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INTRODUCTION

The various measurements proposed in this NPRM have been evaluated from
an anthropometry and biomechanical viewpoint, comparing the proposed speci-
fications to other data where cdnflicts in design practice appear evident.
Several specifications, relating to step height, step clearance and handhold
clearance appear to be inadequate. Under some conditions step width may also
be inadequate, particularly where steel rung rather than flat type steps are
involved.

In researching the various specifications which follow the author had
access to most of the known published anthropometric literature as well as
the various human engineering design guides. Attached are pertinent sections
from other federal or professional standards with which comparisons were made.
In additioﬁ, because it was difficult to believe that there was so little
relative objective data available, professional colleagues in government,
industry, and the industrial engineering and anthropology academic community
were also consulted to determine if there might be other applicable data.
Various collations of measures taken in major studies were reviewed and the
USAF AMRL anthropometric data bank of 21 population surveys including 309
variables were also cross-checked for applicable data. It was disappointing to
find that the 1977 BMCS sponsored study of truck driver anthropometry did not
apparently address a single one of the specifications proposed in this NPRM.

It appears that the specifications provided have evolved subjectively and
have not considered the female driver nor adverse environmental factors such
- as snow, ice or mud debris accumulation effects upon the specifications. To
objectively document the proposed specifications these measurements must be

taken on a sample representative of male and female truckers.



DISCUSSION AND CONCLUSIONS

393.201 Cab Entry and Exit

(b) General rule. "Any person entering or exiting the cab of a high
profile COE truck tractor shall be afforded sufficient steps and
handholds to allow the user to have at least 3 limbs in contact
with the tank tractor at any time."

Comment: This should be a useful safety requirement.

(c.1.i) Vertical height from ground level. "The first step shall be no

more than 609 mm (24.0 in.) from ground level."

-Comment: It should be noted that SAE Recommended Practice J185
(Access Systems for Construction and Industrial Equipment - 1970) which provides
criteria for vehicle steps, grabrails, etc., states "5.1 The maximum height of
the first step from the ground to the machine should not exceed 30 inches when
the machine is in the normal parked condition. The preferred height of this step
16 in."

The attached copy of RCCC Recommended Practice RF-404 includes a Figure 7.
"Vertical Ladder and Grabrail System" which lists as a source the U.S. Army
MERADCOM, Fort Belvoir, Va. This also lists a '"range of 16 to 23" inches and
noteé "(16 preferred)". This reference appears to be identical with Figure 14

"vertical ladder and grabrail system" found in Military Specification Sheet

Body, Van, Vehicle-Mounted 150 Size 10, MIL-B-13207/1 (ME) dated 12 August

1976, and approved for use by the USA Mobility Equipment Research and Develop-
ment Command (MERADCOM)'" and is available for use by all Departments and

Agencies of the Department of Defense."



OSHA apparently has not addressed first step height as yet in any
of their standards.

Human factors engineering rule of thumb at Ford Motor Company is that
step height shoﬁld not exceed knee height, about 18", however I am unaware
of any studies of step height involving measurement of male or female subjects
at any of the MVMA companies.

The recent "Anthropometric Survey of Truck and Bus Drivers" sponsored
by the Bureau of Motor Carrier Safety (attachment) not only did not consider
step height, but also did not include any of the measurements proposed in
this NPRM. Since that study was completed in February, 1977, it would seem
to reflect very poor planning to have conducted a study which did not address
such important measurements prior to issuing this NPRM.,

This is particularly unfortunate since other than in the three speci-
fications referenced above (SAE J185; PP-404 Fig. 7; MIL SPEC-13207/1 (ME))
no step height data appears to be available in the literature, with one exception.
The recent University of Michigan study,of which I was principal investigator,
"Anthropometry of Infants, Children, and Youths to Age 18 for Product Safety
Design'" under contract to the Consumer Product Safety Commission (Final report,
May 31, 1977) did report on step height for 1200 children and youth from age
2 to 19 years. However thése data cannot be considered representative of
truckers.

Further, there is no indication that female physical méasureé or bio-
mechanical capabilities have been considered in step height. Here the criteria
should be to accommodate the lower range of step capabilities (within the
ability of the female). These data appear to have been based upon the male
maximum step height capabilities, but the female trucker also must be con-

sidered. At present objective measurements of such capabilities do not appear



to be in the published literature, but the subjective 24.0" step require-
ment appears more to accommodate the designer than the user and in my
judgement would be difficult for the female and some older male drivers to
reach safely. From the viewpoint of safely accommodating both male and
female drivers the maximum first step height should probably be less than
24" and closer to 18". However, in the absence of objective tests, Army
Mil. Spec. and SAE J185 recommendations stating that "16 inches is preferred"
should be noted, and at least this statement should be added to the require-
ment, so that it reads:

"The first step shall be no more than 609 mm (24.0 in.) from ground

level, but 406 mm (16.0 in.) is preferred."

(c,1,ii) Vertical height between steps. "The vertical height between

steps up to and including the sill step shall comply with the
"Step Spacing Chart" shown below":

Horizontal step offset Vertical spacing between steps

0 mm (0 in) - 406 mm (16.0 in) 305 mm (12.0 in)
406 mm (16.0 in)-508 mm (20.0 in) 203 mm (8.0 in)
508 mm (20.0 in)-610 mm (24.0 in) 102 mm (4.0 in)
- 610 mm (24.0 in) or greater 0 mm (0 in)
Comment: OSHA standard (Title 29, XVII, Subpart D, No. 1910.27 b ii)
specifies "The distance between rungs, cleats, and steps shall not éxceed 12
inches and shall be uniform throughout the length of the ladder." OSHA also

requires a 12" distance between steel rungs on individual-rung access ladders.

The Human Engineering Guide to Equipment Design Revised edition, 1972

(section attached pp. 457-46;) states only that "the optimum height between
treads is from 11 to 12 in." (p. 459).

RCCC RP-404 Figure 7, and Mil. Spec. MIL-B-13207D(ME) (12 August, 1976)
Figure 14, both state that "step vertical spacing range 10 to 16 (12 preferred)".
RCC RP-404, in Section 4.2 notes '"The maximum distance between steps of
vertical ladders on machines shall not exceed 400 mm (16.0 in). The

optimum distance between steps based on human factors is 300 mm (12 in.)."
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The specifications proposed are not referenced as to what data they
are based upon, however appear reasonable based upon the above information.
Again, step and climb data for females have not been found, and until such
measurements are taken on a representative population sample to determine
their statistical step height capabilities the above specifications remain

objectively undocumented.

(iv) Step Tread Depth. "Each step shall have a tread depth of at’

least 102 mm (4.0 in)."

RCCC RF-404, Figure 7, and Mil. Spec. MIL-B-13207D (ME) (12 August, 1976)
Figure 14, both state "typical depth range for each step 5 to 7 in. serrated
grating step surfaces". RF-404, section 4.6 stated more strongly "The desirable
dimension for toe clearance from the outside edge of the step is 180 mm (7 in),

and in no case shall it be less than 125 mﬁ (5 in)."

Relative to stair depth, the Human Engineering Guide to Equipment Design

(p. 461) states "The optimum tread depth is 9.5 to 10.5 in. plus a 1 to 1.5 in.
overhang."

It is not clear why the 5-7" depth indicated in RCC RP-404 was reduced
to 4" in the proposed rule, or what new data applies to this. While no infor-
mation has been found to document that 4" is unsafe, human factors data refer-

enced indicate that a larger tread depth is preferable.

(v) Step Clearance. '"There must be at least 51 mm (2.0 in) clearance

between the back edge of the step and any part of the truck tractor
to allow the user to step on the ball of his or her foot."
This clearance distance is much less than that specified in SAE 185

(SAE Recommended Practice. Access Systems for Construction and Industrial




Equipment (1970), which states" 5.6 The minimum toe clearance from the outside
edge of the step should be 5 in. The preferred distance in 7 in.

Similarly, OSHA standard 29CFR Part 1919 Subpart D - walking and working
surfaces - (5) relative to ladders specifies that in new ladders constructed
after 1979 "the minimum shall be seven (7) inches (17.8 cm) unless physical
limitations make a lesser distance, not less than four (4) inches (10.2 cm),
necessary'.

An unpublished study by Chaffin (1978) recommends that toe clearance
for ladder rungs be 6.25 in. (based on a large (95th percentile) female foot
length., The rationale for this relates to the biomechanics of maintaining
the foot in a horizontal orientation when climbing. Muscle fatigue in
climbing could lower a person's capability to maintain the desired foot
orientation over time, given a 4" movement arm for 95% of women, and 7.5"
for 957 of males from the ankle. Dempster (1963) has estimated that the
ankle joint lies about 80% of the distance from the top of the greater toe
to the most posterior aspect of the heel. This indicates that 95% of women
would have toe to ankle lengths no greater than 8.25" (10.3 x .80), and 95%
of men would be no greater than 9.0" (11.2 x .80). Randall (1946) has found
that wearing a heavy work boot or shoe requires an additional 2" clearance.
Thus the minimum foot clegrance recommended would be 6.25" based upon a
large (95th percentile) female foot length. While this analysis is based
upon a steel ladder rung, this would apply directly to cab access steps of
similar construction. This analysis assumes the male ankle strengths are
sufficient to compensate for their larger moment arms caused by their larger
feet. It has been found that a males's plantar extension strength averages

twice that of the female (Chaffin, 1978).
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A\mu. OR OTHER FIXED OBJECT

(FOOT CLEARANCE DIMENSIONS (after Chaffin et al, 1978)

The proposed standard does not support why the RP-404 minimum of 5" has
been further reduced, and what new data would support a change.
It is concluded that where rails or rungs are used as steps a 2.0 inch

clearance is insufficient, and from the sources above 6 1/4 to 7" should be

specified.

(A) Exception. "Any step with a tread depth of at least 153 mm (6.0 in)

or more is not required to have step clearance."

The comments under iv (step tread depth) apply here. Consider to

be marginally adequate but minimal.

(B) Exception. "A sill step with a tread depth of 102 mm (4.0 in) or
more is not required to have step clearance."

No data available to evaluate this.



(vi)  Step Width. "The first step shall have a tread width of at least
153 mm (6.0 in)...." "If the sill step is not at least 407 mm
(16.0 in) wide with a tread depth of at least 153 mm (6.0 in) a
step immediately below the sill step is required. This step shall
be at least 305 mm (12.0 in) wide...."

This step width appears to be sufficient for one foot for the 99th per-
centile* population when street shoes or boots are worn. It may be inadequate
in the case of a 99th percentile male wearing heavy boots when mud or snow
caked. In addition, snow or ice debris accumulation may decrease the available
foot space. Since normal design standards accommodate the 95th percentile for
a particular measure, the minimum width of 6" appears to be reasonable under
most conditions for a single foot, but totally inadequate for both feet.
Discussion: Neither the 1977 anthropometric survey of truck and bus drivers
(Sanders, 1977), nor the HEW survey of the U.S. civil population (Stoudt et al,
1965) , included foot breath. However review of 15 male U.S. military studies
indicate a range of the width of the nude foot as ranging from 10.4 to 11.0 cm
(4.0-4.3 inches) for the 99th percentiles. A factor of 0.3 inches for men's
shoes, andboots or 1.2 inches or more for heavy boots is added to the bare
measures (Van Cott et al, 1972, pp. 419). Thus the following shoe widths
are indicated for the 16 populations:

4,3 to 4.6" 95th percentile, street shoes or boots
5.2 to 5.5" 95th percentile, heavy winter boots (flight type)
4,6 to 5,1" 99th percnetile, street shoes or boots

5.5 to 6.,0" 99th percentile, heavy winter boots (flight type)

*Percentiles are values corresponding to 100 persons lined up from least to
greatest in any given respect. Thus the 95th percentile is that value which
exceeds 94 percent of the population and is exceeded by only 5 percent. Per-
centiles provide a basis for the designer to estimate the proportions of a
group accommodated or inconvenienced by any specific design (Damon et al, 1968).



For the 95th percentile male (represented by thesev15 studies) 0.5 to
1.8" clearance is available with a 6 inch step when wearing either street
shoes or boots or even heavy flying type boots. A 0.5 inch clearance has
been recommended in a recent OSHA study of ergonomic aspects of walking and
working surfaces (29CFR Part 910, D).

Considering foot width at the 99th percentile level, 1.4 to 0.9" is
available with a 6" wide step when street shoes or military style boots are
worn, and 0.5 to 0" foot clearance when heavy winter flight type boots are
worn. These data indicate that the 6 inch minimum step width is sufficient
for 99 out of 100 truckers, for one foot, even when heavy winter boots are
worn. This assumes that the foot width of truckers corresponds to that of
the 15 military studies. While the BMCS anthropometry study did not measure
foot width, this survey of truck and bus drivers found them to be '"larger than
the general civilian or military population and truck drivers measured 25
years before" (Sanders, 1977, i).

Additional consideration where steel rung type ladders are used anywhere
on the vehicle is the effect of wind gusts. The mechanics of wind gusts in
climbing have been described by Chaffin et al (1978) and Garg and Chaffin
(1976) . The wind load creates a pivoting action which must be compensated
for by the hand and arm strength moment. It was concluded from these analysis
that ladders which may expose the climber to high winds should be wider than
the minimal anthropometric dimensions would indicate. A ladder rung width of
about.16 inches is required in winds of 45 mph to provide an adequate lever-arm
through which a person can exert sufficient arm strength to stabilize the body
against rotatiom.

Where the trucker may have both feet on a step, a total lateral width of

12.7 inches is required to allow for both shoes and 1/2" for clearance. This



would not allow any tolerance for mud, snow, or ice (debris accumulation).
ANST standard Al4, 3-1973 advocates a minimum lateral width of 16 inches,
which would leave 3.3" for clearance.

In comparison, SAE J185 (5.4) states "It is preferred that all steps
have the width capacity to hold both feet. The minimum width for such design
is 12 in. The preferred width is 15 in."

Mil. Spec. MIL-B-13207D (ME), Figure 14, specifies for a 7.5" minimum
width first step, 12" minimum step width for the second step, and 15" minimum
width above that.

In view of these data, a proposed step tread width of 6" appears
to be too narrow. Trucks following this minimum specification would not be
acceptable for military procurement, since 7.5" minimum is required. It
appears that 16" would be the best width, to allow for both feet, with 12"
a minimum. This would also follow the 3-point contact rule where one hand must
be used in some task.

These comments also apply to 393.202ve, rear of cab access, and 393.20 iv

front of cab access, relative to step width.

(vii) Step Strength. "Each step must withstand the vertical static load,

produced by the weight of a person of at least 204.1 Kilograms

(450 pounds),...."

No available data found to indicate that this is not reasonable at
this time. 95th percentile weight for male truckers (BMCS study) was 235 lbs.
We have weighed one 505 1b. driver, but this would be beyond normal design

range.
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(ii) Height from Ground Level. "The dual handholds shall start no more

than 1,524 mm (60.0in) from the ground level, One of the dual hand-
holds nearest to the swinging edge of the cab door shall extend at
least 1,219 mm (48.8 in) vertically from the door sill."

RCCC RP-404, (section 5.8) states "Grab rails or grab handles for access
purposes shall begin at a maximum height of 1500 mm (58 in) above the ground
when the machine is in a normal parked position. It is desirable that the
grab rail continue to at least 900 mm (36 in) above the final step." Section
5.11 adds, "The desired grab rail height vertically above any step or inclined
ladder is 900 mm (36 in)."

There is no justification provided to determine why the proposed speci-
fication goes to 60" minimum, rather than the 58" specified in RP-404.

"~ Although the measurement is not strictly comparable, since it was measured
from floor level with the right arm extended directly overhead (attachment),

overhead reach measurements for 1905 Air Force females ( Anthropometry of

Air Force Women Clauser, C. et al, 1972, pp. 126-127) provide the following:

95th percentile overhead reach 213.28 cm (83.97")
50th percentile overhead reach 199.18 cm (78.42")
5th percentile overhead reach 185.19 cm (72.91")

These data suggest that the female, in this population at least, could
easily reach one handle 60" from ground level. However, the measurements are
not strictly compatible and the diameter of the grip object was only pencil
diameter. Moving to a frontal overhead reach posture, with larger diameter
grip demands, would reduce the reach capabilities listed.

The criteria for this specification should at least be designed about the
5th percentile male and female for reach/grip capability, as 95% of the popu-
lation would then be expected to reach the handholds. A 1% criteria would

include 99% of the truckers. But this is a measurement which also should be
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taken on a representative sample in order to objectively determine the

specifications needed.

(iii) Exterior Mounting Specifications. '"Each handhold, affixed exterior

of the vehicle, shall have at least 51 mm (2.0 in) clearance between
the surface on which it is mounted and the handhold."

RCCC RP-404 (Section 5.5) specifies "The minimum hand clearance of all
grab rails and grab handles shall be 75 mm (3 in) to all surfaces."

MIL-B-13207D (ME) specifies a minimum hand clearance of 3 inches to
all surfaces (Fig. 14).

SAE J925 ("Minimum Access Dimensions for Construction and Industrial
Machinery") (attached) provides minimum recommended minimum openings for
the hand "95th percentile" as 4.0 inches for the bare ("empty'") hand, and
5.5 inches for the gloved hand.

OSHA (1910.27) (5) states "Clearance in back of grab bar. The distance
from the centerline of the grab bar to the nearest permanent object in back
of the grab bars shall be not less than 4 inches...."

An anthropometric survey of the hand by Garnett (1971) found the extended
bare hand thickness at the 3rd metacarpel to be 1.42 in. for 95% of the
population. However, for wool or leather gloves 0.2 in. must be added to
this value (Van Cott and Kinkade, 1972), increasing hand thickness to 1.62 in.
Although no data are available on the increase in thickness as a result of
hand flexion, a clearance of 1.62 in. allows the gloved and extended hand to
fit between the handrail and wall with no clearance. Chaffin (1978) has
estimated that it would require 2.25 in clearance to prevent the knuckles
from contacting the wall. However he recommends a finger clearance of &4 5/8"

(11.75 cm) from any other object, (1978).
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SAE Recommended Practice J185 (6.5) specifies that "the minimum hand
clearance of all grab rails and grab irons should be 3 in. to all surfaces"
(1970).

It is concluded that the 2.0 in. proposed specification is inadequate
particularly for the gloved trucker, and that 4 5/8 to 5.5 in. is more valid.

No other recommended guideline found concurs with a 2 in. minimum proposed.

(v) Size and Shape. "Each hand hold shall be free of sharp edges and

have a circumference no greater than 119.6 mm (4.71 in) nor less than
59.8 mm (2.36 in).

Military specification MIL-B-13207D (ME) specifies a 3/4 in. diameter
minimum and 1 1/2 in., diameter maximum for grab rails - (Fig. 14, attached).

In unpublished work Chaffin (1978) recommends that handrail circumference
should be no less than 4.4 in. (11.2 cm), and no greater than 5.2 in. (13.2 cm).
For cylindrical rails, he recommends a diameter of 1.4 in. (3.6 cm) and no
greater than 1.65 in. (4.2 cm). However these data are relative to stair
rails.

It is not known on what data the proposed specification is based, but there
seems to be no specific agreement on the optimal measurements for the handholds,
with some specifiations involving diameters and others circumferences. More

information is needed to make a recommendation.

(vi) Handhold Strength. "Each handhold shall be solidly affixed to with-

stand the static load, produced by the weight of a person of at least
113.4 kg (250 1bs), in any direction with a deflection of no more

than 5 mm (0.2 in) in any direction."

13



This appears reasonable in view of an estimated 95th percentile truck
driver clothed body weight of 235 1bs., but no further judgement can be

made without test data.

Part 393.202 Rear of Cab Access, and

Part 393,203 Front of Cab Access

The preceding discussion and conclusions relative to the various measure-
ments also apply to the applicable portions of these two parts of the proposed

rules. Three differences should be commented on:

(1) 393.202 Rear of Cab Access. (vi) Step Width

"Each step shall have a tread width of at least 204 mm (8.0 in)...."
This is 2 in. greater than proposed for cab entry and exit and also for
front of-cab access, both of which are proposed at 6 in. No reason is given
for this, but on what basis of facts were these different specifications pro-
mulgated? In any case, the prior comments on step width also apply: 8" is

inadequate.

(2) 393.203 Front of Cab Access. (2)(i) Height from Ground Level.

"The lowest part of any handhold shall be no more than 1828 mm
(72 in) from ground level".
It is also not clear why this differs from "Cab Entry and Exit" (393,201
(2) (11) or "Rear of Cab Access" (393.202 (2)(i), both of which propose 1524 mm

(60.0 in) from ground level. See previous comments for this specification.
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(3) 393,203 Front of Cab Access (B) Step Tread Area.

"Each step must have a bearing surface tread area of at least

2 (12.0 in%)."

7,742 mm
This appears minimal, but would depend upon type of step whether

adequate.
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Attachment No. 1

PROFOQSED RULES
Proponent(s) will be expected to 5910—22]

answer whatever questions are pre-
sented in initial comments. The propo-
nent of a proposed assignment is also
expected to file comments even if it
only resubmits or incorporates by ref-
erence its former pleadings. It should
aiso restate its present-intention to
apply for the channel if it is assigned,
and, if authorized, to build the station
promptly. Failure to file may lead to
denial fo the request.

3. Cut-off procedures. The following
procedures will govern the consider-
ation of filings in this proceeding.

(a) Counterproposals advanced in
this proceeding itself will be consid-
ered, if advanced in initial comments,
so that parties may comment on them
in reply comments. They will not be
considered if advanced in. reply com-
ments. (See §1.420(d) of Commission
Rules.)

(b) With respect to petitions for rule
making which conflict with the
proposal{s) in this Notice, they will be
considered as comments in the pro-
ceeding, and Public Notice to this
effect will be given as long as they are
{iled before the date for filing initial
comments herein. If they are filed
later than that, they will not be con-
sidered in connection with the decision
in this docket.

4. Comments and reply comments;
service. Pursuant to applicable proce-
dures set out in §1.415 and 1.420 of
the Commission’s rules and regula-
tions, interested parties may file com-
ments and reply comments on or
before the dates set forth in the
Notice of Proposed Rulemaking to
which this Appendix is attached. All

. submissions by parties to this proceed-

ing or persons acting on behalf of such
parties must be made in written com-
ments, reply comments, or other ap-
propriate pleadings. Comments shall
be served on the petitioner by the
person filing the comments. Reply
comments shall bte served on the
person(s) who filed comments to
which the reply is directed. Such com-
ments and reply comments shall be ac-
companied by a certificate of service.
(See § 1.420 (a), (b) and (c¢) of the Com-
mission Rules.)

5. Number of copies. In accordance

‘with the provisions of §1.420 of the

Commission’s rules and regulations, an
original and four copies of all com-
ments reply comments, pleadings,
briefs, or other documents shall be
furnished the Commission.

6. Public inspection of filings. All fil-
ings made in this proceeding will be
available for examination by interest-
ed parties during regular business
hours in the Commission’s Public Ref-
erence Room at its headquarters, 1919
M Street, NW., Washington, D.C.

[FR Doc. 78-4145 Filed 2-14-78; 8:45 am].

DEPARTMENT OF TRANSPORTATION
Federal Highway Administration

[49 CFR Part 393]
[BMCS Docket No. MC-58-1; Notice 78-3]

PARTS AND ACCESSORIES NECESSARY FOR
SAFETY OPERATION

Step, Handhold, and Deck Requirements on
Commerciol Motor Vehicles

AGENCY: Federal Highway Adminis-
tration, DOT.

ACTION: Notice of Proposed Rule-
making.

SUMMARY: Public comments are
sought on a proposal to amend the
Federal Motor Carrier Safety Regula-
tions applicable to motor vehicles
manufactured after January 1, 1981,
to require (1) step, deck, and handhold
requirements on high profile cab-over-
engine (COE) type tractors: (2) step,
handhold, and deck requirements on
the rear of all other truck tractors;
and (3) step, and handhold require-
ments on the front of trucks as well as
all truck tractors. Slips and falls are a
substantial problem in the motor car-
rier Industry. The proposal to afford
the driver and other personnel with
three points of contact on high profile
COE truck tractors will serve to pro-
vide increased stability and safety.
The requirements regarding front and
rear access will also provide safe work-
ing surfaces in other critical aress.

DATE: Comments must be received on
or before May 16, 1978.

ADDRESS: Submit comments (origi-
nal and 2 copies) to: BMCS Docket No.
MC-58-1; Notice No. 78-3, Room 3402,
Bureau of Motor Carrier Safety, Fed-
eral Highway Administration, Depart-
ment of Transportation, 400 Seventh
Street SW., Washington, D.C. 20590.

FOR FURTHER INFORMATION
CONTACT:

Gerald J. Davis, Chief, Driver Re-
quirements Branch, Bureau of
Motor Carrier Safety, 202-426-9767,
Principal Lawyer, Attorney, Gerald
M. Tierney, Motor Carrier and High-
way Safety Law Division, Office of
Chief Counsel, 202-426-0834; Feder-
al Highway Administration, Depart-
ment of Transportation, Washing-
ton, D.C. 20590. Office hours are
from 7:45 a.m. to 4:15 p.m. es.t.,
Monday through Friday.

SUPPLEMENTARY INFORMATION:
This Notice of Proposed Rulemaking
proposes to issue specific requirements
for steps, handholds, and deck plating
to afford individuals increased stabil-
ity and safety while entering and exit-
ing the cab and while performing
work-related duties on other areas of
the vehicle. The requirements for the

.
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high profile COE truck tractors basi-
cally set forth details as to the
number, location, size and type of
steps and handholds to allow a person
to have three limbs on the system at
all times, including transition between
intermediate positicns.

The criteria for this proposal is
based on the “Recommended Practice
404" developed by the Cab and Driver
Study Group of the ATA Regular
Common Carrier Conference Mainte-
nance Committee, as well as other
prior recommended designs.

NEED FOR IMPROVEMENT

As far back as 1966 and 1967 the
high percentage of workmen's com-
pensation cases, attributed to getting
in and out of the cab, attracted atten-
tion. A study issued in 1967 by Liberty
Mutual Insurance Company of Béston,
Massachusetts, indicated that falls
from tractors amounted to 25.3 per-
cent, 22.2 percent and 16.0 percent of
total human on-job injuries for three
large motor carriers. Although driver
trainers were spending a considerable
amount of time training new drivers
on proper mounting and dismounting
techniques, efforts were not entirely
successful because of the poor design
of most step and grab-handles, espe-
cially on COE models. Information
supplied to the Department of Trans-
portation by several motor carriers
showed that, slips and falls accounted
for 20 percent of all injuries sustained
by drivers. In a separate study done by
the Transportation Safety Association
of Ontario, Canada, it was reported
that slips and falls in and around
motor vehicles accounted for 40 per-
cent of the total of all types ol slip
and fall accidents in their association.
It was also reported that there was
evidence that particular troublesome
problems occurred, and were most
severe, in the case of trailers and semi-
trailers used to haul automobiles and
in tank vehicles.

ADVANCE NOTICE OF PROPOSED
RULEMAKING

As a result of evidence reported, an
Advance Notice of Proposed Rulemak-
ing was issued on May 21, 1974, with
the purpose of soliciting comments on
whether nonslip surfaces and hand-
holds should be made mandatory on
equipment operated in interstate or
foreign commerce.

The majority of comments indicated
that further proof was needed that
slips and falls were occurring frequent-
ly enough to warrant a regulation. In
an effcrt to be responsive to these
comments, further accident informa-
tion was sought before developing a
mandatory regulation. Several sources
were investigated, including State or-
ganizations, transportation insurance
groups, labor statistics offices and
other safety organizations. However.
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the information obtained was not de-
tailed. It was coiicluded, as a result of
unsuccessful attempts to obtain pre-
cise, specific data, that an actual slip
and fall survey and analysis should be
conducted.

Srirs AND FALLS SURVEY

The Bureau of Motor Carrier Safety
conducted a “Slips and Falls” survey
and analysis during the period of De-
cember 1975 to August 1976. A total of
46 carriers were surveyed, centering on
four types of vehicles (cargo tanks, car
carriers, vans, and flat bed or heavy
hauling equipment). The statistics and
information were collected for the
vear 1974. Approximately 22,000 em-
ployees’ records were reviewed. De-
tailed information was collected on
each slip and fall, including, medical
costs, workmen’s compensation costs,
part of the body injured, person’s age,
environment, part of the vehicle
where injury occurred and type of
equipment used. Other areas of con-
cern were also discussed with carrier
representatives, namely, various types
of non-slip surfaces being used, train-
ing and retraining of drivers regarding
proper entry/egress, incentive awards
for safety practices, workmen’s com-
pensation costs for different States.
and improvements made as a result of
some costly slips and falls. Pictures
were also taken of equipment being
used.

The results of the survey indicated:

1. Slips and Falls accounted for 14 percent
of all driver personal injury accidents and 9
percent of all carriers’ personal injury acci-
dents.

2. Slip and Fall medical costs accounted
for 11 percent of carriers’ total medical
costs.

3. Slip and Fall workmen’s compensation
costs accounted for 10 percent of carriers’
total workmen'’s compensation costs.

4. Approximately 54 percent of the slip
and fall incidents happened on the tractor
or driver area and 46 percent happened on
the trailer or cargo area.

5. Tank carriers had the highest percent-
age of driver slips and falls (23 percent); fol-
lowed by auto transporters (14 percent);
van-type (11 percent); and flat bed (9 per-
cent).

CosTs ASSOCIATED WITH PERSONAL
INJURY ACCIDENTS

According to information published
by the American Trucking Associ-
ations, Inc., employee injuries are up
50 percent from 1968 to 1974; average
injury costs have quadrupled since
1970; and the 1973 compensation costs
are up 75 percent compared to 1968.
Their estimate of an average injury
was $1,409.27 for 1975, and that the
most frequent cause of injury was fall-
ing. The average maximum compensa-
tion benefit, nationwide, is now
$136.95 per week, compared to $73.82
in 1970—and it is considerably higher
in some States. Even heavier compen-
sation expenses are forecasted.

PROPOSED RULES

Like the tip of an iceberg, the in-
sured costs of accidents are only a
small part of the total costs. Accidents
directly affect profit and loss, and may
even involve the company’s ability to
stay in business. Along with the cost
of workmen’s compensation, there is
the loss of employee’s services, knowl-
edge and experience and the resulting
loss in productivity, as well as the cost
of hiring and training replacement
labor. An accident also may lower em-
ployee morale, which could affect effi-
ciency.

The recent survey indicated the fol-
lowing cost data:

1. Medical costs ranged from 0 to $6.039.15
per individual slip and fall case.

2. Compensation costs ranged from 0 to
$8,834 per individual slip and fall case.

3. The combined medical/compensation
costs ranged from 0 to $14,873.15 per indi-
vidual slip and fall case.

4, The average combined medical cost/
compensation cost of slip and fall incidents
was $290.92.

These costs take into account only
the medical and compensation figures
paid out. It is reasonable to assume
that the actual costs of each slip and
fall are considerably more when the
other costs mentioned are considered.

DiscUssION oF PROPOSED RULE
In the preparation of the proposed

sections regarding cab entry/exit, rear

of cab access and front of cab access,

- appropriate literature from several

sources has been consulted. The refer-
ences include, (1) Liberty Mutual
Study, Driver Falls While Mounting or
Dismounting Cab Over Engine Tractor
Trailer Cabs, Charles H. Irvine, March
10, 1967; (2) Recommended Practice
No. 404, ATA, Regular Common Carri-
er Conference, Cab and Driver Study
Group, January 1976; (3) SAE J185,
Access Systems for Construction and
Industrial Equipment, Part II SAE
Handbook 1977; (4) SAE J833a, U.S.A.
Male and Female Physical Dimensions
for Construction and Industrial Equip-
ment Design, Part II, SAE Handbook
1977, (5) U.S. Army Specification,
Body Van, Vehicle-Mounted, General
Specifications For, MIL-B-13207D
(ME) CX1966, 12 August 1976; and (6)
Human Factors Engineering Guide to
Equipment Design, Joint Army-Navy-
Air Force Steering Committee, 1972.
While the proposed rule does not di-
rectly reflect any one of these refer-
ences exactly, it does represent the
most appropriate aspects of all of

.them. what results is an already
_proven set of requirements that repre-

sents the best design practices the in-
dustry can expect.

The requirements are in no way in-
tended to be design restrictive but
rather are intended to encourage man-
ufacturers to include in their designs,
accommodations for drivers while on
the vehicle.

The proposed regulations are, like
all the Federal Motor Carrier Safety
Regulations, minimum requirements.
It is hoped that where more stringent
requirements are recommended im-
provements will be made. The develop-
ment of RP 404 indicates that need for
a better step/handhold system.

The requirements of RP 404 with
regard to cab entry/exit have been
similarly adopted in our proposed
amendment. Our first attempt in the
cab entry/exit area is directed at high
profile COE truck tractors, as prelimi-
nary indications revealed this type ve-
hicle is more prone to driver slips and
falls. It is believed that the system
proposed, i.e., to have 3 limbs in con-
tact with the truck tractor at any
time, including transition between in-
termediate positions, will insure a safe,
stable means for the driver to climb
into or descend from the cab of the
high profile COE.

Although the vertical height from
ground level has been minimally pro-
posed at 610 millimeters (24.0 inches)
the 5th percentile group may not com-
fortably reach this step. However, as
mentioned earlier the proposed regula-
tion is minimum.

Access to the rear of the vehicle and
the front of the vehicle has not been
limited to high profile COE'’s. There
must be a safe access to the front area
of all truck tractors and trucks in
order to perform such duties as

‘window washing, checking water and

oil levels, and to raise the hood on con-
ventional type vehicles.

If electrical and air connections can
be reached from the ground level,
thereby eliminating the need to climb
upon the rear section, the step, hand-
hold and deck plating requirements
will be nil.

With regard to construction materi-
al, it is believed that self-cleaning ma-
terial is necessary to prevent element
build-up. The material should have no
sharp edges, and openings must be
such to prevent finger entrapment.
Since door sills are used as steps it is
being proposed that slip retardant ma-
terial, commonly used on sill steps,
will be acceptable. Although step con-
struction is important, step spacing,
depth, and clearance requirements are
also necessary.

The proposed handhold require-
ments are also needed. A person
should be able to reach the handhold
before ascending. The proposed spac-
ing requirements should provide a bal-
anced comfortable system for any
driver.

The proposed strength requirements
are needed to ensure that all hand-
holds, steps, and plates will support
not only the weight of the individual,
but meet certain rigidity requirements
for purposes of stability. Without the
deflection requirements, the hand-
holds, steps, or plates could flex or
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give, thereby jeopardizing the stability
of the individual. It should also be
noted that the strength requiremcnts
have been given in terms of “weight”
rather than ‘“mass™ that produces a
load or force, so as to provide a better
understanding to the average individ-
ual. .

In consideration of the foregoing, it
is proposed to amend Chapter III of
Subtitle B in Title 49, Code of Federal
Regulations by adding a new Subpart
J to Part 393 to read as follows:

Subpart J—Step, Handhold and Deck Requirements
on Commercial Motor Vehicles

Sec.

393.200 Purpose and scope.

393.201 Cab entry and exit.
393.202 Rear of cab access.

393.204 Front of cab access.

AUTHORITY: Sec. 204, 49 Stat. 546 as
amended (49 U.S.C. 304); sec. 6, Pub, L. 89-

670; 80 Stat. 937 (49 U.S.C. 1655); 49 CFR.

1.48 and 49 CFR 301.60.

Subpart J—Step, Handhold and Deck
Requirements on Commercial Motor Vehicles

§ 393.200 Purpose and scope.

This subpart prescribes step, hand-
hold and deck requirements on com-
mercial motor vehicles. These require-
ments are intended to enchance the
safety of motor carrier employees.

§393.201 Cab entry and exit.

(a) Application of the rule in this
section. The section applies to all high
profile COE truck tractors (floor
height from ground greater than 1.016
millimeters (40.0 inches) manufac-
tured on and after January 1, 1981).

(b) General rule. Any person enter-
ing or exiting the cab of a high profile
COE truck tractor shall be afforded
sufficient steps and handholds to
allow the user to have at least 3 limbs
in contact with the tank tractor at any
time. This rule applies to intermediate
positions as well as transition between
intermediate positions during cab
entry and exit.

(¢) Specifications. All high profile
COE truck tractors with seats on both
sides of the vehicle shall be equipped
on both sides of vehicle with—

(1) Steps of a sufficient number to
afford safe and easy access and meet
the following minimum requirements:

(i) Vertical height from ground level
The first step shall be no more than
609 mm (24.0 in) from ground level.

(1i) Vertical height between steps.
The vertical height between steps up
to and including the sill step shall
comply with “Step Spacing Chart”
shown below:

STEP SPACING CHART

The vertical spacing
between steps must
be no more than—

305 mm (12.0 in).

If horizontal step
offset * is—
At least 0 mm (0 in) but less
than 406 mm (16.0 in).
At least 406 mm (16.0 in) but
less than 508 mm (20.0 in).

203 mm (8.0 in).

PROPOSED RULES

The vertical spacing

1f hortzontal step betweer steps must
affset * ts— be no more than—
At least 508 mm (20.0 in) but 102 mm (4.0 in).
less than 610 mm (24.0 in).
At least 610 mm (24.0in) or 0 mm (0 in).

greater.

*Horizontal step offset equal the horizontal dis-
tance between step midplanes. )

(iii) Construction material. Each
step shall be constructed of or covered
with a self-cleaning safety material.
Openings in the safety material shall
be of a size that will prevent finger en-
trapment and be free of sharp edges.
Ezxception. The sill step must be cov-
ered with a slip retardant material,
but it does not have to be self-clean-
ing; :
(iv) Step tread depth. Each step shall
have a tread depth of at least 102 mm
(4.0 in).

(v) Step clearance. There must be at
least 51 mm (2.0 in) clearance between
the back edge of the step and any part
of the truck tractor to allow the user
to step on the ball of his or her foot.

depth of at least 1563 mm (6.0 in) or
more is not required to have step
clearance.

(B) Ezxception. A sill step with a
tread depth of 102 mm (4.0 in) or more
is not required to ' have step clearance.

(vi) Step width. The first step shall
have a tread width of at least 153 mm
(6.0 in). The width of succeeding steps
shall increase and be located closer to
the door sill as you ascend. If the sill
step is not at least 407 mm (16.0 in)
wide with a tread depth of at least 153
mm (6.0 in) a step immediately below
the sill step is required. This step shall
be at least 305 mm (12.0 in) wide, with
the rear of the step (with respect to
the front of the truck tractor) no far-
ther forward than a line drawn verti-
cally from the forward edge of the
driver’s seat in its rearward most posi-
tion. This step shall also meet the re-
quirements in subparagraphs (1)(iii),
(1)Xdv), (1Xv) and (2)(vii) of this sec-
tion.

(vii) Step strength. Each step must
withstand the vertical static load, pro-
duced by the weight of a person of at
least 204.1 kilograms (450 pounds), at
any point on the tread with a vertical
deflection of no more than 5mm (0.2
in) at any point on the tread and he
affixed in such a manner that there
will be no horizontal movement of the
step or tread.

(2) Handholds of a sufficient
number and design to afford safe and
easy access and meet the following
minimum requirements:

(i) Location. Dual handholds must
be located directly above the first step
to enable a person to reach the hand-
hold before he begin his ascent. Addi-
tionally, a handhold must be located
at or immediately above the top of the
door envelope and extend from the
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rear of the door envelope forward, at
least two-thirds of the door envelope's
width.

(ii) Height from ground level. The
dual handholds shall start 10 more
than 1,524 mm (60.0 in.) from the
ground level. One of the dual hand-
holds nearest to the swinging edge of
the cab door shall extend at least 1,219
mm (48.8 in) vertically from the door
sill;

(iii) Ezxterior mounting specifica-
tions. Each handhold, affixed exterior
of the vehicle, shall have at least
6lmm (2.0 in) clearance between the
surface on which it is mounted and
the handhold.

(iv) Unobsiructed length. Each hand-
hold shall be mounted without ob-
structions or mid-brackets to allow
continuous movement to the hand
over the entire length;

(v) Size and shape. Each handhold
shall be free of sharp edges and have a
circumference no greater than 119.6
mm (4.71 in) nor less than 59.8 mm

. (2.36 in). Exception. Recessed hand-
(A) Exception. Any step with a tread

holds, pre-formed into the inside of
the cab body may be used only if they
are designed in a manner that will
afford safe and easy use and meet the
requirements set forth in subpara-
graphs (2)(1), (2)(ii), and (2)v) of this
section.

(vi) Handhold strength. Each hand-
hold shall be solidly affixed to with-
stand the static load, produced by the
weight of a person of at least 113.4 kg
(250 lbs), in any direction with a de-
flection of no more than 5 mm (0.2 in)
in any direction.

§393.202 Rear of cab access. -

(a) Application of the rule in this
section. This section applies to all
truck tractors manufactured on and
after January 1, 1981.

(b) General rule. When a person is
required to climb upon the rear por-
tion of a truck tractor to couple or un-
couple air and electrical connections,
the truck tractor shall be equipped
with—

(1) Steps of a sufficient number to
afford safe and easy access and meet
the following minimum requirements.

(i) Vertical height from ground level
The first step shall be no more than
609 mm (24.0 in) from ground level;

(1i) Vertical height between steps.
Vertical distances between steps shall
comply with the “Step Spacing Chart”
shown in § 393.201 of this chapter;

(iii) Construction malerial. Each
step shall be constructed of or covered
with a self-cleaning safety material.

. Openings in the safety material shall

be of a size that will prevent finger en-
trapment and be free of sharp edges;
(iv) Step tread depth. Each step shall
have a tread depth of at least 102 mm
(4.0 in);
(v) Step clearance. There must be at
least 51 mm (2.0 in) clearance between
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the back edge of the step and the vehi-
cle to allow the user to step on the ball
of his or her foot. Exception. Any step
with a tread depth of at least 153 mm
(6.0 in) or more is not required to have
step clearance;

(vi) Step width. Each step shall have
a tread width of at least 204 mm (8.0
in); and

(vii) Step strength. Each step must
withstand the vertical static load, pro-
duced by the weight of a person of at
least 204.1 kg (450 Ibs), at any point on
the tread with a vertical deflection of
no more than § mm (0.2 in) at any
point on the tread and be affixed in
such a manner that there will be no
horizontal movement of the step or
tread.

(2) Handholds of a sufficient
number number and design to afford
safe and easy access and meet the fol-
lowing minimum requirements:

(i) Height from ground level. The
lowest part of any handhold shall be
no more than 1,524 mm (60.0 in) from
ground level;

(ii) Exterior mounting specifica-
tions. Each handhold, affixed exterior
of the vehicle, shall have at least 51
mm (2.0 in) clearance between the sur-
face on which it is mounted and the
handhold; ’

(iii) Unobséructed length. Each hand-
hoid shall be mounted without ob-
structions of mid-brackets to allow
continuous movement of the hand
over the entire length;

(iv) Size and shape. Each handhold
shall be free of sharp edges and have a
circumference no greater than 119 mm
(4.7 in) nor less than 61 mm (2.4 in).
Ezxception. Recessed handholds pre-
formed into the tractor body may be
used oniy if they are designed in a
manner that will afford safe and easy
use and meet the requirements set
forth in subparagraphs (2)(i), (2)(ii),
and (2)v) of this section.

(v) Handhold strength. Each hand-
hold shall be solidly afiixed to with-
stand the static load, produced by the
weight of a person of at least 113.4 kg
(250 1lbs), at any point in any direction
with a deflection of no more than 5
mm (.2 in) at any point in any direc-
tion.

(3) deck plates, mounted on the rear
of the truck tractor in all areas where
the driver must step or stand in order
to provide safe footing and meet the
following minimum requirements:

(i) Construction material.- Each deck
plate shall be constructed of, or cov-
ered with a self-cleaning safety materi-
al. Openings in the safety material
shall be of a size that will prevent
finger entrapment and be free of
sharp edges;

(ii) Mounting. Each deck plate shall
span the distance between the frame
or frame extension brackets in such a
manner that it can be held in place
with a type of hold down device(s)
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that will allow ready remcval for vehi-
cle service; and

(iii) Deck plate strength. Each deck
plate must be capable of withstanding
the vertical static load, produced by
the weight of a person of a least 204.1
kg (450 1bs), at any point with a verti-
cal deflection at any point of no more
than 5§ mm (.2 in).

§393.203 Front of cab access.

(a) Application of the rule in this
section. This section applies to all
trucks and truck tractors manufac-
tured on and after January 1, 1981.

(b) General rule. When a person is
required to climb upon the front of a
truck or truck tractor, the vehicle
shall be equipped with—

(1) steps of a sufficient number to
afford safe and easy access and meet
the following minimum requirements:

(1) Vertical height from ground level
The first step shall be no more than
609 mm (24.0 in) from ground level.
any succeeding steps shall comply
with the “Step Spacing Chart” shown
in § 393.201:

(ii) Construction material Each step
shall be constructed of or covered with
an anti-slip material. Any openings in
the tread surface shall be of size that
wiil prevent finger entrapment and be
free of sharp edges;

(iii) Steps  preformed within
bumper—(A) Tread width. Each step
shall have a tread width of at least 153
mm (6.0 in);

(B)Step tread area. Each step must
have a bearing surface tread area of at
least 7,742 mm? (12.0 in?);

(C) Prevention of liquid build-up.
The step tread area must be perforat-
ed or sloped downwardly with respect
to the horizontal plane no less than
.0873 rad (5°) nor more than .1745 rad
(10°);

(D) Step clearance. There shall be
sufficient clearance between the back
edge of each step and any other sur-
face to allow any person to place the
ball of his or her foot on the step
tread area; and

(E) Step strength. Each step must
withstand the vertical static load, pro-
duced by the weight of a person of at
least 204.1 kg (450 lbs), at any point
with a vertical deflection of no more
than 5 mm (.1 in) at any point on the
tread and be affixed in such a manner
that there will be no horizontal move-
ment of the step or tread,

(iv) Step preformed or attached to ex-
terior of bumper—(A) Tread width.
Each step shall have a tread width of
at least 153 mm (6.0 in).

(B) Step tread area. Each step must
have a bearing surface area of at least
11,613 mm? (18.0 in*);

(C) Step clearance. There shall be
sufficient clearance between the back
edge of the step and any other surface

~

to allow any person to place the ball of
his or her foot on the step tread area:

Exception. Any step with a tread
depth of at least i53 mm (6.0 in) or
more is not required to have step
clearances.

(D) Step strength. Each step must
withstand the vertical static load, pro-
duced by the weight of a person of at
least 204.1 kg (450 lbs), at any point on
the trcad and be aifixed in such a
manner that there will be no horizon-
tal movement of the step or tread; and

(v) Bumge:r. The top of any bumper
that is used as a stepping or standing
surface must be covered with an anti-
slip material.

(2) handholds of a sufficient number
and design to afford safe and easy
access and meet the following mini-
mum requirements;

(i) Height from ground level. The
lowest part of any handhold shall be
no more than 1828 mm (72 in) from
ground level.

(ii) Clearance. £ach handhold shall
have at least 51 mm (2 in) clearance
between the surface on which it is
mounted and the handhold;

(iii) Size and shape. Each handhold
shall be free of sharp edges and have
circumference no greater than 119.6
mm (4.71 in) nor less than 59.8 mm

. (2.36 in).

(iv) Handhold strength. Each hand-
hold shall be solidly affixed to with-
stand the static load, produced by the
weight of a person of at least 113.4 kg
(250 1lbs), in any direction with a de-
flection of no more than 5 mm (.1 in)
in any direction.

Interested persons are invited to
submit their views on these proposals.
Communications should identify the
dccket number and the notice number
which appear at the beginning of this
notice.

All comments received will be avail-
able for examination by interested
persons at the Bureau of Motor Carri-
er Safety, Room 3402, Department of
Transportation, 400 7th Street SW.,
Washington, D.C., 20590.

(Sec. 204, 49 Stat. 546 as amended (49 U.S.C.
304); sec. 6, Pub. L. 89-670; 80 Stat. 937 (49
U.S.C. 1655); 49 CFR 1.48 and 49 CFR
301.60.)

Note.—It has been determined that this
document does not contain a major proposal
requiring preparation of an Economic
Impact Statement under Executive Order
11821 and 11949 and OMB Circular A-107.

Issued on February 8, 1978.

ROBERT A. KAYE,

Director,
Bureau of Motor Carrier Safety.

(FR Doc. 78-4158 Filed 2-14-78; 8:45 am)
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Attachment No. 2 RP-404

CAB MOUNTING STEPS

(With Option “A” And Option “B")

BRIEF BACKGROUND DATA

At the Maintenance Committes meeting held in Indianapolis in 1974, the question was
presented to the floor as to how many fleats were dissatistied with the cab mounting steps
on current production vehicles. The vote was several hundred to one. This demonstrated a
strong dissatisfaction with supplier mounting steps.

Although substantial data is unavailable, one flest that experienced one major accident per
396,818 exposures in 1964, 1965, and 1966 changed the cab mounts substantially and now
experiencas one major accident per 5,500,000 exposures. This employee accident cause
appears to have been one of the worst three. The other two were lifting and lowering and
fails and slips.

The design criteria will be as follows: “To allow the Person to Have Three Limbs on the
System at One time".

CAB ENTRY STEPS

1. All cabs that have a door sill more than 29" off the ground will be equipped with at least
one step. That step can be mounted on fuel tanks, battery boxes, or other normal fixtures
as long as it meets the remaining design criteria.

2. Normally when more than 38" exists from the ground to the door sill a second step will
be added (44" will be the maximum allowable when entry can be made vertically, that is
— no step offsats). Additional steps will be provided as the height increases. The first
step will normaily not be mare than 24" from the ground with 27" the maximum
allowable. The remaining steps should be spaced taking into consideration step offset as
indicated in the following chart.

) Step Spacing
Step Ofset ffriv /. 0" 4 8 12 16 20 2
Step Spacing V&7 24" 20 16 12 8 4 0
Step Center to Center 24" 204 179 170 179 204 24

3. As the number of steps increase (typical C.Q.E. would probably have 3 or 4 steps plus
the door sill) the design should indicate whether a left or right foot start is preferred. If
aither foot can be used. the step should be at least 12" wide. The first step should be
between 6 and 8” wide and be located under or nearly under the left hand hold if a left
foot start is necessary, and under the right hand hold if a nght foot start is necessary. The
width of the steps-should increase or be located closer to the door sill as you ascend.
This, of course, applies to vehicles where interference with tires, etc., does not allow
direct entry. The top step may have to be as much as 16" to 20" long; if this is not
possible an additional step should be installed under the sill to allow easy access. The
additional step, if required, should be at least 12" long and the rear of the step no farther
forward than a line drawn vertically from the forward edge of the driver’'s seat in its most
rearward pasition,
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4. The steps will be solidly affixed. On tilt cabs, the preference is to have two steps affixed
to the frame or frame fixtures. This is to allow maintenance men to work on or around
engine without hitting protruding steps with their head.

S. The steps will be constructed of, or covered with a self-cleaning safety material (i.e.,
expanded or pierced metal, grating, etc.). Openings in the safety material should not
allow finger entrapment. The steps will be at least 4" deep and where possible, provide
toe clearance so as to allow the user to step on the ball of his foot. Toe clearance
measured from the outside edge of the step should be 8”. Rung type steps will be allowed
if they are substantially constructed and have non slip material attached. Step materials
should be free from sharp edges.

HAND HOLDS

1. At least one grab handle will be affixed to the cab of all vehicles. This allows every entry
to have at least three points for entry and exit stability, a door window post, a grab
handle, and a step.

2. As the number of steps increase and if an offset ladder arrangement is used two hand
holds (not necessarily two separate pieces) will become necessary as the door window
post will be out of a driver's normal reach. The hand holds will not begin over 75" from
the ground and the handle nearest the cab door opening will not terminate less than 48"
from the door sill. If hand holds begin at or near 75" or if mounted lower than 75", they
would interfere with a cargo door; a horizontal grip should be provided for use while
mounting the first step. (Exhibit 3).

3. The spacing for the hand holds is to be: a minimum distance out from the cab body of
14", with 2" to 3" being recommended; and when possible, hand holds should be
continuous and without mid brackets.

Excellent grab handles are available for shorter entries. These handles are approximately
%" in diameter. Where ladder or similiar arrangements are used, for strength and ease of
grabbing, pipe and tubing with extremes of %" to 14" in diameter will be used.

DECK PLATES

On vehicles where it is necessary to hook up electrical and air connections on center
positions on trailers, and where it is impossible to stand on the ground close enough to
make. these hook ups, dack plate will be provided as shown on Exhibit 2, item H. This deck
plate will be constructed of the same material as specified on the steps. This deck plate will
saddle the frame or frame extension brackets in such a manner that it can be held in place
by battery box lid type hold downs and be removed for service in a 3 minute interval.

LOW PROFILE C.0. (Additional Requirements)

All cabs where the front axle sits back approximately S0” from front face of cab and where
cab floor height does not exceed 45" above the ground shall have an open door envelope of
20" measured from the door hinge to the seat riser {(normailly mounted on cab floor). When
the cab door is opening to the left of the centerline of the front axie (on drivers side), the
door will open a minimum of 80°. A grab handle will be provided on the left side in the
hinge area unless tha steering wheel is available and within easy reach of the driver as he
stands on the ground before he makes the first step.
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DRAFT INTERNATIONAL STANDARD ISO/DIS 2867

EARTHMOVING MACHINERY - ACCESS SYSTEMS

1 SCOPE AND FIELD OF APPLICATION

This International Standard specifies the criteria for steps, ladders, walkways, platforms, grab rails (handrails), grab handles,
guardrails, and entrance openings as they relate to aiding the operator and servicernen in pertorming their functions on the

equipment,

1t does not include criteria for the floor of the operating compartment,

This International Standard is intended as a quide when designing access systems to the operating station and service points on

all types of earthmoving machinery, primarily to aid in preventing accidants, and reducing injury to personnel getting on, off, (-

or moving abaut on vehicles while servicing and preparing to operate them.

2 DEeFINITIONS

For the purposes of this international Standard, the following definitions apply :

2.1 step : A device designed for foo: placement,

2.2 ladder: A
~ feet,

2.2.1 .vertical ladder : A ladder slanted not less than 75° from the horizontal.

2.2.2 inclined ladder :

2.3 walkway : A surface designed for personnel to move about on the vehicle,

2.4 platform : A surface on which personnel are required to perform a service function, or a machine function other than

operating,

2.5 grabrail (handrail) and grab handle : Devices that may be grasped by the hand for body support.

2.5.1 grab rail (handra:l) A device designed specifically to permit movement of the hand to a different location without
removing the hand from the device, (Figure 4).

2.5.2 grab handle : A device designed specifically for single placement of a hand. (Figure 3).
2.6 guardrail : A rail above the outside edge of a walkway or platform (Figure 6).

2.7 entrance opening : The opening providing entry to the operating compartment, (See also 1SO ., .1

—
1) In preparation,
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system consisting of a series of steps that are uniformly spaced and will accommodate either one fout or both

A ladder slanted less than 75° from the horizontal.
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3 GENERAL CRITERIA ' \

3.1 The design of these devices and the means of attachment shall provide adequate strength for the purpose intended.

3.2 The designer shall design for body dimensicns for both the 95th percentile group and the Sth percentile groups. “The '
95th percentile group represents the large person and only 5 % of the population is largcr than this. The 5th percenule
represents the smaller person and only 5 % of the population is smaller than this.” See 1SO .. .1).. r

[

""."' o L3 .; .‘ ” “‘
3.3 The designs and attachment means shall be such as to minimize the probability of the user being inadvertently !
restrained; for example, the catching or holding of a finger, hand, foot, or wearing apparal. f-
]
3.4 Devices designeg for hand contact shall be free of roughness, such as sharp corners or protrusions, }
a} The design and placement of these devices shall be such as to minimize protrusions that could increase injury in case of !
a fall,
] -
b) These devicns may be portable to provide convenient storage on the vehicle but, when in the use position, they shall §',<
not move under load. ¢
3.5 Steps, ladders, and grab rails to, on, and from platfarms and walkways shall be designed to permit the person using them
to have three points of support on the system at all times (two hands and one foot, or two feet and one hand).
4 STEPS AND LADDERS ’ ‘
4,1 The height of the first step from the ground to the machine shall not exceed 700 mm (28 in} when the machine is in the =
' }

normal park.ed condition,
Based on principal human factors the optimum height of the first step is 400 mm {1G in).

4.2 The maximum distance between steps of vertical ladders on machines shall not exceed 400 mm (16 in). The optimum
distance between steps based on human factors is 300 mm (12 in).

4.3 Where lateral movemant is necessary from a top step of a vertical ladder to a walkyv:ay or a platform, the vertical distance
shall not exceed 3CO mm (12 in).

4.4 It is preferred that ail steps be wide enough to accommcdate both feet. The desirable widt,h for such design is 380 mm
{15 in) and in no case shall it be less than 300 mm (12 in}.

4.5 In those cascs where only one foot is used on a step, the desirable width is 190 mm (7.5 in) and in no case shall it be less
than 150 mm (6 in). The use of such steps dictates that they be co-ordinated with properly positioned grab rails or grab
handles to enforce the use of the proper foot.

4.6 The desirable dimension for toe clearance from the outside edge of the step is 160 mm (7 in), and in no case shall it be
less than 125 mm (5 in). (See Figure 1,)

4.7 The desirable clearance height at the instep is 190 mm (7.5 in) but in no case shall it be less than 150 mm (8 in), (See
Figure 1.)

4.8 Wherever a foot may contact a moving part by protruding through the step, a shield sh7ll be provided between the step
and the moving part,

4.9 Where stops are in ceries to form an inclined ladder, they shail be spaced such that twice the rise (vertical distance), Y
plus the strice distance (the horizontal distance from the leading cdge of one step to the leading edge of the next step), X, is
no more than 750 mm {20 in} {Figure 2).

For the indeterminate zone around 75° inclination where the requirements of 4.2 or 4.9 might apply, the vertical distance
between steps shail conform to 4.9 (Figure 2a),

.' . * 3'
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4.10 The tread surface of a step should not be designed for use as a grab handle, The leading edge of steps should have ng
protrusions capable of snagging a finger, ring or clothing,

4,11 The design of steps should minimize the accumulation of debris. The tread surface should be of high slip resistance and
should aid in the cleaning o‘f mud and debris from the shoe soie,

4,12 Flexibly mounted steps should be avoided whenever possible. Where ground clearances dictate, the first step from the
ground may be so mounted. However, only one step in a series may be so mounted,

4,13 The desirable headroom clearance above all ladders and steps is 1 800 mm (75 in).
5 GRAB RAILS (HANDRAILS) AND GRAB HANDLES
5.1 Grab rails appropriately spaced to provide continuous support 1o a moving man shall be placed within convenient reach,

5.2 The preferred cross-section of a grab rail and grab iron is circular. However, 3 square or rectangular cross-section with
round corners is permissible but it shall be free from sharp edges.
5.3 For circular cross-section grab rails and qrab handles the maximum diameter shall be 38 mm (1.5 in). The minimum
diametar shall be 19 mm (3/4 in). The desirable dimensicn is 25 mm (1 in), For square or rectangular cross-sections, these
dimensions apply across flats {axially between parailel surtaces),

5.4 Grab handles shall have an accessible minimum length between the bend radii of the support legs of 150 mm (6in), The
desirable length is 250 mm (10 in) to ali surfaces. (Figure 3.)

5.5 The minimum hand clearance of all greb rails and grab handles shall be 75 mm (3 in) to all surfaces. (Figure 3.)

5.6 Grau rails and successive grab handles shall be placed paraliel to the cath of motion of the user. Grah handie; may be
orientec vertically or horizontally but shall be consistent within a given system.

5.7 Any yrab rail or grab hand!e on which the hard surface extends beyond the support shall have a change of shapc at the
end of the hand surface to help prevent the hand from slipping off the end.

5.8 Grab rails or grab handles for access purposes shall begin at a maximum height of 1500 mm !;58 in) abov2 the ground vwhen

the machine is in a normal parked position, It is desirable that the grab rail continue to at least 830G mm (36 in) above the

final step,

5.9 The vertical grab rails or grab handle shall be spaced no more than 200 mm (8 in) to the side of the nearest edge of th2
. step surface, The desirable spacing hetween parallel grab rails is 400 mm (16 in). The maximurn spacing between parallel grab
rails is 750 mm (30 in).

5.10 On inclined ladders, where hip clearance is a factor, the desirable spacing betwean parallel grab rails is 600 mra (24 in).

5.11 The desired grab rail height vertically abaove any step or inclined ladder is 900 mm (3G in}. (Figure 4.)

5.12 When grab rails or grab handles are placed above walkways, they shall be located 850 mm (34 in) to 1 500 mm (58 in)
above the walkways. (Figure 5.) :

5.13 The use of grab rails in a ladder system is preferred to grab handles. Where grab rails are used, the spacing shall
correspond to the step spacing,

8.14 Control levers and pedals shall be so designed that they are not used unconciously as grab handles or grab rails.

I
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- -6 GUARDRAILS

LIRS KV Y R VIV

6.1 A rigid guardrail shall be placed above the edge of walkways and platforms when 3 grak rail has not been provided.,

6.2 The desirable guardrail height is 1 070 mm (42 in) above the walkway or platform. A second rail shall be spaced midvsay
between the walkway and the top rail (Figure 6).

6.3 Where an opening has been provided, other than at the end of a guardrail to provide ladder or step access, a safety bar or
chain should be provided across the opening,

7 WALKWAYS AND PLATFORMS
7.1 Tread surfaces of ail walkways and platforms shall have high slip resistance as well as self-cleaning properties.
7.2 All walkways and platforms shall have a minimurn width of 380 mm (15 in),

7.3 The edge of a walkway or platform adjacent to a step or ladder shall have no protrusions capable of snagging a finger,
ring, or clothing.

8 VERTICAL ENTRANCE OPENINGS
8.1 The desirable entrance opening width is 680 mm (27 in), The minimum opening width is 450 mm (18 in).

8.2 The desirable door height of sit-down tyge cabs is 1 300 mm ({52 in) or more from the floor. The desirstle height of
doors in stand-up cabs i; 1 800 mm (72 in) or more from the floor,

8.3 An alternative exit for emergancy purpases shall be provided in a cab surface difierent from the entrance door wall, The

exit dimensions shall be equal to or larger than the dimensions given in ISO , . A, O R N

A N

8.4 The cab door shall he accessible directly from the access steps or from 2 walkway or platform,
8.5 The door shall not sweep the arca of the'platfmm or the steps on which the man must stand to open the door,

8.6 The external door handle shall be located from 600 to 1 200 mm (24 to 48 in) above the place on which the man must
stand to open the door. The recommended height is 900 mm (36 in). On machines where the door is opencd from the
ground, the door handle height shall not be less than 1 780 mm (70 in).

8.7 The internal door handle shall be located from 600 to 750 mm (24 to 30 in) from the floor for the seated man and from
800 10 970 mm (32 to 38 in) from the floor for the standing man.

1} In preparauon,
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ACCZESS SYSTE/AS FOR CONSTRUCTICN
AND IMOUSTRIAL CQUIPIINT = SAE J185

SAZ Rzeommencdiad Praciice

Rt of ranenstion aad Iaduenal Machiners Teehnal Comannter agpeuned July 1970,

1. Purgase <Tiiis recommended practice is intended 35 a guide foe
QIR InITY Seomd shatims Lo the operating statinn and service points on
all e of machine used in constoiiction, material handling, mining.
lrzsing, 2ed other similar industicy, peimarily to il in preventing
ateileny 2ad vsducing injury to personnel geainy ow, off. or inoving
akgut an velide: while servicing and/or preparing to operute them.

2. Seape

2.1 This recommiended practice covers the criteria for stens, ladders,
walhnwa. i slatforms, grab rails chunrdails), grab ivons, quardrails, and
{RMTIRCE AERING 38 ther relate to allding the operator and,or service:
men i seriorming tinie furctions on the vchicle.

2.2 T reconumended practics oes not include any criteria for
tie ['oer of the operating compartment. -

2. Defnitions

| 2.1 Suep=2 device designed for foot placcment.
vy 2 Ladder=\ svstem consisting of a scries of stzps that are uni-
“{isnmly szl and will accominodate cithersor both feet.
o300 Vasese Liooex=A Jadder slanted not less than 75 deg fron
hzriconai.
‘ 5.2.2 Inctinco Laooer—A ladder slanted less than 73 deg from hori-
4

»ntal. .
3.3 Walkways=A surface designed for personncl to move about on
«hechicle
3.5 Platlorm=.\ suriace on which personnel are required to per-
i:’um 2 service function, or 3 machine function ather thaa operating.
3.5 Crab R:il (Handr2il) and Grab Jron-~Devices thatc may be
Ta:pol Ly the hand for body support.
§$5.0 Craz Raie (Havpaaw)=A device designed specifically to permi¢
rescrsent of the hand o a difierent Jucation withoud removing the

-

. .
. ~ Y . U I

hand {rom the device (Fig. 1) N
3.5.2 Carw Trov=A Cevice designed specifically for single placement
of 3 hand (Fiy. 3).

3.6 Guardrail-\ nail above the outside edge of walkways or plat-
farm, (Fig. 5). ,

3.7 Latrance Opening--The opzring providing entry to the operat:
ing comparunent. (dce alv SAE J925,;

1. General Criterin

4.1 The desizn of these deviers and the means of attachment skauld
provide adegeate stren i toe the purpose intended.

4.2 The dengues shauld doign {fe boih the 93th percentile groug
and the Sth perecande eesps. (Sce SAE J253.)

4.3 The desizms wnd attaztunent means should be such as (o mini-
mize the probatulity of the user hecuning lodged inadvertently, fos
example, the lodzing ot 2 tazer, hand, £3a1, ue wearing apparel.

1.4 Deviees covigiead (rr and wemtact should be [rec of soughmeti.
such as sizarp cnrners o weld spatter,

4.3 The desisn and placoment of these devices should be such 3
to minimie protrnsions 2t couhd increase injury in case of a fall.

4.5 Thuse devicos 2y he poriable o provide convenient steragy
an the sehide; but, when in use pusition, they should not move unde?
load isee pavagraph 5.13).

4.7 Steps, ladders, ard zrab rails to, on, and from platforms 2m
walkwass, shouid he doigaed to divite the person using them to Bave
three limbs on the system a2 all timer. ([wo hands and onc fwot. 7
two (cet and one hand,)

5. Steps and Ladders

3.0 The maximun heinhe ol the first siep from the ground to the

machine sauild soC exceed 39 in. when the michine is ia the normal

-y
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‘!l condition. The preferred heizhe ol this step is 16 in,

- 32 The mavimum Cistune Letneen steps of vevtical ladders on
- gohines s 16 in. T he preferred distaree between steps is 12 i,

33 Where lateral mosciment &5 nesesary from the top step of a

ical ladder 10 2 walkway ar a pladunin, the vertical distance should
_npo more than 12 in,

3.4 It is preferred that all steps have the width capacity to hald
oth fcet, The minimum width for such deign is 12 in. The prefesied

whis 13 in. .

55 1n those cases where only cuc faot is used on a step. that step
Mould de no less than 6 in. wide. S:vps 7.5 in, wide 2ie prolerred. The
ae of such steps dictates that they Le coordinated with properly

dtioned grab rails to force the use of e proper (oot.

5.6 The minimum toe clearance from the outside cdge of the
xep should Le 3 in. The preferred! distance is 7 in. (Fig. 1).

5.7 The minimaum clear2uce heighe at the instep is G in. The pic-
cred height is 715 in. (Fig. 1),

3.8 Whereter 2 foot may coniact a moving part by protuding
weough the step, 3 shicld should be provided between the step and the
moving part. (Sce SAE J997)

5.9 Where steps are in setics to form an inclined ladder, they
ould be spaced such that two times the rise plus the stride distance
Jae horizontal distance from the leading cdge of une step to the Jead.
iag edg2 of taw next step) should be no more than 20 in. (Fig. 2).

5.10 The trcad surface of a step shouk! not be designed for use

1 grab iron. The leading cdge of steps should have ne protrusisns
_pable of snagsing a finger, ring, cr clothing.

5.11 The design of steps should ininimize the accumulation of
debeis. The ticad surface should be 2 high slip resisiane surface ard

ould aid in the cleaning of mud and Jebris {rom the shoe solc.

5.12 Flexibly mounted sieps should be avoided whenever possivle,
Where ground clearances dictate, the first step from the ground may
be 5o mounted. However, only one step in a scrics may be so mennice.

5.13 The preferred head 100 cleavance above all ladders 2nd sicps
tould be 75 in. 1Sec SAE ]33
6. Grab Rails (Handrails) and Grab Irons

6.1 Giab rails, appropriately spacerl to proviie continuous support
) a moving man, should be placed within convenient reach.

6.2 The preferved cross section of a grab rail and grab iion iy ciicu-
<r A square or rectangular cross scction with round corners is per-
missible.

63 For circular cross section grab rails and grab ivens, the maxi-
wm diarncter should be 114 in. The minimun diameter should be
74 in. The pieferred dimension is 1 in. For square or rectangular cioss
section, these dimensions apply across fiats.

6.4 Giab irons should have 3 minimum accessible length over and
ibove the bend radii of the support legs of 6 in. The preferred length
110 in. (Fig. 3). .

635 The minimum hand clearance of all grab raili and grab irons
shouid be 3 in. to all surfaces (Fiz. 3).

6.6 Giab rails and successive grab irons should be placed parallel
'0 the path of inotion of the user. Grab irons may be oriented vetically
or horizontally but should be consistent within a given system.

6.7 Any grab il or grab iron on which the hand suiface extends
beyond the support should haie a change of shaps 2t the end of the
hand surface to help prevent the hand from slipping of the end,

6.8 Crab rails or grab irons (or access purposes should begin at a
maximum height of 38 in. above the ground whea the mackine is in a
aonnal patked position. [t is preferred that the grah rail continue to
3t least 3G in. aboyve the final step.

6.9 The vertical grab rails ov grab ivons skould be spaczd no more
than § in. to the side of the nearoe edge of the step sa.face. The pre-
fetred spacing between parallcl grab rails is 16 in. The maximum spac-
ing between paralicl grab rails is 39 in

-8.10 On inclinud ladders, where hip clearance is = factor, the pre.
ferred spacing between prrallel grab rails is 214 in.

. &1 The preferred guab rail height vertically above any step or
inclined Ladder s 36 in (Fig. .

6.12 When gral: rails or grab irons are placed above walkways, they
shauld Le focated 31-34 in, abune the walkway; (Lig. 3).

6.13 The vse of grab vaibs in u ladder satem iy prefereed 1o gioh
frons. Wheie grab itums ate werd, the spacing shoulid coreespond to thie
Mep spacing.

7. Cuardiaily
.40 Aigid guardrail should be placed abose the edge of walkways
—a8ud.nlvelebnine when 2 g 1ail has not been osided, .
:‘";‘ls, v
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pl nrm. A scvond rail should be spaced nidway betiveen the waliway
el e top il (Fig 6).

73 Wiicre an upening has buen provided, other than at the end
of  guandiail to provide fzdder ot step accesie 3 safety Lar or chain
ol [ be provided 2cross the opening.

3. Walkweass and Platforms

8.1 Tread surfaces of ail walkways and platfonas should have high
s resistanee a5 well 25 self-cleaning pecpertics.

2 Al walknays and platforms shoubl have 3 minimum width of
Lo w,

8.3 The edge of a walkway or platfurm adjacznt to a step or ladder
s* ald have no protrsions capadie of smagsiwg a finger, ring, or
J hing.

-« Fertical Ertrince Openings

9.1 Tlic prefenicd entrance opening width {3 27 in. The minimum
urening widdi is 13 in.

9.2 Tire preferrsd door height of sit down Sype cabs is 32 in. or
n e (rom the foor. The preferred hecight of duwors in stand up type
cabs is 72 in. vz wore (rom the floor.

9.3 An alicrnate exit for emerguncy purposes should be provided

~a o — et .
* ' . .
[N 5"'.'°."_' . e .
o S Ve . . .
Ok . i o e .

in 2 ab surface ditfozens from e antrance door wall, The exit dimen.
sivins should be equal 10 or larger than the dimemivns given in SAE -
02 .
9.4 The cab deor should be accessible directly from the aceess steps ’;.r'.“
or liont g walkwuy or plaucim. Sk
9.5 The donr sherid not sucep the area of the platform or the
steps on which the man s siend o epen the door.
9.6 The cnrernzl dee hzedbe should be located 2i-13 in. above the !
step or platform v wizivh tiie man must siand to opzn the door. Thcb
recommended heiglht o 349 in.
2.7 The inte:nal deor hardle should be located 24-30 in. from the

floor for the teated man and J2-33 in. frain the floor for the n.:nding'
man, X L..-
10. Otiier Consideration; RS

10.1 It is recognizcd that seme shue sole waterials arc more xlip"',. ‘
resistant than others. Operating and servicing personncl shuuld be en- ,h".‘.
courazed 1o wear feowenr with 3 high slip resistant sole matenal. :

10.2 In the desizn of eyuipment it is prefersed that the location of I
service points minimize the movement of service personncl on the
machine,
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OPTION “A"

This option applies only to short 50" cabs whers it is possible to swing around the back of
the cab without having to climb down to the ground and back up where fleets ara using
centrally located air and hose connections. This adds little expense but eliminates danger of
injury since many injuries result from irreqular surfaces at ground level. This option has only
one criteria and that is tnat the right hand hold on the driver's side will be mounted to the
rear of the short cab and inward to allow the driver to dismount from his seat, step out on
the highest step and then swing to the deck plate to make his hook ups. (Exhibits 1 & 2).
This option would be impractical where interferences exist such as exhaust pipes.

OPTION "B"

This is a deck plate and step arrangement to be used by drivers and or maintenance
personnel to mount and dismount from the rear frame area.

The same design criteria will apply on the steps, but since no grab handles can be made
available, the step should be a minimum of 12" long so that they can be stepped on easily
when dismounting. The same toe clearance applies as does the type. of material. Typical
installations would be on battery boxes, fuel tanks, etc. This step is added because

maintenance personnel work on units mostly with cab tilted where the narrower steps near
the cab are impractical.
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Attachment No. 3
REVIEW OF OSHA REQUIREMENTS: Steps And Ladders
Source: TITLE 29 - Labor

Chapter XVII - Occupational Safety and Health Administration

=

Subpart D - Walking-Working Surfaces, pages 8-55.

Para 1910.21 Definitions
1910,22 General Requirements
This scctlon applics to all perroan~nt

placcz of employment, except where Application to road

domestic, mining. or agricultural work vehicles is not specificall

only is pcrformed. Meacures for the con- made

trol of toxic materials are considered to ade.

be outside the scope of this section.

1910.23 Guarding floor and wall openings and holes.

t¢) Protection of open-sided floors,
Pl’é”‘/jo’g"s.a"d "{"tur’al’& (:)fL‘very oren- Subparagraph (e) describes
side oor or platform ecet or more . .
above adjacent floor or ground level shall 8 42 inch high railing.
be guarded by a standard railing (or the
equivalent as specified in paragraph (¢)
(3) of this section) onall open... .

1910.24 Fixed industrial stairs.

(a>Apﬂﬁmrono/TQU?fmen?.Tgf Stairs have 3 or more steps
scction contalns specifications for tho ] :

safc design and construction of fixed and are installed at angles
general industrial stairs. This classifica- to the horizontal of be-
tion Includcs interfor and extegior stairs tween 30%and 50°.

around machincry, tonks, and other
cquipnicnt, and stalrs Icading to or from
floors, platforns, or plts, . ... . .

1910.25 Portable wooden ladders.
1910.26 Portable metal ladders.
1910.27 Fixed ladders.

(see attached sheet for comments pertaining to fixed ladders)

1910.28 Safety requirements for scaffolding.

1910.29 Manually propelled mobile ladder stands and scaffolds (towers).
1910.30 Other working surfaces.

1910.31 Sources of standards.
The source referenced for subparagph 1910.27 Fixed ladders, is ANSI Al4.3-1956,
1910.32 Standards organizations.
note:

Subpart E - Means of Egress specifically excludes the application of subpart E
to vehicles

’




g1 uey) iow j0u 2q [iTysS 2mMdnnMs 10
1G3WdInby JO 3UPI 3SIILIAU 3} 0} LppY]
JU AUPI JEAIVIU 3 UV ] IDUVILIP B304
-dys WL IoUDJSIP $30400-du)S (D)

2Ippwry PIxIg Jo sy 1@
VOpIMNING() IjYuplostul] Juj Jousiedl)

£-a "4

W

P el

NIy -
4

Niw £ 1+

+
nv‘\kﬁ

2oues2)) AIppe] wnwulpg

e-aq "ud
SONNY 1331S ONNOY ONV
SvY 13345 4vEA HLIM ¥IAQVT ivd

e} zi.wc_m =1
‘I||~ Sy
j - —
- — o
dim njex
— "
0
b4
.
w
= P\
oLy T
== . "
173
»
e
~
L]
—
- ~
A _— 3 '
4104~
E
wm { ;

_Lvoiay §

~.
T

-0A195 £311) Y2IUYM 1apPpul 3 JC sHunt ayy
plio£3q Ipgs Jujquijfa oty uo aopn.oad jou
HUYUS S1vq quiD "soy{duf § uuvyjy sLol jou
o HuYd sieq quiid ayy Jo youq uj 199§
-(10 JuouwIdd 591voU dYY 0) Juy qved
21} JO JUjLIIIUID I} WOIF DOUTYS[P IUL
‘AUqQ QU0 fU AIDQ Up IUVIDILD (G)
‘popjaoad o vys g-a
aIndy uj UMOYS ST SIDUVITI[D wnujujuw
‘Pa1ojunodud IIT SUO[IIUIITGO IqUP|OAE
-un woyA oY) 3dooxd ‘so{oug L usyjy ssi|
jou 9y [{THs 13pPpT{ YT JO }d0uq Ui 133[{qo
JuauBWIIad 3SAITIU JY) 0} sdd)s 10 ‘S1uad
‘cllung JO 9uUf[IIIUII JY) wWedj Souvysip
JYJ, “4opPUl O RIDQ UL 20uDIDID (b)
‘uo{10as STY} JO (JA) (1) (P) Yduiitisd
Jo suotsjaord ayy 03 winjuod (s Inq
‘yeadvied syl Jo (1) ydwni3ziedqns jo
sucystaoid dy) wolj prdadxd v sjom
pojiTM-yjoows Ul SIIppul PIXLI "uoy
-203 SIY} 3V (A) (1) (P) ydurdeied Jo cuots
-jAao1d o3 03 uUIOjuod ({uys INQ ‘yduad
-w1vd Sfyl JO () PLY (1) sydesdniod
-qns Jo suojsfaord aty 101} pajdadxd d1v
124s8q JO 238D Yjim paddimbo sioppvr]
*$jIysDQ 40 $§36DI Ynm §49pprT (€)
+£1855920U JJT S[[IM 10 SoJud uvifa 3dad
-xd '0ouvds 2ujquIf[d Yyl uj 19ppsl Yy jo
JUj[101U3d 9Y) wWoIJ Avm Yduvod papjaoad
0q [1uys Salouy G 158I[ 98 JO 1PiA 182D
V $)lu@ 40 SOODI INOYpa S20pPDT (G)
‘ydeideasd syl Jo (§) puu (g) sydea3d
-tviwdqns uj popfaoid sv 3dIOXD ‘odots
ayy} 03 uopiodoid ujp sl oMy IS
useM1aq SUjAIBA SN A TIPoWwIdNUf 10)
£JOUTINI[D WINWUIU YIjm *(HOo[j0Is siu)
JU Z-d "8UY) SI2133p 08 JO yaid v 10}
©I{ouf Qg pusv ‘sd32139p 9L Jo yoyd e 10}
tuyouj g€ 9q [1eys 10ppel vyl Jo uPIs 3uy
-quij[d 3y} uo 993f{|o juduvuLIdd 3$018IU
) 03 s¥unl 93 JO JUINUII Y} wolj
aous)sip Jemoarpuadiad ayj ‘s13ppul poxy
uQ ‘2pjs 6upQWD (1)—3I2UD4DID (I)
-104%0
9y} uodn dUo 19933 SNOJII[IP O dAuY 0}
¢ P378II} 0S I [{UL{S Posn s{utaojed o)
*10ppeT{ U JO UOJIDNIISUCI DY) Ul posh 21V
S{uPAvU JO $IALY JUIIDYIP UM (D
*s34vd poum Uo 1djuMm jo
uov(NWNIIE Yy Jzjwjujw 10 qudadid
01 58 Yons aq |[8Yys S{j1op ) pus ‘oan
-8A10521d 3ujjvyjdajuou 8 Yiim pajval) 3q
[IBYsS ‘Ind20 Asw Aud0p 2oy suofIpuod
Japun pasn usm ‘sioppul pooM (813
*JuUjIsnd PUB UOTSOIIV) 3SISIE
0} PIuvII} ISIMIOY)0 10 prujud aq (et
10 Yy3uj 1 JOo 1ojpoweip wnwjujw v Javy

‘ujwpy Yooy pun Ajejog |puoyndn)dQ—ijAX 103doyd)

{{oys s3unl (eow renpiafpug ‘d13ydsouns
yous ug 9Jil duni asuwaroul oL, ‘Hupistu
puUv U0LVII0d sasnud Uil s1ydsounu
ug uj p.rjpudol £ARuonboalj vV ‘s100y Japun
$UH1U 111 |0 07 puu £y 07 $¥£IIDV £V 3AIIS
(oM ‘0))10U0d uf poPpPIqIUY cdund (eul
[cupialpuy &q powioj sluppul "spusug
=3P UL[UIO[ UDYM YUPISTIL pUT UO|SO01I0D
1S1$21 03 PV} VUIALIIYI0 10 pojujud 2q
fuys savuvudundde pug s13ppel [TIDNW
(1) "UOJIVIO}I2)OP UL0s) UNII104d (L)
“(99G1-0 (U 6EMV) Juopdnnsuod duiplindg
U} SUTPIIM 40 Ipo),, Y)Y WIlA 30UBplod
=38 U oy [BYS duipldn IV L4pPM (8)
‘PYUjuf 018 5{LI0W YINs uaym
uom28 O11A1011.9[2 wWolf s[Tow Jejjus
-Sip 199101d 0} pakojduId oq [fuys sueaw
ajenbapy  ‘uojpon 0104201 (S)
‘suorouford
. AISUIX3 Jo diuys ou )M pus sidquawt
euIo Yiim uopjsuvly yjoows sy
{ItYS $U0}192UU0d puu «a7f{ds [[V "U0[d3i
sU) Jo (v) yduaduiuvd uj pojou €v sjudut
-21MDbOI UJsIP 102 YT sUTSW 1949
-qeym £q oputa Safds NV "spads ()
‘uilsop Joppuf PaxXY Jo jitd (vrdajug
us 3q [{uys sdujuv)su,f "snur)sod (€)
‘caang 10 ‘s1juilds
'sadpd  divys Inoyitm  dduvpIns dud
-d(13 37unbLIP U P1OPYT 0} SV SULLJIIS SSOID
yons Jo oq |{¥s Pju Julquij[d 8 5¥ pasn 3q
W yorym s(pex apis 51pos 9pis (2)
‘sdappy{ Juni-vnpiaipul
uo s8umi ioj udisep PIIsVidng—|-Q swaold

"

*1—(1 94n3y uj umoys sj udjsap
P21s233ns y 'pud vyl Jju Ipiiy Jouuvy
3005 91{1 18Y) pPaudisop 0s Iq ((vys 1oppv]
Sunu-junpjajpul us jo siutd YL (A)

soqo—6t *lild

‘pivzey v 34 Lsll YO[im suonddfosd
10 ‘s1inq ‘s3¥pd dauys ‘siuyds jo 033}
3q 1Btls sdd)s puu "sIvId ‘sduny (Ay)
‘sayouj 91 9q [[uYs =8I Jo sdurgy
JO YiBual Judpd wnuwujw Yy, (1N
“1appul 3Yl Jo yidua ayy
jnoy3nolyy uuojjun aq [{vys puuv sayouj
Z1 Pa90x3 jou (eys sdois puv ‘s1edpd
‘sdund  uaIMPQ  UTVISIP  dYL D
‘s19ppe| pooa
10J sayouy 9i1 JO IIWTP wnwiuiw v
pus ‘ydeiduiud siyy Jo (b (L) ydeliicied
-qnis uj po13aod 58 3d2IXI "|IIPPT] [LIAW
10j Yyouy syHNoj-33iyy Jo 1xj2wsip wnw
-jujw 8 IAvY [[Uys ssund (v (|) ‘5)papd
puv souny (1)—*5a4n)02f 2Yp23ds (q)
*01qu1dadds ouv
(1) (€) (9)GZ°0161 § Ul P3QHI50P B S1ap
-pu[ 2]9Ujs ‘U0}}dIs 13d UOSIIA JUO uBY}
210Ul OU £Q IsN JOJ POpUN U} PUs ‘sIALBIP
06 01 $99182p GL 93utl Y} uj ynid v v
pasn ‘s)uv3[D 10 Sdunli poom puv s[jul P8
poom Jo 3ujjisisuod slappel paxy Jod
*(Q)SZ 0161 § JO sudwWalnbal ayxy
j29W [[vys sJappel Paxy jo syitd pooa
IV °SZTOI6T § Ul Poyjdads asoy) paddxd
jou [{uys §.13ppuf Jo sHudUOdWOI POOA 10)
89sS34)s ud[sdg °sIssaays ubisod (2)
‘sdujunsej pue ssd Jo
us[sop 3y uj PIIIPJSU0 2q [{8YS PUVOY A[]
Yl UM 10139807 sdvurudnindde poyowy
-98 puu Jappef 3y} jJo UM YL (AD
*palopisuod 8ujdq 10quIdWs {LINjOoNIIs
Y3 Uf SS3IIS Wnwixsw 3Yyj asmed [[im sU
sjujod Yyons 18 pajuijuaIduU0d 3q 03 pa1apis
-u02 9aq [IBYs Jappel 91|} BujAdndd0 suos
-12d &q pasodwuj SPuUO[ AL dUL (D
‘USSP Y uy pa1apIs
-u0d 9q (reys I1appel ayjy jo ddusn pned
-JO17UB WO1) PaUWIdIP §8 Youd spunod
00< JO sjjun pro[-3afl P21BIIUIIU0D [LUony
-[pP® jJo uojjjsod pusv Jdqumu YL an
‘spuncd
002 }O Puo{ pa1811UddU0d 3[BUlg ¥ 2q [[BYS
peOl 3l ud|sOHp umwjupa dUL (1))
$SUSWIIMbal puo[ BUjA0[I0] Y} 10W N
paulisop 3q [{uys s3ujudssj puu ‘saousu
-a1ndde  ‘s13ppu( [IV SUO}UIIPJSU0d
uoisag (1)—sjudwanbas woIsIQq (¥)

saoppe| poxid  LTOL6L 6

*xo0Ys ¥

-23[2 10 $1MOID 1I0Ys JuIAd1d 03 HIMIIP

913333[9 BUU{TVIUOD §UIIT U PISN IV 1P

-pul 1¥19W UJA sAINSVoul £)IJ83 Jadoad
axv} 03 pouopnud I8 SIIsN) (JHA)

-1a/mMydumuvul ) £q Isn 105 papudw

-WI10331 £[{$IY133d3 §SI{UN ‘PIPUAN U} 3134

1sosel §



- Other items noted that are of interest:

(10) Wall opening grab handles shall
be not less than 12 Inches in length and
shall be so mounted as to give 3 Inches
clearance from the side framing of the
wall opening. The size, material, and
anchoring of the grab handle shall be
such that the completed structure s
capable of withstanding a load of at least
200 pounds applied in oany dircction at

para 1910.25 and .26 Ladders any polnt of the handle

(vi) Stepsshall becorrugated, knurlcd,
dimpled, coated with skid-resistant ma-
teriols, or otherwise treated to minimize
the possihility of slipping.

(1) The minimum width between the
side rails at the top step shall be 12
Inches. The width spread of the slde
rails shall increase & minimum of 1 inch
per font of length. The width of the stip
or tread shall not be less than 3 inches.

(i) Minimum width betwcen slde rails
at platfonm level shall be 14 inches.
Width sprcad shall not be less than !
inch per font. of rise.

para 1910.23 Holes ect.

para.1910.27 Fixed ladders.

(e) Pitch
(1) Preferred pitch ... in the range of 75°and 90%with the horizontal.

(2) Substandard pitch .... :range of 60%and 75° with the horizontal.

(3) Pitch greater than 90 degrees.
" Ladders having a pitch in excess of 90 degress with the

horizontal are prohibited."
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Attachment No.>4

MIL-p~13207D(ME)
12 August 1976
SUPERSEDING
o MIL=B-13207CQE) "~
e 9 ‘July 1970

MILITARY SPECIFICATION

BODY, VAN, VEHICLE-MOUNIED, |

GENERAL SPECIFICATION FOR

This specification is approved for uaJ by the Mobility Equipment
Research and Development Command, Departwent of the Army, and
is available for use by all Departments and Agencies of the .
Department of Defense. . . o

y ) " ety
3

1. . SCO2E. o e
1.1 Scoge. This specification covers various sizes of intetmodal
container van bodies intended for the installation of a variety of

operating equipment. The van bodies are modified refrigerated ISO
(International Organization for Standardization) contalners which
feature interior heating and air conditioning and utility eleccric314
systems. The van bodies are capable of international. intermodal
transport by land and ses, in addition to wheeled vehicle mounted |
Optional truck and semitrailer mounting provides travol T
capability betwaen operation sites, When advantageous, a single driver
''pay transport two van bodies, the first mounted on the straight W
. transporter ¢ruck and .the aecond mounted on the towed dolly ‘converter

‘ 'M
J‘J‘

1.2 Classification. The van bodiss nhall be of the fouowing lil?l.
as epecified (see 6.2): : o

w-.»‘ . :y--‘ . . . :
v (. ,.;. ,‘ v . .ri

Hodifisd Oomorciql 1SO Reefer Contatnu' Van Bodys ) e

Size 10 - 150 1D, 10-foot van body = - MIL-D-13207/1, % il
Size 20 - IS0 1C, 20-foot van body = MIL-B~13207/2, , . = i
Size 30 - ISO 1B, 30-foot van body = MIL-B-13207/3," ** S
Size 40 - ISO 1A, 40-foot van body - MIL-B-13207/4.

. ]vr;vﬁ‘wrrv.v-‘



e - | MI1~B-13207/1 (ME)
: . 12 Auguat 1976
MILITARY SPECIFICATION SHEET

..,‘,-' | BODY, VAN, VEHICLE~MOUNTED,

IS0 SIZE 10

 This specification sheet is approved for use by the USA Mobility

 Equipment Research and Development Command, Department of the Army,
and is available for use by all Departments and Agenciea of tha ‘
Department of Defense.

- e e

The couplete requirements for procuring the ISO Size 10 van body
described herein shall consist of thia document and the lateat
issue of Specification MIL~-B~13207.

——— -

N

REQUIREMENTS :

1. The van body shall be an ISQ/ANSI Seriea 1 reefer freight
container, designated 1D, having a nominal length of 3000
mm (10 fto) .

2. The maximum gross weight of both baaic van body and ita
operating equipment payload shall not exceed the ISO/ANSI
maximum of 10 Tonnes (SI unita) 22,400 1lb).

3. Singly or in multiples, the basic van body shall mount -
on the vehicles selected, when adaptora are employed,

R . 4. The van body shall be air tranaportable (see 3.9.1) in

R C-130, C=133, C-141, and C~5A aircraft. When necessary,
IR the van body may be demounted from ita vehicle component

o : ' and air transported in two units. B

R 5. Unless otherwise aspecified in the contract by the procuring . [

R activity, the van body shall not be equipped with any :
e heating or air ccnditioning units, since its iantended use -

oo ia to house compressors, engine generator sets, and

: y&“_ . - machinery necessary for plant operation without pernouaql;-

" Page 1 of 2 .. mctno
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4 OPTIONAL GRAB IRON g
. S /_ | TWIN GRABRAILS OF EQUAL HEIGHT.
. == Y ,o===zmoIT p

¥ ———e—— AT, W\ .=
. NE:1 / =

Y CL%%“:JN%E“:TS |1 —| — GRABRAIL SPACING RANGE 16-IN. MIN. TO *
a N / 30-IN. MAX. ON CENTERS.

 TO ALL SURFACES. - .

' Al
||| e—3/4 MIN. e— GRABRAIL HEIGHT NOT LESS THAN 70 ;

+ Y [l /2 MAX. RERCENT OF VERTICAL MOUNTING SURFACE

1 Ei Ni g OR NOT LESS THAN 36-IN. ABOVE FNAL STER |

" ! i
Ht “g | ‘.

1

1
i /—TYPICAL INSTEP TOE CLEARANCE 6-IN.MIN,
L T T T ) 75 IN. PREFERRED. ;

1 ADDITIONAL & TYPICAL DEPTH RANGE FOR EACH STEP5TO7 |

g IN. SERRATED GRATING STEP SURFACES. s

o STEPS AS

" _  NECESSARY

WHEN REQUIRED TO PREVENT STEP DAMAGE
OR COMPLY WITH ANGLE OF INTERFERENCE, |
OPTIONAL CONSTRUCTION USING WIRE ROPE

4 SUPPORT ON FIRST STEP IS ACCEPTABLE,
. 3y BUT SHOULD BE AVOIDED. |
Y Ee eMster __ﬁm i
L g ;
Lo -
By e @ﬂ o
] £s &’E b—t-7.5 MIN |
A "’M" 8 : |2 MlN__.. ALL DIMENSIONS IN INCHES. :
? ‘ of| F——I5 MIN— ‘
9 LEVEL GROUND suarnce\%
~

rrovre 1. VERTICAL LADDER AND GRABRAIL SYSTEM.
CXI966

9
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MIL-B-13207D (ME)

TABLE 11. Body specifications (Continued).

Feature Requirements

Track of industry standard 2-in.

twin aircraft quality stainless steel

} size; :
Antifriction bearing mounted o 2
b counterbalanced system protected I I
‘ from environment, provide ease of 1
o rolling door up to open; i }{;

f
roll-up cables, one cable on each side of the i
door; ' { -
Tension adjustment tailored to door
weight and height; llandgrips provided 1
for opening and closing;
Security door lock to clamp door to |
bottom door sill with interference i
! fit inBuring sealing;
i Lock prevent door vibration relative }~
‘ , ) to sill and prevent lock loosening RERTS
tea ' during transport; N t
Lock equipped with inside and outaide . ‘ .
door handles and with provisions for X B
. exterior securing with a min. 3/8- h
i : in. shackle padlock; ’ [ R
> During tests, roll-up doors may be ‘ Uaa%
externally sealed air-tight for
c : determination of air leakage and
: thermal transmission rates.

(1) Boarding Ladders - Per DOT FMCSR, DOL OSHA, and SAE o
J185; 2-ea. aluminum vehicle boarding
type, l-ea. for rcar personnel door

! and l-ea. for curbside pcrsonnel door;

‘ Each ladder equipped with l-removable

handrail installed away [rom the door,.,

hinges and not interfering with the = )

opening swing of the doors; t n

Ladder-mounts of the semi-permanent . .

type preventing ladder instability _ i v

under heavy traffic; .

Both ladders and handrails stowed and Ty

; secured on the front, rear, or underneath -

! during vehicle-mounted road travel and relocated i

. inside van body during transport as an | T
e unmounted ISO container.

i 27

T
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* MIL-B-13207D (ME)

TABLE V. Transporter truck specifications (Continuad).

Feature Requirements

; (5) Rear Bumper - To the maximum practical extent, provide ¥
a rear 2-position retractable hinged
bumper as followa:

(a) When lowered, comply with DOT FMCSR

‘ and TTMA RP No. 10;

(b) When retracted, provide clearance for
travel over off-road terrain.

(c) When retracted and while towtng
full trailer, provide articulation of
the dolly converter towbar through
min. 140° horizontal arc about the
rear pintle.

P U QSN ——

. (3) Win

(k) Cab - COE lightweight tilt cab type;
: Material aluminum or FRP and aluminum;
min. 70 degree tilt angle or two
stage, min., 55 degree and min, 70
degree tilt;
Tilt system electrohydraulic or air-
hydraulic power types w/manual
hydraulic emergency pump;
Safety tilt cab locking system;
Shock and vibration reduction mounts;
Cab min. 81-in. width by mln. 54-1n.
o height interior size; :
i c Insulation and deadener furnished. 1n
cowl, engine tunnel, roof, rear and
quarter panels, doors, and floor to L
comply with DOT FMCSR, SAE J336, and =~
cab thermal, cold weather pto:ection Sl
option. I R
A .'n:“., .‘"’ rv‘

.. (1) 8Steps and Grab Rail System - ,
o Per RCCC RP-406 and SAE J185 on both °
curb and road asides, similar to
Figure 14.

(2) Cab Glazing - All glazing of flat safety glass, . ' i :
except curved glass is acceptabla for . - .| S
windshield only; S B
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MINIMUM SQUARE ROUNO RECTANGULAR
DIMENSIONS, IN. w L D w L

{ NORMAL CLOTHED | 18.0 | 180 22.0 120 | 220 MINIMUM OIMENSIONS| L

{ARCTIC CLOTHED 20.0 | 20.0 240 140 | 240 ONE ARM, IN.

NOTE: OPTIONAL ON ALL CORNERS, MAX. 1IN. RADIUS ARM BARE 6 8

ARCTIC CLOTHED 8 10

NOTE: OPTIONAL ON ALL CORNERS, MAX.
1IN. RADIUS

FIG. 4~RECOMMENDED MINIMUM DIMENSIONS FOR ARM
REACH ACCESS, 95TH PERCENTILE

.

FIG. 3—RECOMMENDED MINIMUM DIMENSIONS FOR BODY
ACCESS, 95TH PERCENTILE
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DIMENSION OF OBJECT

BETWEEN HANDS + 43 IN. l"z IN. ARCTIC CLOTHED

MINIMUM DIMENSIONS R w

TWO -HANDS REQUIRED REACH MINIMUM WIDTH
NORMAL CLOTHED R 3/4 R . !
ARCTIC CLOTHED R 374 Re2 N | - b w [ +2 N ARCTIC CLOTHED

FIG. 5—~RECOMMENDED MINIMUM DIMENSIONS FOR TWO-
HANDED ACCESS, 95TH PERCENTILE

ACCESS SYSTEMS FOR CONSTRUCTION
AND INDUSTRIAL EQUIPMENT—SAE J185

———

SAE Recommended Practice

Repuet of Construction-and Industrial Machinery Tevinical Commuttee approved July 1970

1. Purpase—This recommended practice is intended as a guide for design-  injury to personnet getting on, off, or moving about on vehicles while servicing
MR access systems to the operating station and service points on all types of  and/or preparing to vperate them,

machines used in construction, material handling, mining, logging, and other 2. Scope

vilar industries, primarily to aid in preventing accidents and reducing 2.1 This recommended practice covers the criteria for steps, ladders,

L
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walkways, platforms, grab rails (handrails), grab irens, quardrails, and en-
trance openings as they relate to aiding the operator and/or servicemen in
performing their functions on the vehicle.

2.2 'This reccommended practice does not include any criteria for the floor
of the operating compartment.

3. Definitions

3.1 Step—A device designed for foot placement.

3.2 Ladder—A system consisting of a series of steps that are uniformly
spaced and will accommodate cither/or both feet.

3.2.1 Verricar Lapper—A ladder slanted not less than 75 deg from hori-
zontal.

3.2.2 IncrLiNeD Lapper—A ladder sl:mtcd less than 75 deg from horizontal.

3.3 Walkways—A surface designed for personnel to mnove about on the
vehicle.

3.4 Platform—A surface on which personnel are required to perform a
service function, or a machine function other than operating.

3.5 Grab Rail (Handrail) and Grab Iron—Devices that may be grasped
by the hand for bedy support.

3.5.1 Gran RaiL (HanpraiL)—A device designed specifically to permit
movement of the hand to a diferent location without removing the hand from
the device (Fig. +).

3.5.2 Gras IroN—A device designed specifically for single placement of a
hand (Fig. 3).

3.6 Guardrail—A rail above the outside edge of walkways or platforms
(Fig. 6).

3.7 Entrance Opening—The opening providing entry to the operating
compartment. (See also SAE J925.)

4. General Criteria

4.1 The design of these devices and the means of attachment should
provide adequate strength for the purpose intended.

4.2 The designer should design for both the 95th percentile group and
the 5th percentile groups. (See SAE ]J833.)

4.3 ‘The designs and attachment means should be such as to minimize
the probability of the user becoming lodged inadvertently, for example, the
lodging of a finger, hand, foot, or wearing apparel.

4.4 Devices designed for hand contact should be free of roughness, such
as sharp corners or weld spatter.

4.5 The design and placement of these devices should be such as to
minimize protrusions that could increase injury in case of a fall.

4.6 These devices may be portable to provide convenient storage on the
vehicle; but, when in use position, they should not move under load (see
paragraph 5.13).

4.7 Steps, ladders, and grab rails to, on, and from platforms and walk-
ways, should be designed to invite the person using them to have three limbs
on the system at all times. (Two hands and one foot, or two feet and one
hand.)

5. Steps and Ladders

5.1 The maximum height of the first step from the ground to the ma-
chine should not exceed 30 in. when the machine is in the normal parked
condition. The preferred height of this step is 16 in.

5.2 The maximum distance between steps of vertical ladders on ma-
chines is 16 in. The preferred distance between steps is 12 in.

5.3 Where lateral movement is necessary from the top step of a vertical
ladder to a walkway or a platform, the vertical diszance should be no more
than 12 in.

5.4 Itis preferred that all steps have the width capacity to hold both feet.
The minimum width for such design is 12 in. The preferred width is 15 in.

5.5 In those cases where only one foot is used cn a step, that step should
be no less than 6 in. wide. Steps 7.5 in. wide are greferred. The use of such
steps dictates that they be coordinated with properiy positioned grab rails to
force the usc of the proper foot.

5.6 The minimum toe clearance from the outside edge of the step should
be 5 in. The preferred distance is 7 in. (Fig. 1).

5.7 The minimum clearance height at the instep is 6 in. The preferred
height is 7Y%, in. (Fig. 1).

5.8 Wherever a foot may contact a moving part by protruding through
the step, a shield should be provided between the step and the moving part.
(See SAE ]907.)

5.9 Where steps are in series to form an inclir.«d ladder, they should be
spaced such that two times the rise plus the stride distance (the horizontal
distance from the leading edge of one step to the leading edge of the next step)
should be no more than 30 in. (Fig. 2).

5.10 The tread surface of a step should not be designed for use as a grab
iron. The leading edge of steps should have no protr:sions capable of snagging
a finger, ring, or clothing,

5.11 The design of steps should minimize the accumulation of debris.
The tread surface should be a high slip resistant surface and should aid in the
cleaning of mud and debris from the shoe sole.

OFF-HIGHWAY VEHICLES

0

o IN. MIN
79 IN FREFERRED X+2Y < 30N

5 IN MIN
T IN PREFERRED

FIG. 1

5.12 Flexible mounted steps should be avoided whenever possible. Where
ground clearances dictate, the first step from the ground may be so mounted.
However, only one step in a series may be so mounted.

5.13 The preferred head room clearance above all ladders and steps
should be 75 in. (See SAE }833.)

6. Grab Rails (Handrails) and Grab Irons

6.1 Grab rails, appropriately spaced to provide continuous support to a
moving man, should be placed within convenient reach.

6.2 The preferred cross section of a grab rail and grab iron is circular. A
square or rectangular cross section with round corners is permissible.

6.3 For circular cross section qrab rails and grab irons, the maximum
diameter should be l‘/ in. The minimum diameter should be ¥, in. The
preferred dimension is 1 in. For square or rectangular cross secnon, these
dimensions apply across flats.

6.4 Grab irons should have a minimum accessible length over and above
the bend radii of the support legs of 6in. The preferred length is 10 in.
(Fig. 3).

6.5 The minimum hand clearance of all grab rails and grab irons should
be 3in. to all surfaces (Fig. 3).

6.6 Grab rails and successive grab irons should be placed parallel to the
path of motion of the user. Grab irons may be oriented vertically or hori-
zontally but should be consistent within a given system.

6.7 Any grab rail or grab iron on which the hand surface extends beyond
the support should have a change of shape at the end of the hand surface to
help prevent the hand from slipping off the end.

6.8 Grab rails or grab irons for access purposes should begin at a max-
imum height of 38 in. above the ground when the machine is in a normal
parked position. It is preferred that the grab rail continue to at least 36in.
above_ the final step.

6.9 The vertical grab rails or grab irons should be spaced no more than
8 in. 1o the side of the nearest edge of the step surface. The preferred spacing
between parallel grab rails is 16 in. The maximum spacing between parallel
grab rails is 30 in.

6.10 On inclined ladders, where hip clearance is a factor, the preferred
spacing between parallel grab rails is 24 in.

6.11 The preferred grab rail height vertically above any step or inclined
ladder is 36 in. (Fig. 4).

6.12 When grab rails or grab irons are placed above walkways, they
should be located 34-58 in. above the walkways (Fig. 5).

6.13 The use of grab rails in a ladder system is preferred to grab irons.
Where grab irons are used, the spacing should correspond to the step spacing.

=3 IN.

S J_
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6 IN MIN
10 IN. PREFERRED
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FIG. 4

FIG. 3
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FIG. 5

7. Guardrails

7.1 A rigid guardrail should be placed above the edge of walkways and

forms when a grab rail has not been provided.

7.2 The preferred guardrail height is 42 in. above the walkway or plat-
form. A second rail should be spaced midway between the walkway and the
v rail (Fig. 6).

7.3 Where an opening has been provided, other than at the cnd of a
uwidrail to provide ladder or step access, a safety bar or chain should be
provided across the opening.

2 Walkways and Platforms

8.1 Tread surfaces of all walkways and platforms should have high slip’
¢ tance as well as self-cleaning properties.

8.2 All walkways and platforms should have a minimum width of 15 in.

8.3 The edge of a walkway or platform adjacent to a step or ladder
s ild have no protrusions capable of snagging a finger, ring, or clothing.

Vertical Entrance Openings

9.1 The preferred entrance opening width is 27 in. The minimum open-
ing width is 18in.

9.2 The preferred door height of sit down type cabs is 52 in. or more from

floor. The preferred height of doors in stand up type cabs is 72 in. or rgore

n the floor.

9.3 An alternate exit for emergency purposes should be provided in a cab
wrface different from the entrance door wall. The exit dimensions should be

1al to or larger than the dimensions given in SAE [925.

9.4 The cab door should be accessible dircctly from the access steps or

. wom a walkway or platform.

L ea

9.5 The door should not sweep the area of the platform or the steps on
“ich the man must stand to open the door.

ORCE-DEFLECTION MEASUREMENTS OF

>EAT AND BACK CUSHIONS FOR AGRICULTURAL,
CONSTRUCTION, AND INDUSTRIAL
QUIPMENT—SAE J1051

41.185

—Hs42 IN. PREFERRED

-

M g

FIG. 6

9.6 The external door handle should be located 24-48 in. above the step
or platform on which the man must stand to open the door. The recom-
mended height is 36 in.

9.7 The internal door handle should be located 24-30 in. from the floor
for the seated man and 32-38 in. from the floor for the standing man.

10. Other Considerations

10.1 1t is recognized that some shoe sole materials are more slip resistant
than others. Operating and scrvicing personncl should be encouraged to wear
footwear with a high slip resistant sole material.

10.2 In the design of equipment it is preferred that the location of service
points minimize the movement of service personnel on the machine.

SAE Recommended Practice

Report of Tractor Technical Committee and Construction and {ndustrial Machi y Technical C

approved January 1974,

1. Scope—This SAE Recommended Practice defines a method of determin-
0¢ the force-deflection characteristics of a finished scat cushion and a finished
back cushion of any construction and may be used to help determine seat
somtort characteristics and in quality control,

& Test Apparatus

21 An 8in. (203 mm) diameter, rigid, flat indentor (Fig. 1) with the
force applicd through a rigid joint or a swivel joint capable of accommodating
the angle of the top surface of the test specimen,

2.2 A platform capable of positioning the top surface of the test specimen
turallel 1o and centered with the rigid joint indentor and not to restrict the
“eathing or normal detormation of the specimen tested (Fig. 2). The indentor
~ith the swivel joint may be preterred for tapered or irregular shaped cushions
* lor afixed platform (Fig. $).

2.3 An apparatus capable of applying forces and measuring the deflec-
0 of the indentor into the specimen.

X Procedure
3.1 The test specimen shall consist of a finished upholstered product
srat cushion and; or back cushion in an unused condition (with packaging
© protective bag removed).

3.2 Test Conditions — The specimen shall be couditioned, undetlected
t'ui undistorted, at 72 2 5°F (22 = 2.8°C) and relacive humidity of 50 == 2%
"t deast 12 h betore being tested. [t is recommended that all tests be
“Harmed 96 b or more atter the manufacture of the taw materials used in the

“apecimen (foan, clastic components other than metal, ete.). In case of

question, refer to the applicable SAE or ASTM specification (if available) for
the particular material. ) RS
3.3 Test Method
3.3.1 Mount the test specimen with the top surface parallel to and centered
with the indentor, unless otherwise specificd by mutual agreement of the
manufacturer and custoiner, In the case of cushions with unusual shapes or

8 (203) DiA

\——— 0.6 (1.5) R

NOTE: DIMENSIONS ARE IN (mm)

-~

FIG. 1-FLAT INDENTOR
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EXECUTIVE SUMMARY

A mobile lab was constructed in order to collect anthropo-
metric data on a nationwide sample of truck and bus drivers.
Eight cities were visited and data were collected on 227 truck
and 50 pus drivers. The sample consisted of 96 percent males and
four percent female drivers. The mean age was 40.2 years with a
range from 22 to 64 years of age. The majority (62.5%) of
drivefs were employed in private truck fleets andimost (54.7%)

drove line haul operations.

‘Static Anthropometric Data

These measures w2re made with the subject in a fixed rigid

posture. Photographic and direct measurement techniques were

used. The following measures were made:

Stature

Weight

Sitting height

Sitting eye height

Sitting shoulder height
Sitting elbow height
Sitting thigh clearance height
Sitting knee height

Head back to eye length
Sitting arm reach

Forearm - hand length
Buttock - knee length
Buttock - popliteal length
i Shoulder breadth

! Sitting seat breadth

Means, standard deviations, standard error, 5th, 50th, and

95th percentiles, skewness, and kurtosis values are presented for
each measure for the total sample and males and females separately.
Intercorrelations between the static measures and selected V

scatter plots are also presented.
There were virtually no differences between bus and truck

drivers on static anthropometry and the data were, therefore,
combined. Comparing the current data to data collected on 1950

ix



truck and bus drivers revealed that the current sample was
larger on all measures but two. 1In comparison to a cross
section of the civilian population, the current sample was again
larger on all measures except one. The mean differences, however,

are small, all being within two inches of the current sample.

Dynamic Anthropometry

driving posture in a truck mock-up (buck). The following
measures were made photographically or manually:

Sitting height
Sitting eye height
- Sitting knee height
Accelerator heel point {AHP) to
; eve length
AHP to abdomen length
AHP to knee length
Elbow breadth
Knee breadth

e —

For each measure, for the total sample and males and fe-
males separately, the mean, standard division, standard error,
5th, 50th and 95th percentiles, kurtosis and skewness are pre-
sented. Scatter plots and correlations. between corresponding

static and dynamic measure are also presented.

Reach Envelope

The front, right side, and behind the seat reach envelopes
were assessed with drivers wearing tee shirts or no shirts in a
truck mock-up. The mean standard deviation, 5th, 10th and 20th
percentile values are presented for each probe position. Forty-
four (44) probes were used to assess front reach, 47 probes for

side reach and six probes for behind the seat reach.

The front and behind the seat reach was performed by one-
fifth of the subjects wearing a winter jacket. The jacket re-

stricted front reach only for the extreme (high and/or inboard)
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scalp as possible, measure from the surface distance in the coronal plane from
the left to the right wragion landmark.

37. Bitragion Breadth —Subject sits ercct. The horizontal breadth of the
head is measared from the right tragion to the corresponding tragion of the
left car using spreading calipers.

38, Tragion to Top of Head---Subject stands under a headboard. Head-
board is adjusted so that its vertical and horizontal planes arc in firm contact
with the back and the top of the head. Measure the vertical distance from the
horizomal plane to the right tragion landmark.

39, Tragion to Wall—Subject stands under a headboard. Headboard is
adjusted so that its vertical and horizontal planes are in firm contact with the
back and the 10p of the head. Measure the horizontal distance from the
vertical plane to the right tragion landmark.

4. Ectocanthus 1o Wall-- Subjegt stands under a headboard. Measure
the horizontal distance from the vertical plane to the right ectocanthus (outer
corner) of eye. .

41. Weight—With subjects nude or semi-clothed, no shoes, (o the nearest
kilogram on spring platform scale.
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MINIMUM ACCESS DIMENSIONS FOR CONSTRUCTION

AND INDUSTRIAL MACHINERY—SAE J925

SAE Recommended Practice

Report of Construction and Industrial Machinery Technical Commitice approved July 1965.

This SAE Recommended Practice is intended to give information to
engineers and designers in order that access openings provided in equipment
and machinery for purposes of inspection, adjustment, and maintenance are
made large enough for efficient performance of the intended function by the
man in the field or shop.

The larger openings for access with arctic clothing are based on military
arctic clothing. They are intended for military equipment and also equipment

T

Mﬁ

}—e— € -

w
MINIMUM SQUARE ROUND RECTANGULAR
DIMENSIONS, IN. w L D w L
EMPTY HAND 4.0 40 4.0 223 4.0
ARCTIC MITTEN 55 55 59 375 | 55

NOTE  OPTIONAL ON ALL CORNERS, MAX. 1IN. RADIUS

FIG. I-RECOMMENDED MINIMUM DIMENSIONS FOR HAND
ACCESS, 95T'H PERCEN'TILE

-
MINIMUM SQUARE ROUND RECTANGULAR
DIMENSIONS, IN. W L D ] L
HEAD BARE 9.0 9.0 9.0 6.5 9.0
ARCTIC CLOTHED 100 10.0 11.0 9.0 1.0
HAT HELMET 120 | 120 12.0 100 | 1RO

FIG. 2-RECOMMENDED MINIMUM DIMENSIONS FOR HEAD
ACCESS, 95TH PERCENTILE

used on civilian construction requiring performance in cold environments
Based on available anthropometric data, the recommended openings are the
smallest that will accommodate 95%. of the people.

In many cases larger openings will be mandatory to perform the speaitic
intended operation. In most cases openings larger than the recommended
mmimum will be more useful and efficient.

Recommended minimum openings for hand 95th percentile are shown in
Fig. 1. Fig. 2 gives recommended minimuny openings for head passage 4th
pereentile and Fig. 3 gives recommended minimum openings for body man-
hole access 95th percentile. Recommended minimum dimensions for reac h
access 95th percentile are shown in Figs. 4 and 5. .

The dimensions shown are the recommended minimum for limited activits
through the opening. Larger openings will be needed in specific instances
depending upon nature of ask, size and weight of parts, etc. They are based
on data from:; QM Handbook Series, Human Engineering Guide to Equipr
ment Design, SAE tables, and Product Engineering (Human Engincéning
Reprints).
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MINIMUM SQUARE ROUND RECTANGULAR
DIMENSIONS, IN. ™ L D W L
NORMAL CLOTHED 18.0 | 18.0 22.0 120 | 220
ARCTIC CLOTHED 20.0 | 20.0 240 140 | 240
NOTE: OPTIONAL ON ALL CORNERS, MAX. 1 IN. RADIUS
-«

FIG. 3—RECOMMENDED MINIMUM DIMENSIONS FOR BODY

ACCESS, Y5TH PERCENTILE

DIMENSION OF OBJECT
BETWEEN HANDS + 45 IN.

f
4

|

Loz IN. ARCTIC CLOTHED

MINIMUM DIMENSIONS

R

w

TWO -HANDS REQUIRED REACH MINIMUM WIDTH
NORMAL CLOTHED R 3/4 R
ARCTIC CLOTHED R 3/4 R+2 N,

41.183

MINIMUM DIMENSIONS W L
ONE ARM, IN

ARM BARE 6 8

ARCTIC CLOTHED 8 10

NOTE: OPTIONAL ON ALL CORNERS, MAX.

1IN, RADIUS

FIG. 4~RECOMMENDED MINIMUM DIMENSIONS FOR ARM
REACH ACCESS, 95TH PERCENTILE

FIG. 5—RECOMMENDED MINIMUM DIMENSIONS FOR TWO-
HANDED ACCESS, 95TH PERCENTILE

ACCESS SYSTEMS FOR CONSTRUCTION

AND INDUSTRIAL EQUIPMENT—SAE J185

fet———— W} ——

|
i... +2 IN. ARCTIC CLOTHED

SAE Recommended Practice

Kepunt of Construction and Indusitial Machinery Techieal Comanttee approved Julv 1970,

L. Purpose—This recommended practice is intended as a guide for design-
Ing aevess systems to the operating station and service points on all types of
machines used in construction, material handling, mining, logeing, and other
similar industries, primarily to aid in preventing accidents and reducing

injury to pensonnel getting on, ofl, or moving about on vehicles while servicing
and/or preparing to operate them.

2.1 This recommended practice covers the criteria for steps, ladders,
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FREQUENCIES

(35) OVERHEAD REACH

Subject stands erect, looking straight ahead, along side of, but not touching, the wall
mounted scale. Holding the special pointer in her right fist, she raises the pointer as
high as possible while keeping her feet flat on the floor and both the pointer and the
proximal phalanges horizontal. Measure on the wall scale the vertical distance from
the floor to the tip of the pointer.

1.5 METER

A

214
217 4
220
223

226 -
2289




RANGES %

226,75-228,.,25
225025“226075
223,75-225.25
222425-223.75
220,75-222.25
219.25-220.75
217.,75-219.25
216425-217475
214,75-216.25
213425-214.75
211,75-213.25
210025‘211075
208,75-210,25
207425-208.75
205,75-207.25
204425-205.75
202,75-204,25
201425-202.75
199.75-201025
198.25-199075
196.75“198.25
195425~196.75
193.75_195025
192025-193075
190.75-192025
189025—190075
187,75-189.,25
186025“187.75
184,75-186.25
183025-184075
181,75-183.,25
180025-181075
178,75-180,25
177.25-178.75
175.75-177.25
174.25-175.75

*IN CENTIMETERS

CUMF

1905
1904
1903
1901
1896
1893
1889
1882
1868
1846
1812
1759
1699
1636
1544
1464
1376
1252
1114
1009
883
763
622
523
406
321
252
195
131

FPCT

0.05
0.05
0.10
0.26
0.16
0.21
0.37
0.73
1015
1.78
2.78
3.15
3.31
4.83
4,20
4462
6.51
Te24
5.51
6.61
6.30
7.40
5.20
6e14
4.46
3462
2499
3.36
2.68
1.78
1.10
0.68
0.21
0.21
0.16
0.05

CUMPCT

100.00
99,95
99.90
99.79
99,53
99,37
99.16
98.79
98.06
96.90
95.12
92.34
89.19
85.88
81.05
76485
72623
65472
58.48
52.97
46435
40.05
32.65
27445
21.31
16485
13.23
10.24

6.88
4,20
2.41
1.31
0.63
0.42
0.21
0.05

127

CENTIMETERS INCHES
199.23 MEAN VALUE  78.44
0,20  SE(MEAN) 0.08
8e56 SD DEVIATION 3,37
0.14 SE(SD DEV) 0.05

XK
SYMMETRY-==VETA I = 0,07
KURTOSIS==-VETA 11 = 2,67
COEF. OF VARIATION = 4.3%

Rk k%
NUMBER OF SUBJECTS = 1905

s 30 3

THE PERCENTILES

CENTIMETERS INCHES
218,37 99TH 85.97
216.39 98TH 85.19
215,09 97TH 84468
213.28 95TH 83497
210,37 90TH 82.82
208.33 85TH 82.02
206,67 80TH 81+37
205.21 75TH 80.79
203.89 70TH 80.27
202.65 65TH 79.78
201.47 60TH 79.32
200,32 55TH 78.87
199.18 50TH 78442
198.03 45TH 77.96
196,87 40TH 77.51
195.68 35TH 77.04
194,43 30TH 76455
193.09 25TH 76402
191.62 20TH 7544
189.96 15TH 74,79
187.94 10TH 73.99
185.19 5TH 72.91
183.61 3RD 72429
182.57 2ND 71.88
181,18 1ST 71.33
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LAYOUT OF TRAFFIC SPACES

10.7.4 Watertight Doors and Armored
Hatches

Heavily constructed hatches must be as
small as possible to reduce weight and preserve
the structural integrity of the bulkhead or
deck in which they are to be mounted. Figure
10-45 shows recommended and minimum di-
mensions for bulkhead-mounted hatches. The
76-in. height permits the helmet-wearing 95th-
percentile man to remain erect. If men must
pass through a bulkhead-mounted hatch car-
rying heavy loads, the risk of muscular strain
is less for stepping over a high coaming than for
stooping excessively. For such situations, a 68-
in. minimum is recommended for the top of the
hatch, with the height of the coaming being
10 in. (and not over 14 in.). Bulkhead-mounted
hatches should be designed for the range of
the population that will use the hatch and not
just the average man. In any event, the coaming
should not be higher than 20 in. (at least 10 in.
below the crotch height of the 5th-percentile
man).

Horizontal, deck-mounted opening armored
hatches (battle tanks, armored decks which
raise and lower by hand) have particular maxi-
mum weight restrictions which depend on
whether the hatch must be raised with:

1. One arm (about 40 lbs. force can be ex-
erted); )

2. Rigid arm with lift provided by torso
(60 Ibs. force) ; or

3. Two hands (80 lbs.).

If more than one person can simultaneously
apply force, these forces can be additive pro-
vided the positions of the lifting personnel are
not out-of-balance and strain-producing. In
these cases, the actual action required should
always be tested in a full-scale mockup which
fully duplicates the intended production ar-
rangement in dimensions and weight. This will
avoid difficult and harmful situations in which
the operator is required to exert a force from a
strained position. Hundreds of thousands of
military man-hours are lost annually because
ruptures, hernias, or torn and strained ligaments
or muscles have resulted from poor workplace
and work-area design. Maximum forces to be
applied are discussed in Chapter 11. The guide-
lines given should never be substituted for a

Lo 20-241in.

ﬂ//\ﬁl

\

60-76in.

Figure 10-45. Armored door dimensions (Thomson
et al., 1958).

live test in a faithfully reproduced design mock-
up, however.

Figure 1046 shows mimimum and recom-
mended dimensions for deck-mounted (hori-
zontal) hatches. The actual depth of the hatch
depends on the angle X of the ladder leading up
to the hatch. The greater the angle X, the
greater must be the depth of the hatch to pro-
vide head clearance. A usable rule of thumb
is: hatch depth equals 76 (tangent X) in. The
minimum depth is 24 in. Greater clearance must
be added to this minimum when personnel will
wear encumbering clothing, equipment, or
harnesses. (See Figure 10-47.) For angled lad-
ders, the minimum recommended vertical dis-
tances between the lower front edge of the hatch
and ladder tread immediately below this point
are shown in Figure 10—48.

10.7.5 Ladders, Stairs, Ramps, and Poles

Ladders

Ladders should be used where the desired
rise from the horizontal is at an angle of 50° or
more, or where a stairway is not practicable.
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20-24in 24in. MIN

. Figure 10-46. Deck-mounted batch dimensions; as angle X increases,
\ = depth of hatch must increase.
I/

24 -30in. PLUS
CLEARANCE FOR

\QUIPMENT

F1GURE 10-47. Added clearance in width required

for vertical hatch use by persons wearing
equipment.
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Figure 10-48. Minimum hatch edge to ladder
tread distance.

The round rung on the vertical ladder is neces-
sary to provide a handgrip. Non-vertical lad-
ders should have flat horizontal treads (as op-
posed to round rungs) and handrails. The most
familiar example of this type is the ship’s lad-
der, which usually rises at an angle of 68° from
the horizontal (60° is a preferable angle), with
a clearance for only one person. If simultaneous
two-way traffic is desired, separate up-and-
down ladders are provided, with a maximum
tilt angle of 60°, preferably with a double hand-
rail in the center.

Figure 10-49 shows recommended dimen-
sions for this type of ladder. The optimum
height between treads is 8.5 to 9 in. Treads
should be open (without risers) and provided
with non-skid surfacing. Depth of tread de-
pends upon the angle of the ladder. As a rule,
the rear of each tread should overlap the front
of the tread immediately above, varying from
1 in. for a 70° ladder to 3 in. for a 50° ladder.
Although portions of the shoe may extend be-
yond this point, this design will be in contact
with the weight-bearing portion of the shoe
sole. Metal screening should be fastened to the
underside of the ladder to prevent the foot from
slipping through. When two or more flights of
such ladders are located one above the other,
solid metal sheeting instead of screening will

LAYOUT OF TRAFFIC SPACES

FROM 6in. FOR 50° RISE
TO 3in. FOR 75° RISE

Figure 10-49. Ship's ladder dimensions.

HEAVY WIRE SCREEN
OR SHEET METAL BACKING

F1aUure 10-50. Handrail arrangements.

protect those on the lower ladder from falling
dirt particles, etc. Handrails with a diameter of
114 to 134 in. and a spacing of 21 to 24 in. (see
Figure 10-50) on both sides of the ladder should
be covered with a nonslip surfacing.

For vertical ladders, round rungs are used
to provide both hand grips and foot supports
(for inclines between 75° and 90°). Figure 10-51
shows the recommended dimensions of such a
ladder. :

The optimum height between treads is from
11 to 12 in. If ladders are used to provide more
or less permanent access to several levels, they
should be offset at each level and protected by
guardrails around the opening at the top of each
ladder. (See Figure 10-52.)
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9-16in.
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Figure 10-51. Vertical ladder design.
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Stairs

Stairs should rise from the horizontal at an
angle of between 20° and 35°. (See Figure 10-
33.) This rise angle automatically determines
the ratio of riser height to tread depth, but the
minimum riser height should be 5 in. and the
maximum 8 in. The optimum tread depth is
9.5 to 10.5 in. plus a 1 to 1.5 in. overhang. (See
Figure 10-54.) These dimensions provide depth
such that, in descending the stairs, the ball of
the foot does not extend beyond the front edge
of the tread, and the heel comfortably clears
the overhang of the step above.

Long continuous flights of stairs should be
avoided. Where space permits, landings should
be provided every 10 to 12 treads. In addition,

MAX. RANGE
OPTIMUM RANGE

50°

o 34

300 3%°

Fiaure 10-53. Stair rise angles (Thomson et al., 1958).

NONSKID
SURFACE

—{nqz in.
A-i 9'5 -10in.

Figure .10—54. Stair tread dimensions.

stairs enclosed by walls should have a handrail
on at least one side. Recommended height of
handrails is shown in Figure 10-55. The width
of stairs (between handrails or between wall
and handrail) should be as shown in Figure 10~
56.

For open stairways and landings, a guard-
rail should be provided halfway between the
handrails and treads. In addition, screen guards
should be provided between the guardrail and
floor for landings where the stairway is at right
angles to the landing. (See Figure 10-57.)

Ramps

Ramps or inclines should be used for grades
under 20° where rolling stock must be moved
between different levels. For pedestrian traffic
only, a stairway is more efficient from the stand-
point of space, safety, and speed.

Ramps with a small incline do possess one
advantage for pedestrian traffic: they allow
elderly persons, or persons in poor physical
condition, to expend their energy slowly and

" to avoid the abrupt raising of the knee required

in climbing stairs; the user may shuffle at what-
ever step length he chooses. In designing for a
military population, however, the requirement
to provide this type of facility should be clearly
justified. When a ramp is to be used for pedestri-
an traffic, cleats should be provided for slopes
of over 15°. Maximum ramp slope may not
exceed 20°. For outdoor ramps with slopes in
excess of 15°, a non-skid surfacing must be used,
and where liquids are likely to be spilled, a
similar surface should be applied to indoor ramps
as well. Indoor ramps (e.g., the ramps used in
the Pentagon building) with slopes of 10° of
less may be surfaced with standard materials.
Distance between cleats should be 20 in. for
slopes of 15°, decreasing as the slope increases
to a separation of 14 in. for a2 maximum slope
of 20°. When the ramp is for pedestrian use
only, cleats should extend from handrail to
handrail at right angles to the slope. (See Figure
10-58.)

Where a smooth (but nonskid) surface or
runway for small wheeled vehicles is needed in
conjunction with a passage for pedestrians, it
should be located in the center of the ramp with
the cleated portions on the outside next to the
handrail. (See Figure 10-59.)
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34n.
36in.

1 l]

Fi1aure 10-55. Recommended handrail heights.

TWO-WAY.
STAIRS
48 -5lin.

ONE -WaY,
STAIRS
20-22in

!

F1gure 10-56. Recommended stair widths between
handrails.
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SCREEN

DOUBLE RAIL

F1aure 10-57. Use screen guards and guard rail when stair flights are at
right angles.

HANDRAILS AT
BOTH SIDES

—

U

-

CLEATS SPACED 14-20in. APART

Figure 10-58. Ramp design for pedestrian use.

SMOOTH SURFACE
IN CENTER

N

CLEATS AT EDGES
BELOW HAND -
RAILS

F1guRre 10-59. Ramp design for pedestrian and
vehicle use.

38-44in.

Circular Stairs

If they must be used, the space between the
handrail and steps of a circular stair or ladder
should be enclosed with a metal screen. How-
ever, circular stairs are inherently hazardous
and are not recommended because:

1. The ratio of tread width to riser height
varies continuously across a step.

2. If persons approach in opposite directions,
the inside person is forced to step on a very
narrow tread. This situation is particularly
dangerous if he is descending.

Poles

Vertical poles are used as a means of rapid
access from one floor downward to the next.
They permit a person in a “ready alert” situa-
tion to be transported quickly to another lo-
cation in a ready-to-operate condition. Since
the small possible increment of time saved in
comparison to use of stairways is outweighed
by the prevalence of accidents, the use of poles
is not normally recommended. A survey of
fire stations indicates that accidents are fre-
quent. Moreover, fire station architects are
discontinuing use of multi-story construction,
with the “ready room” (lounge, cots, writing
tables) now located adjacent to and on the
same level as equipment. This latter practice
is recommended here for military and other
forms of construction.
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