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Participant List
Age category: Kids

Gender Age Lighting Footwear Test type

Abstract

1 Sohail M Good Shoes with rubber sole Candid
2 Muhammed M 12 Good Rubber Sole Slippers Interview & Simulation
. . . . . 3 Zeena F 11 Moderate Rubber sole sandals Simulation

A comprehensive movement analysis of staircase climbing can help 4 Ziad M 14 Good Sandals Interview & Simulation
in the research of several rehabilitation methods. This research study . . e Sencels interview & Simutation
provides the investigations and observations of a human’s lower : e v . St ;:;“Fjgﬁfe”"'e interview & Aimutation
extremity during ascent and descent walking at different o Zumana F B Voderate Sandals Interview & Simulation
. . . L. . . . 10 Humaira F 11 Good Barefoot Candid
inclinations. In addition to this, the analysis of staircase ascent and 11 Jasra F 13 Good sandals Interview & Simulation

descent can be useful in in the design of private and public
environment where staircase is employed. Several normal subjects
were ascended and descended a flight of staircase at similar

Participant List
Age category: Adults

Age Lighting Footwear Test type

1 Abijit M Good Sandals Interview & Simulation

inclinations for the study. Observations such as the subject’s starting : Ankur M B Voot sandals Interview & Simulation
. i . . 3 Negi M 25 Good Shoes Interview & Simulation
position and reaching position, hand railing usage, ascend and 4 Deepak M 25 Good Sandals Interview & Simulation
L. L. L. L. 5 Dinesh M 24 Good Flip Flops Interview & Simulation

descent speed, Foot position, knee position, Body position, vision, 6 Pooja F 23 Moderate Sandals Interview & Simulation
. . . . 7 Kumaran M 23 Moderate Sandals Interview & Simulation
stuttering were noted also their psychological feel on staircase, g Gautam M 2 Good Sandals Interview &Simulation
. . . . . Naveen M 24 Good Sandals Interview & Simulation
handrail material and also their problems were also interviewed. Deviks . e condale nteriow & Simulation
Shankar M 26 Moderate Flip Flops Interview & Simulation

Dinesh Raj M 27 Good Sandals Interview & Simulation

Vignesh M 28 Good Sandals Interview & Simulation

Irshath M 23 Good Flip Flops Interview & Simulation

Methods

The Investigations and Observations were done in three types of
methods such as Interviews, Simulations and candidly observing

Participant List
Age category: Adults

Gender Age Lighting Footwear Test type

1 Jarina F Good Sandals Interview & Simulation

people at public places and homes. The observations were done for 2 Hajira F o4 Good sandals Intenview & Simulation
3 Malika F 67 Good Sandals Interview & Simulation

different age groups such as kids, adults and elders respectively. 4 Fathima F 65 Moderate Sandals Interview & Simulation
5 Jamila F 79 Good Sandals Interview & Simulation

6 Ismail M 74 Good Flip Flops Interview & Simulation

. . . . . 7 Rahamathnisa B 49 Good Sandals Interview & Simulation

The ParthlpantS IlSt IS glven bEIOW- 8 Abdul salam M 80 Good Flip Flops Interview & Simulation
Fathima F 78 Good Sandals Interview & Simulation

Yousuff M 71 Moderate Flip Flops Interview & Simulation

Jaleel M 51 Moderate Shoes Interview & Simulation

Bapat M 66 Good Flip Flops Interview & Simulation

Mohan M 56 Good Shoes Interview & Simulation

Table 1: List of Participants
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What's a staircase?

A stairway, staircase, stairwell, flight of stairs, or simply stairs is a
construction designed to bridge a large vertical distance by dividing
it into smaller vertical distances, called steps. Stairs may be straight,
round, or may consist of two or more straight pieces connected at
angles.

Components of a typical staircase

A stair, or a stair step is one step in a flight of stairs. In
buildings, staircase is a term applied to a complete flight of steps
between two floors. A stair flight is a run of stairs or steps between
landings. A staircase or stairway is one or more flights of stairs
leading from one floor to another, and includes landings, newel
posts, handrails, balustrades and additional parts. A stairwell is a
compartment extending vertically through a building in which stairs
are placed. A stair hall is the stairs, landings, hallways, or other
portions of the public hall through which it is necessary to pass when
going from the entrance floor to the other floors of a building. Box
stairs are stairs built between walls, usually with no support except
the wall strings.

Stairs may be in a straight run, leading from one floor to another
without a turn or change in direction. Stairs may change direction,
commonly by two straight flights connected at a 90° angle landing.

Stairs may also return onto themselves with 180° angle landings at
each end of straight flights forming a vertical stairway commonly
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used in multi-story and high-rise buildings. Many variations of
geometrical stairs may be formed of circular, elliptical and irregular
constructions.

Staircase Anatomy
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Figure 1: Components of a staircase



Step
Each step is composed of tread and riser.

Tread
The part of the stairway that is stepped on. It is constructed to the
same specifications (thickness) as any other flooring. The tread
"depth" is measured from the outer edge of the step to the vertical
"riser" between steps. The "width" is measured from one side to the
other.

Riser
The vertical portion between each tread on the stair. This may be
missing for an "open" stair effect.

Nosing

An edge part of the tread that protrudes over the riser beneath. If it
is present, this means that, measured horizontally, the total "run"
length of the stairs is not simply the sum of the tread lengths, as the
treads overlap each other.

The railing system
The balustrade is the system of railings and balusters that prevents
people from falling over the edge.

Railing or Handrail

The angled member for handholding, as distinguished from the
vertical balusters which hold it up for stairs that are open on one
side; there is often a railing on both sides, sometimes only on one
side or not at all, on wide staircases there is sometimes also one in
the middle, or even more. The term "banister" is sometimes used to

mean just the handrail, or sometimes the handrail and the balusters
or sometimes just the balusters.

Baluster

A term for the vertical posts that hold up the handrail. Sometimes
simply called guards or spindles. Treads often require two balusters.
The second baluster is closer to the riser and is taller than the first.
The extra height in the second baluster is typically in the middle
between decorative elements on the baluster. That way the bottom
decorative elements are aligned with the tread and the top elements
are aligned with the railing angle.

What is staircase climbing?

Staircase climbing is nothing but climbing a flight of stairs. Stair
climbing expends more energy per minute than jogging, is readily
available to most of the population, and the activity can be
accumulated throughout the day as part of work, leisure and home
life. The University of Birmingham’s research indicates that stair
climbing interventions produce a 6.4% increase in usage of public
access stairs, with a 12.3% increase recently reported in one
workplace. Stair climbing represents a simple form of preventive
medicine for weight gain. An average weight man for example, i.e.
80 kg, who climbs stairs in his home an extra ten times each day,
accumulates energy expenditure equivalent to 1.3kg of fat over a
year.
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How do people Climb Staircase?

Firstly, it is important for one to know about how a humans climb
staircase. Things like how they use their hands, legs, body and eyes
work individually as well as integration of all the parts of the body
work. It is also important to understand the biomechanics of human
body to fully understand how each age group tackle a typical
staircase.
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Figure 2: Phases of walking

Following is the break down of the technique of stair-climbing in
general.

In terms of what moves our body from one step to the next, there
are two main actions performed in stair climbing: hip
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extension (where we pull the thigh back and down, away from our
torso) and knee extension (where we straighten the leg at the knee
joint).

Of course, when we move the other leg forwards to the next step,
you are flexing at the knee and the hip, but the actions that actually
move our body up the staircase are extension and extension. We
straighten the knee, and straighten the hip, and this moves our body
through space. It is easy not to think in these terms, because as we
move forward we think of the leg that is moving forward, but of
course it is the leg that remains on the ground that propels our body
forwards and in this case upwards, and it is in the action of this leg
that we see either efficient or inefficient movement patterns
expressed.
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Figure 3: Angles of walking phases



For the sake of simplicity, we can think of it this
way: extension occurs when a joint opens and flexion occurs when it
closes. For whatever reason, many of us rely more on knee extension
than deriving power from the hips and buttocks, which is to our
detriment. Many of us have weak buttocks, relative to our thigh
muscles, but as to why this is? There are many theories, ranging from
too much sitting, to too much imbalanced sports-playing.

A survey on use-preference of staircase
or elevator.

As staircase plays an important role in vertical transportation of
building, the research of human behaviour on it will benefit on
promoting the efficiency of transportation, comfort and experience
level.

Through the following analysis on different use frequencies and
different behaviours of different people with a scissor staircase and
an elevator, this survey has found some use-preferences and tries to
quantify the psychological effect, with the aim giving some reference
on staircase-elevator choosing for buildings.

Method: This survey was taken in the main building where there is
an elevator just adjacent to the staircase. And then IDC building
where the elevator is kept away from the staircase. The methods of
survey include counting and observation with photography.

Figure 4 & 5: Experiment Location - IIT Main building
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YA-Younger adults (18-40) OA-Older adults (40+)

Includes office employees, Security personnel and Students.
Results from the Main building at lIT.

Survey Taken on Monday February 6™ 2017 (9AM)

Total number of people went upstairs/downstairs: 38 (23 YA - 15 OA)
No. of people who used staircase: 16 (14 YA - 2 OA) (42%)
No. of people who used elevator: 22 (9 YA - 13 OA) (58%)

No. of people who went to first floor: 15 (11 YA - 4 OA)
No. of people who used staircase: 9 (8 YA - 1 OA) (60%)
No. of people who used elevator: 6 (3 YA - 3 OA) (40%)

No. of people who went to Second floor: 23 (9 YA - 14 OA)
No. of people who used staircase: 7 (7 YA - 0 OA) (30%)
No. of people who used elevator: 16 (2 YA - 14 OA) (70%)

Survey Taken on Tuesday February 7" 2017 (9AM)

Total number of people went upstairs/downstairs: 41 (27 YA - 14 OA)
No. of people who used staircase: 17 (17 YA - 0 OA) (40%)
No. of people who used elevator: 24 (10 YA - 14 OA) (60%)

No. of people who went to first floor: 17 (13 YA - 4 OA)
No. of people who used staircase: 11 (10 YA - 1 OA) (64%)
No. of people who used elevator: 6 (3 YA - 3 OA) (36%)

No. of people who went to Second floor: 24 (7 YA - 17 OA)

No. of people who used staircase: 6 (6 YA - 0 OA) (25%)
No. of people who used elevator: 18 (1 YA - 17 OA) (75%)
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Results from the IDC building at IIT.
Survey Taken on Monday February 6™ 2017 (2PM)

Total number of people went upstairs/downstairs: 69 (49 YA - 20 OA)
No.
No.

No.
No.
No.

No.
No.
No.

of people who used staircase: 46 (38 YA - 8 OA) (66%)
of people who used elevator: 23 (11 YA - 12 OA) (34%)

of people who went to first floor: 35 (21 YA - 14 OA)
of people who used staircase: 30 (19 YA - 11 OA) (85%)
of people who used elevator: 5 (2 YA - 3 OA) (15%)

of people who went to Second floor: 34 (28 YA - 6 OA)
of people who used staircase: 16 (13 YA - 3 OA) (47%)
of people who used elevator: 18 (15 YA - 3 OA) (53%)

Survey Taken on Tuesday February 7" 2017 (2PM)

Total number of people went upstairs/downstairs: 71 (53 YA - 18 OA)
No.
No.

No.
No.
No.

No.
No.
No.

of people who used staircase: 50 (41 YA - 9 OA) (70%)
of people who used elevator: 21 (12 YA -9 OA) (30%)

of people who went to first floor: 43 (33 YA - 10 OA)
of people who used staircase: 33 (27 YA - 6 OA) (76%)
of people who used elevator: 10 (6 YA - 4 OA) (24%)

of people who went to Second floor: 28 (19 YA - 9 OA)
of people who used staircase: 17 (13 YA - 4 OA) (60%)
of people who used elevator: 11 (6 YA-5 OA) (40%)



Figure 6: Experiment location - Elevator at IDC
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first.
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Inference: This observation shows that the most of the Older adults
prefer elevator no matter what the floor level is. While the No. of
younger adults decreases as the floor level decreases.

* The total number increases as the floor increases

* The total number of older adults is always higher on elevators

* The total number of younger adults is always higher on staircases

* Older adults prefer elevator even if the elevator is kept further
from the staircase

Where do people look for a staircase in a
typical public building?

Many times people are not aware of the presence of a stair. The
steps are often the same colour and texture as surrounding surfaces
(top and bottom levels) and they are often poorly lit and marked,
making them difficult to see. This is probably the primary reason that
a disproportionate number of falls occur in stair runs of just one or
two steps. It is often not obvious to a person that there is a change
in the floor level.

Walk through the front door of a typical production home and the
first thing you’ll see is the staircase. It’s a long-held belief that this
layout, with the base of the stairs located just inside the front
entrance, gives the foyer a traditional look that homeowners want.
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Participant List
Age category: Adults

Gender Age Where would you look for a staircase

1 Abijit M At the Entrance
2 Ankur M 26 At the Entrance
3 Negi M 25 At the Entrance
4 Deepak M 25 At the Entrance
5 Dinesh M 24 At the Entrance
6 Pooja F 23 At the Entrance
7 Kumaran M 23 At the Entrance
8 Gautam M 25 At the Entrance
9 Naveen M 24 At the Entrance
10 Devika F 23 At the Entrance
11 Shankar M 26 At the Entrance
12 Dinesh Raj M 27 At the Entrance
13 Vignesh M 28 Outside the building
14 Irshath M 23 At the Entrance

Participant List
Age category: Adults

Gender Age Where would you look for a staircase

1 Jarina F At the Entrance
p Hajira F 64 At the Entrance
3 Malika F 67 At the Entrance
4 Fathima F 65 Outside the building
5 Jamila F 79 At the Entrance
(3 Ismail M 74 At the Entrance
7 Rahamathnisa F 49 At the Entrance
8 Abdul salam M 80 At the Entrance
9 Fathima F 78 At the Entrance
10 Yousuff M 71 At the Entrance
11 Jaleel M 51 At the Entrance
12 Bapat M 66 Outside the building
13 Mohan M 56 At the Entrance

Table 2: Preferred Staircase location by the participants.

A part of the questionnaire is where would they look for a staircase
in-case if they are new to a building. Most of the people said that
they’d like the staircase to be in-front of the building if its outside
and just inside the entrance if its outside. When asked if they cannot
find the staircase at the front most of them said that they’d ask for
it to anyone at the entrance.



As far as a personal housing are concerned, while a graceful stairwell
at a home’s entry has appeal, | personally believe this design loses
out when it comes to functionality and use of space. Having said this
in a public building the staircase should always be placed at the
entrance.

Gait Cycle

A key tool for communication and identifying and defining loco-
motor tasks such as stair ambulation is the gait cycle. During stair
ascent and stair descent, the lower limbs move in a cyclical pattern
similar to that of level walking, and the gait cycle for both tasks is
divided into two distinct phases: the stance (support) phase and the
swing phase. Each of the phases is characterized by a distinct length
of time spent in the swing and stance phases.

). 3 ".%-' o - m |
Figure 8 & 9: Gait cycle dissection of a kid while ascending.

Method

Gait cycle time were calculated using a simple stop watch by
analysing the videos as well as real time calculation. Slow motion
videos were analysed to fully understand the gait cycle.

Older Adults: Stair ascent — 2.5 seconds for stance and 3.5 seconds
for swing (52% stance: 58% swing) and stair descent — 1 second for
stance and 2.6 seconds for swing (28% stance: 72% swing)

Younger Adults: Stair ascent - .18 seconds for stance and .6 seconds
for swing (23% stance: 77% swing) and stair descent- .17 seconds for
stance and .28 seconds for swing (38% stance: 62% swing)

Kids: Stair ascent - .2 seconds for stance and .65 seconds for swing
(24% stance: 76% swing) and stair descent .16 seconds for stance and
.3 seconds for swing (35% stance: 65% swing)

Figure 0 & 11: Gait cycle dissection of kid while descending
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Participant List
Age category: Kids

Gender Ascent Time in sec (stance and swing) Descent Time in sec (stance and swing)
1 Sohail M 10 .20 and .65 .16 and 30
2 Muhammed M 12 .25 and .68 .20 and 35
3 Zeena F 11 .22 and .70 .16 and 35
4 Ziad M 14 .28 and .65 .16 and 28
5 Reshma F 13 .20 and .75 .23 and 36
6 Adil M 10 .28 and .55 .21and 34
7 Shafath M 14 .25 and .68 .15 and 31
8 Joudath M 12 .34and .71 .18 and 38
] Zumana F 16 .15 and .60 .14 and 33
10 Humaira F 11 .25 and .65 .19 and 30
11 Jasra F 13 .20 and .60 .16 and 30

Table 3: Time taken for gait cycle in children
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Participant List
Age category: Younger Adults

Ascent Time in sec (stance and swing) Descent Time in sec (stance and swing)

1 Abijit M 27 .18 and .60 .27 and .29
2 Ankur M 26 .20 and .65 .17 and .28
3 Negi M 25 .17 and .66 .18 and .30
4 Deepak M 25 .14 and .64 .21and .31
5 Dinesh M 24 .2land .71 .18 and .34
6 Pooja F 23 .20 and .60 .16 and .24
7 Kumaran M 23 .17 and .59 .21and .37
8 Gautam M 25 .21 and .59 .19 and .29
) Naveen M 24 .18 and .60 .23 and .38
10 Devika F 23 .18 and .68 .15 and .29
11 Shankar M 26 .28 and .66 .17 and .28
12 Dinesh Raj M 27 .16 and .64 .19 and .38
13 Vignesh M 28 .16 and .69 .23 and .35
14 Irshath M 23 .20 and .60 .17 and .31

Table 4: Time taken for gait cycle in younger adults
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Participant List
Age category: Older Adults

Ascent Time in sec (stance and swing)

Descent Time in sec (stance and swing)
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Jarina
Hajira
Malika
Fathima
Jamila
Ismail
Rahamathnisa
Abdul salam
Fathima
Yousuff
Jaleel
Bapat
Mohan

A

57
64
67
65
79
74
49
80
78
71
51
66
56

2.1and 2.9
2.6 and 4.0
3.1and 4.4
2.7 and 3.8
2.5and 3.6
2.8and 3.6
2.6and 3.9
2.8and 4.0
2.0and 3.1
2.9and 3.8
2.2and 3.0
2.5and 3.5
2.5and 3.5

Table 5: Time taken for gait cycle in older adults

1.0and 2.6
1.2and 2.8
1.0and 2.4
1.2and 2.8
1.4and 2.7
1.5and 2.1
0.7 and 1.5
1.2and 2.0
1.0and 2.6
l1.1and 2.4
0.9 and 2.0
1.1and 1.9
1.1and 2.2



In terms of stair usage, the stance and swing phases are further
subdivided into three sub-phases during support and two sub-
phases during swing. The stance phase during stair ascent is
subdivided into three specific sub-phases:

1) weight acceptance (WA: the initial movement of the body into an
optimal position to be pulled up).

2) pull up (PU: the main progression of ascending from one step to
the subsequent step).

3) and forward continuance (FC: the complete ascent of a step has
occurred and continued progression forward occurs).

Foot
placement
Foot :
clearance ;
Forward ,"’
continuapoe ;" =
Pull-up 4,_,—,7
Weight .
acceptance
/ Swing phase

Stance phase

Figure 12: Types of gait cycle while ascending

The swing phase is subdivided into two specific sub-phases:

1) foot clearance (FCL: the bringing of the leg up and over to the next
step while keeping the foot clear of the intermediate step)

2) foot placement (FP: simultaneous lifting of the swing leg and leg
positioning for foot placement on step).

Similar to ascent, the stance phase of descent is divided into three
specific sub-phases:

1) weight acceptance.

2) forward continuance (FC: the commencement of 13 single leg
support and the body begins to move forward)

3) controlled lowering (CL: the major portion of progression when
descending from one step to the next).

Weight
acceptance

Forward

continuance

Controlled

lowering

Leg pull
through

Foot

j—L{ placement
Swing phas:\_‘_\—

Figure 13: Types of gait cycle while descending

Stance phase

The swing phase of descent is subdivided into two specific sub-
phases:

1) leg pull through (LP: the swing through of the leg)

2) preparation for foot placement (FP).
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Stair Ambulation pattern

Stair ambulation is performed with ease by young healthy persons;
however, the task can be quite challenging for older adults due to
the age-related biomechanical, physiological, and psychological
changes that occur.

There were two types of ascending and descending pattern found.
Step over step and step by step. In short the Older adults who are
over 70 adopted step by step while almost everyone else adopted
step over step pattern.

The Older adults carefully noted where they are keeping their foot
and how they are keeping their foot. They tend to make sure that
they’re foot is safely placed with little to no space left from their heel
to the riser. While the rest of the people subconsciously knew where
they’re placing their foot and how much clearance is left.

Research is still needed to understand dynamic stability during stair
ambulation in older adults as well as various other populations.
Furthermore, analysis of dynamic stability of different stair
ambulation strategies employed by older adults may provide further
insight for why these strategies are chosen and how they aid in the
reduction of falls.
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Alternate stair ambulation

Generally speaking, alternate gait patterns (use of handrail and/or
step-by-step pattern, placement of both feet on the same step prior
to ascending or descending) adopted by older adults during stair
ambulation tends to deviate from the traditional step over-step
pattern used by young healthy individuals.

a & i

POSITION 1 POSITION 2 POSITION 3

STEP-OVER-STEP (SOS)

a a

POSITION 1

(-~

POSITION 2 POSITION 3

STEP-BY-STEP (SBS)

Figure 14: Different patterns in stair ambulation



Step By Step (SBS)

Figure 15: Step By Step as found in Older adults

Figure 16: Step By Step as found in Older adults
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Step Over Step (SOS)

l« u
Figure 17: Step Over Step as found in kids Figure 18: Step Over Step as found in Younger adults
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Participant List
Age category: Adults

Gender Age Lighting Ambulation Pattern

1 Jarina F 57 Good Step over Step
2 Hajira F 64 Good Step over Step
3 Malika F 67 Good Step over Step
4 Fathima F 65 Moderate Step over Step
5 Jamila F 79 Good Step by Step
6 Ismail M 74 Good Step by Step
7 Rahamathnisa F 49 Good Step over Step
8 Abdul salam M 80 Good Step by Step
9 Fathima F 78 Good Step by Step
10 Yousuff M 71 Moderate Step over Step
11 Jaleel M 51 Moderate Step over Step
12 Bapat M 66 Good Step over Step
13 Mohan M 56 Good Step over Step

Table 6: Different types of stair ambulation pattern found under Older adults ( marked in yellow are Older adults over 75)

27



Fear of falling

Fear of falling has been identified as a key health issue amongst older

interviewed. Fear of falling is often associated with poor health
status, impaired balance, gait abnormalities, sex, history of falls etc.

Having said that The fear of fall is completely absent in younger
adults as well kids since they’re confident with their stair
ambulation.

adults, with an estimated prevalence of 50 percent of the people

Gender

Age

Lighting

Participant List
Age category: Adults

A W N -

10

11
12
13

Jarina

Hajira

Malika
Fathima

Jamila

Ismail
Rahamathnisa

Abdul salam

Fathima

Yousuff

Jaleel
Bapat
Mohan

57
64
67
65

79

74
49
80

78

71

51
66
56

Good

Good

Good
Moderate

Good

Good
Good

Good

Good

Moderate

Moderate
Good
Good

Test type Fear of fall
Interview & Simulation Confident
Interview & Simulation Confident
Interview & Simulation Confident
Interview & Simulation Confident
Interview & Simulation Poor Physical Health, Higher age
Interview & Simulation History of fall, Higher levels of anxiety
Interview & Simulation Confident
Interview & Simulation Increased Age, Poor Balance
Interview & Simulation Balance abnormalities

Frailty, Feels weak after climbing staircase, Previous injuries to ankle, Pain:

Interview & Simulation . .
increases over time

Interview & Simulation Confident
Interview & Simulation Confident
Interview & Simulation Confident

Table 7: Reasons of people who have fear of fall (Marked in yellow are Older adults who are aged 70+)
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Handrail usage

There are several variations of stair climbing patterns, one of which
is the use of the handrail. A handrail is a multipurpose tool that
provides both physical and psychological support that may prevent
falls after a trip or slip, decrease loads through the lower limb, or
simply augment stability while negotiating stairs. Falling down the
stairs can lead to serious injuries such as fractures and sprains. Many
such injuries can be avoided by simply using handrails.

Though the majority of the users said that they do not use the
handrail outright, they feel that the handrail should be present in all
staircases regardless of its size just so that they feel secured from
falling out. A small survey was done among different age groups and
are as follows.

Most kids did not even realise that they did not use the handrails but
some felt that the handrails are not made for their size. One has to
reach above their head to access the handrail to use them and they
also said that they do not feel the need to use them. While the
Younger adults recognize the presence of handrails, the majority of
them said that they do not feel the need to use them unless they
have any lower limb injuries/difficulties.

However, the answers from the Older Adults were completely
different. The majority felt that the handrails are utmost important
part of a staircase and they felt that the handrails play a major role
in ambulation for them. The fear of fall plays a major role in Older
adults who uses the handrails frequently.

The methods involve interviews and observing people at random
public places.

Total Younger Adults and Kids: 41

I am physically fit and | frequently use handrails - 5 (13%)
| am physically fit and | rarely use handrails - 8 (19%)

| am physically fit and | never use handrails - 28 (68%)
Total number of Older Adults: 29

| am able-bodied and | frequently use handrails - 19 (66%)
| am able-bodied and | rarely use handrails - 7 (24%)

| am able-bodied and | never use handrails — 3 (10%)
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Pinch Grip versus Power Grip

Many researchers have examined grip force capabilities of the
human hand. Results of this research indicate that the power grip
optimizes grip forces in the hand. Round shaped rails with a diameter
of about 1.5 inches maximize grip forces for adults, while a diameter
of between 1.125 and 1.25 inches maximizes grip forces for children.

Power grip Pinch Grip

Figure 18: Types of grips

Rectangular shaped boards tipped on edge produce a nice
decorative effect as a handrail and are often easier to attach than
round shaped railings. But, as you can see from Figure 4, this type
handrail requires a pinch grip, the least effective grip for maximizing
the gripping forces in the human hand.

30

Figures 19-22: Handrail usage of different aged people



Figure 24: Pinch Grip

Figure 23: Power Grip
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10

11

12

13

Jarina

Hajira

Malika

Fathima

Jamila

Ismail

Rahamathnisa
Abdul salam

Fathima

Yousuff

Jaleel

Bapat

Mohan

Gender

M
M
M

Age

57

64

67

65

79

74

49
80

78

71

51

66
56

Age category: Adults

Lighting Do you use handrails?

Good

Good

Good

Moderate

Good

Good

Good
Good

Good

Moderate

Moderate

Good
Good

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

No

No

No

Comments on Handrails

I'd Like to use circular handrails

| want to use handrails but |
don’t use it when it looks dirty

| want handrails on both the
sides of the staircase even if one
side of the staircase has wall

It should be non Slippery
Its cold on winter months

Steel is getting eroded. Think of
someother material

Nil
Staircase is too wide to hold
both the sides
Small enough to hold properly

| like the feel and look of
wooden ones. Steel ones tend to
get eroded after sometime. |
don’t like the Stainless steel one.
Nil
Flat ones are not so ergonomic

to use
Nil

Table 8: Comments and feedbacks of people who most frequently uses the handrail



Speed of ascend and descend

In order to predict a pedestrian’s walking speed on stairs from
his/her characteristics of and those of the stairs, the relationship
between the walking speed of a pedestrian on stairs and his/her
characteristics, and the relationship between the pedestrians’
walking speeds on stairs were investigated. Understanding
movements of pedestrians is essential to plan and design transport
facilities.

Method
Data were drawn from three study groups.

Group 1)

13 healthy subjects, aged between 50 and 81. All of them could walk
and ascend/descend stairs in their daily lives without any significant
problems.

Group 2)
14 healthy subjects, aged between 23 and 60. They were students
and staff at IDC.

Group 3)
11 healthy subjects, aged between 10 and 16. They were kids
studying 6" grade to 10" grade.

Each participant was instructed to ascend and descend a staircase as
well as to walk on a flat surface, inside the IDC building as well as the
staircase that other tests were conducted. The description of the
staircase is given below. The final result can be an average of the all
the staircase. The staircase consisted of single flight staircase type
and had no curves or turns.

At each set of stairs, the participants were asked
1) To ascend the stairs at his/her normal speed.
2) To descend at his/her normal speed.

3) To ascend at his/her fast speed.

Participants could use the handrail and miss stairs according to their
preference. All the participants were made to rest properly before
taking the experiment so that tiredness does not affect the test. The
time taken to ascend/descend the stairs was measured by a
stopwatch to calculate the walking speed.

P i Total length
) roportion el Availability
Stair No Number of steps .
. . Horizontal ~ Vertical  of handrail
Riser height Tread Length
length Length

Stair 1 12 185 mm 230 mm 2.7m 22m Yes

Stair 2 12 175 mm 250 mm 30m 21m Yes

Stair 3 15 150 mm 260 mm 4.0m 23m Yes

Stair 4 10 150 mm 320 mm 30m 14m Yes

Table 9: Staircases used for experiment
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Participant List
Age category: Kids

Gender Age Stair Ascend speed Descend speed Ascend speed Descend speed

Normal Normal Fast Fast

1 Sohail M 10 1 7.1 5.8 5.6 4.1
2 Muhammed M 12 1 7.3 5.6 5.8 3.9
3 Zeena F 11 1 7.7 6.1 5.9 4.9
4 Ziad M 14 1 6.9 5.3 5.3 4.2
5 Reshma F 13 1 6.1 5.8 5.2 4.4
6 Adil M 10 1 7.1 5.6 5.9 4.9
7 Shafath M 14 1 6.8 5.8 5.1 5.1
8 Joudath M 12 1 7.2 5.9 5.6 4.8
9 Zumana F 16 1 6.8 5.2 6.1 4.7
10 Humaira F 11 1 7.7 6.2 6.1 4.9
11 Jasra F 13 1 6.5 5.8 5.8 4.1
Average Oct-15 7 5.7 5.6 4.5

Table 10: Climbing speed data of kids
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Participant List
Age category: Adults

Stair Ascend speed Descend speed Ascend speed Descend speed

Normal Normal Fast Fast

1 Abijit M 27 4 7.5 6.2 33 2.2
2 Ankur M 26 4 6 6.2 2.5 2.8
3 Negi M 25 4 6.7 6 33 3.9
4 Deepak M 25 3 4.2 4.1 3.1 2.5
5 Dinesh M 24 3 5.1 4.9 4.7 2.7
6 Pooja F 23 4 5.8 4.6 2.7 2.6
7 Kumaran M 23 3 6.1 5.4 53 3.1
8 Gautam M 25 3 6.2 1.1 5.4 2.9
9 Naveen M 24 3 7.1 4.8 4.8 3.4
10 Devika F 23 3 6.8 5.1 4.6 3.7
11 Shankar M 26 3 5.7 5.9 4.3 4.1
12 Dinesh Raj M 27 3 7 6.1 5.7 4.9
13 Vignesh M 28 3 6.8 5.9 4 3.2
14 Irshath M 23 4 6.3 2.7 5.5 2.1
Average 20-30 6.2 5.1 4.2 3.1

Table 11: Climbing speed data of Younger adults
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Jarina
Hajira
Malika
Fathima
Jamila
Ismail
Rahamathnisa
Abdul salam
Fathima
Yousuff
Jaleel
Bapat
Mohan
Average

Gender

< << < n1n<71<=T7=m=m|7

Age

57
64
67
65
79
74
49
80
78
71
51
66
56
50-80

Stair

A B NN DNMNMNNNDNMNDNNNDNNDN

Participant List
Age category: Adults

Ascend speed

Normal

7.3
16.6
12.2
17.2
36.3
17.9

7.3

40
38.1
15.2

7.4

11

6.7

18

Descend speed

Normal

6.7
15.1
7.1
16.3
28.4
21.2
6.6
31
29.7
9.8
6.7
6.5
6.4
14.7

Table 12: Climbing speed data of Older Adults

Ascend speed

Fast

6.7
15
11.5
14.5
30.1
12.2
5.5
36
35.5
13.4
5.2
10
5.1
15.4

Descend speed

Fast

5.9
14.2
6.9
13.7
23.7
13.7
4.9
29
253
12.9
4.8

3.9
12.6



General Discussions and surveys

Going up and down the stairs questionnaire answers
Total of 29 Older adults (70+)

| go up the stairs but it takes longer:

Yes - 21(72%); No — 8(28%)

| go up the stairs but in a different way. Ex. Step by Step:
Yes - 20;(69%) No — 9(31%)

| go up the stairs but with some difficulties:

Yes — 18(62%); No — 11(38%)

| go up the stairs and almost always use Handrail:

Yes —27(93%); No -2(7%)

| go up the stairs and I’'m almost always helped by someone:
Yes —3(10%); No — 26(90%)

| go down the stairs but it takes longer:

Yes — 12(41%); No — 17(59%)

| go down the stairs but in a different way. Ex. Step by Step:
Yes — 18(62%); No — 11(38%)

| go down the stairs but with some difficulties:

Yes — 14(48%); No — 15(52%)

| go down the stairs and almost always use handrail:

Yes —27(93%); No — 2(7%)

| go down the stairs and I’'m almost always helped by someone:
Yes — 2(7%); No — 27(93%)

Total of 31 Younger adults

| go up the stairs but it takes longer:

Yes —2(6%); No — 29(94%)

| go up the stairs but in a different way. Ex. Step by Step:
Yes —0(0%); No — 31(100%)

| go up the stairs but with some difficulties:

Yes —4(13%); No — 27(87%)

| go up the stairs and almost always use Handrail:

Yes —6(19%); No — 25(81%)

| go up the stairs and I’'m almost always helped by someone:
Yes —0(0%); No —31(100%)

| go down the stairs but it takes longer:

Yes —0(0%); No —31(100%)

| go down the stairs but in a different way. Ex. Step by Step:
Yes —0(0%); No —31(100%)

| go down the stairs but with some difficulties:

Yes — 2(6%); No — 29(94%)

| go down the stairs and almost always use handrail:

Yes —3(10%); No — 28(90%)

| go down the stairs and I’'m almost always helped by someone:
Yes —0(0%); No —31(100%)
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Comments

and feedback from the

participants and common people
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1. Visually distracting patterns on the treads should be avoided

as they cause confusion and illusion.
Lighting at staircase should be properly taken care of.

Low-intensity night lighting of stairs that does not need to be
switched on should be used.

Handrails on each side of the stairway should be provided.

Slip-resistant, rough finish on treads that are subject to
wetting should be used.

Repair or replace tread surfaces every year.

Handrails should be provided regardless of the number of
steps.

Existing handrails that are decorative but not functional
should be replaced by functional handrails.

. The handrails should be easy to see, even in low light or at

night.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Handrail that is a different colour than the background wall
should be designed.

Distracting visuals when using a stairway should be avoided.

Bathrooms should be on both the floors to minimize stair
usage.

Clean the stairs and handrails periodically.
All the stairs should be even sized.
All the staircase should be of same colour.

Edges of the steps should be clearly visible and should not
mere with the background.

No other things should block the vision while using the
staircase. The entire staircase should be visible while

ascending as well as descending.

Handrails should be on reachable level without bending.



Gaze while ascending and descending

Stair walking is a challenging loco-motor task, and visual information
about the steps is considered critical to safely walk up and down.
Despite the importance of such visual inputs, there remains
relatively little information on where gaze is directed during stair
walking. Healthy young people walked up and down a set of stairs
with 10-15 steps and their gaze is visually noted.

Method: Participants were not only closely observed real time time
but also interviewed and some participants’ videos were analysed to
fully understand the gaze.

As participants approached the stairs their gaze was initially on the
starting stair and when they started walked on the stairs, gaze was
within 4-5 steps was ahead of their spot. The handrail was rarely the
target of gaze fixation.

While the younger people subconsciously know where they are
placing their foot and how they are keeping their foot, the older
adults kept looking at their feet constantly throughout the
ambulation. They tend to make sure whether their foot is properly
secured with the necessary clearances front and behind.

Similarly, while descending the older adults tend to follow the same
pattern, while the younger adults and kids take only a glance of the
starting and the ending stairs. Colour seems to make a huge role in

the ambulation. Also the Riser length need to be same throughout
the staircase. People tend to slip more often when its not regardless
of the age group.

Figure 25: Older people tend to look at the stairs almost all the time

39



Figure 26: younger people less frequently look at stairs
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Video Analysis

IR
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Observations at public stairways
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Conclusions and Discussions

User preference of staircase elevator: Objective of this survey is to
try and compare how people prefer stairs and elevator when the lift
and the elevator are organised in a different way. For example in IDC
the lift is hidden from the entrance and it is kept in a distance from
the staircase. Contrasting the elevator is kept adjacent to the stairs
at the main building. This was an observation/comparison between
the two to see how people’s mind work when the organisation
mentioned above are different from each other. People at IDC tend
to use staircase more than the people at the main building. The
organisation might be a good reason for the result. Or it may just be
a coincidence that the people at IDC use the staircase more often. If
more work is done on this subject we may find ways to make the
spaces organised in a way where the elevator is used less frequently
compared to the staircase.

Where do people look for a staircase in a typical public building:
This survey would reveal us where would be the right place to plan
the staircase. The results from this survey suggested that most of the
people when entered into a new building look for a staircase either
just outside the entrance or just inside the entrance. The results
suggest that is one wants the people to find the staircase quickly can
organise the staircase just next to the entrance. While if a person
doesn’t want the public to find the staircase can organise the
staircase at a hidden place or away from the entrance.

Gait Cycle: These observations show the time taken for each phase
of climbing for each age category. This can be a can be a base while
studying, researching or designing on mobility aids for the age group

to compare and see the overall performance. The reasons for each
age category to take the time that they took may be because of
several reasons. Age factor, body pain, balance impairment and so
on.

Stair ambulation pattern and fear of fall: Two ambulation patterns
were found while studying the different types of patterns. The
elderly over the age of 75 implemented the SBS pattern while the
young people implemented the SOS pattern. The reasons and the
process of different patterns were discussed in this observation.
The reasons for fear of fall and who were affected by the same were
studied and discussed in this survey and observation.

Handrail Usage: The handrails were majorly used by the older adults
due to several reasons. Providing handrails for stair use is no
guarantee that they will be used. In a survey about 60% of the
ascending and descending people overall did not use the handrail at
all. About 7% used minimally and only about 16% used it more
extensively. The 16% consisted mostly of older adults. There was
some indication that handrail use correlates with increasing age and
that women use the handrails than men do. Places where there are
older adults should have handrails strictly on both the sides and
should be cylindrical rather than a rectangular one. Other comments
on handrails were discussed in this observation.

Speed of ascend and descend: The speed of all the age group were

identified and were quantified. This observation/information could
be used as a data base for egress designs.
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Gaze: Gaze of all the age group were observed and studied. The
study suggest that the gaze of the older people are always on where
they are climbing while the younger adults are rarely on the stairs.
Most younger adults tend to look at the beginning few steps and the
last few steps. Special indications and lighting patterns to the first
and last steps may be?

Power generation when climbing stairs?

Materials
Stairs, Tape measure, Scale, Stopwatch or watch that measures
seconds.

Method

1. Measure the vertical height of the set of stairs (or a portion that’s
easily measured), in metres (m). The vertical height refers to the
height from the bottom to the top (straight down), not the slope.

2. Determine your body mass, in kilograms (kg) by getting on the
scale.

3. Time the number of seconds (s) it takes you to run up the stairs.
4. The amount of power used is equal to the amount of work done
over a given amount of time (P = W/t). To determine the amount of
work done, you calculate the amount of force that is exerted over a
given distance (W = f ¢ d). The force in this case is calculated by
multiplying the downward acceleration due to gravity (9.81 m/s2) by
your mass (in kg)

5. Breaking it down, you get:

Power = Work/time

Power = (acceleration due to gravity) x mass x distance/time
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Power =9.81 m/s2 x kg x m /s or 9.81 Watts
(NOTE: The unit for power is the Watt, which is kgem2 /s3)

6. Example: Calculating the power generated by a 54 kg person who
takes 5 seconds to run up a 3 metres high set of stairs.

Power = [g (9.81 m/s2) ® mass (kg) ® vertical height (m)] / time(s) =
watts

=(9.81 m/s2 ¢ 54kg ® 3m) / 5s

=318 W

Average weight of kids of about 12 years old is about 30kg and 60kg
for younger adults and about 70kg for Older adults.

Power generated on average for kids — 180 W; Younger Adults — 350
W; Older Adults —410 W.

What’s happening?

Most people associate power with muscles and muscle strength - the
larger the muscles, the greater the power. This is only partially true.
Smaller muscles that are properly toned can generate larger
amounts of power than larger muscles that are not properly toned.
This is why athletes that appear small may still be capable of great
feats of strength and stamina. Power is the rate at which work is
done. The greater the power, the more work that is being done. In
sports, the more power that the athlete can generate, the faster,
farther, higher, etc., the athlete can go. Ultimately, the amount of
power the athlete can generate goes back to how, and how much,
the athlete trains and prepares for that particular sport.



How to Properly climb a staircase

One may feel too heavy to climb stairs, or too unfit when confronted
with a tall staircase, but it is not actually an issue of size, though it
may be one of fitness and function. We have a tendency to think that
if we were lighter, things would be easier — but relative weakness
and joint dysfunction can occur at any weight.

If we think about stair-climbing, it is remarkably common for us
humans to just pitch the torso forwards at the hips, shortening the
hip flexors, and after placing our foot on the next step, we basically
extend the knee to press our body onwards and upwards. When we
usually climb the hip joint moves very little, and so it becomes
a knee-dominant movement pattern. Relative to the hip, the knee is
a very small joint, and if you can imagine practicing a one legged, full
bodyweight knee extension — it’s actually a very difficult and
problematic exercise, even if your thigh muscles are strong.

Also, when we are leaning forward, force from the interaction
between our thigh and the ground drives up into the lower back, as
opposed to dissipating through the body. Climbing stairs in this way
can lead to excessive pressure in the knees and lower back, which
can manifest as pain.

If, however, you climb stairs with a hip-dominant movement pattern,
you bear the weight of the body through two joints, and the primary
mover becomes the large and muscular hip joint, as opposed to the
relatively unstable knee joint.

So — to reduce stress and pain in the knee, the best way to climb
stairs is this — keep your body upright, try not to lean forward, place
your entire foot on the next step, apply force through the heel, and
focus on pulling your heel backwards behind your body as you
straighten your leg to move your body up the staircase.

Focusing on driving the heel down also helps to engage the buttocks.
As you do so, set your intention to extend the hip before extending
the knee, if you can. In reality, the joints move almost
simultaneously, but focusing more on the hip will take pressure away
from the knee.

If you can, hold onto the hand-rail. Another dynamic that keeps us
leaning forwards while climbing stairs is the fear of falling
backwards. Do not allow yourself to fall backwards down a
staircase! Be patient, and as safe as you can.

As you fatigue, as the muscles of the buttocks fatigue, the old
movement pattern will start to re-emerge. Which is totally okay, this
is simply what happens when muscles get fatigued - you
automatically rely on other muscles. This is why we train - to build
up strength, power and endurance over time, so that we can
become better at moving.
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