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Slip, trips, stumbles and falls from stairways, including one to three 

VWHS�VWDLUZD\V��FDQ�EH�DWWULEXWHG�WR�DQ\�FRPELQDWLRQ�RI�GH¿FLHQFLHV�
in design, lighting, visibility and attention.

Falls from stairs and serious injury are mostly attributed to missteps during stair 

descent:

�� Understep: where the heel strikes the riser resulting in a forward stumble.

�� Overstep: where the ball of the foot rolls off the tread nosing 

resulting in loss of balance and forward stumble.

�� Air step: where the foot misses the tread all 

together resulting in a forward stumble.

Research has shown there are 

three times more injuries from stair 

descent than ascent.1 The presence of 

handrails and their design is critical to 

aborting a fall should a misstep occur, 

and to avoiding serious injury.

This reference note will provide a 

summary of recommendations for 

safe stairway design, including: 

riser and tread design; stair rail and 

handrail design; lighting; visibility; and 

maintenance and use.

Riser and Tread Design
Trips and falls during stairway ascent 

are often attributed to variation in riser 

(vertical surfaces) height.

Most building codes require risers not to vary more than 3/8 inch between the tallest 

DQG�VKRUWHVW�ULVHU�ZLWKLQ�D�JLYHQ�ÀLJKW�RI�VWDLUV��7KH�1)3$�����/LIH�6DIHW\�&RGH�
prohibits an excess of 3/16 inch from tread to tread. Research has shown that during 

VWDLUZD\�XVH�SHGHVWULDQV�YLHZ�RQO\�WKH�¿UVW�DQG�ODVW�WKUHH�VWHSV�ZKHQ�QHJRWLDWLQJ�D�
JLYHQ�ÀLJKW��ZLWK�WKH�UHVW�RI�WKH�VWDLUZD\�QHJRWLDWHG�ZLWKRXW�ORRNLQJ��7KHUHIRUH��GHVLJQ�
of the top three and bottom three steps is very important.2

Controlling Falls on Stairways

HIGHLIGHTS:
�� Design, lighting and visibility 

GH¿FLHQFLHV�FDQ�FDXVH�IDOOV�
as well as inattention

�� Riser and tread design 

considerations

�� Stairway visibility

�� Stair rails and handrails

�� One to three-step stairways: 

falling into thin air
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The Liberty Mutual Research Institute for Safety completed a study of acceptable and preferred 

dimensions of stairway risers and treads and compared results with available guidelines as described 

LQ�VWDQGDUGV�DQG�FRGHV��7KLV�VWXG\�FRQFOXGHG�ULVHU�KHLJKWV�EHORZ���LQFKHV�������FP��DQG�DERYH���
LQFKHV�������FP���DQG�WUHDG�GHSWK�PRUH�WKDQ����LQFKHV�����FP��DQG�OHVV�WKDQ����LQFKHV�������FP��
should not be allowed.3

Slope of the stair is important to riser and tread design.

In descent, tread depth (horizontal surfaces) or “going” in the UK must be adequate for the ball of 

the foot to land on without extending over the step below. If not, an over-step or misstep can occur 

causing a fall forward.

The following are current recommendations for riser and tread dimensions:

�� All tread and riser dimensions should be uniform throughout the entire stairway.

�� 5LVHU�KHLJKWV�VKRXOG�EH���LQFKHV�������FP��PLQLPXP�DQG���LQFKHV�������FP��PD[LPXP��
Minimum tread depth should be 11 inches (28.0 cm), exclusive of overhang.

�� 7UHDG�VXUIDFHV�DQG�ÀRRU�VXUIDFHV�OHDGLQJ�WR�WKH�VWDLUZD\�VKRXOG�EH�VOLS�UHVLVWDQW�
�� Stairways with more than 12 steps should have an intermediate landing. 

Landings should be void of any raised areas or trip hazards.

Stair Slope
A steep stairway can have a role in falls depending on tread design and handrails. This issue is mostly 

LQ�LQGXVWULDO�DQG�FRQVWUXFWLRQ�VWDLUZD\V��$�VORS�RU�SLWFK�DQJOH�RI�������GHJUHHV�LV�FRPPRQ��26+$�
��������7DEOH�'���SURYLGHV�ULVHU�KHLJKWV�DQG�WUHDG�UXQV�SHU�DQJOH�WR�KRUL]RQWDO��

Stairway Visibility
Misreading the stair edge can translate to faulty foot placement and an accident. This can be caused 

by poor visibility of both risers and treads.

Guidelines for stair visibility are as follows:

�� 3URYLGH�YLVXDO�FRQWUDVW�RQ�WUHDG�QRVLQJV�RU�DW�WKH�OHDGLQJ�HGJHV�RI�WUHDGV�ZLWKRXW�
nosings, so that stair treads are more visible for people with low vision.

�� $'$�VSHFL¿HV�WKDW�GHWHFWDEOH�ZDUQLQJV�³VKDOO�FRQWUDVW�YLVXDOO\�ZLWK�DGMRLQLQJ�
VXUIDFHV��HLWKHU�OLJKW�RQ�GDUN��RU�GDUN�RQ�OLJKW�´������FRQWUDVW�LQ�OLJKW�UHÀHFWDQFH�
value LRV). Surfaces colored Safety Yellow are the “most visually detectable.”�

�� In low light areas, an option is to highlight each step using step lighting.

�� 3RVW�VLJQV�FDOOLQJ�DWWHQWLRQ�WR�WKH�VWDLUZD\�DW�ZDLVW�KHLJKW�RQ�WKH�DSSURDFKHV�IURP�ERWK�GLUHFWLRQV�

Stair Rails and Handrails
Stair rails and handrails are needed for very different purposes. Stair rails or stair guardrails protect 

SHGHVWULDQV�IURP�IDOOLQJ�RII�WKH�HGJH�RI�WKH�VWDLUV�RU�ODQGLQJV��+DQGUDLOV�VHUYH�WR�KHOS�SHGHVWULDQV�
keep their balance and provide leverage when ascending/descending stairs.

Stair Rails
A handrail is usually too low to prevent pedestrians from falling over the edge of open stairways and 

landings while guardrails are too high to be used as handrails.

The following are recommendations for stair rails and handrails for open stairs and landings:

�� ,QVWDOO�D�WZR�UDLO�V\VWHP��D�WRS�UDLO�DW����LQFKHV��������FP��KLJK�DQG�D�VHFRQG�KDQGUDLO�DW����LQFKHV�
������FP��PLQLPXP��DQG����LQFKHV�������FP��PD[LPXP�YHUWLFDOO\�DERYH�VWDLU�QRVLQJV��VHH�)LJXUH����

�� 3URWHFW�WKH�RSHQ�DUHD�XQGHU�WKH�WRS�UDLO�WR�WKH�VWDLUZD\�VWHSV�E\�LQVWDOOLQJ�D�¿[HG�EDUULHU��
Fixed barriers are preferred to balusters in public settings, as balusters can represent a 

hazard for small children. Be sure to check code requirements before installing balusters.

�� Midrails, screens and mesh are recommended between the top rail 

and stairway steps for stairways used during construction.

Handrails
Lack of, or improperly positioned and designed handrails are often cited as proximal causes of 

stairway falls. Well-designed handrails not only can reduce the chance of a fall, but may also serve to 

limit the distance down the stairs one may fall.

34 – 38 inchs

(86.5 – 96.5 cm)

(a) Stairs

34 – 38 inchs

(86.5 – 96.5 cm)

(b) Ramps

34 – 38 inchs

(86.5 – 96.5 cm)

(c) Walking Surfaces

Figure 1.�+DQGUDLO�+HLJKW�
Measurement
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There is considerable variation in the building codes and standards on when and how many 

intermediate hand rails are needed.

The following are recommendations for handrail design, including intermediate or middle handrails:

�� Install highly visible handrails on both sides of the stairs.

�� +DQGUDLOV�VKRXOG�EH�DW�D�FRQVLVWHQW�KHLJKW�DERYH�VWDLU�
nosings, ramp surfaces and walking surfaces. Top of 

KDQGUDLO�JULSSLQJ�VXUIDFHV�VKRXOG�EH����LQFKHV�������
FP��PLQLPXP�DQG����LQFKHV�������FP��PD[LPXP�
vertically above the stair nosing (see Figure 1.).

�� +DQGUDLOV�VKRXOG�DOORZ�FRQWLQXRXV�KROGLQJ��JOLGLQJ�
above) without encountering support obstacles.

�� $W�WKH�WRS�RI�D�VWDLU�ÀLJKW��WKH�KDQGUDLOV�VKRXOG�H[WHQG�
horizontally 12 inches above the landing beginning directly 

DERYH�WKH�¿UVW�ULVHU�QRVLQJ��'XULQJ�GHVFHQW��WKLV�JLYHV�SHRSOH�
one more visual cues to the stairway’s presence, and allows 

them to grip the railing before they descend. Extension 

should return to a wall, guard, or the landing surface.

�� At the bottom of the stairway, the handrail should extend horizontally beyond 

the bottom step for a distance at least equal to the depth of one tread. 

Extension should return to a wall, guard, or the landing surface.

�� +DQGUDLOV�ZLWK�D�FLUFXODU�FURVV�VHFWLRQ�VKRXOG�KDYH�DQ�RXWVLGH�GLDPHWHU�RI�
�ó�LQFKHV������FP��PLQLPXP�DQG���LQFKHV������FP��PD[LPXP�

�� +DQGUDLOV�ZLWK�D�QRQ�FLUFXODU�FURVV�VHFWLRQ�VKRXOG�KDYH�D�SHULPHWHU�GLPHQVLRQ�
RI���LQFKHV�������FP��PLQLPXP�DQG��ó�LQFKHV�������FP��PD[LPXP��DQG�
D�FURVV�VHFWLRQ�GLPHQVLRQ�RI��ó�LQFKHV������FP��PD[LPXP�

�� &OHDUDQFH�EHWZHHQ�KDQGUDLO�JULSSLQJ�VXUIDFH�DQG�DGMDFHQW�
surfaces should be 1½ inches (3.8 cm) minimum.

�� If the stairway is two or more lanes wide, install intermediate railings in the middle to 

make the stairway more noticeable and to help people avoid or correct missteps.

�� 1HZ�VWDLUZD\V�JUHDWHU�WKDQ����LQFKHV�VKRXOG�KDYH�LQWHUPHGLDWH�KDQGUDLOV�VR�
that handrails are within 30 inches of all portions of the egress route.

�� Open stairways or stairways with open risers may not be 

SHUPLWWHG��&KHFN�\RXU�ORFDO�EXLOGLQJ�FRGHV�
�� ,QWHUPHGLDWH�KDQGUDLOV��QHZ�VWDLUV��SURYLGHG�ZLWKLQ����LQ�������PP��RI�DOO�SRUWLRQV�RI�WKH�UHTXLUHG�

HJUHVV�ZLGWK�DQG�H[LVWLQJ�VWDLUV�ZLWKLQ����LQ��������PP��RI�DOO�SRUWLRQV�RI�WKH�UHTXLUHG�HJUHVV�ZLGWK�

Adequate Lighting
$V�SHRSOH�GHVFHQG�D�VWDLUZD\��WKH�ÀRRU�EHORZ�DQG�WKH�WUHDGV�DUH�LQ�WKHLU�OLQH�RI�VLJKW��EXW�WKH�ULVHUV�
are not. Therefore, the top safety priority is to make the treads more visible through contrasting 

nosings and adequate lighting.

�� ,QVWDOO�DW�OHDVW����IRRW�FDQGOHV������OX[��RI�ORFDO�VSRW�RU�ÀRRGOLJKW�LOOXPLQDWLRQ�
WR�KLJKOLJKW�WKH�VWDLUZD\�DQG�WKH�ÀRRU�DSSURDFKLQJ�LW�RQ�ERWK�OHYHOV��0HDVXUH�
WKH�LOOXPLQDWLRQ�DW�WKH�DSSOLFDEOH�ÀRRU�RU�VWDLU�WUHDG�VXUIDFH�

�� Make sure the edge of each tread is properly illuminated 

�� Aim the lighting so that shadows are not cast on the stairway and glare 

does not disrupt the vision of those approaching the stairway.

�� Ensure that stairways are lit at all times and do not require employees to turn on a light 

switch to light the stairs. Back-up power is especially critical for stairway lighting.

One to Three-Step Stairways
Low stairways consisting of one, two or three steps are commonly found inside public buildings such 

DV�KRWHOV��UHVWDXUDQWV��UHWDLO�HVWDEOLVKPHQWV�DQG�WKHDWHUV��$�VLJQL¿FDQW�QXPEHU�RI�WULSV�DQG�IDOOV�RFFXU�
RQ�WKHVH�ORZ�VWDLUZD\V�EHFDXVH�SHRSOH�IDLO�WR�SHUFHLYH�WKH�PRGHVW�FKDQJH�LQ�ÀRRU�OHYHO�
7KH�PRVW�VHULRXV�DFFLGHQWV�RQ�ORZ�VWDLUZD\V�XVXDOO\�RFFXU�ZKHQ�SHRSOH�IDOO�IURP�WKH�KLJKHU�ÀRRU�
surface. In effect, they step off into thin air, not having seen the stair or stairs at all.
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7KH�LOOXVWUDWLRQV��LQVWUXFWLRQV�DQG�SULQFLSOHV�FRQWDLQHG�LQ�WKH�PDWHULDO�DUH�JHQHUDO�LQ�VFRSH�DQG��WR�WKH�EHVW�RI�RXU�NQRZOHGJH��FXUUHQW�DW�WKH�WLPH�RI�SXEOLFDWLRQ��1R�DWWHPSW�KDV�
EHHQ�PDGH�WR�LQWHUSUHW�DQ\�UHIHUHQFHG�FRGHV��VWDQGDUGV�RU�UHJXODWLRQV��3OHDVH�UHIHU�WR�WKH�DSSURSULDWH�FRGH���VWDQGDUG���RU�UHJXODWLRQ�PDNLQJ�DXWKRULW\�IRU�LQWHUSUHWDWLRQ�RU�
FODULILFDWLRQ��3URYLGHG�WKDW�\RX�DOZD\V�UHSURGXFH�RXU�FRS\ULJKW�QRWLFH�DQG�DQ\�RWKHU�QRWLFH�RI�ULJKWV��GLVFODLPHUV��DQG�OLPLWDWLRQV��DQG�SURYLGHG�WKDW�QR�FRS\�LQ�ZKROH�RU�LQ�SDUW�
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Tripping is also a hazard, especially when people do not notice the stairway as they approach from 

the lower level. Though failure to detect the presence of low stairways is the biggest reason for such 

falls, inadequate stair dimensions, missing railings, improper railing heights and poor lighting are 

contributing factors.

,I�LW�LV�IHDVLEOH�IURP�DQ�RSHUDWLRQDO�DQG�D�¿QDQFLDO�VWDQGSRLQW��FRQVLGHU�WKH�IROORZLQJ�
�� &KDQJH�WKH�VWDLUZD\�DSSURDFK�SDWK�WR�UHTXLUH�SHRSOH�WR�VORZ�GRZQ�DQG�WXUQ�

DERXW���WR����IHHW������WR���PHWHUV��EHIRUH�UHDFKLQJ�WKH�VWDLUZD\��7KLV�W\SH�RI�
approach makes it more likely that people will notice the stairway.

�� 8VH�UDLOLQJV�DQG�RWKHU�DVVLVWLYH�¿[WXUHV�WR�DFKLHYH�D�ULJKW�DQJOH�RU�REOLTXH�WXUQ�
�� Remodel the stairway into a ramp. State, local and national codes specify 

JXLGHOLQHV�UHTXLUHPHQWV�IRU�UDPS�GHVLJQ��)RU�H[DPSOH��UDPS�VORSHV������
minimum to 1:12 maximum with “slip-resistant” surfaces is often cited.

�� Visually contrast the leading edge of each step using Safety Yellow. 

Another option is to highlight the step using step lighting.

Maintenance and Use
Many stairway accidents occur due to poor maintenance, inattention and use.

�� Keep stair treads clean and in good condition.

�� 7KHUH�VKRXOG�EH�QR�H[FHVVLYH�ZHDU��PLVVLQJ�WUHDGV�RU�ORRVH�WUHDGV��&DUSHWHG�
stairs should be in good condition with no noticeable deterioration.

�� 1HYHU�XVH�VWDLUV�IRU�VWRULQJ�REMHFWV�
�� Do not carry items in the hands on stairs and do not rush up or down stairs.

�� Address importance of stair safety in employee safety training sessions.
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Additional Resources
$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH��$16,��$�������6WDQGDUG�RQ�$FFHVVLEOH�DQG�8VDEOH�%XLOGLQJV�DQG�)DFLOLWLHV�

$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH��$16,��=�������6DIHW\�&RORU�&RGH�

5R\��0��6���6HULRXV�6WDLU�,QMXULHV�&DQ�%H�3UHYHQWHG�E\�,PSURYHG�6WDLU�
Design. Applied Ergonomics������������������������

,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��,62��������6DIHW\�&RORXUV�DQG�6DIHW\�6LJQV�

1)3$������&KDSWHU����0HDQV�RI�(JUHVV��VHFWLRQ�������6WDLUV�

U.S. Access Board: Americans with Disabilities Act (ADA) ADA and ABA 

Accessibility Guidelines for Buildings and Facilities.

8�6��'HSDUWPHQW�RI�/DERU��2FFXSDWLRQDO�6DIHW\�DQG�+HDOWK�$GPLQLVWUDWLRQ��6WDLUZD\V�DQG�/DGGHUV��
26+$��������5���������,OOXPLQDWLQJ�(QJLQHHULQJ�6RFLHW\�RI�1RUWK�$PHULFD��Lighting Handbook.
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