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Efficiency Improvement of the Safety Net

——about special character of the safety net——

by K.KINOSHITA
K.OGAWA

The safety net has been used for the prevention of fall accidents in construction sites and others,
while it is under the necessity of standardizing the specification of it. This report investigates expe-
rimentally into the dynamical characteristics of the safety net made of synthetics fiber for the above
necessity.

In the experiment, fall impacts were made on the following conditions ;

1) The dummy in a hollow eylinder is made of iron, 90kg in weight, and 33cm in diameter.

" 2) The position to fall it is the center of a net. .

3) The number of suspending points of a net is eight points.

4) The height of free fall is meosured upward from the level where the weight of the dummy

balances with the reactionary force of the net.

Then, the deceleration acting on the dummy, tensile forces in suspending points, and the distance
of displacement of the dummy were measured.

From the experiment we get the following empirical equations among some variables and other results ;

1) In the first impact, selations between the maximum deceleration, D; (9.8m/sec?) and the ratio

the length of one side of a net, L (m) to the height of free fall, H (m) are found, without regard
to the material of nets, as follows ; ‘

D1=6.50%+3.85-.-----§ ............. 10cm meshes

D1:7_ 79 .l%. 43,4600 eeneennns Cesenes 5cm meshes
2) When the fall-impact is repeated on the same conditions, the following equation is found,
Dy=a (1—e 8-1) -}% +D,

a, b: Constant value due to the characteristics of nets,
Dy : The maximum deceleration in the nth impact (9.8m/sec?).
3) In the penetrated cases by fall impacts, the selations between the average breoking streugth of
twines, T (kg) and the maximum deceleration, D, (9.8m/sec?)is regarded as follows
Db=0044 T46.40ccciiiviiinniiannin, 10cm meshes
: _ Db=0~112 A T 5cm meshes
4) The ratios of tensile forces in suspending points to the maximum impact load are estimated
about 30~40%
5) With the distance of maximum displacement, S (m) from the level of initial sag, following
empirical equations are found ;
S/L:O 045H/L+0’44 ........................ 10cm meshes
S/L=0'07OH/L+O_39 ........................ 5cm meshes .
6). It is confirmed that, in comparison with the volue of maximum deceleration of each net, barely
Nylon nets and Polypropylene nets are superior to vinylon nets in buffer effect but procticolly
they have the same effect.



L
il

B, BRBCRTHHRTEED S bILEDHL
BET» LOBECIBLOTHY, BEKEHILEN
EOLBENIHINTA LY TORED—D L LTH
R DEE R v PR T RTINS, WHTTL L T
bR Ldlco £ TEEDIE, Fv POREILEY
=5 HINT, PNEERE LEYRE vy PERVTE
BEfTiow, FORBEMARET L L LaL,
B TEHRB R v P OO 3mX3m Db D
DHBITDNTHETEHEEREYTIR- 50T, BE
Gy FORE S LEEHROBRC OV TEHLD D
ZETEIRD T

THREORBRE LTy =¥ — 2 — X~ X TR

OBRTE T l\, BERER L 5T\ 528 FRIB
B OWTIEfTin- Tty i, BEETEI L

* v MCfERT AEERMEQCRBRK LILonTh T4
EET B ENTET, B&ik v F OERITER
PTG TH oo Lo THEBRTIHRDOBACERES
%, BEMICERYITE, BTEBYZTLXy IO
FEEMEF O D HFEE TR OV TR R R 5 7o
1) BEBAROREME DT
2) &Ry bOUWUONELETEOZT HHEE
& DEIRIL DT

3 BTES LB THOTT HEEE L OBIRIC

T
4) FE—%y reATHETEROEVELEE L
HETHROZT BPEE & DBERIOWT
5) Fv P EREFTLIEREEOHE, BTEHO
ST BIEOERE & DBRICDOWT
6) Xy PEXFHTIXHRRAOKRE IS
W
7) HTFEERCRT SRy FOERWEER
SO FEE R ROV T
8) R&X v b OEMOBIT X BEEDHRDO
" #EEROWT
Ll Eoess Ry bRk, ERSED R
v PERBRNT, BEKRERIR T 2RI
R v b ORERE-F OO BB ROV TREREY
IR T X 72D CHET 5o

| EERLTRFERE

RIIS-RR-20-2

2. RO AHFEYEIR

Ra v P OREMRELT HEBRLATEAON
BEHEIRCH B DT, FAOHEMIME, HECOWT
FHRENCRLMNERD Do ZDD, WD XD T8
ZOWTH bie T Bz, Kk DEBIEIER L
BRI n» %0

1) BEEBETIOE, HEHOD WAL, EEOK
WA L C T REESME T A 0T, RO
%, BEELOMR BERBOMRI LLoET
DEEEE LI T bo

2) ﬁé%y%@%ﬂ@ﬁﬁ#ﬁ&th%%@ﬁ
BEEHYX v OREUTHATH Z LHEEHE
EiBo LT, FMOMRORR L AR, KAR
B LRI OWTRBR XTI, BER X kS
EOET &5, ¥z, 0L EORBNIEMBIZ L
e UCER 1TV, F v OB OmEED L
E%? %0

3) Fil, Baxy bRBATHERIRhBILEE
B Ak, REIEER LB L BERN Q4FHR
K) OEY OBESROWTITIV, MEOBREZEY
Kl %, (L, CORBRIFRORB O AT
WTATTE D o) v

2.1 WRORBRFE

SREME AV Ao BRNE, B TEEERICEESh DRy
FERUEBEDO R v b2 YD B R
S OAEC L APEHBRECE TOEI&ERANST

C

w ,
& *

(>

T |

Knotless Loop knot l l
twine twine Trawler Knot

twine

Fie. 1 Sort of the test piece of twine.



ZLixy  OWER E—FE£x v b Ol oVWT— — 3 =

Table | Breaking strength of various dry netting twines.

WA (B OUWWRE

_ Number | Diameter| Knotless twine Loop knot twine |Trawler knot twine
Material » aonfdh;:;{n t;;finae Ei::rlfé?}% Elongation }sg’gr(’:rlféil}% Elongation Eéﬁ::fértlg Elongation
Polypropylene 58 3/54 6 293(kg) 24-( :3/0) 130(.1§g) 32.( f{) ) 260(kg) 24(%)
Vinylon (staple) 5S 3/57 5 225.5 19 95.9 26.9 205. 9 22.4
Vinylon (filament) 3000‘%/21 4.5 262.7 24.7 137.2 28.5 277 24.3
.Nylon(1) 840d 3/66 4 356 25.3 177 29.6 379 27.8
Polyethylene 500‘2/105 4 93 58.7 73.2 33.3 | 127.8 32.3
Nylon(I) 840d 3/60 4 295.7 34 130 39.8 280 34

Table 2 Breaking strength of variovs wet netting twines.

ARMA BE) OBMTRE

Sort of test Knotless twine Loop knot twine
piece
Material : Breaking strength Elongation Breaking strength Elongation

Polypropylene 268 (kg) 32.3(%) 147. 0(kg) 35.8(%)
Vinylon (staple) 140 26 75.7 29.2
Vinylon (filament) 241.7 28.3 124. 3 35.0
Nylon (1) 342.3 26.7 163. 3 31.8
Polyethylene 99.3 43.3 75.3 37
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Table 3 Ratio of the breaking strength of

Knotted twine to that of Knotless

Table 4 Ratio of the breaking strength of

twine.
t twine to that of dry twine.
AR RS EREEE e ° Y
e : 5 D B ARBUR OB T B IR
piece Dry twine 'Wet twine Koo
i Trawle Sort of test pi
Material Loop knot| "y o |Loop knot ort of Test PIECE | Knotless Ii‘;?fﬁzd :
Polypropylene 44.6 88.7 54.8 Matterial twine (loop)
Vinylon (staple) 42.5 91.3 54 Polypropylene 91.4 112
Vinylo .
™ Slament) 52.2 105.4 | 51.4 Vinylon (staple) 62 78.9
Nylon(1) 49.7 106. 4 47.7 Vinylon (filament) 92.0 90.5
Polyethylene 78.7 137. 4 75.8 Nylon(I) 96.1 92.2
Nylon (1) 43.9 94.9 Polyethylene 107 103
Table 5 Breaking strength and elongation of various -
KRBT LIk
. Number of Sort of New twine 6 months
Material hank and yarn testpiece '
B.S.(kg)| E(%) |B-S.(kg)| E (%)
Knotless . . .6 0.3 -
- Polypropylene (1) 5s 3/17 2067 293 9 2
Loop knot 121.1 26.7 73.6 24.5
Knotl . . 4
Polypropylene (II) 5s 3/16 notless 185 44.7 101.8 26.4°
Loop knot 105.8 48.3 94 33.2
Knotl . . 17
Polypropylene (II) 5s  2x3/11 notless 221 37.8 190.4 29.1
Loop knot 134.5 52.3 126.8 35.4
Knotless 314 45.4
Polypropylene (WV 5s 2X3/11 .
yPIop () / Loop knot 152.2 41.6
Polyethylene (yellow) 3/48 Knotless 211 37.2 145.2 21.7
Loop knot 143.7 32 99.2 23.5
Polyethylene (Black) 3/48 Knotless
Loop knot
Vinylon (staple) 5s 3/20 Knotless 177.5 87.5 157
Loop knot 92 38.4 73.4
Nylon _ A Knotless 300 50 289.9
. Loop knot 174 49.9 164

.B.S. denotes breaking strength

- E

“denotes elongation
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12 months 18 months 24 months 30 months 36 months
3.5.(kg) | E(%) |B.S.(kg)| E(%) |B.S.(kg)| E(%) |B.S.(kg)| E(%) |B.S.(kg)| E (%)
72.2 19.4 52 20.1 30.4 13.6 13.3 11.1
'68.6 23 47.6 28.2 30 24.6 25.5
101 24.4 53.8 23.4 42.1 22 38.1 21.7 30.9 23.4
81 - 31.1 59.5 36.1 45.7 38.7 22.8 29.5 32.2 37
115.8 29.1 76.6 24 53.4 23-}6 34.3 19.8 34.2 24
93 38.2 64.3 38.9 39.8 36.8 24.8 37 39 41.8
222 39.8 202. 4 41.2 178 38.6 167.3 36.2 171.1 33.6
145.6 40.6 126.3 { 47.4 119.2 51.5 114 45.8 121.3 42.8
124 19.6 74.3 13.8 34.9 14.7
- 77.5 20 65.7 19.9 28.5 20
212.6 27.1 214. 4 29.2 205 29.7 205.3 29.8 191 28.4
120 23 128.7 26.7 134.3 31.6 135 32.6 114.6 | 29.7
174.7 50 151.4 48.5 152.8 47.5 142. 4 50.4 135.2 46.4
79.4 43.8 75.4 44.2 76.9 49 68.7 42.9 70.5 43.1
.278.4 47.1 230.6 37.4 178.4 36.5 154.4 32.5 149.2 34.3
149.2 43.3 119.8 38.1 110.8 41.4 102.3 42.7 87.3 38
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to the sun light.
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Table § Specifecation and sort of the net used in the experiment.
FEREFER LIk v P OBEE o4
Number of Shape of Size of Weight of net
Material
‘hank and yarn mesh mesh 6m ><6‘m 5mX5m | 4m xX4m | 3m X3m
o 10cm | 9.9kg 7.3kg | 5.2kg 3.4kg
Pol 1 S :
olypropyiene 5s  3/54) Square 5 21.7 15.7 10.3 6.5
: 10 10.8 8.3 5.9 4
Vinylon (staple 58 3/57 Square
ylon (staple) / a4 5 15.5 10.4 6.4
10 11.2 8.2 6 3.9
Vinylon (filament) | 3000 d 3/21 Square
ylon ( ) / a 5 17.7 11.6 7
Nylon (1) 840d  3/66| Square 10 | 109 8.3 6.1 4.3
Polyethylene 500d 3/105 Square 5 22.3 6.5
: Diagonal 10 | 9.8 7.2 5.3 3.5
Nylon (I 840d 3/60
ylon (1) / Square 5 17.2 12.1 8.9 5.4
ﬁ?% DR LT,
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force on a suspending point.
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Table 7 Values of (2), (b) in the equation (2)

FEOXR v rizowTo(2)RFDa, b
DfE
Sort of net L H a — b
(m)l (m) (G)
4 1 10.00 | 0.58
Polypropylene 4 2 10.70 | 0.56
4 3 6.94| 0.66
5 2 8.89 | 0.60
Average 9.13 | 0.60
4 2 11.30 | 0.62
Vinylon (staple) 5 2 11.50 | 0.69
6 2 11.09 | 0.62
Average 11.30 | 0.64
’ ) 4 2 13.20 | 0.61
Vinylon .
(filament) 5 3 9.88 | 0.78
6 3 11.36 | 0.58
Average 11.48 | 0.66
3 2 3.04 | 1.17
3 3 2.82 | 1.24
Nylon (1
vien (1) 4 | 2| 500/ 1.14
5 4 3.30] 1.27
A‘\yr.erage 3.54| 1.21
3 | 3 | 971 042
4 2 8.72 | 0.49
Polypropylene 4 4 9.71 | 0.42
5 5 9.71 1 0.42
6 8 7.88 ] 0.49
Average 9.15| 0.45
3 3 9.75| 0.64
Vinylon (staple) 4 4 9.05| 0.55 -
6 6 10.00 | 0.69
Average 9.60 |- 0.63
3 3 8.3 0.76
Vinylon , 4 4 10.49 1 0.72
(filament) | 5 5 9.71| 0.72
5 6 10.00 | 0.69
Average 9.63 | 0.72
e H
D'N=DN—D1=(Z(1-—2 bN D)f (3)

Dy & Dy LBIGERRT ERE LT B

Table 8 Values of the maximum deceleration
calculated from the empirical equati-

on.

EBRA L) RDBABEEDOE

Size H Dy (G)

Sort of net of mind
mesh| L N=1|N=2|N=4
Polyropylene 10 0.5 ( ; % ( g é) (ﬁ%)
Vinylon(staple) | 10 | 0.5 ( ; g) (18: g) (g %).
Vinylon ' 7.3 110.112.3
(filament) | 19 | 05 )¢ 75)70.3)|(12. 9)
7.3| 85| 9.0
Nylon (1) 101051 8. 1)|( 9.8)[(10.6)
Polypropylene 5 0.5 ( g é) ( g S) (18: g),
Vinylon (staple)| 5 0.5 ( 72) ( 9;:_3 (nf)
Vinylon 7.11 9.6 |11.4
(fament) | 5 | 051" "5
’ — =T ~b H
D' y1=ePD'y+a(l—e )T (4)
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B=d(1—e_b)'z- (6)
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Fig. 12 Relations between the maximum deceleration and
the number of the suspending points.
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Table 9 Initial sag and the distance of displacement coused by putting the dummy

on a net from the level of suspending points.

Ry b D D E R BROMES X 0% THSEROBME

Material Size of net mesh Initial sag Displgcgngnt
LmxL Dist S Dist S :
(Lm m) cm |Distance r(ru;l) S,/L istance r(nél) Sy/L
10 198 0. 066 1, 050 0.35
3 X3 ’ ! -
Polypropylene 5 530 0.177 1,573 0.524
4 x4 10 227 0.057 1,352 0.338
5 361 0.09 1, 470 0.368
5 X5 10 245 0.049 1,508 - 0.302
5 554 0.111 1,938 0.388
6 X6 10 575 0.096 2,085 0.348
5 1,100 0.183 2, 410 0. 402
. 10 450 0.15 1,315 0. 438
3 i
Vinylon (staple) X3 5 480 0.16 1, 400 0. 467
.y 10 510 0.128 1,535 0.384
5 337 0. 084 1,373 0.377
5 x5 10 521 0.104 1, 664 0.333
5 .
6 X6 10 943 0.157 2,098 0.35
5 1,023 0.171 2, 345 " 0.391
, 10 320 0.107 1,223 0. 408
3 x3 '
Vinylon (filament) X 5 330 0.11 1, 250 0.417
Y 10 322 0.08 1,443 0.361
} 5 610 0.153 1,738 0. 435
5 x5 10 410 0.082 1,608 0.322
5 : o
6 x6 10 745 0.124 2,143 0. 357
5 1,220 0.203 2,740 0. 457
10 370 0.123 1,218 0. 406
Nylon (1) 3 X3 5 .
4 x4 10 388 0.097 1,325 0.331
5
5 x5 10 407 0.081 1, 403 0.281
_ "5 o
6 %6 10 1,742 0.29
5
10
Polyethylene 3 %3 5 129 0.043 830 0.277
' 10
4 x4 5
] 10-
5 X5 5
10 .
6 X6 5 1,798 0.3
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Efficiency improvement of the safety net

—about special character of the safety met—

K. Kinoshita, K.Ogawa

Research Report of the Research Institute of Industrial Safety
RIIS-RR-20-2, 1~19 (1971)

For the purpose of standardizing the specification of the safety net which have
been used for the prevention of fall accidents in coustruction sites and others,
this report investigates into their dynamical characteristics by fall impact. From
the results of experiment we get relative formulas to give the maximum decele-
ration and the distance of the maximum displacement of each net., and other re-
lations with the characteristics of the net, in the case of fall-impact on it.

(10 Tables, 21 Figures, 2 Photographs, 5 References)
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