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Experimental Study on the Optimum Dimensions of Vertical
Fixed Ladders

by K. Kinoshita®
Y. Kawajiri*
H. Nagata®*

Vertical fixed ladders are commonly used at walls of buildings, chimnies, towers, etc. as a simple
facility for elevation. Dimensions of vertical fixed ladders are empirically applied without any de-
finite standards to date. This research is aimed at setting optimum dimensions of vertical fixed la-
dders through analyses of various experiments.

The research was accomplished by going through four processes, namely, a survey of ladder dim-
ensions presently in use which were empirically established,preference questionnaires of ladder dime-
nsions and kinesiological studies. The results of survey of presently employed dimensions of fixed
ladders are acquired as in Fig. 4.2. The results of the preference questionnaires are shown in Fig.
4.4. These results are applied to determine the optimum dimensions of rung spacement and diameter.
Ladder width, cage dimensions and clearance in back of ladder are computed from digitized data
derived from motion pictures of human movement on a ladder as shown in Fig. 418 and Fig. 4.17.
Various characteristic points related to the difference of rung spacement are derived from
the joint angle, stride time, external work values, force exerted on the rung, and movement of ea-
ch gravity point of individual segments of the body. Utilizing these data enable us to compare opt-
imum rung spacement with other less things.

The following suggestions for ladder dimensions are made in this paper:(l) rung spacement-30cm;
(2) diameter of rung-22~25mm¢;(3) width of rung-minimum 40cm;(4) clearance in back of ladder-
minimum 15cm; (5) cage ¢**nensions—see Table 4.5.
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Table 4—1 Favorable dimensions of rung
spacement

OB B REHE R

The upper numeral: mean value
The lower numeral: standard deviation

\. Group |White Blue Both
Method collar collar |included
I 32.0 31.9 32.0
1.9 2.1 2.0
I 29.7 30.8 30.6
1.9 1.8 2.1
I 30.9 31.7 31.4
1.5 1.5 1.6
N 31.3 31.7 31.5
1.3 1.7 1.5
All 31.2 31.7 31.4
included 1.9 1.8 1.9

Table 4-2 Coefficients of correlation bet-
ween properties of subjects and
the most favorable dimension of

rung spacement.

BB R & BERE 0B R OMHEBR

01;}:; T Method | /8¢ | Height | Weight
1 (69)| 0.063|—0.110 [—0.238"
o[ (32)]-0.391] 0.246| 0.014
ZZE‘;: m ( 40) |—0.104*| 0.078 | 0.186
IV ( 40) |—0.024 | 0.250 | 0.097
A11(181) [—0.072 |—0.015 |—0.073
1 (37)| 0.212| 0.187 | 0.052
I ( 8)|—0.680 | 0.659 |—0.148
Blue Y I *
collar | T (45) |—0.44°] 0.275[—0.152
W (55) | 0.036| 0.110 0.086
Al1(145) [—0.033 | 0.208*|—0.011
I (109) | 0.095| 0.017 |—0.115
I (107) |—0.247*] 0.092 |—0.082
Both
includ- | I ( 85) |—0.260%| 0.159 | 0.001
ed v (97) |—0.018 | 0.148 | 0.099
Al1(398) |[—0.075 | 0.082 [—0.043

() : number of subjects
% . significant data; significant at 5%

level

*3 XML B L, BENERIIMMOBICEF WK ARTHELEN
Twb, F72, HEWEBROSE(38mm), HEHRD > F(33mm),

F=ANT 4y b (38mm) THh b,
¥ BELARLPLTWEBERE L S ICPRZ EICT 2,

FRCRBICEITL 20 D2 RN GV ERE AN H 5
PG HORER NN I N—7HDEEMENEIL,
S5UKETEHEE T W LIHEDIDH LN,

Kiz, mERREEBREOBEMOMEE 2 A5 71260,
REHERE 2N ETNES - & - REMOBEEBRK
2IN—T7HIcRD B &, Table 4-20 %52k 3,

=P, *HIZ, tRENHER, SBNKETEEL
LOTH B, FRIICIEFICHBEEMEC, FEL
SHEMT AR, mdEMEE S & OMICHHB 2 %
BZWLDELTEXZLNTHS ),

LUE2EET S L, BFORENRERREDFHE
I3, 3l.4cmThHY, SEXFEE L - HEBRENHENT
13, 4 - B - KRBT AR WERE L

2 f:o B

4.4 BFORBFFIZE T BEIEIC
DUWTHEER

4.4.1 RBROKBSIVHE

EBRIIRDE ) LEBREBRUFHEICL » TUT- 72,
1) 1RGEEEEEHT

ERICHCEREEREH FREEIISEF CHIZE
FERDR C 5 EHEA, ZONE ATECEREZI) D
T2, ZORELDERIE5.6mT, EETcmHEK
DY —NDEIZBEELTH), BET—F—DEIC
Lo TRCHLDPLEHNELYICEET S L i L,
FBICBWTRERONR L 2B TFEEEZRNL 9
LT ABRHSERIZEENERIC Z THES Y, CHE
BElE L 72,

T/, BRBOEREIE T 2N EBRERICHRE 20
bobhd L)z, RRKRELTEEL LY, 22.5cm
(i85 A), 30.0 m(585B), 37.5em(i85C), 45.0
cm(iEED) D4fEE L, INERSLDEREHRE T
F—~F& TR it/ %8, BBOE, 70cme L
P :

2) BSRICEATAIMEL ZOEAFTROREBEE

BT ABETLLE, ZORS, BOMBL EICLY
BICIERTAHE, fEAFELEINENEIH L LR
bhd, INLDEENKE XPFEEHEL BT 2
IZATEBRTHDLEEZLNIOTERTEI &EICL
72,

WEF L, Figd-dbcRmTLoie, < 6DMICHE



— 32 — T 5l B

W.S.G.: Wire ‘strain gage
| W.5.G.

+

Fig. 4-5 Detail of the test rung pasted

strain gages

2PV A4y —U B BB

B
BOZIM (RAEMEORE) 2AICEAL, £A
2ERDFIMD AR, TAX—R L A=V %
Bio 7z, W% (HWEWE) ofRSlmEe b &E
—P &Y, BETY—Y L AT TGHRRD Y- % F
ALTIMED7 )y DEBEBR L. ZNL2HE
HOESL ERNERBL, WE, EREE, RUH
BENEAL BB ELoMEZ RO LNS L izl 7z,
B2 DERIZOWTER L WE, ERAGME L UER
fLBORERIZ, BHRLBEHARELHWTESLKES
T->T, ERICNTAME, EHAFRARY, ERVE
T EOBEBREBHTRL, EEOHNERBIHLTE
BICHETED LI 22,

ERTIE, Z0&) eBRE ABEORFICNL Z
NETNAKRABL, FRECBNT, HFENEHD 1
BEISDT— 2% 5N05 L HICBEMBZ B TR
&L

B EHOEIE, TUINT— SIS EEICHEEL,
ADZEH D iE I 400 /sec-chTTL Znfbl 729 28
RT—7IC W &L 72,

3) ABHSHENOBHAEE

ANEDEELR BT S 720, AMRDZIMOGLE 2K
DEVEL DB, ZORHI6mmBIEEY Hv, H24
TV —L/BOESTHEEZL 12,

BICHL, FTHRBENFE, M B, E B,
B < BaL, ZENBEEESREL, ZONERZT
FTROHNEVHEREI) Dk, 72, TNLDES
TRIRD S B8 E, Tosr Fio k) BEHER
KBWTERFKRES TN LN L DI B DT
7z ETHERERD D72,

)

g4

o

Testing
ladder /
!

urgter
\-

!

|//Movie camera

Fig. 4-6 Plan of the arrangement
of the movie camera,
mirror, testing ladder
and subject

W, 8, WTB LU
H DN E %

KICFIg4-6 ICR T LI ICHT2ART L HBRES
WD H\ET 2 R, EYAECEPREL
TEXNRHGEEHEL, HBREOEHLZLFE—74 10
A>3 AP AN

BEINT T4 VL bid, E7Vv -8 ES
DEEZEELL, BRT— 710 LE2, kY
ANGEENGLE, BE, MEEZZ2KD:,

4) HIE#ERE

AENHZ L, EAENFELLVDOTERDLIIZL

72,

) MBEIC o CRLEL2ES TRET 2. (1H)

b) BaEELEZ (HLECHEET S, (1E)
C) AP/ —LNEDY AR TEESES,
E—fE$HDHF CTable 4-3IC R I ERFEDER & L
A

ZDEBEDHRER, ERIZONONIEE S T->Th
TRIGIZFAED ) XA EL L WEE Y KD A28



4 T BB T ORE T

Table 4—3 Degree of ascendant and desce-
ndent velocity on ladder A,B,C

and D.
BB T DABRE
Degree of Velocity m/sec
1 2 3
Ladder A 0.27 0.33 0.42
B 0.39 0.47 0.61
C 0.44 0.54 0.69
D 0.45 0.53 ©0.65
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Fig. 4-22 Target positions
and kinesiological division

of the body
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Flg 4-30 Time ratio of three stages
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Schématic diagram of human body
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Fig. 4-32 Distance between the center
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Fig. 4-33 Comparison
of the cyclegrams of
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Table 4—5 Comparison of experimemtal results with the regulation of the OSHA in dimen-

sions of a ladder and a cage
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Terms Experlmer;t'é zlults OSHA
1. Rung spacement 3lcm 12" (=30.5cm)>
2. Rung diameter . 25mm 3/4" (=19mm) <
3. Rung width 40cm 1'—4"(=40.6cm)<
4. Clearance in the back of ladder 15cm 7" (=17.8cm)<
5. .
Lz 69cm 68.6~71.1cm
A Le 34cm 34.3cm
Lp__l La / 1 R 35cm 34.3~36.8cm
Lx 70cm 68.6~73.6cm
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