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Abstract. Research on pedestrian pathways in coastal areas is related to facilities
provided and access in the area. The characteristic of coastal area is influenced by access
to different types of surface material and seawater. Therefore, pedestrian pathway in this
area has to focus on resistance design, safety, and environment-friendly facility available.
This research aims to evaluate the characteristics of pedestrian pathways in coastal areas.
The method used is a field study on coastal areas in the city of Manado, Indonesia. Data
is gathered through photos and videos and compiled with computer program design
AutoCAD. The result shows that the characteristics of coastal areas vary with different
materials, pedestrian pathway availability, and the influence of seawater on the condition
of the facility provided. Further research on coastal areas could be developed into a
complex design for tourism areas supported by information technology and the influence
of local culture.
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1. Introduction

The pedestrian pathway is the infrastructure facility for users' safe and comfortable
access. In coastal area pedestrian pathway is important to connect access to and from the
beach area. Coastal area consists of different type of beach material and different level
ofland. The coastal area in the city of Manado as a study area is an area with high activity
including business and tourism area. This research aims to evaluate coastal areas and
their pedestrian facility based on characteristics of beach ground material. The method
used is field study and computer laboratory study. Drawing programs such as AutoCAD
are used to test design and construction alternatives for the coastal area. The study area
includes Mega Mas Area, God Bless Park, and Malalayang Beachwalk Area as can be
seen in Fig. 1.

Fig. 1. Manado Coastal as Study area (Google Map, 2023)
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2.  Literature Study

The pedestrian pathway needs to be safe and comfortable such as in housing area
criteria including accessible distance [1]. Comfortable pedestrian areas should have
easy communication and support activity, and the location can be accessed. In addition,
principles such as connection and cleanliness should be available for pedestrian
networks [1]. Pedestrian pathways should fulfill the needs of users including their
activities and facilities [2, 3, 4, 5, 6, 7, 8, 9]

Development material seawater resistance for example is the test for its impact on
concrete in which seawater has the most impact on carotin from the natural environment
[10]. Carotin behavior in seawater includes variables of composition, pH, temperature,
speed, microorganisms, and biofouling [10]. The use of 100% seawater and 20% tires
on concrete as a replacement for aggregate results in the reduced strength of concrete
up to 65% [11].

Local materials such as seawater and sand can be developed due to limited materials
[12]. The impact on seawater for physic and mechanic properties where it can reduce
the level of kinetic hydration and heat of macrostructure alchemy active slag powder
[12].

The test of using paving blocks on pedestrian pathways has been conducted concerning
colorful and recycled plastic on children's pedestrian pathways [7], [13].

The city of Manado coastal area exists along the city on the seaside from the north to the
west south of the city. The type of coastal area is varied based on recent conditions.

3. Result and Discussion

The characteristics of coastal areas include pedestrian pathways from many sources
including the type of beach material, impact of seawater, facility available, and material
use. The characteristic can be seen in Table I.

TABLE 1. CHARACTERISTICS OF THE COASTAL AREA
Characteristic Source

White sand beach from marine animal [14]

Sediment sources, color, size, and sorting [15]

on the beach

Beach sediments cliff erosion, rivers, [15]

glaciers, volcanoes, coral reefs, sea shells,

the Holocene rise in sea level, and the

cannibalization of ancient coastal deposits.




832 F. P. Makalew et al.

Heavy-mineral sands are deposits of heavy [16]
minerals hosted by sediments of sand, silt,
and clay in coastal environments.

Beach material is mainly volcanic rocks, [16]
barite, and polymetallic deposits.

Beach sand, mud or pebbles [17]
Seawater is a corrosive environment that [18]
affects infrastructure in polluted seawater.

Evacuation shelter for pedestrian [19]
Walking and pedestrian spaces, the [20]
architectural side, and psychological

aspects

Coastal zones increase climate change and [21]
sea-level rise, flooding and marine erosion

Corrosion of reinforcement due to seawater [22]

and avoid using corrosion inhibitor and/or
corrosion-resistant reinforcement

The durability of seawater sea-sand (23]

concrete (SWSSC) and the corrosion
resistance of embedded steel be improved
with supplementary cementitious
materials.

Lo . . 24
The reduction in strength increases with an (24]

increase in exposure time, caused by salt
crystallization formation

Coral as an alternative to natural (23]

aggregates in marine structures

The type of coastal area includes sand beach, stones original and stone from other
places, white sands and corals, revitalization with concrete on site, concrete block, and
paving block. Types of facilities include bike station places, fences, plants, chairs,
borders, lights, and information boards. Types of damage include corrosion on metal
and steel, broken wood, broken stone, broken concrete, broken ceramics, broken paving
stone, leak drainage

The types of beaches in the Manado coastal area are varied. The most common type is
a black sand beach. The original type of beach ground material has been replaced due
to the development of the area including reclamation of the beach. Material is replaced
with black small stones, black large stones, and manmade material of bed concrete and
a small block of concrete. White sands have also been filled in some parts of the area
including the private beach and area to the southern part of the resort and can be found
in the Meras and Bunaken area of Manado. This type of sand mostly exists in the
northern part of Manado including the Likupang area.

The black sand beach area in many parts of Manado has been filled with garbage
including rubber from car wheels and household rubbish. In the Mega Mas area, there
are bins available to protect the area from unorganized rubbish. The type of beach can
be seen in Table II.
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TABLE II.

TYPE OF BEACH

Type

Black sands
Location Boulevard 2 Manado

Picture

Black Rock
Natural existing and from other
coastal areas, Manmade rock

Location Mega Mas Manado

Black sand and rock
Location Boulevard 2

Concrete
Location Manado Town Square

Big black rock, Concrete, and
reinforced

Location Bahu Mall
Type Pctur
White sand and corals Vs

Location Meras

[
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Black rock and sand
Location Malalayang Beach
Walk

The type of beach in Manado and its surrounding area can be classified as the area of
black sands with or without rocks and the area of white sands and corals. The area can
be seen in Fig. 2.

Vatun

White sand

Fig. 2. Type of beach in Manado and its surrounding area

Infrastructure available for access in the coastal area supports the access and facility for
pedestrians and users. There are pedestrian pathways along the left and right sides of
the road, access through the street available, bed planting, grass, wall border and
bollard, and shelter for visitors. The type of infrastructure can be seen in Table III.

TABLE IIIL. TYPE OF INFRASTRUCTURE

Infrastructure Picture
Road, Pedestrian pathway, q
grass and trees
(Mega Mas Area)

Shelter, Grass, Pedestrian
pathway, fence, road
Mega Mas Area)

Pedestrian pathway, plant bed,
bollard
(Mega Mas Area)
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Infrastructure Picture
Trees, wall as border, e
pedestrian pathway, street
market, grass/plants, road edge
line
(Boulevard 2)

Wall as border to the beach,
pedestrian pathway, plants
along the road, edge road line

The type of pedestrian pathway is available in different materials such as concrete,
stones, and paving blocks. Line as guidance for blind people available along the
boulevard. The type of pathway be seen in Table IV.

TABLE IV. TYPE OF PATHWAY

Type Picture
Soil and grass

(Boulevard 2)

Paving block
(Boulevard 2)

Pedestrian pathway as access
to the facility, stone ball as
street art

(God Bless Park)
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Pedestrian pathway with
Bollard, Wall disabled line,
and, street light
(Boulevard)

Pedestrian pathway with color
paving
(God Bless Park)

The type of damage in the coastal area is influenced by seawater with the impact of
carotin on steel material and concrete with steel. The carotin can be seen on the floor,
wall, and column of the facility. On the floor, the damage of seawater causes of broken
floor and is unsafe for users. Another damage is the uneven paving block on the pathway.
Sand-based paving block is moved to the side due to many causes such as uneven paving
and joint area with different material of paving and concrete. With the result of the
survey, the type of damage can be seen in Table V.

TABLE V. TYPE OF DAMAGE

Type
Carotin on concrete
Damage by seawater

Picture
—

Join different types of
paving blocks to create
uneven surfaces and sand-
based remove

Carotin on a Building
made of steel

Broken floor surface with
reinforced concrete.




Evaluation Characteristics of Pedestrian Pathway in Coastal Area 837

Carotin and broken
column

Broken join wood stair
handle and carotin on steel
material

Carotin on steel chain for
boundary area.

Broken join for utility
facility

The condition of the pathway along Boulevard or Piere Tendean Street from God Bless
Park to Mega Mas area with 2,7 km has a variety of widths 2 to 8 meters wide and 30
to 40 cm high. Facilities available are a crossing area, traffic symbol, and lighting.
Based on the standard available the existing condition can be seen in the table below.

TABLE VI. EVALUATION BASED ON STANDARD

Existing Standard
Pedestrian pathway Pedestrian standard [26]

AT
u T
4 s

-t Tl

(%

The size of the pedestrian has T}}e.height space of a pedestrian
fulfilled standard yet poor minimum of 2.5 meters, a depth

maintenance of the area with minimum of 1 meter, and a side
rubbish along the area space minimum of 0.3 meters.
Crossing facility Standard [26], [27], zebra cross is a

facility for pedestrians with clear signs.
Guidance of pedestrian facilities in
urban areas
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The Zebra cross paint has an
unclear color.

Traffic symbol Guidance [26]. The facility for
pedestrian guidance includes
available traffic symbols that can be
seen clearly, and strongly during the
day and at night.

Traffic symol is available @

yet the rider uses the area to

park their motorcycle. @

Street Lighting Lighting should be available every

10 meters with a maximum height
of 4 meters.[28]

Lighting is available with
adequate distance and height.
Disable line Standard by Ministry of Public
- Works [28]
Disability lines consist of block lines
as guidance.

£

]

- I I I I
Available disability line for ]

blind people
Based on the survey the number of visitors is 274 and 403 people on Monday, 227 and
254 people on Thursday, and 600 and 648 people on Saturday from 4 to 7 pm. In the
area of business and pleasure, the number of pedestrians walking on Saturday is the

highest compared to other days.

The characteristics of pedestrians can be divided into male, female, physical condition,
and body shape. The number of pedestrians is 1276 and 1131 with male and female
respectively. There are 10 disabled people 5 male and 5 female. The age of pedestrians
is between 12 to 45 years old.
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In comparison, surveys on other coastal areas with good design approaches particularly
for business and tourism areas show the development of the area with users’
consideration and environmentally friendly. Coastal areas such as Sanur, Bali, and
Clarke Quay, Singapore based on surveys show various facilities for pedestrians and
other users such as bikers to move more easily and safely. The evaluation of the design
approach can be seen in Table VI.

TABLE VII. EXAMPLE OF PEDESTRIAN AREA FOR PROPOSE DESIGN

Picture Evaluation

Segregate pedestrians and bikers.
Available sign and clear area with
plants and ground material. It has
direct access to be beach in the public
area.

Available access for pedestrians to the
water and sightseeing, available sign
for users

Segregate access for pedestrians to
the bridge and to walk along the river
with clear facilities for walking
including ground material, plant
bedding, and trees. Public facilities
are available in this area.

Area in Clark Quay, Singapore

A section of the pedestrian pathway at Boulevard Manado can be seen in Fig 2.

Fig. 3. Section of the pedestrian pathway



840 F. P. Makalew et al.

Based on the characteristics of pedestrian pathways in coastal areas, the design
proposed for the area should consider the material used is protected from seawater,
pedestrian access is easy and safe and facility is available. The design proposed can be
seen in Fig 3.

FRONT ELEWTON p e

LEFT ELEVATIEN

Fig. 4. The design proposed pedestrian pathway in the coastal area

4. CONCLUSION

Based on the evaluation of coastal areas, the characteristics of the pedestrian pathway
include the type of beach ground material, the impact of seawater on the pedestrian
facility, and the type of pedestrian facility for the area. The proposed planning approach
is evaluated to improve the quality of access and facility for the pedestrian pathways in
the coastal areas. Further research on pedestrian pathways needs to consider the
complex area with the technology of information.
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