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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
experimentaly 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/vV HZHLE4+4.320) ceceeerrrerermrrranmneniinannanes about action 1
H|L=(Hy/v H?4-L%—1. 300) - tan (0. 00341 V+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/v/ HEFLZ44. 638) -vverrerrnerrneninaneiiinranne 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

hen 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.

* dkBZRIE 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 Wi H,L .
F82= @y H20+‘°LZ +a2 H21+(])_',2 ....................................................... .....about action S 4
i L 7 KT S KA o D
" where

Fy, : Force acts on the railing in action S4
E .« : 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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(1) FHBOEE-----Table 1 R,
(2) FEOEX.-80~120cm 4L, 90cm
R4 ATV

(3) HEEOHRE - IARAERBCRELLIOT
't 180cm Bij#%, BIOEHRE L
7= % © T3 100~400 cm 4344,
FERMICRE Licd O ¢l 200
cm BiED S\ o
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Xt UTHIZED X 5 IEifER L
TWAHDIEDOWTHEL, &b
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Licks®R% Table 2 R,
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Table | The places where railings are installed and materials of
. members composing the railing
FROFREBT & FREME
Material of members
Places Post Inter- . .
Post mediate ra11 f-n"clermechate PO.SltT-'ItOP’ Top rail
) joint al rail joint » , 1
i s open end frame —_— -cross brace | cramp steel pipe
Frame pipe scaff. . oy . . '
o exclusive railing*! pin steel pipe pin steel pipe:

’w-- Singlé pipe scaff. vertical pipe _ - cramp steel pipe

B0

o . .

=-| Wood (pole) pole — —_— wire steel pipe

—i . .

& scaff. pole — —_ wire log

M1 "

§:

w Hanging shelf StanChwn*Z — e cramp steel pipe .
scaff. cha1n —_— R tie or hang | rope
Bracket scaff. ' ] . }
(1n dockyard) Stanchlon‘ R — wire steel pipe

‘ Steps ' stanichion cramp steel pipe cramp steel pipe

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

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

with crosspieces vertical pipe _— S 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 — o 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.
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Table 2 Actions against the railing

Bbo &%EP (1) FERLBOE . B REIFET
&6%‘mﬁ%1lbﬁﬁ%®&%ﬁ?flbﬁ#

FRET HHE
Actions Cases
— Take Hold 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. -
9 4 toprail not to (3) Stumbling, sliping, making a false. step, losing balance with
fall down blast. (Fig.b) R :
(4) Standing up after a stooping posture.
] (1) Stumbling, sliping, making ‘a false step, losing balanée with
Lean on a toprail blast. _ ' ' o
3 not to fall down (2) Working in a unstable posture.
v 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 ﬁoor (F1g e)
4 a toprail by a life :
line (Using the railing as the support ot the end of the 11fe 11ne)
Figures for referefence :
(a) (b) (c) (d) (e)
%#661,F%ﬁogﬁlo%mmﬁﬁ?6Z¥ﬁ CRILLELEADEETA b y 2—1C

EZEXY, FORETHEBEYFRBCEN
bR BEE, Photo.1 (b) £R)

DT, I D R R R T 50T, EECIKICTEE (2) #EE A
BOMEL B LDOTELHAE XD FRNTER T DERTE, BREOKE, BLERC LB

BREDFEBLSRETHDHLEZ DD,

HEAEVWLDLELRADT, ER1 TRFRETY

PED X5 mEREOTIR, RO X572 2O8FE BB LUHRBE Y RWHEC T o THRE L

e Ui BUTORBESVT, BfF1ICkBE
%%%%1&WU,HL<2LI6%O%%%ZEW
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X, EE2 TIY, ROy B IEEE
B AR S — (FEEBEK. K.8) AV, #R
ZOHE, FEY Table 3 R, '

BiEl  BRENFERC IO THE X RO H (3) FREomx (H)

U, WEERR D T, RrEESTH
TR, NEDE, Kk BYHEO
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(a) Action 1

(b) Action 2

Photo.] Actions adopted in the experiment

SBRCERA LICBF

Table 3 Body height and weight'
of the subjects

BREORRLKE
Subject | Height(cm) | Weight(kg)
A 163.0 57
B 163.5 55
C 165.0 63
= D 165.0 51
= | E 168.5 57
F 171.0 57
G 177.5 61
H 180.0 1 62
Dummy 166.7 6J.6
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O, EREHNE ICREOMEEREEEELT 0~
60cm WFEE Lo .
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Posture 1 Posture 2 Posture 3
Fig.1 Definition of posture (in action 1)
BfE 1 BT BEBOHE
(2) £B,2

KER: —wBECRE, GEYEDHY L VFIC.
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g1 LARCERLL (Fig.2 28) FERAKL

G BBR LW ShB L EOH, LERE LI,
SR T DL EDORBOHMNL, AMEX I -DRED

wtﬂ%ﬁ@%m%% LU BRI XD o 1o

A

Posturel Posture 2 Posture 3

Fig.2 Definition of posture (in action 2)
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EREREOS DL, BERARIRIMIBRCTHS
LHMTEhD L EOH (FEEX) L GKFEER
DHRFEDVHL, Thi tan ' (H/L) %ftlhe U Hy/
VEFL? i THEEE (BL Hy B#RED
HEEYELT) 7wy b5 L, Fig.30 X517
Do MBIDX S REERBALERIZE, B EMFE

T

B

A H & #

iz L 0BT, FRCIDhhbDLEOHDME
£, BIOHRCH LEDEDMBICFEN L DN
Lo THETARTTHD, FiZd tan™(H/L) TE
plEh, %33 HWVHALD CEUEhBDT, &
hoRBEL LCOMEALEIVWERIEOhE O
TR EEL TP ETH Do .

X, Fig.3 mOWbM I oK, ThbDRAT
B3 tanV(H/L) k Hoy/WVHPFL®: LiXiSERE
BeHy, HOEBRBIIRIEETTA S, LT
NORRINSRET L) ERCEHERS LRADE
Bhéo

_—7 —

FERA
tan=1 (HJL) = —1. 679 Ho/v/ H*+ L?4-4. 320
FEOMARSA ;

tan~1(H/L)=—1. 628 Hy/v/ H*+L?+4. 638
{BL, tan"1(H/L) OBEMIFPTvETS,
EREEHTHERRBELR B, Thdi220R

Rab 2 5ERRTH b
FEEER;
H/L=tan(~1. 679 Hy/v H*+L?+4. 320)

O Float limit
® Get-over limit

Line of regression
for Get-over limit

Line of regression
for Float limit

1 I

2I.2 2'.3

2.0 2.1
H,//H?+L2

Fig.3 Relation between tan~ 1(H/L) and Hy/vH?*+L? on float limit
or get-over limit (about action 1)
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BTOBLERR
H/L=tan(—1.628 - Hy/v H?+L?*+4.638)
...... (3_2)

Zhow Fig3 R LS DN 2ADERTH B,
TESCEERAEMIENMEIFh EDFEI BT
WEREELL, £OEMB IVCEAR, ThihiE
@ﬁﬁkbﬁﬁklUﬁbﬁxéﬁﬁ%%bTukk
b

(2) FKB2EOWT

ﬁ%%%zo@ﬁﬁkiﬁéawfﬁkotofﬁ
BH, EERFRoTh5E, BERCEI ML BT
A7e (BEEEMN 184cm/sec CFIEE S 43 80cm LA
TOHEDOR), ETTEDD BLHT T ®FH
BREATLEERE Lo

IoTBRE LTREERAOAREE 2, RRAT
BHLEBEhD LEDFT—2DHREE VBT, (1)
LEQR BRI, HIL Rfhe L HvH +L*
PR TAEELC ey v THE, Fig.40X5
it ho ANERT 5 EADCHOHEEIZAERE O HE
BEHLTWBD, BCOEIEEREES 184cm/sec
DLEDFEVBIBREEL TS, (B3R AR
7y PTREHEFDOLDOTHRVY, PEALDOTEE

RIIS-RR-25-3

LLT#EEl)

x Fig.d ek, BLHOACERTAE (B
EEEYEELTELS L), @HOFALEEN LY
Ay FNHB LIS D00, BRIFERBRTDHS
DT, ChORPERGELUSEZ RO ARADIR/LH
Z)O

4 B E =0cm/sec ;

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

4 B3R E =100cm/sec ;

H/L=2.403.H,/v H?+L?—1. 930

LEEE =133cm/sec ;

HJL=3.025- Hy/v H2+L2—2. 482

LB =184cm/sec ;

H/L=9.934-Hy/v H?+L*—12. 099
Fig.d @3 oh b ARDERIRLTH DY, FER
DO_EEINRIMEN R WEEEEDL L, THRESREL
Stk (REGEE DS 184cm/sec DB, FH B2 D
FEHRLEEND) ¥ERbT L%, .

XCEhRARE, AERERC X > TrhZhiifAck
FEROEHEDELYRECTEH—HOKNTH S, Lo T
I bOHAREROEREN, RERETERTE
g, AREBETHIENTEDLDLYT, LORD

9.0
. )
__]8'0— Truck speed |Line of o
= V(em/sec) |regression
7o 0 (1)
A 100 (2)
[e} 133 (3)
609 184 (4) é
®Get-over limit
5ol in case of V=184cm/sec ®
4.0+
3.0
2.0
1.0+
O 1 1
1.3 14 15 1.6 1.7 1.8 1.9 2.0_ 2.1 2.2 23. 24
H,/J/H3+L32

Fig.4 Relation between H/L and Hy/vH?2+L? on float limit (about action 2)
BifE 2 DBEOBEERRET S H/L & Ho/vH*+L* OBk
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 C=—1.300tan0+1. 345w (3-4)
LEOR (3-3) RO (-4 HMEBAROF AR

o 2
0F
—2f Equation of regression
— 4t C=-—1.3TANG +1.345
—6l :
-— 8 L
~10k
—12t .

54 5 6 7 8 9 10
TANO

Fig.6 Relation between C and -tan @
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S0 12

R — 9 —

FROERHECRALEE TS L, BARIKD LS
CBEIND, ChRVEEARBEERREDERAT
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Table 4 Construction of the railings used in the experiment

ZRAWEEEOEE
\ Toprail Post Postj;ti?ﬁ:rail Post-floor joint |Span of posts Nur:pb:rl; of
Model A | 5ot Steel pipe | pin joint | Bolt joint 90cm 1
Model B igglmlﬁﬁg ' (igagilrlggiz Pin joint [Exclusive cramp 180cm 1
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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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Table'5 Actions adopted in the experiment

ER TR LIBIF

Static action

e

S1 with abdomen

52 |'Lean upon the railing with back

S3 o with hands
‘Lean upon the railing .

-S4 | with load on shoulder with abdomen

Dinamic action

D1 with abdomen

D 5 St}lr.nble and fall on the ° with back
railing

D3| with hands

D4 Lean out the railing and | .11 ~hdomen

pull up the load
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Table 6 Body height and weight
of the subjects

BREOHFRELAEE
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
382 EEBHEK
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Block-diagram of the measuring
apparatus
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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
Sz2- 75 0 17 11 19 65
A B % 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
14~38 3~24 Td~40 57~82
S4 30ig 75 10 4 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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Fig.ﬁ12 Relations between the forces act on
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the railing

and L (in static action)
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Fig. 13 Relation between ¢ and 6 (in static action)
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Fig. 14 Variations with time of the magnitude and the direction of the forces

HEOKE I LT FORHIZEL

LERHSN, BUOTEDHOLnTRAMEDS NS
Ve ZHICE LCEIE D2 0%BAE, WHOZEDE
B Wik ¥ s —D L g X {PT %, BfE D3 T
RS EESOBE Y BT, Biff D1, D2HEN
TEFEDIL LD T DR TH bo

(b) TfEOKEZX

RO X 5 e fFAMEOKR X BN AEE
350, o CRBLTHORLORKETH S0
o CHEORKECER LTF—22RDZ LT
bo (LUTF, BIOENE © BE&E (MERWE] LRHAT
5EEE [ERAWEORAM] 23 THDET%)
BfE D1, D2, D32\ Ot fEFATHE S, 5
WCKPRERE L x b A B EERT — FRRR LD
o Fig.15(a)~(f) TH 5o XEIF DAIXEIED
W L Lu% g T 5 MEN a0 TR (E AT
EYHRECEEEE Hy L 2EELLC ey LI
(Fig.15(8))o 7sKENE D1, D2 THEBRENX § —0
EAR X OEE D3 OBE, FAMEIAERESE

FREC L > THETHIOTH % 2, AN (a)~
(£) TEHE X5 KRR ToiRle XAH
HEBHERAME:R/IMECHE T—ELTRL,
B D1, D2 CHBRENARDOH AT Y FEHEE
T~ Lo

XCERK LS L, BfE D1, D2 Tit Lo#ines
LTSS B LT\ B0, X3 —CREERS HE
T HTEHE D BOREVOEH LT, AMOB
L HoRn L e EEMET T 5 Eansbh
Bo WICEHE D3 TIL, LOBEMEOHOETFCHU
HEEIEA LT 5o X OBETIHHEM@D 7
YDA E S, TRIEBTER B & ¥ OXLHEA
%P AAERD BT L Bbhb, Bff D4 TR, H
OB & T HEEILET T %,

(¢) WEOIEAKE 7
BifE D1, D2, D3 DBE, HEOIEAHAIEER
X H 3y APEERE LcBIGRT 53 0L Bbhb, 2276
HEARALED L EDHES AL H L OBELH



" &8 F 8 o
Action D1 Action D2
Model A Mode! A
Subject | dummy, man - ubject | dummy, man
. Speed [0~150cm/sec | Speed | 0~T50cm/sec
250 (e [a i
= cm) | dummy | man
ol 3
b3 —
£ 4001 - ~
L!-O« | 105 6 |—— §
: S
300 =

g el
0||1|1I|IIAJ_L|I1I||||||I|l
0 30 60 0 30 60
L (cm) L (cm)
(a) ()
Action D1 Action D2
Model B | . Model B !
ubject | 'dummy, man' |+ Subject | dummy, man | ° .
- 500 [ Speed |0~150cm/sec; [ |Speed {0~150cm/sec]!
i3 - H(em) |dummy| man I
= 7% [ 0 |-
g40- T e — [
5 L] e ——
=

T
1°°;Iﬂ Iﬁ I: 3 f

© oo
o.hl,l.t.l,b‘|.|,1.l.v|r.1
0 30 60 0 30 60

L {em) L (em)
(b) . ()

Force (kg)

2 B & & — 17 —
Action D3 Action D4; 1!
Model A Model | A,B |
Subject man Subject | man |’
Speed |0~150cm/sec :
- H(cm)___ ? j - Model|
| _75]0 L A |e -
100" 50 Te B e L
~- 7056 )
80 : ;
601 { B,
401~ [ & - : 'H
20| - ?
oL}—L 1 1 [ 1§ 1 R TORN AR N OO O | b
b‘ 30 60 90 Ll 75 90 105
L (em) H,(em)
(e) (8)
Action D3
Model B
t ... [ Subject] - man i
190~ L Speed [0~150cm/sec
L ¢ lo
100
80

=
S
T
o—
(]
O— -
o0

40
- H(cm)_
% [0
M- nle
105 (e
olpl t v 1 1 1
30 60 920

L (cm)
®

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)
BREEC BT AIEAMEOKRE I LN
Force*?
H L V%6
ion Model Magnitude (KG . .
Act (cm) | (cm) | (cm/sec) - £ - (K - D;rec_tlol?
Maximum Maximum Maximum ¢ (deg.)*8
Horizontal Vertical resultant :
v 75 45~185 17~349 | 45~368 14~82
D1 10 0 104 150 180 ' 55
: A 90 ) ! 51~372 o7~445 60~512 2~66
'a 65 160 178 178 238 . 45
o N 105 53~249 52~184 78~302 38~85
165 108 184 57
u 75 45~134 34~270 62~277 7~173
10 0 98 136 150 69
: I'E'l B 0 | ) ) 32~164 16~164 36~197 0~67
65 150 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 90 ) ! 31~237 5~247 32~347 38~85
65 150 111 87 141 62
< 105 32~249 6~172 33~239 37~80
e 121 81 137 61
75 28~127 3~157 28~161 17~170
10 0 78 62 92 75
B % ) ! 24~130 72~147 26~178 33~87
65 150 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 38 42 59 41
A |9 320 ‘2’ 17~ 78 8~ 62 21~100 39~78
90 150 43 27 51 57
(X 105 : 17~104 2~ 39 20~110 52~90
8 48 15 51 74
75 18~ 83 7~ 83 39~116 17~69
41 46 63 40
5 | 50 320 ‘2’ 25~ 67 10~ 53 28~106 37~72
90 150 43 29 51 57
105 26~ 97 2~ 32 28~ 99 50~89
44 16 49 72
33~ 88 5~ 21 32~ 70 61~97
D4 & 45 11 47 76
A %0 22~ 40 10~ 63 20~ 73 28~T73
30 29 43 48
105 18~ 32 13~ 37 23~ 49 20~64
24 24 34 42
A 75 28~ 54 0~ 19 20~ 63 63~99
36 11 38 79
30kg B % 22~ 46 9~ 40 29~ 61 32~87
33 24 41 57
105 17~ 33 12~ 51 22~ 55 19~69
22 23 33 42
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B AETHCHTLENRAMOEASTROAELEDT,
N WEBENRAEY I —OBEOEEEDLT.



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, 2 Photographs, 4 References)
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