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Purpose  The concept of designing or modifying home environments plays an important role in maintaining safety for 
older adults (65 and older). Poor staircase architectural design could contribute to increasing the risk of falling for older 
adults. The purpose of this research is to evaluate staircase architectural design by investigating the risk of falling asso-
ciated with staircase elements and aiming to improve the surrounding environment for older adults living independently in 
their homes. This paper presents research which is built around the following hypotheses: ‘Improving the architectural 
design of staircase could reduce the risk of falling for older adults’.  Method  This research provides an integrated evi-
dence-based assessment that combines all aspects related to staircase architectural design, represented in the following 
3 stages. Stage 1 constructs a hierarchy of four elements which represent the architectural design of the staircase as 
follows: (i) staircase geometrical design; (ii) handrail design; (iii) lighting; and (iv) step design. Each element is divided to 
a number of features; for instance, handrail design, if exists, is divided into five features: (i) handrail height; (ii) handrail 
cross-section; (iii) handrail surface texture; (iv) handrail extension; and (v) minimum handrail-wall clearance. Each fea-
ture is divided into a number of scenarios representing the different architectural design alternatives for that feature: e.g., 
variation on handrail heights. A rating factor that represents the degree by which the proposed scenario reduces the risk 
of falling for older adult, is assigned to each scenario. Stage 2 develops a rating system for the analyzing staircase ele-
ments and features which present the degree to which each element and its features reduce the risk of falling for older 
adults. In this stage, a mathematical model is developed to calculate the rating value for different staircase design sce-
narios. Stage 3 develops a decision tree analysis module called a design assessment tree (DAT) which represents a 
complete vision for different staircase design scenarios. A case study is presented in order to illustrate the effectiveness 
of the proposed methodology.  Results & Discussion  The result of the developed rating system is a rating number for 
different staircase design scenarios that represent the degree by which the proposed staircase architectural design re-
duces the risk of falling for older adults. Figure 1 illustrates the optimal design scenario for the geometrical design ele-
ment, which is part of the developed DAT for the staircase assessment procedure. DAT works as a manual for architects 
to represent the staircase assessment for any proposed design, and to visualize the optimal design scenario comparing 
to other scenarios in the each branch. 
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INTRODUCTION 
Ascending and descending staircases have been 
reported as a difficult daily activity for older adults1. 
Statistically, one out of four older adults is expected 
to fall when climbing staircases in the home envi-
ronment2. Falling for older adults might lead to inju-
ries2,3. In addition to experiencing physical harm, 
older adults might experience loss of confidence or 
develop a fear of falling, which will impact their per-
formance while ascending or descending staircas-
es2,4-6.  
There is a wide variation of staircase configurations 
such as spiral staircases, straight staircases with 
landing, and U-shaped staircases. Each staircase 
configuration has been associated with different 
handrailing, lighting and step dimensions (riser and 
tread). The concept of modifying staircase configura-
tion plays an important role in maintaining safety for 
older adults. Previous studies have investigated the 

cause of falling through ascending or descending 
staircases for older adults1,2,6-9. Other studies have 
recommended staircase modifications for handrail, 
lighting and step design to reduce the risk of 
falling4,10-16.   
This paper presents an evidence-based integrated 
framework that combines all aspects related to stair-
case architectural design to reduce the risk of falls in 
older people. A practical case study of staircase 
design is presented from the perspective of reducing 
the risk of falling for older adults to demonstrate the 
effectiveness of the proposed methodology. 
First, the staircase is divided into a number of ele-
ments that represent its architectural design .Then; 
those elements are divided into a number of features 
that provide more detailed specifications. Each fea-
ture has different scenarios that represent the archi-
tectural design alternatives for that feature. A rating 
factor is calculated for each element and its associ-
ated features to represent how much it reduces the 



risk of falling for older adults based on previous evi-
dence-based studies. The proposed methodology 
assesses the staircase design, while not the actual 
value or true meaning of the rating numbers pre-
sented. Design Assessment Tree (DAT) has been 
developed to represent a complete vision of different 
staircase design scenarios. DAT could work as a 
manual for architects to represent the staircase as-
sessment for any proposed design, and to visualize 
the optimal design scenario compared to other sce-
narios in each branch. 
 
STAIRCASE ELEMENTS AND FEATURES  
The staircase is divided into four design elements: 
staircase geometrical design, handrail design, light-
ing, and step design elements. This categorization 
follows the logical divisions provided in the building 
code. Handrail, lighting and step specifications are 
provided in the building code as subdivisions of the 
staircase design specifications. In addition, staircase 
geometric design is considered to be a design ele-
ment that presents the formation of the staircase as 
an independent design object, which can only be 
tracked by the geometrical design of the staircase. 
The staircase geometrical design element is divided 
into the staircase configuration and the number of 
steps per flight, represented as two subdivision fea-
tures. Each element is divided into a number of fea-
tures that define its architectural design, as illustrat-
ed in Figure 1.  

 
Fig.1. A flow chart for staircase elements and features 

 
PROPOSED RATING SYSTEM 
The developed rating system represents the degree 
by which the risk of falling for older adults is reduced. 
A rating factor (R) is assigned to different alternatives 
(scenarios). This rating factor is calculated based on 
an evidence-based comparison with alternative sce-
narios. 
 
To set the comparison, a scale of numbers between 
0.00 and 1.00 has been adopted to indicate how 
much each scenario may reduce the risk of falling for 
older adults. The rating factor 1.00 represents opti-
mal risk reduction; the scaled numbers from 1.00 to l 
0.00 represents the scaled reduction of the risk of 
falling for older adults, as illustrated in Table 1. The 
rating factor 0.0 means that the feature does not 
exist. For example, if the handrail does not exist, the 
rating factor of the “handrail existing” feature will be 
0.00. 
 
Table1. Explanations of rating factors 

Rating 
Factor  Explanation  

1.00  The risk of falling for older adults is optimally 
reduced by the selected scenario  (Optimal 
design feature)  
 
 

0.75  The risk of falling for older adults is strongly 
reduced by the selected scenario  (Strong de-
sign feature)  
 
 

0.50  The risk of falling for older adults is moderately 
reduced by the selected scenario  (moderate 
design feature)  
 
 

0.25  The risk of falling for older adults is increased by 
the selected scenario  (weak design feature)  
 
 

0.00  The design features does not exist  (Highest risk 
of falling)  

 
ELEMENT 1: STAIRCASE GEOMETRICAL DESIGN 
From the perspective of investigating the risk of fall-
ing for older adults, staircase configuration10, 13, 17-19; 
and length of each flight12, 13, 18 of the staircase are 
two important factors. Therefore, staircase geomet-
rical design, as an element, can be divided into two 
main features that specify its architectural design: 1) 
staircase configuration which represents variation in 
staircase shapes (straight, circular or composite); 
and 2) number of steps per flight.  
 
Feature 1: staircase configuration 
This paper covers a wide range of staircase configu-
rations including: 1) U-shape staircases; 2) Quarter 
turn staircases; 3) Straight staircases with landing; 4) 
Straight staircases without landing; 5) Helical stair-
cases; 6) Spiral staircases; and 7) Composite stair-
cases, illustrated in Figure 2, arranged from highest 
to lowest risk reduction in terms of falling for older 
adults. The optimal staircase design has been found 



to be the U-shaped staircase deign18, 20, which has 
an associated rating factor of 1.00.  
 
The composite staircase is defined as a mixed stair-
case configuration in one staircase connecting two 
floors. The worst staircase configuration is the com-
posite staircase, as it causes an irregular gait pattern 
which increases the risk of falling for older adults10, 18, 

19, 21. The composite staircase has an associated 
rating factor of 0.20. The remaining staircase config-
urations have a range of rating factors according to 
how much each staircase configuration reduces the 
risk of falling for older adults.  
 

  
 

 
 

 

 

 

 

 
Fig.2. Staircase geometrical design: staircase configu-
ration 
 
Feature 2: number of steps per flight 
Long flights (over 12 steps) or short flights (less than 
6 steps) have been found to increase the risk 
falling12, 13, 18. There are four scenarios for the “num-
ber of steps per flight” feature: 1)  10 ≤ number of 
steps per flight ≤ 12, which  is the optimal case and 

has an associated rating factor of 1.00; 2) 7 ≤ nu m-
ber of steps per flight < 10, which is an over moder-
ate case with an assigned rating factor of 0.6; 3) 
number of steps per flight ≤ 6 ; and 4) number of 
steps per flight ≥ 12 which has  the worst case sce-
narios with an associated rating factor of 0.25 indi-
cating that they highly increase the risk of falling for 
older adults. 
 
 
ELEMENT 2: HANDRAIL DESIGN 
The handrail is an essential tool that assists older 
adults’ movement while ascending and descending 
staircases22. Handrail design consists of six features: 
handrail existence, handrail height, handrail cross-
section, handrail surface texture, handrail extension, 
and minimum handrail-wall clearance. These six 
features are chosen to represent the handrail design 
specifications that have been found to reduce the 
risk of falling for older adults. To express importance 
of each scenario compared to others, a suitable 
rating factor is assigned to each of the scenarios 
according to the potential reduction in the risk of 
falling for older adults. 
 
Feature 1: handrail existence 
Evidence suggests that as a person ages, the need 
for a handrail increases.  Safety in ascending and 
descending a staircase is further enhanced when a 
handrail exists on both sides of the staircase11, 22. 
The scenarios for “handrail existence” are: 1) to have 
one handrail on each side of the staircase, which is 
the optimal design scenario with a rating factor of 
1.00; 2) to have one handrail on one side of the 
staircase, which has an associated rating factor of 
0.7 as a moderate case; and 3) to have no handrail 
on either side of the staircase with a rating factor of 
0.00 as the feature does not exist. 
 
Feature 2: handrail height 
Handrail height is the vertical line from the top of the 
rail to the outside edge of the staircase, as illustrated 
in Figure 3(a). There are four scenarios for the 
“handrail height” feature15, 18: 1) 910 ≤ handrail height 
≤ 970, which is considered the optimal handrail 
height, as it is the most preferred height by older 
adult users15, and has an associated rating factor of 
1.00; 2) handrail height ≤ 910;  and 3) handrail height 
≥ 1,000, both of these cases are the worst case 
scenarios with a rating factor of 0.4 as lower than 
moderate design; and 4) 970 ≤ h andrail height ≤ 
1,000, which is neither the optimal nor the worst 
case with an associated rating factor of 0.7 as an 
over moderate design. 
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Legend: 
(a) Straight flight staircases with landing, (b) Straight 
flight staircases without landing, (c) Quarter turn stair-
cases, (e) U-Shape staircases, (f) Spiral staircases, (g) 
Helical staircases, (h) Composite staircases: (h1) 
Example illustrates inconsistency of step dimensions 
throughout the staircase, (h2) Example illustrates mix-
ing straight and circular flights, (h3) Example illustrates 
winder staircase 
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Fig.3. Schematic diagram for handrail specifications 
 
Feature 3: handrail cross-section 
By facilitating handrail graspability, the risk of falling 
could be reduced14. To facilitate graspability of the 
handrail a suitable handrail cross-section should be 
selected14. The “handrail cross-section” feature is 
considered to be a function of the handrail shape 
and the handrail cross-section dimension14, 19.  The 
optimal scenario, based on the ability to grasp the 
handrail, is to have a circular handrail cross-section 
with a circumferences between 100-mm (32-mm 
diameter) and 160-mm (51-mm diameter), or to have 
an oval handrail cross-section with dimension of 50-
mm in height and 37-mm in width14. These two sce-
narios have an associated rating factor of 1.00 rep-
resenting the optimal case of the handrail cross-
section. Other handrail shapes and dimensions are 
rated as over moderate designs as they have been 
found to have lower level of comfortability in most 
cases14.  
 
Feature 4: handrail surface texture 
In order to facilitate handrail graspability, the surface 
texture needs to be not too smooth or not too 
rough14, 18. This case is considered as the first sce-
nario of the “handrail surface texture” feature, and 
rated as 1.00 to represent the optimal scenario.  The 
second scenario is to have too smooth handrail sur-
face texture or too rough handrail surface texture. In 
that case the associated rating factor is 0.25 as it 
highly increases the risk of falling14, 18. 
 
Feature 5: handrail extension 
Handrail extension, as illustrated in Figure 3(b), at 
the top and bottom of staircases has been found to 
be important in assessing older adult movement 
when ascending or descending the staircases11. 
There are four scenarios for the dimension of the 
“handrail extension” feature11: 1) 320 ≤ handrail ex-
tension on at least one handrail ≤ 480,  which is the 
optimal scenario and has an associated rating of 
1.00; 2) handrail extension on at least one handrail ≥ 
480, which is lower than the optimal case scenario 
with an associated rating factor of 0.8; 3) no handrail 

extension, which is associated with a rating factor of 
0.5 as it moderately increases the risk of falling for 
older adults; and 4) handrail extension on at least 
one handrail ≤  320 is the worst scenario as it has 
been found that a short handrail extension increases 
the risk of falling more than no handrail extension11, 
thus the associated rating factor is 0.4. 
 
Feature 6: minimum handrail-wall clearance 
The purpose of investigating the minimum handrail-
wall clearance, illustrated in Figure 3(b), is to provide 
a sufficient space to grasp the handrail in case of a 
falling emergency. There are four scenarios for the 
“min handrail-wall clearance” feature18, 23: 1) a 
smooth wall surface and handrail-wall clearance ≥ 
57-mm; and 2) a rough wall surface and handrail-
wall clearance ≥ 75-mm, both of these cases are the 
optimal cases which have a rating factor of 1.00; 3)  
a smooth wall surface and handrail-wall clearance < 
57-mm; and 4) a rough wall surface and handrail-
wall clearance < 75-mm, these two cases are the 
worst scenarios as they increase the risk of having 
finger injuries while moving the hand on the handrail 
and increase the risk of falling when ascending or 
descending the staircase11, and thus have a rating 
factor of 0.4 indicating a lower than moderate de-
sign.  
 
ELEMENT 3: LIGHTING 
Poor vision is associated with increasing the risk of 
falling for older adults on staircases as they often 
require an increased lighting level24, 25. The lighting 
element is divided into three features that specify: 1) 
illumination level; 2) consistency of lighting; 3) light 
switch types and locations.  
 
Feature 1: illumination level 
Lighting for older adults has been recommended by 
Illuminating Engineering Society of North America- 
IESNA to be a minimum of 300-lux throughout the 
entire staircase24. The “Illumination level” feature is 
divided into two scenarios: 1) illumination level ≥ 
300-lux, which is the optimal scenario and has an 
associated rating factor of 1.00; and 2) illumination 
level ≤ 300-lux, which is the worst scenario and has 
an associated rating factor of 0.4.  
 
Feature 2: consistency of lighting 
Providing consistent lighting throughout the entire 
staircase is a very important factor that contributes to 
reducing the risk of falling for older adults18, 24. 
Providing inconsistent lighting may cause shaded 
areas on staircases which could cause confusion 
and might result in falls18, 24. Two scenarios are pro-
vided for the “consistency of lighting” feature: 1) 
consistent staircase lighting, which is the optimal 
scenario and has an associated rating factor of 1.00; 
2) inconsistent staircase lighting, which is the worst 

(b) (a) 

Handrail 

Legend: 
(a) Section through the staircase 
(b) Section through the handrail  

Wall 

Hh: Handrail Height 
Hex: Handrail extension  
Hw: Handrail-wall clearance 

 



scenario and has an associated rating factor of 0.4. 
 
Feature 3: light switch types and locations 
In order to reduce the risk of falling, light switches 
need to be placed away from the staircase path and 
should be two-way 18, 19. Four scenarios are provided 
for the “light switches” feature. The first scenario is 
light switch away from staircase path and two-way 
light switch, which is the optimal case and has an 
associated rating factor of 1.00. The second and 
third scenarios are: 1) light switch through staircase 
path and two-way light switch, and 2) light switch 
away from staircase path and one-way light switch, 
both scenarios are slightly over the moderate case 
with associated rating factor of 0.6. The last scenario 
is light switch through staircase path and one-way 
light switch, which is the worst case with an associ-
ated rating factor of 0.4. 
 
ELEMENT 4: STEP DESIGN 
The step design element considers step design 
specifications, which are: 1) going depth; riser 
height; nosing shape and dimensions; and step fin-
ishing material (see Figure 4). In this paper, the se-
lected step design specification is based on the most 
preferred step dimensions provided in previous evi-
dence-based studies for different age groups, includ-
ing older adults16, 18. 
 

 
 
 
 
 
 
Fig.4. Schematic diagram for step specifications 
 
Feature 1: going depth 
The going depth represents the depth of the tread 
without nosing (see Figure 4). For the “minimum 
going depth dimension” feature, there are three sce-
narios16, 18: 1) 280 ≤ going depth ≤ 330, which is the 
optimal scenario and has an associated rating factor 
of 1.00; 2) going depth ≤ 280;  and 3) going depth ≥ 
330. The latter two scenarios are the worst case and 
have an associated rating factor of 0.4. 
 
Feature 2: riser height 
Three scenarios are provided for the “minimum riser 
height dimension” feature16, 18: 1) 152≤ riser height 

dimension ≤  190 which is the optimal scenario and 
has an associated rating factor of 1.00; 2) riser 
height dimension ≤  152; and 3) riser height dimen-
sion ≥ 190. The latter two scenarios are the worst 
case and have an associated rating factor of 0.4. 
 
Feature 3: nosing 
Safer staircase design can be achieved by optimiz-
ing the staircase nosing18, 26. The optimal scenario 
for the “nosing design” feature is to be rounded with 
nosing depth between 15-mm and 25-mm18, 26. The 
worst case scenario is not to be rounded with nosing 
depth outside of the range of the optimal scenario. 
The worst case has an associated rating factor of 
0.25 as it is highly associated with increasing the risk 
of falling for older adults26. Intermediate cases such 
as satisfying the optimal nosing dimension, but not 
satisfying the optimal shape also have intermediate 
rating factors.  
 
Feature 4: step finishing material 
Finishing step material represents the texture, pat-
tern and color of the finishing material of each stair-
case step. The optimal case scenario for the “finish-
ing step material” feature is to have cohesive finish-
ing material with uniform slip-resistance for the stair-
case steps18, 26, which has an associated rating fac-
tor of 1.00. The worst case scenario is to have non-
cohesive finishing material and non-uniform slip-
resistance for staircase steps. In this case, the asso-
ciated rating factor is assigned to be 0.4.  
 
ASSESSMENT CALCULATIONS 
One scenario is selected to represent the proposed 
staircase design. Based on the rating factor (R) that 
is assigned to each scenario for each feature, an 

average rating factor ( ) is calculated for each ele-

ment, representing the selected scenario of each 
feature. This average rating factor represents how 
much the proposed features for each element re-
duces the risk of falling for older adults. The average 
rating factor must satisfy Equation 1. 
 

( )R(Y)= R(X) /n ∑                                 (1) 

 
Where:  
 

(Y) = average rating factor ( ) for element Y; 
R(X) = rating factor (R) for feature X; 
Y     = index for element symbol; 
X     = index for feature symbol; and 
n      = the total number of features for element Y 
(n=2 for staircase geometrical design (G), n=6 for 
handrail design element (H), n=3 for lighting ele-
ment (L), and n=4 for step design element (S)). 
 

Legend: 
Sr: Riser Height 
St: Going (tread w/o nosing) depth 

  



A rating number (N) is generated to represent and 
rank the importance of each of the four elements. 
The summation of the four rating numbers is 100. 
This paper proposes an equal rating number (N) for 
the four staircase elements (25 each). The corrected 
rating number Nc(Y), is calculated by multiplying the 
rating number by the average rating factor of each 
element, which represents how much each element, 
relative to the other elements, reduces the risk of 
falling for older adults. The corrected rating number 
Nc(Y) for each of the four elements must satisfy 
Equation 2.  
 

cN (Y)=R (Y) N(Y)                                  (2) 
 
Where: 
 

Nc(Y)  = corrected rating number for element Y; 
(Y)  = average rating factor ( ) for element Y; 

N(Y)   = rating number (N) for design element Y; 
Y       = index for element symbol. 

The summation of the four corrected rating numbers 
represents how much the proposed staircase design 
reduces the risk of falling for older adults. Thus, in 
the perfect hypothetical case, the staircase rating 
must equal 100. The total rating for staircase design 
is calculated satisfying Equation 3.  
 

total cN = N (X)∑                                          (3) 

 
Where: 
 

Ntotal   = total rating number of the proposed stair-
case architectural design;  
Nc(X) = corrected rating number for staircase el-
ement (X). 

 
A scale is developed to categorize the total rating of 
the staircase from the perspective of reducing the 
risk of falling for older adults. A total rating from (100 
to 90) represents the optimal staircase design; (90 to 
65) represents strong staircase design; (65 to 40) 
represents moderate staircase design; (40 to 15) 
represents a weak staircase design; and (15 to 0) 
represents the staircase design associated with the 
highest risk of falling. 
 
DESIGN ASSESSMENT TREE (DAT) 
The Design Assessment Tree (DAT) is a decision 
tree that has only decision nodes. DAT works as a 
manual for architects to represent a complete vision 
for staircase assessment for any proposed design. In 
addition, DAT allows the architect to visualize the 
optimal design scenario compared to other scenarios 
in each branch. Each individual branch in the DAT 
carries the rating factor (R) of each scenario. There 

are two columns at the end of each DAT branch, as 
illustrated in Figure 5: the first column lists the aver-
age rating factor for each design scenario, calculated 
by satisfying Equation 1; the second column displays 
the corrected rating number Nc(Y) for each design 
scenario, calculated by satisfying Equation 2. DAT is 
developed for each element independently.  

 
Fig.5. part of the DAT for lighting switches feature illus-
trates the associated R and Nc for each scenario 
 
CASE EXAMPLE 

 
Fig.6. Perspective/plan: straight staircases w/o landing 
 
To illustrate the effectiveness of the proposed stair-
case assessment, the case example of straight stair-
case without landing is presented, as shown in Fig-
ure 6. The proposed staircase consists of 16 steps 
per flight; with a handrail height of 900-mm and it 
exists in one side of the staircase. The handrail 
cross-section shape is rectangular with smoothed 
edges. The illumination level = 250-lux and the light-
ing throughout the staircase is consistent. The light 
switch is away from the staircase path and is a two-
way switch. Tables 2, 3, 4 and 5 illustrate the actual 
scenarios for each feature based on the proposed 
staircase design, and provide the associated rating 
factors. 
 
Table2. Features of staircase geometrical design 
Feature 
no  

Feature’s 
name  

Proposed 
 scenario  

Rating 
factor(R  

Feature 1  Staircase 
configuration  

Straight stair-
cases without 
landing  

0.4  

Feature 2  Step no/ 
flight  

(Gs=16 steps) ≥ 
12  

0.25  

 



 R 

Table3. Features of handrail design 
Feature 
No 

Feature’s 
name  

Proposed  
scenario 

Rating 
factor(R) 

Feature 1  Handrail 
existence 

One handrail 0.7 

Feature 2  Handrail 
height 

(Hh = 900)  ≤ 910 -
mm 

0.4 

Feature 3  Handrail 
cross-
section 

Other handrail 
shapes and di-
mensions 

0.7 

Feature 4  Handrail 
surface 
texture 

Comfortable hand-
rail surface texture 
(not too smooth or 
not too rough) 

1 

Feature 5  Handrail 
extension 

No handrail exten-
sion 

0.5 

Feature 6  Minimum 
Handrail-
wall 
clearance 

Smooth wall sur-
face and handrail-
wall clearance ≥ 
57-mm 

1 

 
Table4. Features of lighting 
Feature 
No 

Feature’s 
name  

Proposed  
scenario 

Rating 
factor(R) 

Feature 1  Illumina-
tion level  

(Li=250-lux) ≤ 
300-lux 

0.4 

Feature 2  Consis-
tence 
lighting 
amount 

Lighting through-
out staircases is 
consistent 

1 

Feature 3  Light 
switches 

Light switch away 
from staircases 
path and two- way 
light switch  

1 

 
Table5. Features of step design 
Feature 
No 

Feature’s 
name  

Proposed  
scenario 

Rating 
factor(R) 

Feature 1 Going 
depth  

(Sg=  269-mm)  ≤ 
280-mm 

0.4 

Feature 2 Riser 
height  

152≤ (Sr = 174-
mm)≤190-mm  

1 

Feature 3  Nosing  (Nosing dimen-
sion=40-mm) ≥25-
mm and not rounded  

0.5 

Feature 4  Step 
finishing 
material 

Finish material pro-
vide evened 
throughout the stairs 
and provide uniform 
slip-resistance  

1 

 
The average rating factor ( ) for the staircase geo-
metrical design element (G), handrail design (H), 
lighting (L) and step design (S) is calculated satisfy-
ing Equation 1 as follows: 
 

( )R (G)  =  0.4+ 0.25 /2 = 0.325

( )R(H) = 0.7 + 0.4 + 0.7 + 1 + 0.5 + 1 /6 = 0.72

( )R(L) = 0.4 + 1 + 1 / 3 0.8=  

( )R(S) = 0.4 + 1 + 0.5 + 1 /4 = 0.725  

The corrected rating number for the staircase geo-
metric design element (G) handrail design (H), light-
ing (L), and step design (S) is calculated satisfying 
Equation 2 as follows: 

cN (G) = R (G) N(G) = 0.325*25 = 8.13
 

cN (H) = R (H) N(H) = 0.72*25 = 18
 

cN (L) = R (L) N(L) = 0.8*25 = 20
 

cN (S) = R (S) N(S) = 0.725*25 = 18.13
 

 

The total rating for the proposed straight staircase 
without landing is obtained by satisfying Equation 3. 
The total rating for the proposed staircase design 
(64.26) indicates that the proposed straight staircase 
without landing has a moderate staircase design. 
 

totalN = 8.13 18 20 18.13 64.26+ + + =  
 
The same results can be obtained by selecting DAT 
branches that express the proposed scenarios. The 
total rating of the staircase can be optimized by se-
lecting better scenarios for different design features 
from the developed DAT. For example, as illustrated 
in Figure 6, the number of steps per flight can be 
optimized by selecting the optimal scenario, with an 
associated rating factor of 1.00, which is to have 
between 10 to 12 steps per flight. Also, the effect of 
choosing a certain scenario on the average rating 
factor ( ) can be tracked. Therefore, the architect 
might decide to add a landing in the middle of the 
staircase to satisfy the optimal number of steps per 
flight; in that case, the average rating factor will be 
optimized from 0.33 to 0.7. This process can be 
applied to different features of the four elements to 
optimize the whole staircase design. The advantage 
of using DAT for optimization is that rating factor for 
the different scenarios of each feature are visually 
easier to extract and compare.   
 

 

Fig.6. scenarios for number of steps per flight and its 
associated rating factors 



 
CONCLUSION 
This paper proposes an integrated assessment for 
staircase architectural design which aims to reduce 
the risk of falling for older adults. The assessment 
considers all the features of staircase design that 
could be improved through different scenarios. The 
assessment has been developed by evidence-based 
analysis of the staircase elements (staircase geo-
metrical design, handrail design, lighting, step de-
sign). The proposed integrated staircase rating sys-
tem enables architects to assess the proposed stair-
case design with the aim of reducing the risk of fall-
ing for older adults. Additionally, the developed inte-
grated staircase rating system and DAT can be used 
as a design tool to improve staircase design through 
choosing alternative scenarios for different design 
features. A case example is analyzed to demonstrate 
the use of the proposed staircase assessment. 
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