






THEN: replace or repair them with materials which are similar in

strengtht slip-resistance, and/or appearance to the original,
and/or ••• tighten, brace and otherwise correct the structural

deficiency or prohibit use of the stair.

COMMENTARY - Velz and Hemphill (1953) noted that about 30% of all tread

surfaces on stairways surveyed were not considered to be in good condi­

tion. Carson, et al.t (1978) solicited comments concerning repair

requirements from their occupant sample. Many of these comments pointed

to obvious needs such as the repair of broken concretet the replacement

or repair of broken treads, or even the construction of entire replace­
ment stairways.

Neverthelesst no statistical evidence was found to demonstrate a rela­

tionship between stairway condition or repair requirements, and accident

rates, perhaps because people may use greater care if the stair is in

poor condition. It seems reasonable to assume, however, that a serious

accident potential may exist on such stairs.

EXAMPLES

Accident A. The victim was at the top of a flight of concrete steps

serving a wooden porch which was in poor condition. The boards were

heavily worn and partially rotted where the porch adjoined the steps.

There was no railing on the stairs and the rail along the porch was

weak. She caught the heel of her shoe on one plank and fell sideways
and landed on her back. (NEISS)

Accident B. At the top of the stairst the victim lost his balance and

fell down the 12 stairs. He had been holding onto the handrail; but

since it was loose and not firmly attached to the wallt it provided no

support when he lost his balance. The injury was contusions. (NEISS)

Accident C. The victim, a 60-year old womant was using the handrail

while descending a stairway in a department store. The free-play in the

handrail caused her to lose her balance and fall down 6 steps. She
received an abrasion on her hand. (NEISS)

2.6.4 Dilapidated Wood or Metal-Framed Stairways

IF: the typical walking surfaces or supporting members of a wood or
metal framed stair are rotted, broken, rackedt or otherwise

incapable of providing needed support •••

THEN: replace the entire flight and support structure, or •••
ban the stair from use.

COMMENTARY - It is essential that stair treads be capable of supporting

the weight of stairway users throughout the travel distance, and obvi­

ously, stairways which cannot meet this basic criterion require immediate

replacement. Dilapidated stairways still capable of supporting loads
should be banned from use. Where this is not possiblet signs warning of
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the hazard should be posted in a conspicuous manner. Although no evi­

dence was found showing a statistical relationship between stairway con­

dition and accident rate, a serious accident potential should, however,

be assumed to exist whenever stairs are in dilapidated condition.

2.6.5 Stairs Which Have Treads Severely Canted to the Right or Left

IF: the settlement of 1 side of a given flight of stairs, or of the

structure to which it is attached, produces a constant slope to

the right or left in excess of 1/2 in. per linear ft. (a 4.2%
slope) •••

THEN: replace the entire flight and supporting structure.

COMMENTARY - The severe canting of steps to one side or the other may

result from faulty construction methods, materials, and maintenance, or

from the settling or shifting of the entire structure. Step non-unifor­

mity caused by canting may affect the balance and timing of persons using
the stairway, and may therefore cause them to misstep. Although no

evidence was found demonstrating a statistical relationship between

canting and accident rates, a potentially hazardous situation should be
assumed to exist.

EXAMPLE

Accident A. The respondent's husband slipped on the outside wood steps

as he was leaving for work. The 5 steps on the accident flight had

settled, producing many irregularities. Between the first and second

steps, there was a 2-1/2 in. difference in riser height. Furthermore,

there was as much as a 1 in. difference in riser height from the left

to the right side for a single step (Carson, et al.).

2.7 SIGNS AND SYMBOLS

Signs and symbols should be used to facilitate the use of stairs.

Because stairs allow people to move from one elevation to another, people

should be warned in advance of the location and destination of a stair,

particularly in a public building with several stairs.

Movement within a building is not aided when a stair leads to a detour,

a dead-end, a wrong destination, or an unessential change in elevation.

In most cases this may be independent of the stair itself, but related

instead to a series of pathways connected to the stair. Since stairs
can be hazardous, consume human energy, and contribute to fatigue, the

introduction of a stair where none is required or desired is a serious

design error.

Finally, stairways should be clearly differentiated from other portions

of a building; the destinations of stairs and alternative pathways

(elevators, escalators, hallways, etc.) should be clearly marked; and
stairs should not be installed where they are not needed for vertical
travel.
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2.7.1 Locating Alternate Means of Vertical Movement

IF: in residential buildings, which use stairs to effect vertical
movement •••

IF: there are means of vertical movement other than stairs •••

THEN: install signs which clearly indicate the locations and destina­
tions of the alternate means.

Among the suggested ways to accomplish this are:

(a) provide clearly visible and legible signs or unambiguous symbols
indicating the location of both stairs and alternate means of

transportation

(b) enhance the conspicuity of the alternate means of vertical move­

ment through lighting and color contrast

(c) be sure that the signage and markings are clearly visible from

the approach to the stairs.

COMMENTARY - In 1976, the Consumer Product Safety Commission rated stairs

as one of the two most hazardous consumer products in the home. The

Commission attributes at least 4,000 deaths per year to accidents on

stairs (see Table 1 in the Introduction). In addition, stairs demand a

level of expenditure of human energy at three times the rate required by

level walking (Templer, 1974). Particularly for older person, the hand­

icapped, those carrying objects, or virtually anyone on a long flight of

stairs, the energy expenditure on stairs could lead to fatigue or even
an attack or seizure. As a result, any unnecessary use of stairs,

especially when there is no change in elevation, should be avoided.

Thus, when alternate means of vertical movement, such as escalators,

ramps, or elevators, are available, they should be clearly and unambig­

uously indicated prior to the last choice point.

The data collected by CPSC on the dangers inherent in stair use indicate
that either stairs should be made considerably safer or that stairs

should be avoided whenever possible. Unless the user can be made aware
of alternative means of vertical movement, through signs and symbols, he

cannot elect to avoid stairs. Fruin (1971) notes that signs should con­

firm the basic building configuration and that both should provide

direction, orientation, and purpose to the user.

2.7.2 Orientation of the User to Specific Stair Destinations

IF: stairs in residential buildings are accessible to the general

public, visitors, or building personnel •••

THEN: provide a clear indication of the specific stair destination at
points prior to entry to, or exit from, the stair.
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Among the suggested ways to accomplish this are:

(a) use clearly visible and legible signs or symbols to indicate

specific destinations (such as the garage, laundry, rental

office, etc.). Such signs should be visible before the user

begins his ascent or descent of the stairs, and at each level

of egress from the stair.

(b) place a sign or symbol indicating floor level and any specific

destination at each entry/exit point in a multi-level stair. Do

not place the sign/symbol in such a manner that it will divert
the user's attention from the stair.

COMMENTARY - Because stairs are hazardous, people should not be forced

to use them in a search for particular destinations, such as rental

offices, telephones, laundries, etc., in a residential building, unless
the stairs actually lead to those destinations. In public or semi-public

places, the locations of all commonly sought facilities and destinations

of all stairways should be made apparent to the user before entry to the
stair. In multi-level buildings, the floor number should be indicated

at all points of entry/exit to avoid unnecessary stair use. Unnecessary

stair use is time- and energy-consuming for the user. Furthermore,

sudden stops or changes in direction on a stairway can be disruptive or
hazardous to others on a stair.

2.7.3 Entries to Locked Fire Stairs

IF: doors to residential stairs are locked on the stairway side (for
reasons of security, or for other reasons) •••

THEN: place a warning sign outside of each point of entry to the stair­
well which indicates the points at which there are exits from the
stair.

Among the suggested ways to accomplish this are:

(a) place a visible and legible sign or symbol which indicates the

exit location on both sides of the entry door at all points of

entry above the exit location.

(b) place a sign inside the stairwell which indicates that exit is

available only on a particular level.

COMMENTARY - People attempting to use fire stairs to travel within a

multi-storied residential building often find themselves locked inside
the stairwell and forced to descend to the lowest level to exit. While

such stairways must be unlocked from connecting building floors to meet

fire exit requirements, these stairways are commonly locked from the

stairway side so that unwanted intruders will be unable to gain access to
the upper floors. In hotels, hospitals, or high-rise apartment build­

ings, persons who may only be trying to get ice or to bypass a slow or
crowded elevator can find themselves trapped into making an unintentional
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trip to the sub-basement just to get out pf the stairwell. Since

stairs are a very hazardous consumer product (see 2.7.1), every effort

should be made to ensure that people are not victimized by locked fire
stairs.

2.7.4 Essential Facilities at Each Level for ~h~El~~rly or Handicapped~

IF: the elderly and/or handicapped are required to use stairs to gain

access to an essential facility such as a telephone or a path~
room •••

THEN: install needed facilities on each l~v~l where these users will

spend substantial time.

COMMENTARY - The energy expenditure for stair climbing noted by Templer

(1974) is a particular problem for the elderly and handicapped. Further­

more, data collected from the NEIS~ ~Uf.V@Y and by Carson, et al., (1978)

indicate that the severity of stair accidents is higher for the elderly

than for other segments of the population. As a result, be~au~e of the

particular vulnerability of the aged, their use of §taifi should be

minimized whenever possible.

The increased danger inherent in stair use for the elderly (Sheldon,

1960) suggests strongly that they should avoid stairs whenever possible.

As noted by pastalan, Mautz, and Merill (1973), Agate (1966) and Weale

(1963) the elderly suffer from deficits in m08~ sensory capabilities.

Because these deficits include a wide range of visual handicaps such as

cataracts, glaucoma, yellowing of the lens, increased adaptqtton time,

and general decreased sensitivity, stairs" which depend upon visual cues

for successful negotiation, can be ~ B~~~t€ulaf problem for the aged or

visually handicapped. In adg~tion, surveys of actual conditions on
stairs by Carson~ et al., (1978) and Miller and Esmay (1961) indicated

that light levels were inadequate and poor on as many as half the stair­

ways surveyed. As a result, Agate (1969) recommended that the elderly

live on one floor as much qS possiBl~! Pupli~ation of essential facili­

ties in a multi-level dwelling woq!d appear to accomplish the same
purpose.

2.7.5 Cues on Walls and Ceilings to Mark the Beginning and Ending of
Stairs

IF: a given flight of stairs is ever used while carrying bulky objects

such as small children, luggage, or •••

IF: a given flight is frequently used by large numbers of people
Simultaneously •••

THEN: provide clearly identifiable cues on adjacent walls, ceilings, or
elsewhere in the upper portion of the users' visual field which

unambiguously indicate the location, alignment, and direction of

the beginning and end of each flight.
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Among the suggested ways to accomplish this are:

(a) provide easily noticed handrails which extend at least 1 ft.

beyond the nosing at the top landing, and at least 1 tread-depth

plus 1 ft. beyond the nosing of the bottom tread (except in
encroachment situations). These should reveal a distinct break

from the slope of the stair to the horizontal, and/or •••

(b) align the break-points of the ceiling with the nosing at the top
landing, and with a point beyond the nosing of the bottom tread.

COMMENTARY - One way to think about a stair 1s as a break in th§ flat

plane of a walking surface, which is interrupted by a set ot treads which
either protrudes above a lower plane or receeds below an upper plane.

When the user looks down at the floor or landing, he should see this

change in plane and be prepared to negotiate the stairs. However, if

the view of the walking surface is obstructed by other p~ople or by
carried objects, the user is much less likely to notice this change
in the floor plane. Alternative cues such as the slope of the handrail,

the slant of a moulding strip or paint edge that conforms to the slope

of the stair, the slant of the ceiling, or a combination of the above
can signal the presence and direction of the stair.

When all of the cues available to the user give the same message, there

is a much greater likelihood of that message getting through. When the

cues convey different messages, however, there is a great chance that

the most critical cue ••• such as the one signalling the presence and
direction of the stair." will be missed by the unsuspecting user who

is being &uided by the others. If a ~eiling line, painted edge, or wall

stripe continues horigontally beygfi@ the p91nt wh~re a §ta}F 9~§c~nds, a
conflict between cues will exist. While most people will probably notice

the stair, the wall and ceiling treatments clearly deny the fact that the

floor level changes, and may lead some users to have an accident.

Esmay (1961) and MUlfu' and Esml'ly O~U) £ePorted that "afms fulF was
cited by victims as a common cause of residential stairway accidents.

Using the stair while carrying large objects was given as the primary
or secondary cause in 2; of the IQl stair accidents investigated.

Likewise, the incident analysis of the NBS videotape data 'f~mpler, et

al., 1978) indicated that persons carrying obje~t§ tended t9 h~ve more
missteps regardless of how the object was carried. This finding, how­

ever, WaS not statisticallY Significant. There also appeared to be some
tendency for women carrying children to exhibit much more precautionary

foot movements throughout the stair. FyrthermgFe, thi§ tend~n~Y was
more pronounced tor the side on which the child was carried (the side

on which the visual obstruction was the greatest).

N~ direct evidence is currently available to identify the precise role
that special markings on walls or ceilings might play in preventing such

accidents. Yet, a key factor involved in stair incidents appears to be

the visual obstruction of the walking surface by carried objects or by
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nearby persons. The potential magnitude of this problem is underscored

by the finding from the NBS residential survey (Carson, et al., 1978)

that stairs were used when doing the family laundry and taking out the

trash in 96% and 94% of the residences surveyed, respectively.

EXAMPLES

Accident A. The victim was going down a narrow stairway with his arms

full of garbage, which he was carrying out to the back of the house.

The stairs were poorly lighted and made 90° bend about 2/3 of the way

down. At the bend where the tread width varied from 3 in. to 12 in.,
the victim fell and fractured his left ankle. He said he could not see

the stairs because his arms were full. (NEISS)

Accident B. The respondent had just returned from the grocery store and

was carrying 2 large grocery bags to her upstairs apartment. As she

reached the step next to the landing, she missed the step, and fell on

her left side. She sustained a simple fracture and contusions of the

left elbow and left leg. (NEISS)

FIGURE

Figure 2.7.5. On this stairway, the slope of the handrail and the paint

pattern on the wall provide reliable cues for the direction, slope, and
location of the first riser. Such cues in the upper part of the visual

field are important whenever other users or objects obscure the user's
view of the tread surfaces themselves.

2.7.6 Non-Visual Cues for Visually Handicapped Users at Entrances to
and Exits From Stairs

IF: a stair is frequented by the elderly, handicapped, or visually

impaired user •••

THEN: provide non-visual cues at the top and bottom landings.

COMMENTARY - The analysis of the NBS videotapes indicated that detection

of the first step was a critical component in the transition from level

walking to stair movement (Templer, et al., 1978). This analysis further

indicated that the detection process involves both a visual and a

tactile-kinesthetic component. When the visual component is eliminated

or reduced by some sort of handicap, then the tactile-kinesthetic compo­

nent should be accentuated, through changes in texture on the floor, or

the walls. Provision of changing auditory cues is also possible. It is

important to ensure that these non-visual cues do not interfere with the

non-handicapped person's use of the stairs.

Although the use of tactile cues on the floor or the wall has been recom­

mended in some instances for the visual handicapped (Agate, 1966), there

is no consensus about the most effective means of alerting users about
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potential dangers or changes in elevation in their path. Nevertheless,

the use of auditory or tactile cues appears to be a good means of alerting

all users to change in their immediate path of travel.

Facing page: The impo~n~e On und~­
.6ta.ncUng M~ beha.vio.!t on .6tMM
.6hou1.d not be und~e.6.tima..ted.
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3 • SUMMARY

3.1 REVIEW

In the preceding pages, a number of issues associated with stair. safety

were considered. Various hazardous conditions on stairways were enu­

merated, evidence indicating their severity and frequency was explored,

and design guidelines for reducing or eliminating such hazards were pre­
sented. In general, the recommendations discussed in this report arise

from the premise that many stairway accidents are caused by human per­
ceptual and kinesthetic errors. These errors are frequently triggered

by some correctable flaw in the design or construction of a stairway.
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Section 1 dealt with a review of the research into the nature and causes

of stair accidents. This review included a summary of the epidemiologi­

cal literature relating stair accidents to different design conditions;

a discussion of the NEISS in-depth survey reports of specific stair acci­

dents; and a presentation of various code requirements. In addition,

Section 1 documented research performed by the National Bureau of Stan­

dards in which numerous videotapes of successful and unsuccessful stair

uses were analyzed. This overview of NBS research also examined a

critical incident analysis of specific stair mishaps (Templer, et al.,
1978), and a survey of stair use and inventory of residential stair

characteristics (Carson, et al., 1978). Finally, Section 1 described

a model of stair use behavior and discussed the importance of perceptual
cues in stair negotiation.

In Section 2 the research and model described in the first Section was

used to guide the development of recommendations for improving stair

safety. These recommendations focused upon 7 distinct categories of

stairway design and construction: (1) physical attributes of stair

surfaces, (2) appearance of stair surfaces, (3) handrails, (4) physical

attributes of the surrounding stairway environment, (5) appearance of

the surrounding stairway environment, (6) structural integrity and

quality of stairs, and (7) signs and symbols.

3.2 GENERAL RECOMMENDATIONS

The research and guidelines discussed in the preceeding sections indicate

2 equally important factors that must be considered in the design and

construction of safe stairs. Conventional wisdom has suggested the need

for stairs which are structurally sound and uniform. In addition, how­
ever, there is a need to ensure that the user is able to perceive the

physical characteristics of the stairs in an accurate, rapid manner, free

from unnecessary distractions. Thus, not only should the physical ele­
ments of the stairs be considered, but also the user's perception of
these elements.

To ensure the physical integrity of a stair, it should be designed with

uniform riser/tread dimensions, and with uniformly clear headroom. There

should not be any projections, rough surfaces, or exposed glass areas
within the stairway itself. Handrails should be provided, along with

adequate light that does not vary greatly over the stair area or over
time. There should be adequate contrast between the stair and its

surroundings. The use of winders, and open risers should be avoided.
The stairs should also be structurally sound, with stable surfaces and

foundations. In summary, stairs should be designed so that their physi­

cal characteristics safely accommodate the user's desire to change levels

with a space.

Yet, the provision of adequate physical facilities is not sufficient by
itself. The data collected on the NBS videotapes, the incident analysis

by Templer, et al., and the residential survey by Carson, et al., all
indicate the importance of accurate perceptual cues in successful stair
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use. These cues include visual perception of the approach to, and use

of the first step, and tactile-kinesthetic perception during the

remainder of the flight.

Consequently, it is essential that the stair be designed so that the

user can pay maximum attention to those sensory cues necessary for a

correct perception of the stair and its surroundings. In this regard,

adequate lighting again becomes a critical issue, because it can maximize
the detectability of visual cues. Hence, good color and lighting
contrast are essential elements of safe stairway design. There should

not be any deceptive visual cues, inadequate lighting levels, glare, or

any other sort of visual misinformation present in the stairway. Equally

important, the tactile cues should be readily recognizable and accurate.

The user should be able to feel tread nosings so that his foot does not

roll off the stair. He should be able to use a handrail to guide him­

self -- which means that the rail should be free from splinters and

easily grasped. Perhaps extra tactile cues should be available for the

visually handicapped user.

Finally, the stair surroundings must not be distracting to the user.

Orientation edges should be minimized in the design of safe stairs. The
user's attention should focus on the stair, rather than on the surround­

ing space. Visual distractions can be as dangerous to the stair user as
incomplete or inaccurate visual or tactile information.

Achieving increased safety on stairs thus demands consideration of the

role of perception in stair use, as well as the maintenance of stable

physical elements of the stairs. The stair design must facilitate the

user's detection of and response to the stairs. Because the user's

general familiarity with stairs may lead him to overlook small deviations

in stair characteristics, it is even more critical to ensure that the

perceptual cues presented by the stair demand the user's attention. It

is not enough, in summary, to provide sound structural stairs. The

user's response to the stairs must also be considered.

3.3 DIRECTIONS FOR FUTURE RESEARCH

Future efforts should be directed toward: (1) verifying the theoretical
premises which underlie the design guidelines of Section 2; (2) verify­

ing the effectiveness of the specific design solutions recommended in

the guidelines; and (3) expanding the stair safety design guidelines
beyond the domain of residential occupancies.

The theoretical premises which underlie the stair safety design guide­

lines are given in the systematic model of stairway usage (see Section
1.2.4). This model constructs complex linkages between the user's per­

ceptions of the stairway environment, his previous stairway experiences

and expectations, and his actual stair-use behaviors. Some degree of

empirical support was advanced for certain aspects of the stair use
model, such as the idea that the user tests the environment when first

entering a stair system. However, connections between the specific

perceptual failures predicted by the model, and the accidents actually
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occurring in stairway environments, remain empirically weak. Accord­

ingly, it is necessary to conduct well-controlled empirical tests of
specific hypotheses derived from the stair use model.

In addition to verifying the hypotheses derived from the stair use model,

a number of specific areas related to stair safety should be researched.

These include such problems as the role of color, lighting, and texture

contrast in aiding visual perception of the stair, as well as the role of

location-specific distractions such as orientation edges and movement in

contributing to stair accidents. Changes in the user's attention during

stair negotiation should also be explored in depth to determine if stair­

way design should be altered, or the extent of enclosure changed. Other
researchable areas include a determination of the interactive role of

visual, tactile, and kinesthetic perceptions in stair use. These should

be evaluated particularly for their relation to good tread/riser design,

and handrail considerations. Finally, the effectiveness of tactile,

auditory, or other sensory cues for warning handicapped users of the

presence of a stairway should be determined. Recommendations for stan­

dard warning procedures should ultimately be developed.

Throughout the presentation of stair safety guidelines in this report,

results from epidemiological, experimental, and survey investigations

were reported. In general, data from such studies demonstrate the exis­

tence, severity, or frequency of particular stairway hazards. However,

studies providing empirical support for the particular design solutions

offered by the guidelines were neither found in the stair safety litera­

ture, nor conducted during this project. Future research which tests

hypotheses about the effectiveness of specific design guidelines in

preventing stair accidents is, therefore, required.
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APPENDIX A: RELATIONSHIP BETWEEN STAIR GUIDELINES AND MODEL OF STAIR USE

As noted in Section 1.2.4 a model of stair use was developed to guide

the development of the guidelines for stair safety. In the following

pages, the relationship between each guideline and specific priorities

set by the model is outlined. See Table A.1. On the following pages

specific guidelines to common stair safety problems have been grouped

under the following seven priorities:

1.0 accommodate the user's INTENTIONS

2.0 focus the user's ATTENTION on the stair

3.0 enable the precise DETECTION of stair conditions
4.0 PROPORTION stairs to fit user's needs

5.0 assure adequate SERVICEABILITY

6.0 provide adequate TRACTION
7.0 protect the user from injury on IMPACT

Each of these priorities constitutes one aspect of the process involved

in using a stair properly. Using these priorities, it should be possible
to determine the need to implement any of the corrective measures listed

by considering the problems encountered by the regular users of a given
flight of stairs for the parts of the stair involved.
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2.4.10

2.7.1

2.7.2

2.7.3

2.7.4
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2.5.3

2.5.6

2.7.5

2.7.7

3.0

2.2.1

2.2.2

2.2.3

2.2.4
2.2.5
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2.4.8
2.4.9

2.5.4
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4.0

2.1.1

2.1.2

2.3.1

2.3.2

2.3.3

2.3.4

2.3.6

2.3.8

2.3.9

2.4.2

INTENTIONS

STAIRS ACCESSIBLE TO CHILDREN UNDER 4

LOCATING ALTERNATE MEANS OF VERTICAL MOVEMENT

ORIENTATION OF THE USER TO SPECIFIC STAIR DESTINATIONS

ENTRIES TO LOCKED FIRE STAIRS

ESSENTIAL FACILITIES AT EACH LEVEL FOR THE ELDERLY OR

HANDICAPPED

ATTENTION

CLEAR PATH OF TRAVEL FOR FLIGHTS AND LANDINGS

PHYSICAL CONDITIONS WHICH CAUSE THE USER TO DIVERT ATTENTION

FROM THE STAIR

COLOR AND LIGHTING CONTRAST TO ACCENTUATE TREADS AND HANDRAILS

ABRUPT CHANGES IN VIEW FROM A STAIR

IMPACT OF VIEWS THROUGH OPEN RISERS

ACCENTUATION OF ALL SINGLE STEPS, 2-RISER STEPS, AND
ENCROACHMENTS

CUES ON WALLS AND CEILINGS TO MARK THE BEGINNING AND ENDING OF

STAIRS

NON-VISUAL CUES FOR VISUALLY HANDICAPPED USERS TO ENTRANCES TO

AND EXITS FROM STAIRS

DETECTION

VISIBILITY OF TREAD EDGES

VISIBILITY OF IRREGULARITIES IN RISER/TREAD DIMENSIONS
TAUTNESS OF CARPET AND RUNNER MATERIALS AGAINST THE NOSING

GLARE REFLECTED FROM THE STAIR TREADS
HIGH-CONTRAST SHADOWS PARALLEL TO TREAD EDGES

STAIR FLIGHTS WHICH ARE NOT READILY VISIBILE
ILLUMINATION OF STAIRS
CONTROL SWITCHES ON THE TOP AND BOTTOM LANDINGS

HOTSPOTS OF DIRECT, REFLECTED, OR DIFFUSED LIGHT WITHIN THE
STAIR USER'S NORMAL FIELD OF VISION

CHANGES IN LIGHT LEVEL BETWEEN STAIRS AND THEIR SURROUNDINGS

PROPORTION

RISER/TREAD DIMENSIONS
TIGHT AND UNIFORM TREAD COVERINGS

CONTINUOUS HANDRAILS

HANDRAILS COMFORTABLE TO GRASP

HANDRAIL- GUARDRAIL ON OPEN-SIDED STAIRS

DUAL CENTER HANDRAIL FOR WIDE, HEAVILY USED STAIRS

HANDRAILS ON STAIRS FREQUENTLY USED BY THE ELDERLY OR
HANDICAPPED

INTERMEDIATE HANDRAIL FOR CHILDREN UP TO 6 YEARS OLD

OPENINGS IN HANDRAIL SUPPORTS (FOR CHILDREN)
CLEAR HEADROOM THROUGHOUT THE FLIGHT
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2.6.1

2.6.2

5.0

2.3.7

2.6.3

2.6.4

6.0

2.1.2
2.1.4

2.1.5

2.1.6
2.4.3

2.6.5

7.0

2.1.7
2.3.5

2.4.4

2.4.5

2.4.6

EXCESSIVELY STEEP STAIRS THAT ARE FREQUENTLY USED
EXCESSIVELY IRREGULAR STAIRS

STRUCTURAL SERVICEABILITY

SUPPORT AT THE ENDS OF HANDRAILS

BROKEN TREADS, HANDRAILS, NOSINGS, AND SPINDLES; LOOSE NAILS,
BOLTS, BRACKETS, OR OTHER FASTENERS

DILAPIDATED WOOD, METAL-FRAMED, OR CONCRETE STAIRWAYS

TRACTION

INTERNALLY STABLE WALKING SURFACE

UNIFORM SLIP-RESISTANCE ON EACH TREAD THROUGHOUT THE RUN OF

THE STAIR

SLIP-RESISTANCE ON STAIRS EXPOSED TO PRECIPITATION, AND ON

SURFACES THAT DISSIPATE MOISTURE ON OUTDOOR STAIRS

SLIP-RESISTANCE ON LONG OR SLOPING TREADS AND SLOPING LANDINGS

PHYSICAL CONDITIONS WHICH CAUSE THE USER TO DIVERT ATTENTION

FROM THE STAIR

STAIRS WHICH HAVE TREADS SEVERELY CANTED TO THE RIGHT OR LEFT

IMPACT

SLIGHTLY ROUNDED NOSINGS

HAND- OR GUARD-RAIL TERMINATIONS

HOOKS, BRACKETS, AND OTHER PROJECTIONS IN THE USER'S CLEAR PATH
OF TRAVEL

SPLINTERS, PROTRUSIONS, SHARP EDGES, AND ABRASIVES ON CONTACT
SURFACES

GLASS AREAS IN OR NEAR FLIGHTS OF STAIRS AND LOWER LANDINGS
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APPENDIX B: RETROFIT PRINCIPLES

The information described in the guidelines for stair safety may be used

for either new construction or for retrofit of existing stairways. When

stairs are repaired, it is important to consider the following general

principles so that the stairs are, in fact, made more safe.

(1) Upgrade the stairs most frequently used by the most vulnerable

people first. Children under the age of 5 have twice as many stair
accidents as their proportion of the population suggests they

should. Accidents among older people, while less frequent, are much

more likely to lead to serious injuries or even death. People with

hearing problems, epilepsy, frequent dizzy spells, or similar medi­

cal problems are vulnerable to having these conditions aggravated

by the effort required to use the stair. Person who wear bifocals

or hearing aides are particularly susceptible to subtle deceptions
on stairs.

(2) Avoid piecemeal repairs and temporary patches on stairs. A flight
of stairs is a single unit and any improvements that are made should

contribute to the uniformity of the materials and dimensions of the

whole assembly from landing to landing. One-shot improvements like

tacking down a rubber mat on one tread where the carpet appears

worn, cement infill for a broken concrete nosing, or a piece of
framing lumber to replace a single hardwood tread are often worse

than no improvements at all. A lot of accidents are caused by make­

shift repairs that the householder thought would make the stairs
more safe.

(3) Do not try to learn new skills while fixing the stairs. Some
improvements or repairs on stairs require expertise that most house­

holders do not have. When it comes to stretching a carpet or
replacing resilient tile it may be more economical from a safety

standpoint to have the work done professionally. Proper installa­
tion of most materials is far more critical on a stair than it is
elsewhere in the home.

(4) There are upper, as well as lower limits to safe conditions on

stairs. There is a relatively wide range of material and dimen­

sional characteristics that can support safe behavior on stairs,

yet treads can be too long and risers can be too low for safe pas~

sage. Treads that are so resistant to slipping that the foot will
not move when it should or lights that are so intense that all

visual information is washed out can be just as hazardous as icy

stairs in the dark. Safe practices, if carried to extremes, can

produce unsafe stairs.

(5) Compensate for all defects that cannot be corrected. While the
dimensional characteristics of a stair are seldom amenable to

change, it is often possible to alert the user to steep or irregu­
lar stairs, low headroom or a missing landing with a strip of

reflective tape, special lighting, or a warning sign. It may also
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be possible to add extra handrails or more slip-resistant tread

materials where precarious situations cannot be avoided. The key

to stair safety does not lie so much in the hazard itself as it

does in the user's awareness of his vulnerability to the hazard.

If someone sees a short tread or a high riser he can grab the

handrail, step cautiously, and usually avoid an accident. On the

other hand, if there is no handrail or the stairs are difficult to

see, he may be less fortunate.

(6) Avoid repairs or rennovations near the stairs that could create new

hazards. A n~w exhaust fan over an exit stair could lead the user

to turn his head and miss an otherwise visible hazard. A new window

near the stairs can introduce shadows or patches of glare that

confound the user's ability to see the edge of a tread at certain

times of the day. Repaving a driveway can shorten the bottom riser

on an adjacent stair by the depth of the paving and thereby intro­

duce a non-uniform bottom step. Safe stairs are as dependent on

the conditions which surround them as they are on the materials and

dimensions of the stair itself. Changes in the surroundings can

often negate otherwise safe conditions on a stair •
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APPENDIX C: GLOSSARY

Accident -

1. "An unpremediated event resulting in a recognizable injury"

(WHO: 1957).
2. "An event, independent of the will of man, caused by a quickly

acting extraneous force, and manifesting itself by an injury

to body or mind."

3. "An unplanned or unexpected event in a sequence of events."
4. "In a chain of events, each of which is planned or controlled,

there occurs an unplanned event which, being the result of

some non-adjustive act on the part of the individual (vari­

ously caused), mayor may not result in an injury. This is
an accident."

5. "An accident is the event that occurs at that point in time in

the accident sequence when the preceding factors or potentials

interact to produce irreversible and recognizable results."
6. "Disabled for 24 hours or more."

7. "Unexpected physical and chemical injuries to the body and other
structures." (Haddon: 1967)

8. "Any actual or presumed trauma following an incident for which
direct medical or dental attention is obtained." (Dickson:

1964) •

9. "An event that takes place without one's foresight or expecta­
tion; an undesigned and unforseen occurrence of an inflictive

or unfortunate character; a mishap resulting in an injury to

a person or damage to a thing." (Webster's Dictionary)

Baluster - "A post in a balustrade of a flight of stairs which supports

a handrail". (Templer: 1974)

Coefficient of Friction - The coefficient of friction between 2 surfaces

is the ratio of the force required to move 1 surface over the other

to the total force pressing the 2 surfaces together. (Ekkebus and
Killey: 1971)

Energy Expenditure - Amount of energy used measured in cal/kg-in.

Measured by monitoring the consumption of oxygen during the

performance of a task. (Templer: 1974)

Epidemiological Research - the application of sampling techniques to a

large body of information to determine the extent and severity of

a given problem within a diverse population.

Finishes - The finished material on a staircase; e.g. paint, linoleum,

carpet, etc.

Flight - A series of steps without an intervening platform. (Teledyne­
Brown: 1972)

Force - Amount of pressure applied by foot when ascending and descending

a stairway. (Harper: 1962)
115



Amount of pressure applied by foot when walking. (Harper, Warlow
and Clarke: 1967)

Force Plate - An instrument used to measure the amount of pressure

applied by the foot when ascending and descending the stairway.
(Harper: 1962)

An instrument used to measure the amount of pressure applied by the

foot when walking. (Harper, Warlow & Clarke: 1967a) (Harper,
Warlow & Clarke: 1967)

Frequency - Number of accidents per individual, as expressed by the

empirical data, or as expected by 1) chance

2) single-biased hypothesis

3) unequal liability hypothesis.

Gait, Human - The manner of walking or stepping; carriage of the body

in going, walking. (Universal Dictionary)

Handrail - An inclined structural member paralleling the slope of the

stair, intended for grasping by the hand during ascent and descent

of the stair. (Teledyne-Brown: 1972)

Headroom - The vertical distance from th~ und~rgid8 of another flight

of stairs or a ceiling above a stair to an inclined line that is

tangent to the nosings of the steps of the stair. (Teledyne-Brown:
1972)

Kinesthetic - "The sensation of position, movement, tension, etc. of

parts of the body, perceived through nerve and organs in muscles,

tendons, and joints." Webster's New World Dictionary 2nd Edition.

Landing - The floor at the top (or bottom) of a stair, or a platform

between flights of a stair. (Teledyne-Brown: 1972)

Newel, Newel Post - A main post supporting the handrail of a stair at

the top, bottom or on a landing. (Teledyne-Brown: 1972)

Non-Uniformity - variation or lack of uniformity of dimensions of treads

or risers through a flight of stairs.

Nose, Nosing - The projection of the front edge of the treads beyond the
front face of the riser below. (Teledyne-Brown: 1972)

Open Riser - A step without a riser member. (Teledyne-Brown: 1972)

Orientation Edge - An abrupt change from enclosed surroundings (of a

stairway) to an open, unrestricted view of a larger space.

Overhang - The projection of the tread beyond the back edge of the tread
below. (Teledyne-Brown: 1972)
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Perception - The intersect of sensation and cognition. This complex act

refers to the process of selecting, analyzing and synthesizing sen­

sory stimuli so that interpretation may follow. (Lerea and Rathey:

1972)

Posture - "Ambulation on any incline demands a postural change. The body

cannot maintain an angle perpendicular to the slope, but must be

adjusted forward for ascent and backward for descent in order to

maintain the center of gravity over the base, the feet; and the
extent of the adjustment is related to the pitch of the incline."

(Templer: 1974)

Railing - A barrier at 1 or both sides of the stair constructed so as

to prevent individuals from falling off the side of the stair.
(Jones & Williams: 1967)

Railing, Closed - A railing which is formed by a short wall extending
above the stair. (Jones & Williams: 1967)

Railing - A barrier at 1 or both sides of the stair, constructed so as

to prevent individuals from falling off the side of the stair.
(Teledyne-Brown: 1972)

Ramp - Inclined plane for passage of traffic. (Templer: 1974)

Rise - the vertical distance from the top of 1 tread to the top of the
next tread. (Teledyne-Brown: 1972)

Riser - The vertical face of a step, or the member forming this surface.
(Teledyne-Brown: 1972)

Run - The horizontal distance from vertical riser to vertical riser, or
from nose tip to nose tip.

Slope - The inclined plane of the stairs established by the relationship
of the rise to run of the steps of the stairway. (Teledyne-Brown:
1972)

Stair - A series of steps, or flights of steps connected by landings,

for passing from one level to another. (Teledyne-Brown: 1972)

Staircase - Stair; also sometimes used to designate the entire assem­

blage, including railing, balusters, etc. (Teledyne-Brown: !972)

Stairway - Often used synonymously with stairwell and/or stair.

(Teledyne-Brown: 1972)

Stairwell - The space in the building occupied by the stair. (Teledyne­
Brown: 1972)

Step - A single unit of level change in a stair consisting of 1 riser

and 1 tread. (Teledyne-Brown: 1972)
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Step Length - The distance between successive contact points of the oppo­

site feet. (M. P. Murray: 1966)

Step Distance - It is determined by measuring the distance between the

toe point of 1 ft. and the heel point of the opposite foot. (Ogg:
1963)

Steep - A stairway with a slope of 40° (with riser height 8.25 in. and
tread width 9.70 in.).
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APPENDIX D: CODE REVIEW DETAILS

In 1974, the major codes required a minimum stairway width of either

44 in. or 36 in. depending upon the occupancy. The minimum stairway

headroom dimension ranged from 6 ft. 4 in. for basement stairs for the

HUD minimum property standards (MPS) to 7 ft. 0 in. In general, landing

width was required to be not less than the least dimension of the stair­

way with minimum length varying from 2 ft. 6 in. to 4 ft. 0 in. The

recommended maximum height of risers varied greatly from 7-1/4 in. to

8-1/4 in., while minimum tread depth varied from 9 in. to 11 in. There

was also disagreement about the minimum number of risers (often 2 or 3)

and the maximum number of risers between landings (given as 18 in the
MPS). The Life-Safety Code (LSC), the Uniform Building Code (UBS), the

Standard Building Code (SBC), and the Building Officials Code of America
(BOCA), all required means of egress to be illuminated with not less than

1 footcandle (fc) at the floor level, while the MPS required 5 foot­

candles (fc) for care-type housing and permanent electric light fixtures
in 1-2 family residences.

The codes, in general, required handrails where needed to keep occupants

from falling, as from open landings and stairs. Specifications for hand­

rail height varied between 30 in. and 42 in. among the codes, with only
the LSC requiring guards and handrails to continue for the full length

of each flight of stairs. Intermediate handrails were required for all

stairways wider than 66 in. or 88 in., depending upon the particular
code.

There was also considerable variation among the codes with respect to

the requirement for tread/riser uniformity. Several, such as BOCA, did

not specify any particular uniformity while others such as LSC and UBC,

specified only a 3/16 in. maximum variation in risers and treads in any
flight of stairs. Others specified only that there be uniformity in

riser/tread dimensions throughout the flight of stairs.
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issued quarterly. Annual subscription: $30.00. Send subscrip­

tion orders and remittances for the preceding bibliographic

services to National Bureau of Standards, Cryogenic Data

Center (275.02) Boulder, Colorado 80302.
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