2-3 RA—ILKTEEITERZEZR T HTHE
D EEFIZH T HEREIZHREN-791 [T 5 Figure
3. Tipping lines for wheel mounted carrier when

tramming M 151)
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T T

Tipping lines

 3-2-4 BHERTHETHREETEHWITHDER
BIZHR(EN-791 [ZH1F5 Figure 4. Crawler mounted
drill rig M)

Possible
support point

Tipping lines support points

>
(@) 0] o

/
O«————0 0‘\\\\x

3-2-5 — W DXFERIET SEREIZ IR
(EN-791 [Z$ 1+ 5 Figure 5.A pair of support points
form a tipping line D 51)

o

3-2-6([F] Figure 6 (i) FEETTIRD B AT =X
DEFEITDONT, A& AT OB SR 2 AR iR
LCW5. i Bl oo i 2 oeh3 2 Rl &> 2
TEBhi OB O B S OFRIA AR m S SFIC LY,
LI SRR R 5. BEMR A 55 S & K O 722
A2 EARBIEE LT, WESROBIRNERD Z
EHRIBRTND.

3-2-7([F] Figure 7 \Z&Hhty) TIXFEIZ AR ~ 7= Firg &
D 2 SOREENK TRENTND. 8B, L
HTHIL T D 3.9 Hi & 3.10 Hi CIXELERE & fiifH)
FHUZDONT, RI2-12 0@V EFRL TV 5.
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drive or idler

é? roller
K A A
© @

a) Tipping line in direction of travel
Choose (D if beta is lower than or equal to 2 degrees.
Choose ) if beta is greater than 2 degrees.

Chain type track Shoe type track

Outward direction

b) Tipping line perpendicular to the direction of travel

X 3-2-6 BiIcHITHEERE
(EN-791 |Z$[+5 Figure 6. Tipping lines of crawler M15I)

S—P
_AX
tana,
M )4
Y
= A
i
g
LE#]
e
|
L I
M |
AT ng Y
=) .
| AX
P

X 3-2-7 BEE
(EN-791 [Z#51F5 Figure7. Stability angle MD5ll)

X HIZ 553 HTIFLZTEMEDOREIZ OV TR S
nTEy, TONFIIR3I-2-130EY THS.

£
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3.9 Stability angle

The angle between the vertical plane, passing through the
tipping line and the plane passing through the center of gravity,
displaced as defined in 5.5.2 and the tipping lines. The stability
angle thus defines the tilt angle to overturning.
3.10 Tipping lines
a) For drill rigs, crawler and wheel mounted:
1) in the direction of travel, the lines connecting the lowest
support points of contact of the idlers, rollers or the drivers of
the tracks or the front wheels, see figure 2 to 6;
2) In sideward direction (perpendicular to the direction of
travel) , the lines passing through the center of the support
contact area on each side of the chassis, see figure 2 to 6.
b) For drill rigs on support legs;
The lines connecting the centers of the support leg/jacks on

each side of the chassis, see figure 2 to 5.

3.9 HEE

B SO A @i 3 AnE M & 5. 5. 2 HICER LCEDL
LR A SR OIS TE DME. (o T, LEKEI
RN % 2 R OBRME 2 EET D
3.10 HEEISTHR

a) BHER L B A—ARD < WITHEIZHOWT:

1) EITHIANCHOWT, BEOT A R, ﬁ%% EJlEe
RN DR, F 71X R A —uic =32 Y INAST
RS SR Figure 2 705 6 22
miﬁﬁﬁJuowTﬁ_Ufﬁﬁ [EL72 J7 1), HAA oD it A

¥ % I FrE il O L 2 BiE 9 HH. Figure 2 5 6

%5%

b) AR & 7z < W TR

HARDWY A Bl %3/ ¥ v v FOHL &SR

Figure 2 775 5 2.

LEMNZBET 2 HEICEE TS EHE PR
no&ebiz, w4 I\OD{tE%JriZEeEJTfE)%Ei/ﬁ Bigiwnil
BTRBE EF~NE LB ITVND. BLIZHONT
I DOEEZ LB SELERNPBE~SEN TS, I
2T, ERHEORRIZ X DWAEE & ZITED
R ZEFRICEET NS 2L REER TV S.
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5.5.3 Verification of stability
5.53.1 General
The stability shall be verified by calculations based on
operating conditions stated in 5.5.3.6 and factors according to
5.53.2 to 5.53.5 influencing the stability. Weights and
positions of center of gravity of single parts of drill rig
including the base machine, which have a significant effect on
the stability and which are input data for the stability
calculation shall be verified by calculation and/or weighing.
The calculations shall be based on the drill rig standing on a
firm plane with a mast inclination as specified and stated in the
operator’s instructions and for the tipping line giving the lowest
stability.
5.5.3.2 Center of gravity
The position of total center of gravity (X, Y;) and the total
weight, G,, shall be measured by testing or calculated using the
center of gravity and weights of all parts of the drill rigs.
In the case when a single main part is movable, the calculation
shall be based on the position giving the condition of lowest
stability, e.g. the rotary drive in its highest position, drill rig
mast positioned as far out as possible and having its greatest
forward inclination as specified in the operator’s instructions.
For drill rigs with oscillating tracks the displacement of the
center of gravity of the drill rig at the limits of the oscillating
movements shall be taken into account in the stability
calculations.
NOTE: the final tipping lines remain the same as defined in
3.10.

553 HEMHORE
5531  —f&

5532 WD 553.5 HE TIOR LR EMEICEET S
TR & 5.5.3.6 HICER LIEERMFITESWTLEE T
FETEICRE SN D b O L35, THETEREEZT < WET
MRS DA MM OE S & EOMEILFE EFRICE
DHER ST TR b, TR b b EMIc B s 5
25 b DR OLEMRITINCATTRET =2 EZH LI L
72 TUFR B Rw.

BRI E Ao T AR E A AR E T 5. I hlcA
L— A REICHRENTEY A MU — X ) DA A
EETDHE LB, WEEYL o & bR AR RE SR o S
WXL CHET LD LT 5.
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5532 HEHib

MEOWX, Y)OMEE 2SEEGHIRBRICIVHET D
», BHNE, WO 2 2 TOEM OELNLE
CHEIIIILEHEAET IO LT 5.

IR ETEREM S A B2 b O OEE, FHRITR D EE
PEPMEL R BRBABICHT L TITY) DO LT 5. flxiZ,
I b RV ISR E S V7[R B ASE R, AlREZe i v it
LB IZERE SNz~ A MY —%), ZLTANL—4 7
REICTRE SN R TRAOHNITER A E 5 2 T~ A
FDRRETH D.

EREZ AT DETHICH D < WITHIZB W T, ke
LD < WITHE O LA N L ERH RIS B S L
L7 5700,

BE . RRAREGEEEHIZ3I0E TER SN LD LF

CThD.

5533 WHTIEEAME, 5.5.3.4 HCIXEME,
5535 HTIZZ DMOIEEMEZIB~NTEY, £0
NAEZFR 3-2-14 |TRT

IR A U U CREBRNS AL S il
NOBEBIBRENTWS, 512, BEMEIZDOWN
TIXEGE & BE ) OBIRNERMN 2B TRENTE
D BLBREE. Z ORI TN ONTIET A ¥ —TD
D R TR EIEE RS X D RTEORY I DONT,
TEFERPAFEITR LTV D.
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5.5.3.3 Dynamic forces

For drill rigs having a tunable superstructure, the centrifugal
force which acts on the center of gravity of the rotating masses,
shall be taken into account in the calculation of stability.
5.5.3.4 Wind force

The wind force shall be taken into account in the stability
calculation. The wind force shall be assumed to act on the drill
rig, including stacked drill rods and other equipment, adding to
the overturning moment. The wind forces shall be calculated
according to clause 4 of ISO 4302:1981. The dynamic air
pressure, q, from the wind shall be chosen as follows.
While drilling:

-q=250Pa (corresponding to a wind speed of 20 m/s)

under parked and out of services conditions:
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-q=800Pa (corresponding to 36 m/s) for areas up to 20m
above ground,

-g=1100Pa (corresponding to 42m/s) for areas between 20m
and 100m aboveground.
For off-shore applications:

-g=1650Pa (corresponding to 49m/s).
5.5.3.5 Other working forces

Other working forces that can influence the stability shall be
taken into account when calculating the stability e.g.:

- The winch force between drill mast and drilling tool in
the bore hole. The drill string and tool shall not be
regarded as a support when only a rope is being used for
pulling up the drilling tool;

- In the case of drilling down, the drill string may be
considered as a support;

- In the case of upwards drilling it shall be checked that
the available feed forces do not make the rear part of the
drill rig lift.

5.5.3.3 B2 H

EESBEEAE AT D < WITHRIC DWW, EE RO E
DTl < WO N B LEEOFHEICEE LT il bl
A
5.5.3.4 AME

A B ZENF R TEEICISN DI RE LD THD.
G E T, TR — A > b & 22 TWITHEAR IR B <
TE, K OMRHIEER 3 L % O g1 < #E % 5 &
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5.5.3.6
The stability of the drill rig shall be calculated for the

Operating conditions

following operating conditions which shall be stated in the
operator’s instructions.
a) Working

The calculation shall be carried out for the most unfavorable
combination of conditions that may occur (see examples
bellow):

- Booms, service platforms and feed extension in
advanced positions and turned to the limit of the
working area. The rated load shall be applied to the
services platform;

- Steering turned in the extreme and most unfavorable
position (articulated carrier)

- Mast at the utmost front upward position and
maximum forward mast inclination;

- Attachments at their highest position;

- Most unfavorable choice of tipping line;

- Wind coming from the most unfavorable direction;

- Centrifugal forces applied to the superstructure;

- Maximum pulling forces on the rope suspended tool
in the bore hole.

The effect of overturning moments is equivalent to, and can be
taken into account as, an apparent horizontal forward
displacement Ax of the total center of gravity of the drill rig.
The total apparent displacement of the center of gravity is
expressed as follows:

=M, +M+M)/G,

Where the moment due to wind, centrifugal and other forces
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are calculated in the most unfavorable simultaneous
combination that may occur as foreseen in the operation’s
instructions. The stability angle is calculated :
tan a,~(X,- Ax)/Y,

b) Tramming

Stability in tramming shall be calculated for the specified
conditions as stated in the operator’s instructions, taking into
account the most unfavorable case.
¢) Working on slopes
The stability calculations shall be done for the most

unfavorable as allowed in the operator’s instruction.
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5.5.3.7 System for the measurement of inclination as
regards stability

For checking the stability under tramming condition and
whilst working with a capacity table, the drill rig shall be
equipped with a measuring system e.g. and inclinometer. The
measuring system shall show the operator the actual absolute
forward, backward and lateral inclination of drill mast (when
this is relevant to the stability). If major parts of the drill rigs
can be moved horizontally and this has an effect on the
stability, the operator shall be able to determine the position of
these parts from the operator’s position.

A simple system for measuring the absolute inclination of the
drill rig shall be provided, e.g. a bubble level or pendulum
system.

5.5.3.8 Stability of truck and trailer mounted drill rigs.

In addition to the above mentioned criteria the following
shall be considered. When a drill rig and its auxiliary
equipment is mounted on a truck or trailer chassis, the weight
distribution, axle and tyre loading shall be within the limits
specified by the vehicle manufacture.

Consideration shall be given to the effect of the vehicle

suspension.
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5.5.4 Ground pressure, calculation for crawler mounted
drill rigs
5.5.4.1 General

For crawler mounted drill rigs the highest ground pressure
which can occur shall be calculated according to 5.5.4.2 for the
operating conditions according to 5.5.3.6. The values shall be
stated in the operator’s instructions.
5.5.4.2 Calculation of ground pressures

The calculation of the maximum ground pressure that can
occur in the contact point between tracks and ground shall be
carried out in accordance with figure 8. The total vertical
resultant force, see 3.11, in its point of application, shall be
divided into single loads, P, on each track according to the

position of the resultant force.
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5.5.4.2 BEEHEAOFHE

Jig s & Wi 00 [ 00 B RS AR 3 D S REEHIE ) O R
I% Figure 8 1219 & D &35, JEHHE LIZI 1T 2 FhE &
OAER A 3.11 filcht > <, AJIDOBE—HE P AEH
TOHMEIC LY pHHIND.

3.3 REEEDEMRLE

4278 J¥ (the stability angle)id < WFTHED#infE] 4 5 1k
T59 2 CHELREEO —STHDH. LEEIZEN
AOREHEIZBNTED LN TWAD, ZFOfHE & i
FCIEED RO, & 3-3-1IIRINBK CTH 5
EN-996 & EN-791 J OVEA 5574 257~ T b 5 Hil %
RS B DN % el LR,

EN-996 & EN-791 Cld#til U CAEATRE O 4 fi 1.
R TRELSREL TV D, HAERDO S WITHE
3HE TRECHER TREETH Y, REMEZ S RE
Lt 7e 67202 2R L TW5. 7233, ] EN
B CIX A ERFOLREE N R > TWND . T
FRIC LD REEDEERLTND.

& 3-3-1 EERFLEICRILEHEDLE
2 TE JE (deg)
e UE HELLAE
fi LW | EATH | M LR | EATR
H A 5 7 9
EN-996 5 8
EN-791 10
7233, EN-996 CTIIEITREO L EE 8 FEIZ DUV TIR

DEIBREFERELRILTWVD.

Value of o can be reduced to 5 deg if travelling on
paved surfaces or bearing plates / timbers.
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05| sSD 00519 00262 00438 | SD 00552 00308 00333 [
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i 03 !
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-0.10 -005 0.00 005 0.10 -0.10 -0.05 0.00 005 0.10
BEMEE A(G) REMEE A(G)

X 4-7-13  ISEIEE O E# 5 (kui_04)

B 4-T-11 [ ZAEFT OISENHE A x, y IO
THERIINT R Y. U —F—TIE L CTOIE DR TED
IZHEARTRELLENTEY, B2 EEE RS
s, Y — 5“—J:*B“Cixky55€ TDISEDIRE

B TERY, M ORKEITIZER L~V THD.

N —TEATTIIREREFENBNTEY, AR L7z

HERFIZ T D IE L IMEM A 2> T D, x T
EﬂZ PERT S L, UV —F—TFH(Acc2) & 7 n— T
H(Ace3) DI AT ITFARIEN N 508, U —4—F
H(AccD)DZFUTITIEWR R 55, Acel OfEIFIEA

FITR G204 2 ”T A, Ace2 & Ace3 TIZAIZK
ERINEDAONTIRY ZRA R 65, i
BRI 2 il B & 5 2 CHERR 2 ETE T 2 BR O RS
IR CTdH 5. Aced TIL Z DFIENILE D 7 UL AIRDK
ERBISHAOND. 7235, BIEOHED B3 Z O
LD x OISEOHEEN A bR —T5, vy
[ENZ DU TUEREAZE 22 R ) 28 L D 40 EE D Acel 23
KO RERIGEZRLTND.

] 4-T-12 [ZJEENHEE O x By &y oy & i ki
R CRd. U —&— BRI MBIy e IR

WO LTV D, AITZIERHREEN A DN, E
MR 1.8m/sec2 TH 5. AlIDOWTIEH 1.2 m/sec?
ThD. V—4—TibAcc2) & 7 1 —F i (Ace3) Tl
AJTRE REFEN L O, AR X 228
—HICEFEENLTND
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Ace2 IZB1T D Ax DI KA & e/ IMEZ 5 L TR
TZIRME OMITR 1.5m/isec? THDH. Ay DZFIE 0.7
m/sec? & B 52/ EV. Aced 12OV T Ax DIEE
K 1.2 misec2 TH Y, A, DFHUIFKI 0.3 m/sec2 Th
5. 4-7-13 1% Ac & A, OBESID %3, 3D
OFHAIERTCBT 2 Ac D Lioyfiz 725 L FAEIIE
FERTHD. It DERKEITY —F— T2 Kb KE
V=& — EE /NS0, EEFZESDILY —&— 1
#H(Accl) & 7 1 — T FE#(Aced) TR X < EEH 0.52
m/sec? & 0.44 m/sec2 TH 5. A AIHOWTH LidEn
ZHLE LTHRICHMLTEY, ZORKNEITY =
— I EEP R REL Y —F— &b /S0, SD
1% Acel 23MiLoD 2 DITEHERTRE < 0.55 m/sec? ThH 5.

4-T-14 1 THRIE AT bV Sa DA & =T
Y — & — R CIHRE BRI x TGy &y JTTRk
FOE—IBRELND. —F, V—F—TFLra—
THITIE S ICETOEOEIMIR N DO
—Z 3T, V= F— T Ak 40—
713 0.2Hz & 0.4Hz IZL6N 5. U —&— FEiZisu
Th Ak A D=7 73 02Hz IZROGND b DD, %
D S DEIFNEL HEVHETRY. £ rn—F 5
HTIL Ay D SAED /S0,

4.8 FL&O

ARFZE Tl R E R 2S B E B X = 7 o e i
EEHEINTHONLTWAT Y 7 OMEHICB N TERD
SWITHEZ W= B AEERE Eh L=, Z ORI
RERE 100 2Bz A5 ROV Far Ry g
VSR CH o7, AREITITEBSERERIC I VAL
7o - HIH AR B,

4.8.1 FETHROIMERHME
(1) FTEOLZRIZDONT
AELTHEIZ 1.8m I ORET-IRIZHIS 2 5 E L KHEH]
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BEIToT2. ZOMRR, EITHEOBEZETRKEIK
10cm EIEFIT/NE L, ERRAEITEITISIE FHE 72
ThbHIENSIoT-.

(2) HhBEDOXIFAIZDOT

EATHE O MIESFF ) &R 5 T2 DI SRR A 1T
ST, RBRERITEATIE (g &, Th T R(e) il
DEFE D THR L TH(s/D) & ORISR TR L. %
OFESR, 3 BlIOER X V1557 ga-s/D BhfRIZIE, 3&
LT /DA 0~0.1 OHiPHTIE o/D KT D g
WANKEL, ZOEX BB ALNE. F,
HARIE o/D=0.1 T CIE iR 2R Liotk, 1EIFHMIC
BN UM — 7 AR &7, 2 2 TR ARRTR O
2 DOBEMDIZ NI D qa BE IR FF (gl & &
F#L, ROTMEIL 478~623kPa TH-7-. AFBR Tl
U7z S WITHE O S KEEHIE Prax 1X 194kPa TH D,
qu>2.4Pnax THDHZ ENDIS T2,

4.8.2 BERIZEITAMTHEOZESIZDIVT

(1) BHBEDEFHAIIZDLNT

FEIRD 3 EETICHIRE G 2588 LTz, Acel 13 —4
— B, Ace2 13V —#—TH6, Aced IXEH RO
R C B E L7 IR EE G Cd . BN | XA T
BV THATH MRS (A) & 2 & BT 5 /47 71
oy (A) a7 ) v Z TR SR 100Hz TRAEIL 72, &
TR 1349 1.0km/h & 1.2km/h O 2 FEFECTH Y, ET
TR, TR, G —T O 3HETH

-7z,

(2) BEHROBEBE-DOLT

BEPT CTHHII L 72 Ay & RRBRF R D BRI & IS E & e
#5925 &, Accl 28 Ace2 & Aced (TR THRIFRE L,
BEIRDEE L EJ7 THERAN L DALz, Acel DB RAEIX
11 misec2 THDH. Fiz, AT ONTIE Ay
(Z TR AN X 0 B DM R b7,



RIUGERRENR D A2 TENE & HRfBIB) 1 D 72 b D2 A

Q) EMEARAD &EFRBIZDONT

U —&— EEIZIIT DISEIMEEIZDOWNT A s Ay
o ISP U CE OB A Fi A L72RE R, 205y
AIEFAICH LRI TH Y, ZORIRITFEM T
D ENDhroTo. BITEERIZIS T 2 INEE D i
RIEMRIL Ae7y 1.0 m/sec?, Ayl 1.5 m/sec2 Th b, &

TN AR TEAFT AN R E RISEN R ST

AW RD L, Ak A liTENE R 0.4Hz
L 03HZ I —7 6D, ZAUIARFRIZIHIT D
SWVITHOBIEREZ RT b0 B2 D, 725,
1L1HzZ IZRONDEH 9 —DD AADE—21%, D0 FiF
DN OIRECEDOEEIZL DO TH 5.

ARIEBRICHNZ S WITHO ZE KT 17.63 E LK
&<, BB LI OIR ) Z 2L 6.4 10D 9.6 &
BWERIECh o7, REE & RN REENBDT 5
CRRENTERME LV b RAMLT 5.

(4) MEEDIEESMIZ DT

3 AT CRHIlE N7 2 SOISENEERK Y AL Ay
(2D, BHEE AT & A U7z i R, A2 (L) &
ENHE OMNITER R BRI NI, & Ax
& Ay DOARITIFASISH L CURIERHTH 5. R =
(SD) AT 71 & e a3k L C Y — & — B
Accl Db RE L, ZOMHEIFEK 0.3 m/sec2 T H Z &
BTz,

(6) BEREDEZEICDONT

AT & % T EEICB W TZERE 1.0km/h &
1.2km/h OFEE TEITS 2. EH IR EERFOETE
I M O IR BRI OHINA R 65 & D
O, BERETR ORI oTo. L LRRS, #E
TR DAEIERHZ G- 2 B 3 2 @ H# OHIE  THARI R = 72
EEARAESE D Z ERP LN o7 ZOflENC
£ o THE U 2 IMEEEIRE O S KAEIERFE OB -
TN 2 A A 28 L B AT,
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(6) BEEEITEH—TETOLEKIZDNT

T — T EATIT o THRIRIZAE U 2 B 2@ O il B
S bOTHY, V—F— EEICIT DI )
KR Uiz, BEHEETREE I — 7 ETRICIBIT 5%
NENDOFEKRIEIITIAE 22N L HT 1.0m/sec? 2
EThole. LLnb, BESMAICITRE =N
Roh, I—7HFETIZBITD Ak Ay® SD IFEHED
ZAUTHATHR L7 52842 2 LB 587 -
7=.

4.9 SEXH

1)
2)
3)
4)
5)

(F) iz T 72 - HUlRFH A4S, pp.384-396, 1995.
KRAES &Y (R LFY Y —X), 1998.

(F) iz 72 - HUlRFHAYE, pp.344-361, 1995.
(1) F AR A L1 2 - bl GBS, 1997.
JIEER A - LEEMEE I AL 19 AEEEAR,
pp.512-516, 2008.

P, EPE  ERETERICE D WITHRO
R EACEB OfFNT, F7B) 2 M AEH5E, Vol.2
No.1, pp.19-26, 2009.

PR, EFER, RKBUER : < WITHEO B AEER
2L DHEN L BT ) O, AR

#£ C, Vol.66 No.2, pp.342-355, 2010.

6)

7)
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5 K UMTHDETILIE EEEREBEDRRE

ABFFECIIESN A BET 5 < WITHORREIfElRM: 2
BN D 72D E DFERI IR 21T o T2, AW
TIHEUEEATERIC X DBEOMII T o728, 20
72 OIZI LRI 72 T AL & Bl OIS N B /R &
ol BRFSIERETITE T, H— B/ NI A3 E
L, ZhaMWeTiidERe I Lz, £ L TELEIc
FBUWTIER L AR BB BB RTRE) AR L72 9 2. T
Iz, WOICZ D DETNVOBEERH L. &6
(ZENFEBRICRE T 2 AR 2 e S E 570 Dls, 0%
B LI T VAR UWET 5 L3RS, FEREFICH
JE 2 FBLRTRE e ERE LR L R o T

TAHFERR AR K L T— Rl OEZ B, Sk
DENT —Z ZNRNCERET 52 LN TER, AET
FBSENE B ET D WO ET M e 2z BET
2 T OIZBA%E U T2/ VTR OB A48 L, R TC, FE
BROTIERS KO WS E 2 5. £ L CEGH

e DET AL B O ZESE DR EIT DN TR D,

5.1 /NI UDMTHABARE D 1ESRL

51.1 JUMTHOETILE

O EA TR O/ NI AR 5 12 72 o T,
B 5-1-1 1R T W ZET L L Uiz, & 5-1-1 (252
o tard. 0O WITHEIE AR E &N
542.02kN(55.30)Th VD, ZOFEOEK & LTIy Z 2
DHDTHD. HEOELEFITZ v F AT a7y b
TEFF S VIR OB, 7 HIEES R B DR
BECdo 0 AKIRRE x (TR AIES L, $hEREEE y 13
FHEEE L. MEeRoEL (G, G) Luibh
ToLEEE 8.2 T 5. BN T4 B D BRI A C
bR LTI DAL S FHIEMIE 1134 100kPa THh 5.

69

5.1.2 BEDEMEET

BRI EZEE A ONIT D700, HAAHE
T DM O E B & OB LB RAE L. & 5-1-2
I ZARERL T DM OLPRE ZDOEE, 726 NI
ML E CORFIEREC) & ShEEEREQ) 2T, 7eds, JE
IEDJFAVER 5-1-1 L[RRRIC, Rl Bl o2 A Ji A
L7 xR A EIEE L, yid U —% Biihms
EE L.

BAROLOEFHERE (M) 1%, 31028z TH Y, 2ED
HILE(G, G)E(S4mm, 145mm) ThH b, < WTHED
I L B D T EGETTOLR AR 5-1-3 |T” 7. 1G HIZ
BB ETEAEIO A EIL 304N THDH. LovL, 256 O
B CILE B 25 TN 5. ZAUC k- T, AL
DIEHFHEIZAE U 28T I3 E H L HBLSNS.
P> C, /IR D EERIT 760N 0> [ B % 3CRF rTREZR TR
HA L iudie b7, BiSEBROMERIZHME T 5
ToOITIE, EATIREED I & /IR Z I T L < T
B 20BN HD. bbb, INUEANT 25G Dl
T 444mm/sec DM T HEATRE R BN/ IMERE i % 5 43T
N5,

BE 5-1-1 13 NHL Vo oME 273 BRI 6 2 F0
K72 BELUALE 2 F & /IR O CHE L < BT E
H89, B—F—, B bWy T U —EOHM
ZepidiE L7z,

BE 5-1-2 (3@ /16— =& md. RKEHEDS 4
TR/ E— 52— 7% 2 B 5. 2 DOE— 42—
FEAORERZMSL LU CERET 5. 2 —filioiiv =>4
URT DY, Bk 5 AN TICH T 5. E=
T XT OWEIL20 TH D, E=A X T O TFEICIIR
HEBEOMED 5. AR T G AL ) ) R E 3%
FHnTNS.



FE 2 SR AR AT 2k JNIOSH-SD-NO27 (2010)

BEF—-HEE —
bp—iaelf

(550 e N

Aa—auF —

PEELYL ——|

HESred —

5-1-1 EFILEIZAL = < LTHO IR R
£5-1-1 ETIELEZSLTHOE#DET

smosn | mRGN) | KTEE ﬁaﬁfﬁﬁ KT h | BRI g

T&B WAETHEE 336.24 2.58 1.43 868.17 482.17
EATIR BMYTAR 0.00 4.30 2.20 0.00 0.00 0
S EHER 99.27 -1.42 9.99 -140.77 992.14 20.5
1)—45Ep FI—> ASSY 7.53 -1.75 19.70 -13.17 148.27 22
EABIZREEREEE 27.44 -2.25 19.20 -61.74 526.85 2.3
RMEA—HEE 14.70 -2.45 18.60 -36.02 273.42 1
r— o R E 2.94 -2.45 17.80 -7.20 52.33 0.5
29 a—ayR 0.98 -2.45 17.80 -2.40 17.44 0.6
;:5; 251)2—0yR-25m 196 | 245 16.25 -4.80 31.85 2.5
15 RIEEVYY 29.40 -2.45 16.45 -72.03 483.63 1.5
HEXvyT 9.80 -2.45 15.20 -24.01 148.96 1
Z%41)1—600-2m 3.63 -2.45 14.00 -8.88 50.76 2
A1) 1—600-5m 8.13 -2.45 10.50 -19.93 85.41 5

= 542.02 477.21 3293.23

N G+=0.89m,
BDEE ,=6.08m REE 8.2
& 18 (m) 0.76 M EFE(m2) 5.35
AT EER(ETE, m) 3.52 5 IE 71(kPa) 101
EHERL YR (m) 2.74 FEITEE (km/h) 1.6 (45cm/sec)
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RIUFERRENR DA TENE & HRfBIB) 1h D 72 b D2 A

*®5-1-2 RUDEREHM EHED T

EYZE B () K -EERfE AD x(mm) $AE R y(mm)

i 1230.0 70.0 27.0

Ny T — 130.3 128.0 105.0

o HIEAR >~ 7 A 333.9 43.0 90.0
TEETTR Xy o Fh—7 | b4l -31.0 33.0
XT Ry TR 376.5 130.0 63.0

B /E—%—# | 210.0 159.0 107.0

k|l V=% 3 HFHEQ A) | 61.3%2 65.0 230.0
;o —E U — (- #6) 312.0 -57.0 615.0
1 Y —Z(F#R) 291.0 -57.0 235.0
& | 7—= TR 42.4 -72.0(=x3) 830.0(=y%)
| A= | R m(ZE%) -102.0(=x2) 840.0(=y)
ArtUHnE R 2FR<) 3102.8(=M) 54.0 (=Gx) 145.0 (=Gy)
Ji& #5 18 (mm) 30.0 P (mm?) 8400.0
207 TR EREE (R E, mm) | 140.0 SRR /) A2 (kPa) | 90 (at 25G $3)
FEHE Ly F(mm) 115.0 FEUEAESTHE (km/h) | 1.6 (444mm/sec)

A1) Al A A & Lo A A B E T o BEEE
A2) fPIVE&E S E 2RV EE Ol

= 5-1-3 EREBRICETLHIEIEHETOLR

WOHTHE
eV 1/25 f53 B2
HECEOHERE | EREGN) | AKFxm) | FHE ym) | EEN) | A x(mm) | $HE y(mm)
FEAEITIR 336.24 2.58 1.43 22.9 84.7 53.5
L =X | 13424 -1.61 12.42 7.1 -36.4 397.6
o T—=A B4)
mEEs | - 71.54 -2.45 16.00 0.4 7.2 830.0
AEFEE 542.02kN 30.4N (25G 35Tl 760N)
PEHIITE 71 (kPa) 101 90
AT E (km/h) 1.6 (=444mm/sec)

Bl) 7 —AA— I T E & T

B2) T —AA—HHHIAINE A G E RN
B3) Wil S & L2 EA B £ T B
B4) #iitiA ) —F D Lot v LIZEA

B —THAIR Y 72 OB FHIl S, 20
B3R+ 2 EEAE B W TETHED 7 — F3y
7 RN LS.

BE 5-1-3 [THlHA » 7 ATH H. ApROE—4 —[H]
AU Z B3 2T 2 72D DEFEIEMED D, S HIZ,
EATRIID A Y VA TETRREEND. D120k
ITIRD L E B OEZIEZAT O e OFEF BRI DM
05,

BE 14 3@V F U LRy T —=ThHD. Z
D1 DDy T U —"TET L BEOMITIZE 2 s

5. BELI-5IX TRy I ATHS. BEH1-2 TR
TG X T RANR—F TG HED D, AS—F
T OHEIL 60 THD. HitoT, =T b A —
FT ~OEZECBNT, BT 13 IR En D, &6
2, ¥T Ry 7 AT /50 [ZFHEARGE L T, 2 SHHE
ZHRENT 2.

BELSI-6 13V —¥& 3 i3 THD. V—Hid
B & RIS E L TR S, R L 724213 800mm T
b5, V—F—(FE)NIF v v FHR—2IZHN N THEREL,
SBT3 FOFHETHEET 5.
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BEL-1-1 R CODTHER

BHES-1-4 UFILNYTY—

BEEL1-3 #lERy o R FEbL-1-5 X7RYHIR
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RIUFERBFEIR DAL

BMIFHEQR)

———z
e ———

U—ﬁ—(Tﬁ*B) A -
ga---ln-ﬂ-ﬂﬂi

Y—5 —( i) — "
#Hige

BE51-6 )—4 -3 kg - iR

Z O BIZEY T Hivd U —& —( BN XHATR A
EET D, BEHRIAINEEE ST 52 & T, FHEo
U —Zib D HI A OA— A0V Kar iy va v
LOXARA BT 2HNTE D, 61T, FfrROEE
A 2em By FOEENARETH Y, Bl b HlE S
EHETE .

BE 5-1-7 [T 0 ETHERICB N T W TR E 7
A AET D720 OEREEE 2R . ZOEIT =
v hr—T LEEEN DRSNS, ar hr—F37
varoZarRMoL0ThH. Ary ML LS—TH]
L BIHEN T, TORENFITE 5. HH L S—TiE
B E LMD I—7 EATHHE S D, 2 hr—

ZAEYRLLIN—

(AiTEorik ) _\

il

E=AHIHPC LI

)T JLIR—MRS485H t)
BT T FTRXICIESRE

)7 LR—NRS232CH K

FES-1-T WMTHEROERZEEE (£
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TE M & BRI 1 0D 72 D D72 R FEE

—% RS485
FEAD

ZIiE 2 2OV Y TIVR— hENETS.
THY, b9 —DlL RS232C THDH. RS485 |
HEMHTRX) L Hfe T 5" — R Th 5.

B 5-1-2 13 O E TR I 2 7 ¥ = Uil & i@
EOMESE =Y. HEMITa Y b u—F Lo LT
Lo TG, ZDay hu—F LEEKITAY v 7Y
YIRS LTS LTS,

BE 5-1-1 O4ASIZEAT Ol U S5k Yo
— b BIZRRE SR EUTRX) T 5. &EHICIET v~
TTMEDY, 7Ty 74 —A RIGREIND WT
BB L R CIlME U CETA I 5. RS232C 13E
=Xl PC LT 2720 DR — N Th 5.

BE 5-1-8 ITEITRIORE L L DR EE=FT 5

HHZ/~T. WEX/ — F PC DO/A/3—=H—3IF )L
AL CRS-14 1R~ RTiro7z
[E—& —[EfsE L o VR (rg)) 1%, B—& —[aliskk
O MEERKREE AT 570D a~<y K ThAH. Tl
EDOFEEIE 2000~30000 OFIPHATIT 5. A 7=dh ek
FE(dD) T DIERN G 2 DI D2 E R ET D.
I3 100 DIRF A AT DJET DIEHEED e K 100% 250 %

HEL/A—

/ (ForkEH—7)

(DCQV1 2A)

DA EH)
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N
A
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ES- magmnmis g BEIE
) e W - UMTHRR
| — [ T — Py S
1 RIS 1 |
7]'7:/9-"71’”* (M M T \‘ ] . N
F" BHEBRA B4R HgES
TSy TA—L TS5y TA— L
| jﬁjgg —
; #‘#Lffrj‘?éﬂw

5-1-2

T7ebb, AL 200% THOHADS 0% & 725, ARFHRT
X 10 ITRE L. @A — FLaAR— Mqm)) 13ET
PRI 5B —F —iBORKEEZ ) 7 = A M5 =
<~ RTHY, [BIEAL—RLA—Rgs) 1T~ K
U7 2R N UIERROBREOMENE= X ZFRrT 5. TR
MU M) (XEEE A IET S 72O — & —[aliss
Wikt a~r R Th5.

rg. 2

BES1-8 /— hEIPCICRRSNIETEGDRE L
WREE=ZTOEE

Bas-H S 0O 7 BT it | S NGt - | e 0Ny POGKET 1 [ E) il - Mreiem W |
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BEMEGETRRICE TS5 Vo VR ERIEDHE

& 5-1-4 ETEHICBEI HREEREAVUN—E

AETAH AHa<wr R
T [ L URRE rg, Fo/MHE, RAKAH
FEAEBNRRRE df, fi&

A E— NLAR— |k qm

BEA Y — RLAR— b gs

A R Y 2299(1=0.1%) +F5, /2 | tr, £

5.1.3 BREDREE

BRIRDZZE FE I & EBISOR DM OFEREC L > Tk
DL ENATRETH Y, HINEENRVGEICET D
ROZEEGQ)NTX (5-1-1) TRODHZENTED. ZD
K2, FBITERTAROEL (G=54mm, G=145mm)
ERATDELGIT204EL /2D,

6, = tan ™ (G"j
Gy

=tan™ Ead
145

=20.4(deg)

(5-1-1)



RIUERRRER DAL TEME & ARy 1k D 72 b D& B

FHIVEER (m) 28 LI E OO ZIERE (0) 1%
X (5-122) TRSND.

0'= tan’l MGX +mx, (5_1_2)
MG, +my,

ZIT, MIIRERETHY, 31028z THD. x, &y,
13, EIEIBIS R BTNV & CORIERE & 61
EHEECH Y, TNEh x~—102mm, y,~840mm TH 5.

HR SRR FE AR D & B AR OREY Tl
& 5-1-4 O FBATRTIE Y LREEZEDH TN D, K(5-1-2)
% m \ZOWTHELS ER(5-1-3)DiE by L%,

LB DEFHERE() % (S5-1-)NUAT D &, Tk
TENCER m QBRI HID. BRI 2 R
BaRK5-1-5 OTFBITRT.

_ M(G, -G, tan#)
- vy, tan8'-x,

(5-1-3)

SR SEER CIIHEAIRI B 23 D DI 2D
PRI LTI 5. < WO/ NI R
5-1-3 1R LY, mS084m ZH L, R=2.25m Tk L
T, IR ERMETH D, Thebob, 17 —AA—T75)
VTR Y 3 2 AR & ANV &) 2@ < 01, TR
AT, TV =58 (2@<ELh LY b/hsvn. 20
7280, MR B\ COYPIRRE LI 2 & FE
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AEITBERREE EAEmRRICTAE L, £ ORI 1.25 BELLTE) 2/100 BLFIZT 5. 7235,
WEEIGED BEICEE L UIZOARIC X5 RELEEICEE L TLRICEET 0L T 5.
LUFICEIR A OIRRICE 5 BE 2 fHIE RS,
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I TOHITHIRICRE LIZZEETH Y, 6, IBEEFIAFET DR KRABLOEHETH 5.
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1351 0.05 TH D Z ENDroT. F,>8 TP OMMBIKR LT Z Lnb, REEMREZIRIS 25
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LibED LB, ARHCIEBEOBBRIENESWEBNTOHEICER LEZEBEE2RE L.
VR LT BRI EE EORHRIENE BB L RB N RA TN TR Y, RIKEHELZ ED 5 [H
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9.2 ZEXH

1) British Standards Institution :  “Code of Practice for Safe Use of Cranes” , BS 7121, 1989.

2) B  LENETEE 1, 7 AR AL L R AR B S U, pp.966-967, 2007.

3) EIAES - LENAMEE I, U R AR & B RS, pp.512-516, 2007.

4)  (fh) A AREE P - BRI EREHESE, pp.117-129, 1996.

5) (RhHBEAMEIES : YA NI X T T 4 — (SMW)ik i THeEH(CLEThY), SMW i Hi i
WHAEIRS 1D 7- D O E B FRIUE, p.78, 2002.
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