JAN. 1977 RIIS-RR-25 3
UDC 69.028.8

B S e A WE R W ORE KW

RESEARCH REPORT OF
THE RESEARCH INSTITUTE OF INDUSTRIAL SAFETY

RR-25-3

3:2%11 ;

R F B o B W & #

—IRETFHROVEEI L VLEREICONWT—

M B #
AR O#& IE
® # =B =

J B R T e
MINISTRY OF LABOUR
THE RESEARCH INSTITUTE OF INDUSTRIAL SAFETY



I #&= o B W &
— (RHRFEONES X L BEREICDWT—

N B &
m R ® IEF
w F B  EF

On the required conditions for the temporary railing

——about necessary conditions in the height and the strength——

Katsunori Ogawa*
Yoshimasa Kawajiri*
Noriyuki Horii*

The temporary railing has been used for the prevention of fall accidents in construction sites and
dockyards, while it is under the necessity of standardizing the specification of it. This report is the
€xperimentaly investigation about conditions the temporary railing must have, above all next two
contents.

(1) Necessary height of the railing for a man not to get over the railing while at work.

(2) Necessary strength of the railing for working actions.

«-In the experiment about (1), actions against the railing were limited to 2 sorts (action 1 and action
2. Refer to Photo 1) and men and a dummy were employed as subjects. From the experiment the
following empirical equations could be obtained among some variables concerning posturé of subject.

Equation in the boundary whether feet of subject floats from floor surface or not.

H/L=tan(—1. 679 Hy// HEFLZ44.320) +rrceererreermreeerrninnaniunes about action 1

H|L= (H,/v H?4-L*—1. 300) - tan (0. 00341V 4-0. 824) +1. 345 -+ about action 2
Equation in the boundary whether body of the subject gets over the railing or not.

H/L=tan(—1. 628 Hy// HEF L2 4. 638) -+++errerrverruvanssiieniiuinnnn about action 1

where
H : Distance between the floor surface and the center of the toprail
L : Horizontal distance between the toe or heel of subject and the center of the toprail
H, : Body height of subject
V : Truck speed or walking speed

en we carried out the simulation using above equations and calculated the probabilities of

getting-over and floating. An digital computer was used for the simulation.

* +ARESERZE Civil Engineering & Construction Research Division
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About (2), first of all, we had to know the forces which act on the railing, so we performed the
experiment to make clear the relation between working actions and the forces act on the railing. In
the experiment, actions against the railing were limited and assumed to 8 sorts (4 static actions, 4
dinamic actions. Refer to Photo 2) and men or a dummy were employed as sﬁbjects.

As the results of the experiment, the following empirical equations could be obtained concerning

the forces act on the railing for typical two actions (action S4, action D1)

WoH,L W.H,L .
F82=w1 H20+‘0LZ +a2 H21+0LZ ....................................................... .-...about action S4
Fmax=“1%{1+/v’ll+z4 K(V?,:afz):gvz + B K(ﬁ{;o_}_{fl?s/z } --------- about action D1
" where

F, : Force acts on the railing in action S4
Eonax : Impact force acts on the railing in action D1
H,L,H,, V: As above mentioned
W, : Body weight of subject
W, : Weight of the load in action S4
K : Spring constant of the railing ‘
g ¢ Acceleration of gravity
oy, &y, A, B : Experimental coefficients (Refer to Table 9, Table 10)

Then we carried out the computer simulation using above equations and calculated the forces act on

the railing.

From the results of this experimental investigation we shall propose as follows.

1. The temporary railing shall be more than 95 cm in height.

2. The temporary railing shall be classified into two ranks (for light-work use and for heavy-work
use) in the strength, according as the places where the railing is installed and the matter of
work. The dimensions and members of each railing shall be such that the completed structure
shall be capable of withstanding a load of at least follows applied in any direction at any point
of the toprail.

(a) 36 kg/person for light-work use.
{b) 122 kg/person for heavy-work use.
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i3 180cm ®i%g, BOWEHREL
%= 4 © T 100~400 cm .45 7,
R ERE Licd O Tk 200
cm BiEHE\ o
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Table { The places where railings are installed and materials of
. members composing the railing
FRROFREBHT & E Rk
__ Material of members
Places Post-Inter- . .
Post mediate rail In'glermed1ate PO.SltT'ItOP" Top rail
) joint | rai ‘ rail joint » , 1
-1 s open end frame — cross brace | cramp steel pipe
Frame pipe scaff. . . . .
A0 exclusive railing*! pin steel pipe pin steel pipe-

P Single pipe scaff. | vertical pipe _ - cramp steel pipe -

B0

= . .

5.| Wood (pole) pole — wire steel pipe

& scaff. pole — o wire log

oo " -

8 |—— .

“ | Hanging shelf stanchion*? S — cramp steel pipe .
scaff. chain —_— S tie or hang | rope
Bracket scaff. oy ' . . i

| (in<dockyard) stanchion. R — wire steel pipe

Steps ' T stanichion cramp steel pipe cramp steel pipe

AL stanchion’ - tie or hang | rope tie or hang | rope

.‘"i{:amps " open end frame —— cross brace || —— cross brace

with crosspieces vertical pipe R _ cramp steel pipe

) _ stanchion cramp steel pipe cramp steel pipe

Floor openings stanchion tie or hang | rope tie or hang | rope '
steel pipe — —_— cramp steel pipe

_End of .stanchion cramp steel pipe cramp steel pipe -

working platforms stanchion tie or hang | rope tie or hang | rope

" Floot openings stanchion — e cramp steel pipe

to carry in stanchion —_ _ tie or hang | rope

. .ma-t?“?‘ls~ steel pipe — —_— tie or hang | chain

“'notes : Refer to next figure on the name of members composing the railing.

£ s

~Top rail . l\Post-Top rail joint ‘
. Al Post-intermediate rai
SIntermediate | ~—" soint
Post vail joint
~ _-Floor I/Post'floor joint
I

17 I

3.2 FROVEGIEKRDHDEER

321 EEBREH&
CEENMCAERS D, RBREEHRKRD X 5 ITEBRE LT
(1) By fE:

ERCHRELETIBFERIRDOSEERBL THREL
oo - ce :

N BERBRYRTERE
* FREAREONRS

© FERCNTHEEE LTHERENEWLEEDLRE
BEo

® FEEFEY M 5 ERENECLEHLISE
o hE
ST LEOBEN DR IBE, 5L L TR ETZ
BfEL LCRL BN cd o, fii Table2 3, [3
DB ] BFTHEH5 L B bo EDOH Ty
(2), (3), (DR Thi#HRERATLHCBETHE
ETHB2, Thbk 12108 b B 50 FRA



" & F 8 0o B B & & — 5 —

Table 2 Actions against the railing

ﬁéo&§¢<1)meﬂaﬂ@eotﬁmmﬁwf‘
&6%‘mn%1lbﬁmaoa%m?<;bﬂ#

B FHCHT BB
- Actions Cases
- Take held of a (1) Walking or carrying the materials in steps, ramps,v\' runways
1 toﬁ)rail to help (Fig.a) ,
walking (2) Walking along cat walks.
o (1) Carrying the materials in steps, ramps, runways. N
Take hold of a (2) Working in an unstable posture.
2 ¢ toprail not to (3) Stumbling, sliping, making a false step, lqsing balance with
fall down blast. (Fig.b) ’ :
(4) Standing up after a stooping posture.
(1) Stumbling, sliping, making a false step, losmg balance with
Lean on a toprail blast.
3 not to fall down (2) Working in a unstable posture.
' with trunk (3) Taking a rest or making a sign. (Fig.c)
' (4) Pulling in the load which is lifted up. (Fig.d)
, Hang down from Falling from the ﬂoor (F1g e)
4 a toprail by a life T ’
line (Using the railing as the support ot the end of the 11fe 11ne)
v Figures for referefence :
(a) (b) (c) () (e)
BIBDT, EBREOE 1 Db OREE TS UEN TEELAEYEAOEETA b y =10

e, TORBTCHHBELFRBCHAN
b EBEE, Photo.1 (b) £R)

DT, e ) YR T 50T, RO T (2) #®BE . . A
BONEXL BT EDTELHAE XD ERNRTERL ZDERTIE, BREDEE, BLIRBLIsH

BREOFEESRETHLEEL DI D,

NEAEWLDEELRADT, 1 CREBRETY

BED XS mEROT, RO X220 REBUHRBRI ACEEC b » TRE Lo

BE Lo BBUTOERE ST, BFLICE3E
%%%%1&WU,HL<2LI6%®%%%ZEW

& &\—‘?-60

X, EB2 T, BRIFILD DRt B 3 EReE
BEAMEL S — (PEBEK. K. 8) AW, #5%
ZDHE, thE% Table 8 &R, '

BEl ERENFERBC IO TCHE R R Y H (3) FREomx (H)

U, WRETIR D Gk S, BREE ST
RS TEE, LD, KE L BHREO

R DEBH OO E CORMEME DL 51T
O, HHREEERA RO REBERERND 75~

CEERLL T B DHRBCREEER 105cm EE Lizo
" 3, (Photo.1(a) &)

BE2 BBRE (A3

(4) FE»OLRECOXPERE (L)

=) kHAEOEIEY FEMOPLNOHREOR (BFL1 TILDOELE,



(a) Action 1

(b) Action 2
Photo.1 Actions adopted in the experiment

EBCHA LT

Table 3 Body height and weight
of the subjects

BEHREORRLEE

Subject Height(cm) | Weight(kg)

A 163.0 57

B 163.5 55

C 165.0 63
g D 165.0 51
= E 168.5 57

F 171.0 57

G 177.5 61

H 180.0 ] 62
Dummy 166.7 6J.6
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60cm WEE Lo '
(5) ZEBRAFEOESE
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ERREALR,

FEM R RE e 48. 6mmop GHE
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322 REHE

(1) =Bt

EBRATCRY M EREFRECE LT, £FEH
SH)Z L2 EEMLFEEE TOERE(L) 2 ELE
ETHRECHIE L 2T, ZORORBREDLY
FEEL, KCBR5 L5 hESEAROED 2 H
RehsEBhbhsd &0 LEYRAE L. HbEEa
ko 3R (Fig. 1 2/B) »E2bhsh, RE1
PORB2IABS L EXOERVIEXRA, RE21Y
RE3INBELLEOBERLEIMIBREERE LI,

REBT 5 BAVRD B,

REB2 ; BEVENDLEBWIEEDDH 5, ULE
WicttEdh LR,

KBS ;s BFBHEEIBL S,

N S 4

Posture 1 Posture 2 Posture 3
Fig.1 Definition of posture (in action 1)
BE 1 KR 2 EBOHE
(2) =B2

ANEX S —BBEREY, BERYEHV A VvFIT.
h —SEEE (0, 100, 133, 184cm/sec O 4 Byf) i/
BILTC, RARFERCE ClcBRE LIcA L v
— CREOEEZMEIEL, 0L XDIEHT
FE I ~REFBHhI 1B X 5L,

. BT, D EBFEE ¥ T o KEERE (L) ¢
10~60cm *T S5cm EBRTE 2, &L I LITF:E
& (H) % 75~105cm %°C 5cm ffRCHE 25 L &



R’ &
C%%Ikﬁﬁﬂﬁﬁbt(ﬁgzﬁﬁ)ﬁg@ﬁ%l
PEYVBLBR LR Sh D LEOH, LYRE LI,
C R DL EDOLEBOHMNL, AKX I-DRRD
FREEROK LB L EH X 1T T

hRK

Posturel Posture 2 Posture 3

Fig.2 Definition of posture (in action 2)
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CEBREERED S, BEXRANIRIBIBR TS
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DAREEDHL, Thi tan'(H/L) %@ L Hy/
VEFLD? e TAEEL (BEL Hy, B4RED
BEYEDLTD) R7e s+ 35, Fig.30X5107
Do WBITODX 5WCEERBALHEEL, B L

FE O

B

i H & #

Dz EDBEST, FRTIVsDB L EOEDOMHE
£, BIVEHREH LD EDMBIFENE BN
Lo THETAETThY, §iZk tan(H/L) TE
Bxh, #Ex HNVH+LD? CGEUEhBDT, &
RORIBEL LCHH TR I WERNEOIhED
TR EE L DB THBo .

X, Fig.3 »BWbaick 3L, thboORAT
#1035 tan ' (H/L) & Ho/VHPFL? LinisERES
Behh, HOHEBRRIRT T THS, X»TZ
NORRNSFERC L DV ERCGECE RS LRADE
bhb,

_7 —

FERA
tan~1 (H/L) =—1. 679 Hy/v HF* L?+4. 320
EORIBER ;

tan~1(H/L) =—1. 628- Hy/v H*-+L?+4. 638

BL, tan~'(H/L) DEMILFI T v ET %o
ERFEBTHERANEDR B, Thai220R
Frb51x 5RBRATH Do
FERR;

H/L=tan(—1. 679 Hy/v/ H?+L?+-4. 320)

1.7+
)
16 \\\
’.3 .
=
Ty51 N
a bl
:<Z¢ ‘ . O Float limit
WS o o ©® Get-over limit

O, 0 0 o \®
1.3 °8 ‘e
SN\ o
o
©
= ©
N\ -
o ©
11} ono
5 9o Line of regression
x for Get-over limit
1.0+ © °
Line of regression
09k for Float limit
S An
) 1 1 1 1 1 1 1 I
OI*‘ 16 17 18 19 20 21 22 23
H,//H?+12

Fig.3 Relation between tan~!(H/L) and H,/v H?+L? on float limit
~ or get-over limit (about action 1)
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Line of
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70 W 0 o)
A 160 (2)
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5.0
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A HEE =0cm/sec ;

H/L=1.086-H,/v/ H*+L*-+0. 0181

B HEEE =100cm/sec ;

H/L=2.403-Hy/v H?+L*—1. 930

B EEE =133cm/sec ;

HJL=3.025-Hy/v/ H*-L*—2. 482

HBEEE =184cm/sec ;

H/L=09.934-Hy/vH:FLt—12.099
Figd Wik h b ARKDERSRLTH 58, LFEHE
OEFBRBIFEN L WERERD L, FTAIRESEL
flRk (LEEEN 184cm/sec DPEIEL, |H M 2B
BHLEEND) ¥EbLT LS, .
XCER4RR, BEEECL > CTERERF AL

BROCEREOE R TI—BHOKXTH Do LT
b O HHREE OESBED,
i,
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ARFBRETHZ LB TEDLRHITT, 00D

0_{\ | 1 L 1 1

L
23.

H,//H3+L2

Fig.4 Relation between H/L and H,/v/ H2+L? on float limit (about action 2)
BE2 OBROFERACKT 5 H/IL & Hy/VH*+L* OBtk
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Equation of regression
6=0.00341V +0.824

05
o 1 1 L. 1
0 50 100 150 200
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0t

o 2 [ Equation of regression

—4} C=-1.3TANSA +1.345

—_ 6 I :

-— 8 L

=10k

—12t .
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TANS

Flg 6 Relation between C and tan
C & tan® DBIFR

A B & & — 9 —
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CRIEIND. TRV EGALEERRDOERR T
H%5o
H|L= (H,/v H*L?—1. 300) - tan (0. 00341V
+0.824) +1. 845+ cverernvnieinniiiinnnn. (3-5)
(BL V OBAL cm/sec L35,
Teds, ERIBERE (AMEX I —) OFR Ho 14
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FERRBEERDB O b BN HEREE L
TWBR EDEAR XY, ROFOBENIX, Lo
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@&%X_ rO}}’LZ)o
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EUXEDOFED MOV D EE MR IS 5 LERN
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BifF1 LB 2 BET %o
(b) BHELEH LTI, EBX (3-1) RV (3-2)
wIy, @Wzmﬂtfu,%%ﬁeﬁnc;
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(¢) AHoHxE Hp i3, )\ﬁsﬂaﬂﬂﬁs‘-’ LR
5{E 165.91cm L LiE#EEE 5.23cm L
% X5 RERS R THHERER L T 5, ,
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(e) BEHEE AENAFVARBELLLEOE
BT VIEERTERLTNTOESL
X5 BAEREELT, 0~100cm/sec DHiF
C— DT DHRER LT 5,
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CXBYI . v—va VR iEEY Fig.7 &,
RAULEF2 X 2#EL Fig. 8 ©R3, '
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Fig.7 Probability of float and get-over against
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3.3.1 BREH

FRCHTHEE LIERAREOMBRE RO BERT
E1lD, BREGERD X 5WCHRE L,

(1) EBRAFEOBEROEIE
EREREOREER, HERFHEOBEIL Table 1R b
D LS EBERC I s TWAH T b vis
Z ZTAERTE, FHRORENMEARNECRITTE
B ER L CEBOERZRFEOFH S BRI E
WD LEND DD 2 FEHEFESF, ChHEFHEA, B
LAMT, RBREH T I L Lo FHEA, BOWEE

75 80 85 90 95 100 105
Railing heightH {cm)

Fig.8 Probability of float against railing
height (action 2)
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Table 4 Construction of the railings used in the experiment

KR HAWEEEOKS
: Post-toprail _ s Number of
\ Toprail Post joint Post-floor joint {Span of posts span
M Steel pipe Steel pipe . e . .
odel A 18. 6mma 48. 6mme Pin joint Bolt joint 90cm 1
Model B igeglmlzgg ' (zgagﬁgg? Pin joint |Exclusive cramp 180cm 1




R &2 F 8 o K B & # — 11 —
e 1201
-
=
g 0
100} 3 /
I |
';9 /‘? — Horizontal load-Horizontal deflection
80 | ¢ - Vertical load-Vertical deflection
L& g ® One cycle
/° 100r © Two cycle
60y f W |
P8 -l
i J R
P AT *
e 8 60} ~
$ ¢ o
) |: é’/ 0 ,""
208 4o S
?é 20 ""/ //
0 i L ! L 1 1 i /"/. ///.//
0 0-2 0.4 0-6 0.8 1.0 05)'/:4 1-10/\’/41; [l 210 L 3|0'| 1
Deflection( cm) ’ Deflection( em)
(a) Model A(H=75cm) (b) Model B (H=75cm)
Fig.9 Load-deflection curve of the railing model A and B
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Fig. 10 Relation between spring constant
and the railing height
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(a) s1

(e) D1 (dummy)’

(b) S2 ‘ (c) s3

©U(f) D2(dummy) (g) D3
Photo.2 Actions adopted in the exreriment
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Table'5 Actions adopted in the experiment

KT LIBIIE

Static action

e

S1 with abdomen
S2 |‘Lean upon the railing with back
S3 . with hands
— | Tean upon the railing .
S4 | %ith load on shoulder with abdomen
Dinamic action
D1 with abdomen
DZ 4St}11.nb1e and fall on the ° with back
] railing
D3| with hands
D4 Lean out the railing and with abdomen

pull up the load

BLiAb y R—EHEIETC, TORPHTE -
ERCANRIND LI L, BEEEIIARBOHT
HES CEER2DPIB L O LE L, 0~150cm/sec
OEETEILER I, BIE S4B IV DARBT B
HOEEII ARIERATREAHANTEY L Bbh s
kg w FREAE 2 TfTit oo ¥, Table2D
BFEO 5D, FE2HMOIKE L THERTIHER
DOWTI, FERTEIIA X WAL, R FEORZO BHY
PHEANTWADTZ ZTCIRBAT S LIk L,

(3)" FEEme (H)

£B:3.2.10 (3) LFUEETBem~105cmic
CBE L.

(4). FEHDLREE TOXRFEEE (L)

FRMOFLNLEREOR E)fF S1, S3, S4,
D1, D3 Tiko %%k, Biff S2 D2 Tikrhk) %
TOXKFEEEAY VW, EE3.2.10 (4) LFULERA
T 5~65cm ITHE Lo

(5) " HiErg

RERTIE, &5, BECIZHERAELLED
hB0T, HHREIVABCTED LT — 2 2B 5l
BWICHBR L GROEL S, NERFELNELL
TWBT b, BUHEOZEE LIBATH K 5 %o
XBfE S1, S2, D1, D2 TIXEERFHHBIELA
BRI 5T hIdE, BRIIEOEL bRt
ATEREBRAEL I — GIHOERTHV LD
ERU) AW, HBREOHE, k&% Table §
TRT,

A H & # — 13 —

Table 6 Body height and weight
of the subjects

BREODHRELBE
Subject Height(cm) | Weight (kg)
A 163.0 56
"B 165.0 51
c' 165.5 63
. D " 165.5 67
E 166.0 51
; F 168.5 56
g G 170.0 f 56
. H 170.5 64
I 175.0 68
J 175.5 © 93
K 176.0 89
L 177.5 55
M 180.0 74
Dummy 166.7 . 60.6
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Computer; MT unit
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Fig. 11

Block-diagram of the measuring
apparatus
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(1) HHEfE

T — Z RN LCER, FRCERTSKE BE
BIOZThOOENIOKREZ LA, FHE A BH
g EA EHEEXROR T Table 7 DX 51y
f2o T2 NELGHMLTWAEDIE, HE, AERX
VCEEDA_AFYFRIBIDLELND,

(a) THEOKREZX

EBHIFC X AEAMWE (7)) ORXERVR/IME
EFEBIORETOACHERLXIFBEIHEDE
BEHDHIDE, ERERYWE — L EFELe =
vy P THE Fig 12 DX 5IeH, thitksk, L
HHTIRE, HAVEL /& 513 FHEAEATIEIL Y
Z)O

(b) HEOHH

WEOEAFmE L, H L OBfRE % 5 Icdic Rk
BEREY o—O0EELE (HL o 38RER L ETIOERED

Table 7 Magnitude and direction of the forces act on the railing (in static action)

BHEIFCRT 2EAWEORE S LR

. Force*¢
H L
Action Model Magnitude (kg) Direction
(cm) (cm) of resultant
Horizontal Vertical Resultant @(deg.)*s
4~28 1~29 4~42 20~82
S1 75 0 18 12 92 65
H A B % 2 2~27 0~18 2~30 37~90
' 60 14 7 15 65
!«E»l 105 3~19 0~20 3~28 45~98
: 11 7 13 67
2~28 1~27 2~37 45~87
S2 . 75 0 17 11 19 65
A B 9% 2 7~27 0~23 7~32 30~90
' 60 14 9 15 65
105 3~17 1~24 3~28 38~101
9 9 11 59
1~19 10~33 Td~44 2~47
S3 5 %0 11 21 25 25
A B % 2 9~21 6~23 12~31 40~71
’ 60 15 12 19 50
105 8~21 1~15 9~25 46~85
13 6 16 66
4~38 3~24 Td~40 57~82
S4 30ig 75 10 24 11 25 70
A B % 4 9~37 0~31 10~44 42~89
; 30 24 11 27 69
; 105 7~33 0~21 8~39 56~94
21 7 22 72

* ZHO LBRIIR/ME~RAEY, TRIITEELERDT,
*» QRSBETHEATSEAEYRDT,
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Action| S1 Action | S2 Action | 83 Action | S4
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Subject]| man Subject] man Subject] man Subject] man
’_9‘7»50r H(em)] r r r
S | Tmlo
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Fig.ﬁ12 Relations between the forces act on

the railing
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and L (in static action)

Action | S1, S2 Action | S3 Action | S4
Model A B X Model | A, B Model |A,B
Subject [ man Subject | man Subject | man x
‘gj wor o [ X i ; ’
A % o & x o XX °§
& I ° : °% B X x - 00 oXX .
o o b b3 X . o X °§
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30 L . N o e b
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10+ ® 90 [, -
X 105
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Fig. 13 Relation between ¢ and 6 (in static action)
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Action ) D1 D2 D3
Subject Man Dummy Man Dummy ) Man
H{cm) 90 — 90 ------- 75 90 — 90| - 75 90
L (em) 30 — 30} --—---- 45 30 — 30} -—----- 45 60
V{cm/sec) 0 — 100} ------- 100 — 100] ------- 100 0

Horizontal
force

Vertical
force

0
e T ——

Direction of force(¢)|Magnitude of force|Magnitude of force Magnitude of force

Resultant 0. Y
force |55 90 90 90
] ?}}/ - {xvﬁ\”
10 S e |
—_ e —t—
tO.lsec j El
~ —~
—90 —90 : —90

Fig. 14 Variations with time of the magnitude and the direction of the forces
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Fig. 15 Relation between the maximum forces act on the railing and
L (or H) (in dynamic action)
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Fig. 16 Relation between ¢ ai;d 0 (or H) in dynamic action
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Table § Magnitude and direction of the forces act on the railing (in dynamic action)

BNBFC B0 EAREOKE & LI

Force*?
H L V%6
ction Model Magnitude (KG . .
Actio (cm) | (cm) | (cm/sec) - £ : &S : DlrQC_thlil
Maximum Maximum Maximum ¢ (deg.)*8
Horizontal Vertical resultant :
" 75 45~185 17~349 45~368 14~82
D1 10 o 104 150 180 . 55
: A % ) ) 51~372 o7 ~445 60~512 2~66
v o 150 178 178 238 45
o N 105 53~249 52~184 78~302 38~85
165 108 184 57
H 75 45~134 34~270 62~277 7~173
10 0 98 136 150 69
= 5 | o0 | 3 ) 32~164 16~164 36~197 0~67
L o 150 93 83 111 50
105 39~145 31~142 40~184 46~69
93 72 128 58 -
- 75 T 18~249 1~208 18~328 44~91
D2 10 o 124 112 154 67
A % ) ) 31~237 5~247 32~347 38~85
v 65 150 111 87 141 62
S 105 32~249 6~172 33~239 37~80
P 121 81 137 61
- 28~127 3~157 28~161 17~170
10 0 78 62 92 75
B 90 2 ) 24~130 72~147 26~178 33~87
o5 150 64 51 85 64
105 28~133 6~106 20~141 50~81
73 52 83 64
16~ 75 12~ 89 34~110 14~73
D3 7% o 38 42 59 41
A 9 320 ; 17~ 78 3~ 62 21~100 39~78
v %0 150 43 27 51 57
& 105 - 17~104 2~ 39 20~110 52~90
'3 48 15 51 74
75 18~ 83 7~ 83 30~116 17~69
41 46 63 40
3 | 9 320 (2) 25~ 97 10~ 53 28~106 37~72
% | 150 43 29 51 57
105 26~ 97 7~ 32 28~ 99 50~89
44 16 49 72
33~ 88 5~ 21 32~ 70 61~97
D4 & 45 11 47 76
22~ 40 10~ 63 20~ 73 28~T73
A 190 30 29 43 48
105 18~ 32 13~ 37 23~ 49 20~64
24 24 34 42
A 75 28~ 54 0~ 19 29~ 63 63~99
36 11 38 79
30kg B 9% 29~ 46 9~ 40 29~ 61 32~87
33 24 41 57
105 17~ 33 12~ 51 22~ 55 19~69
22 23 33 42

*OBEBRENABMOBARIBTEEY, I —0BSREAERELEDHT.
T ORAREEERbLL, EREBRME~EREY, TRATRSELEDLT,
*2 sfa“a“Tm*ﬁ?aAﬁﬁm@oﬁmﬁmoﬁE%ﬁbﬁ

¥ BEBEMARS S

—0HEDEERDb T,



Fig. 17 Mathematical model for action S4
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On the required conditions for the temporary railing
——about necessary conditions in the height and the strength——
by Katsunori Ogawa, Yoshimasa Kawajiri, Noriyuki Horii
Research Report of the Research Institute of Industrial Safety RIIS-RR-25-3

For the purpose of standardizing the specification of the temporary railings
which have been used for the prevention of fall accidents in construction sites
and dockyards, we made experimental investigation concerning the conditions
which the temporary railing had to possess.

From the results of experiment and simulation we could obtain the necessary
height and the necessary strength of the temporary railing.

(10 Tables, 22 Figures, 2Photographs, 4 References)
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