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Superseding ARP836B

Design and Safety Criteria for Passenger Boarding Stairways

RATIONALE

This document supesedes the pre-existing SAE document on passenger boarding stairways (ARP836B). The ARP
document had valuable information but it did not provide any guidance as to design consideratons. It simply presented
information. As such this document would be better identified as an AIR. AIR6133 preserves the valuable information in
the pre-existing document and updates the information based on the technology available.
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1. SCOPE AND PURPOSE OF THIS DOCUMENT

This SAE Aerospace Information Report (AIR) is broken into various categories for convenience and ease of
identification.

It is the purpose of this document to provide certain criteria for the design and selection of stairways, for the boarding of
passengers onto an aircraft. The criteria presented are limited to those factors which affect the safety of the passengers
and are coordinated, where applicable, with the practices of the architectural profession, with respect to the design of
stairways.

Comprehensive design requirements for passenger stairs can be found in the industry documents listed under 2.1.3,
2.1.4, and 2.1.5 hereafter.

The recommended practices are applicable to both mobile variable-elevation type stairways and to fixed-elevation
stairways of the type builtinto an aircraft fuiselage

2. REFERENCES

2.1 Applicable Documgnts

The following publication
shall apply. The applicah
the event of conflict be

precedence. Nothing in this document, however, supersedes applicable, laws and regulations unl

has been obtained.
2.1.1 SAE Publication

Available from SAE Intg
USA and Canada) or 724

ARP1247 Aircraft
ARP1328 Aircraft
AIR1558 Interface
AS4828

2.1.2 ASTM Publicatid

Technical Manual Reguirements for Ground Support Equipment

s form a part of this document to the extent specified herein” The latest i
le issue of the other publications shall be the issue inéffect on the date
ween the text of this document and references cited herein, the text

3

rnational, 400 Commonwealth Drive,*Warrendale, PA 15096-0001, T
l-776-4970 (outside USA), www.sée.org.

Sround Support Equipment.sGeneral Requirements
S5round Support Equipment - Wind Stability Determination

Protective Devices = Ground Equipment to Aircraft

ns

5sue of SAE publications
of the purchase order. In
of this document takes
ess a specific exemption

b|: 877-606-7323 (inside

Available from ASTM In

ernational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohock

en, PA 19428-2959, Tel:

610-832-9585, www.astm.org.

ASTM D2047-75

2.1.3 ISO Publications

Standard Test Methof for Static Coefficient of Friction of Polish-Coated Flooring Surfaces

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-

4900, www.ansi.org.
ISO 12056

Aircraft - Self-propelled passenger stairs for large capacity aircraft -- Functional requirements
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2.1.4 IATA Publications

Available from International Air Transport Association, Publications Assistant, 800 Place Victoria, P.O. Box 113, Montreal,
Quebec H4Z 1M1, Canada, Tel: 1-514-874-0202, www.iata.org.

AHM 920 Functional Specifications for Telescopic Passenger Stairs, AHM 920A - Functional Specifications for
Towed Passenger Stairs
2.1.5 CEN Publications

Available at http://www.cen.eu.

EN 12312-1 Specific requirements - Aircraft ground support equipment. Passenger stairs

2.2 Glossary of Term

TREAD DEPTH - T;: Theoretical horizontal dimension from one stair nosing to the adjacent;stair nosing.

EFFECTIVE TREAD DEPTH - T,: Effective horizontal dimension from one stair nosing te'the adjgcent stair riser, T, > T;.

RISER HEIGHT - R: Thg
step above or below whe

 vertical distance between the surface of the tread of ane Step and the|surface of the tread of a

n measured perpendicularly between the tread surfaces)

RISER TO TREAD RATJO - R/T;: An arithmetical ratio of the height of one"of the risers to the glepth of the tread, which
ratio is equal to the tang¢nt of the angle of inclination of the stairway.

ANGLE OF INCLINATI(

DN - A: The angle formed by a line jaining the stair nosings of ong
horizontal. A = tan™ R/T

flight of stairs and the

STEP WIDTH - W: The width of the step surface as measured along the nosing of the step.

HANDRAIL HEIGHT -
perpendicular to the trea]

H: The distance to the ,centér of the handrail as measured at theg
i surface.

nose of the step and

FIXED RISER STAIRWA
of inclination.

Y: A stairway wherein-the riser to tread ratio (R/T,) is a constant which Will result in a fixed angle

VARIABLE RISER STAI

the angle of inclination tg

STAIR LENGTH: The d

RWAY: A stairway designed to allow variation of the riser to tread ratio al
suit varying elevations.

istance measured horizontally and parallel to the tread surfaces bet

lowermost tread to the n

hd, therefore, variation of

ween the nosing of the

DSiNg of the uppermost tread. This is a geometric dimension only and do

es not include allowance

for approach at the lower and intermediate platforms in excess of the normal tread length, or lengths of the upper
platforms.

3. DESCRIPTION OF BASIC TYPES OF STAIRWAYS

In general, two types of stairways are employed for the boarding of crew and passengers aboard transport-type aircraft,
one employing a fixed-riser-to-tread ratio, the other employing a variable-riser-to-tread ratio. The built-in stairway
incorporated into the fuselage of many aircraft is generally of the fixed-riser-to-tread type. Passenger boarding stairs
should be be made from a non-transparent or see through material whereas this is unimportant for crew stairs.

3.1 Adjustable Fixed-Riser Stair

The adjustable fixed-riser type stairway usually consists of a stationary lower section of fixed stairs and an extendible
upper section of stairs. The extendible upper section is arranged to slide or roll behind and parallel with the lower fixed

section. The lower stair section is topped with an intermediate platform which provides a point at which the lower and
upper sections intersect when any tread of the upper section is at the same elevation as the intermediate platform.
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The prime advantage of the fixed-riser type stair is the fact that it can conform to recommended design criteria at any of
its elevations of adjustment. But this prime advantage creates its major disadvantage, in that elevation adjustment to
accommodate varying aircraft floor elevations is limited to increments of the stairs' riser. Certain stairways of this type
have provisions for minor adjustment of the frame of the stair to attempt to reduce the increment. This provision is limited
in its effectiveness by the angle to which the stair treads can be taken out of true horizontal before becoming a safety
hazard. Secondly, while debatable as to whether it constitutes a disadvantage, the adjustable fixed-riser stair requires an
intermediate platform where the fixed position lower section and the adjustable upper section intersect.

3.2 Variable-Riser Stair
Variable-riser stairs are usually constructed employing a parallelogram principle wherein the stair treads and the upper

platform remain parallel at any angle of adjustment. The resulting stair is one of different riser and effective tread for every
angle of adjustment.

The prime advantage of ion adjustments to satisfy
varying aircraft floor elevations within its adjustable limits. Again, this stair's prime advaptage creates its major
disadvantage in that thg range of elevation adjustments wherein the stair will remain within_the¢ recommended limits of
Table 1 is relatively narfow. Also, the variable-riser stair is a continuous staircase withgut the need for an intermediate
platform.
4. BASIC STAIR DESIGN DIMENSIONS
4.1 Minima and Maxina

Table 1 lists the limits of pasic stair proportions generally accepted by the.architectural professior] for stair design.

TABLE 1 - STEP RQESIGN

Attribute Min Max Preferred
Angle of Inclination A (°) 20 40 30-35
Tread Depth T, (cm, [inch]) 28 [11] 38 [15] See 5.2
Riser Height R (cm, [inch]) 14 [5.5] 20 [8] See 5.2
Platform and Tread Slope (%) 0 5.2 0-3.5

4.2 Basic Stair Proporfioning

A properly designed stajrway requires.the proportioning of certain basic dimensions, i.e., for every selected tread depth
(T1) between the maximym and the minimum, there is a best riser height (R) for best proportion. The proper proportion for
any selected riser can bg determined from the formula:

R/Ty=Tan[(R- 3)(8)]° (Ea. 1)

A tabulation of risers and treads within the limits of Table 1 is given on Table 2.

TABLE 2 - STEP PROPORTIONING

Riser R (cm, [inch]) Tread T, (cm, [inch]) Angle A (degrees) Tan A (or Tan R/T,)

14 [5.5] 38.5 [15.1] 20 0.364
14.5 [5.75] 36 [14.2] 22 0.405
15 [6.0] 34 [13.5] 24 0.444
16 [6.25] 32.5[12.8] 26 0.488
16.5 [6.5] 31[12.2] 28 0.533
17 [6.75] 30 [11.7] 30 0.577
18 [7.0] 28.5[11.2] 32 0.625
18.5 [7.25] 27 [10.7] 34 0.678
19 [7.5] 26 [10.3] 36 0.728
19.5 [7.75] 251[9.9] 38 0.783

20.3 [8.0] 24 [9.5] 40 0.842
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4.3 Elevation Limits

Figure 1 may be employed to determine quickly the characteristics of an acceptable stair. As an example: assume a stair
of proper proportion is desired for an elevation of 3.35 m (11.0 feet). Enter graph at Elevation 3.35 m (11 feet), and follow
that line to its intersection with horizontal lines of "NO. OF RISERS". Note that the 3.35 m (11 feet) elevation line
intersects the "No. of Risers" from a maximum of 24 to a minimum of 17. These define stairs within the limits of Table 1,
with a maximum of 24 risers of 14 cm (5.5 inches) to a minimum of 17 risers of 20 cm (7-3/4 inches) respectively.

Projecting horizontally from the point of intersection of the 3.35 m (11 feet) elevation curve with the selected number of
risers indicates the number of treads in the stair, i.e., 23 treads for 24 risers, and 16 treads for 17 risers, for limits cited.

Table 2 lists preferred tread depth (T,) for any riser height (R). The preferred tread depth for a 14 cm (5.5 inches) riser is
38 cm (15.1 inches). Preferred tread for 19.5 cm (7.75 inches) riser is 25 cm (9.9 inches). Figure 1 indicates these

preferred relationships directly by reference to the tie lines.

Using these preferred tr
tread depth for the prope
1 on the "TREAD DEPT
extending from the point
"LENGTH OF STAIR" s(
height of 20 cm (7-3/4 in

It is evident that the limiling factor on design of the ideal stair is available space. Stairways conf
cteristics within limits iterated in Table 1. Use of\the graph of Figure
ecognizing that the range of inclination angle (A) between 30 and 35 ¢
hay be employed. Realize that scale of the.gtaph is too small for exact

practice will have charal
optimum configuration, 1
this study, interpolation 1
of Equation 1 is employe

5. RECOMMENDED D
Tables 3 and 4 are tah

boarding stairways or th
for those parameters not

d.

MENSIONS FOR DESIGN

WABLE 3 - FIXED RISER TYPE

bad depths for the corresponding risers, stair lengths for these limits’is
rly proportioned stair of 24 risers of 14 cm (5.5 inches) height is 38 cm
H (T,)" scale at 38 cm (15 inches), and project vertically to the intersect
of 23 on the "NO. OF TREADS" vertical line. Project horizontally*and re
ale at 8.84 m (29 feet). Similarly, a 25.5 cm (10 inches) tread depth (T
Ches) results in a stair length of about 4 m (13.3 feet).

ulations of basic design data/recommended to be followed in the d¢
e selection of those alreadyavailable for purchase. Proportions and di
covered in Section 4, do not require analysis, but result from experience

readily determined. The
15 inches). Enter Figure
on with the diagonal line
hd the stair length on the
) for 16 treads at a riser

orming to recommended
1 assists in establishing
egrees is preferred. For
esults, for which the use

bsign of new passenger
mensions recommended
in the industry.

Attribute Mobile Max Mobile Min Built-In Max Built-In Min
STEP:
Riser R (cm, [inch]) 20 [7.75] 18 [7.0] 20 [7.75] 18 [7.0]
Tread T, (cm, [ingh]) 28.5[11.2] 25[9.9] 28.5[11.2] 251[9.9]
STAIR:
Angle A (degree 38 32 38 32
Width W (cm, [inchi) Note T 107 142] Note I 61 [24]
Handrail Ht H (cm, [inch]) 86 [34] 76 [30] 81 [32] 76 [30]
Inside Handrails W+ 10 [W + 4] W W+ 10 [W + 4] w
MID-PLATFORM:
Width W (cm, [inch]) Note 1 W Inapplicable Inapplicable
Length Note 1 3T1 Inapplicable Inapplicable
Handrail Ht H (cm, [inch]) 106.5 [42] 91 [36] Inapplicable Inapplicable
Inside Handrails W+ 10 [W + 4] w Inapplicable Inapplicable
PLATFORM:
Width W (cm, [inch]) Note 1 W+ 15 [W + 6] Note 1 w
Length L (cm, [inch]) Note 1 122 [48] Note 1 3T,
Handrail Ht H (cm, [inch]) 106.5 [42] 91 [36] 96.5 [38] 86 [34]
Inside Handrails W+ 10 [W + 4] W W+ 10 [W + 4] w

NOTE 1. May vary to suit requirements.
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FIGURE 1 - STAIR DESIGN DATA CHART


https://saenorm.com/api/?name=0bb47d35e846d69805f670195c2fff81

SAE INTERNATIONAL

AIR6133

Page 8 of 10

TABLE 4 - VARIABLE RISER TYPE

Attribute Max Min
STEP:
Riser R (cm, [inch]) 20 [8] 14 [5.5]
Tread T, (cm, [inch]) 38 [15.1] 24 [9.5]
Ratio R/T; 0.842 0.364
STAIR:
Angle A (degrees) 40 20
Width W (cm, [inch]) Note 1 107 [42]
Handrail Ht H (cm, [inch]) 86 [34] 76 [30]
Inside Handrails W+ 10 [W + 4] W
Handrail Dia. (cm, [inch]) 5.0 [2.0] 2.5[1.0]
PLATFORM: Note 2 Note 2
NQTE 1: May vary to suit requirements.

NG

TE 2. Platform specifications for fixed riser type (Table 3) apply.

Within the accepted rang
creation of additional ha
than 1.5 mm (1/16 inch).

Since aircraft built-in stai
single tabulation in Table

Analysis of the tread to fliser relationship for variable riser type stairways must address the geon

from the use of a paralle
This stairway makes use
additional minimum of 4
involved in the elevation
6. DESIGN SAFETY C
6.1 Loading and Safet

Table 5 is a tabulation o
stairways or the selectig

variable elevation stairwqys are classed as mobile and built-in stairways are classed separately.

e of tread depths and riser heights, consistency must be maintained wit
zards. Overall tread depths should not vary more than 3 mim (1/8 inch

3.

ogram mechanism that varies the height by ‘changing the position of eac
of open risers, and to avoid a horizontal opening between adjacent trea
cm (1.5 inches) must be added«to the depth of each tread. This incre
DNSIDERATIONS
y Factors

design loads.and safety factors recommended for use in the design of

n for purchase of those already available. With respect to design loag

TABLE 5 - DESIGN FACTORS

hin a given stair, to avoid
, riser heights not more

rways and fixed riser stairways are considered the same type, data for these are combined into a

etric conditions resulting
N step to the next.

Is at minimum height, an
ases T2 only, and is not

analysis, as the extra material fies under the next higher tread at higher glevations.

hew passenger boarding
s and safety factors, all

Factor Recommended Minima Recommended Minima

Mobile Built-in

Design load per step (kg/m” [psf]) 488 [100] 250 [51]

Design load for mid-platform (kg/m2 [psf]) 317 [65] NA

Design load for platform (kg/m? [psf]) 317 [65] 317 [65]

Design concentrated load at any point of 140 [308] 140 [308]

step or platform (kg, [pound])

Design side load at upper rail (kg, [pound]) 90 [200] 90 [200]

Maximum allowable deflection per unit of 1/48 1/48

handrail height at maximum load

NOTE: Safety factors for all design loads are 3:1 based on yield strength. Recommended
design loads do not include safety factors.
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