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ARCHITECTURAL DESIGNING THE NURSING HOMES IN
TEHRAN CITY (AS A SAMPLE)
Mahdi Aliyarit

Departmenbf Architecture shabestar Branchslamic Azad University, shabestar, Iran.
e.mail: mehdi je2000@yahoo.com

ABSTRACT

In recent years, there has been an increasing trend of entrusting the elderly to nursing homes, thus
providing a suitable space that meets their physical, psychological, social, and spiritual needs has
become necessary. Thergimg homes is the first andrgplest solution that can be considered for such
individuals. However, considering the characteristics and temperament of this group, it is necessary to
define a model that can meet the elderly's spiritual and physical reledgside maintaining their

normal life, in the home of their hopes and memories. Therefore, there is a need for a model that defines
a new space in accordance with the psychological and physical conditions of the elderly and can replace
previous methodsiiorder to improve the mood tie elderly.

The design of elderly homes, and certainly the creation of suitable decoration for them, should match
the global standards. The concept of an elderly village is another model that has been introduced and
implemented for the elderly in the ¥ét. In this model, housing units have been designed for the elderly

to live alone or with their families. Basic and necessary services for the elderly are available in
proximity and neighboring the housing units. These pladgéishave a positive impactrocreating a

sense of usefulness, increasing hope in life, and uplifting the mood of the elderly.

The elderly have the autonomy to use these facilities and they fulfill their needs, such as suitable spaces
for exercise andecreation, socializing with s, preserving their dignity, and creating conditions for

their independence during leisure time. They also provide counseling, teach necessary techniques for
the el derlyds | ives and mor e.

Keywords:The elderly, nursing hoenday care center, life exp@ncy, improving quality of life

INTRODUCTION

The United Nations in 2006 estimated the global elderly population to be 687 million and 923
thousand individuals, and projected that this number would reach 1 billion anuil@é68 and 153
thousand individuals by 209a,2. This would make up approximately 21.4% of the population at

that time. Iran has not also been exempt from the phenomenon of an aging population, as the average
lifespan of Iranians increased by about ¥arg between 1®and 1996. According to the 2011
census, Iran has 6.2 million elderly people aged 60 and above, equivalent to 8.2% of the country's total
population[3]. Based on population projections until 2048 number of Iranians aged 60 and above

will increase to 28 million, making up approximately 28% of the population. Old age is a period in
which an individual gains experience, maturity, and wisdom after spending several years. They can
take measured gie tonavigate through future years and share their experiences with others.

Technical Institut Bijeljina, Archives for Technical Sciencesa¥XVIi N° 30. 1
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In Iran and most Asian countries, the majority of elderly individuals live with their families, and those
who are separated from their families for various reasons receiveifihamd emotional support from
younger family memberd4]. However, changes in the family structure, influenced by the
developmenbf maodern lifestyles, increasing migration, and the movement of families, have led to the
abandonment of the elderly and their social isolgidnSometimes, this results in the eldeseking

refuge in elderly homes. Considering that many elderly individuals are capable of performing many
tasks, there is a need for temporary residential centers that cater to their daily needs, providing
recreational, welfare, and sports facilities. Edety prefer to be independent and usually prefer to

live in close proximity to their children. On the other hand, elderly individuals who live in warm and
emotionally connected family environments have higher-bagihg compared to those who live alone
Theelderly require spaces that suit their physical and emotional needs. If such spaces are not provided
and they will not receive appropriate responses to their needs from the environment and they may also
experience depressip6,7].

In recent yearghere has been an increasing trend of older adults being placed in nursing homes and
the number of such facilities is risin@]. In addition, the physical and social conditions of the

el derl yods l i vi ng e n3bding.cStudies rhave shdéwin ehatttheré s eai higherwe | |
disruption in some aspects of lifer fresidents of nursing homes compared to elderly individuals living

at home[9,1(0. Additionally, the belief in the necessity of adapting the living environment of the
elderly in these facilities is undeniable. Therefore, conducting research to evakigisevailing

design conditions in elderly care homes Trehran is highly necessaryAccording to the
aforementioned information, this research was conducted in2013with the aim of evaluating the
conditions of elderly care facilities in Tehran in exance with globally defined standards for the
suitability of the physical environme of these facilities.

RESEARCH METHODOLOGY

This research was conducted based on theoretical studies and fieldwork. In the theoretical studies
section, existing litetare, internet sources, and interviews with experts were utilized to review and
undestand the regulations and standards. In the fieldwork section, site analysis, analysis of existing
samples, and examination of current regulations were carried out.

Theoretical Section

In this section, the existing regulations and standards for desigliagy care homes were initially
addressed. Then, based on these regulations, the design of the required spaces for the target site and its
analysis were performed.

Fieldwork Section

In this part, the design of an elderly care home in District 10 lofahewas addressed.
Geographical and Climatic characteristics of the Target City:
The city of Tehran is located between 51 degrees 2 minutes to 51 degrees 36 minutes east
longitude and 35 degrees 34 minutes to 35 degrees 50 minutes north latitakdalisn varies
from approximately 1800 meters in the north to 1200 meters in the central area and 1050 meters in
the south, measured from the level of open waters. Theteliofd ehran is moderately temperate
and humid to some extent. The remaining pait the city have a warm and dry climate, with
slightly cold winters. The amount of precipitation in Tehran is generally low, measuring
approximately 245.8 millimeters pergreand the number of frost days (with temperatures below
freezing) is recordedsa36 days per year.

Characteristics of the Desired Site:

The selected site is located in District 10. District 10 is situated in the western part of Tehran and
shares bordemsith Districts 17, 11, 9, and 2. On the right side of this site, there is Jeyhoon Street,
which runs north to south. At the top of theesthere is Hashemi Street, intersecting with Jeyhoon

Technical Institut Bijeljina, Archives for Technical Sciencesa¥XVIi N° 30. 2
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Street. The hierarchy of the access network around the gidigated on the map, including main
streets and side streets. The land use of this site includes medical, educational, and commercial
purposes(Figure 1).Environmental pollution in this area includes noise and air pollution.

|
—

J
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X

Residential m—
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Mosque or Hussainiya I—— ===

Educational 'a\;, A

Figure 1. Surrounding LahJses

FINDINGS AND DISCUSSION
Existing Regulations and Standards for Designing Nursing Homes:

Suitable Location for Nursing Homes

Experts believe that providing mental health care and creating a peaceful environment free from
stressors can encourade telderly to continue living and create a vibrant andsdficient life for

them. It is also necessary to provide social interastior the elderly and ensure a sense of security

and protection in their external spaces. Therefore, recommendatiadewvmade for the design of

such places. For example, nursing homes should not be located near busy main streets, intersections,
squaes, waste disposal sites, places where animals are kept, slaughterhouses, factories, and the like.
Additionally, the costruction site should be away from pollutants and abnormal noises.

Nursing homes should be in direct proximity to chain stores, banksques, libraries, healthcare
centers such as clinics, hospitals, pharmacies, post offices, cinemas, parks, &ed within a short
distance that is within the maximum walking radius for the elderly. In other words, the accessible
paths should behsrter than usual, with a maximum distance of 1000 meters. It is preferable for
nursing homes to be within a 5@@eter dstance from a bus station, with a safe, flat, vieloute, and

the bus station itself should have shelter and seating areas.

The sirrounding environment of nursing homes should be reasonably flat, with safe and secluded
communication routes, surrourtey suitable trees and green spaces. The size of the building should
be small, and the number of residents should be limited to gradchfort and allow better care. In
terms of ensuring maximum safety, it is necessary for the nursing home buildinfiréorbsistant.

Main Entrance

The main entrance of any building is of great importance and requires careful cassggreration. It

should be treated as a distinct space because part of it belongs to the interior and part to the exterior of
the building The main entrance of a nursing home is significant both in terms of accessibility for the
elderly and visitors anih presenting an overall image of the facility. Therefore, creating security and
easy access are fundamental design considerations thaberiagen into account. The main entrance
should provide direct access to the main elevator, staircase, as wedl @simon areas such as the

living room and dining roorfil1,12,13.

Technical Institug Bijeljina, Archives for Technical Sciencesa¥XVIi N° 30. 3
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Living Room

In a nursing home, the living room should be designealvimy that allows the elderly to gather and

rest after daily activities. The architectural design of this spacedhbeubased on the specific needs

of the residents and should be able to adapt to the mood of all the elderly individuals residing there. It
should also provide easy communication and access to the bedrooms. It has been observed that large
living rooms thatgive an officelike feel are less utilized by the elderly. Such rooms are only suitable

for special purposes and limited times, such astings, discussions, concerts, and parties, while
various activities should take place in the communal areas ofngurgmes, such as watching
television, playing intellectual games, reading, and sewing.

Therefore, it is recommended to use multiple senalpaces clustered around a more public area to

make it more desirable for the elderly. Each of these spaces stamdch familial atmosphere and be

capable of accommodating groups of more than 8 people engaging in specific activities comfortably.
Hencet he mi ni mum di mensi ons for such spaces are ar
square meters per persis recommended for communal rooms. If the living room is separate from the

main kitchen, a small kitchenette can be considered for tBderds to make tea or coffee.
Additionally, if the living room and dining room are adjacent, movable and foldabiéqres can be

used between the two spaces. Since living rooms in nursing homes should create a cheerful and
exciting atmosphere for théderly, bright and warm colors should be used, while libraries and study

rooms should be painted with soothing andtlgecolors14].

The windows in the living room should be short so that individuals gitilmcomfortable chairs can

have a view of the outside. Therefore, the height of the window sill from the ground should be
between 3090 centimeters, and the height of the window frame should be 1.8 meters for easy opening
[15]. To create uniform and suitable lighting conditions for the special visual nedtis etderly,
parallel lighting fixtures should be used. It is also recommended to provide lighting equivalent to 200
watts inthe living room. The space, which is continuously used by groups of two or three people for
relaxation and conversation, should buitable for seating and watching television. Quiet spaces
suited for intellectual games and reading should be includedghssvspaces for group activities,
sewing groups, and art classes. A small room should be designed as a prayer room.

It is reconmended to separate the smoking area from thesmaking area. The furniture in the living
rooms and common areas should lghtliveight and easily movable, and fabrics should be used that
can hide stains and dirt and can be easily cleaned, providing rtcenfb tranquility to the elderly

when sitting on them. Additionally, the total surface area of furniture and objects ivitigerbom

should be such that the sound reflection time is relatively short to prevent noise disturbance. It is
recommended to &gblish visual connection to the green and open outdoor space, which is desirable
for the elderly, through the creation of co» terraces and balconies in front of the living rooms.

Library

If creating a separate space for reading is economically ngaitg a dedicated space for this purpose

can be considered alongside the living room. This space is considered quietehéhareats of the
nursing home and should be equipped with comfortable chairs, temporary tables, and shelves for
storing magazineand newspapefi6].

Dining Rooms

Elderly individualswho live alone do not fully understand the social importance of shared meals.
Therefore, they may experience less favorable emotional and social conditions compared to those
living in communal elderly care centers or those who havgetateparated themses socially. It is

better for these spaces to have connections to terraces or outdoor green spaces so that the elderly can
enjoy open air while having their meals in the summer. The flooring of the dining rooms should be
selected in avay that preventdipping and reflects light, and it should be easy to clean. It should also
have sounéibsorbing properties. Additionally, the lighting should be more intense and individualized

on the dining table surfaces. It is recommended to haveowis with a heighof 70 centimeters from

the floor so that individuals can enjoy the outdoor view while eating. Dining tables should be designed
in various sizes for 2, 4, or 6 people, in square or rectangular shapes with rounded corners. The height

Technical Institut Bijeljina, Archives for Technical Sciencesa¥XVIi N° 30. 4
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of the dining table depels on the height of the seating area, but it is suggested to be 70 centimeters to
provide enough space for leg movement and accommodate wheelchairs. The surface area of the dining
bso |9ultTe9 Os bozestinidies)eds b I 3
smaller sizes are usually insufficient. Lightweight, easily cleanable chairs witklippery bases are
recommended. According to the design recommendations, a standard space for dining for 4 to 6
people, considerinthe needs of the @trly with disabilities and wheelchair users, would be around

table should preferably

2.2 square mete(figure 2)[17].
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Figure 2. Dining Area for Suitable 4 to 6 People

Staff Room

The employees of the nursing home should have suitiul#ities for sleeping amh resting.
Additionally, a separate room for rest and dining should be provided for them so that they can relax
during nonworking hours. Therefore, for each employee, a room with an area of 8 square meters with

bathroom and toilefacilities can be consaded[17].

Management Room

For administrative purposes, a space of approximately 9 square meters should be designated. The
room should be located near the entrance and include an area for storing residents' files, comfortable
seating, and aeception desk for receiving and makingyments. The facility manager should also

have welfare facilities such as sleeping area, sitting area, kitchen, toilet, and bathroom to attend to

their daily needs even during noffice hours[18].

Therapy and Rehabilitation Rooms

In nursing homes, rehabilitation and therapy measures are necessary to provide services to residents.
The presence of a physician, physiotherapist, social worker, nutiitiants nurses is essential for the
elderly throughout the whole time. Therefore, the existence of suitable spaces for providing these
services on the ground floor of nursing homes is necessary. The purpose of the rehabilitation program
is to assist the indidual in need of rehabilitatiorotmaximize their abilities, adapt to society, and
prepare them physically, mentally, and socially for a type of life that is within their capacity. In the
rehabilitation section, efforts should be made to strengthenldeelyes muscle forces and provide
guidance on the correct use of walking sticks, crutches, or wheelchairs if they use them. If
physiotherapy is performed along with the assistance of social workers or psychiatrists and continues
throughout the treatmenthe elderly will achieve results me quickly and easily and regain their
abilities [19,20. The examination and treatment room should be equipped to facilitate the following
activities: 1) Examination of the elderly by a physician, even if it is perforwned; 2) Injection and
medication.It is suggested that the examination and treatment room have double doors with a total
width of 120 centimeters, and the recommended area for the room is approximately 18 square meters.

Technical Institut Bijeljina, Archives for Technical Sciencesa¥XVIi N° 30.
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Storage Room

For storing cleanigitems such as blankets, sheetsyéls, etc., a storage area of about 1 square meter

per resident is necessary. This space can often be located next to the bathroom, and it is recommended
to have tiled flooring for easier cleaning. For storing equipnaant items such as wheelchairs,
walkers, etc., a room with an approximate area «f0O4square meters is recommended, and it is
preferable to have such rooms on each floor of the nursing H&he

Sanitary Facilities and Toilets

Since the elderly need access to toilets during the night, it is necessary to have toilet fagéities ad

to their bedrooms. Theninimum suitable dimensions for toilets used by elderly individuals in
wheel chairs shoul d.Thedeightoithie toiledbovd geafetringrioe\Westastye

toilets as the use of squat toilets is not suitaliéhfe elderly, even if they arcapable of using them)
should not exceed 38 centimeters from the floor, and grab bars should be installed on the walls on
each side, with a distance of 70 centimeters from the floor, to assist with sitting down and standing
[12].

The toilet used in nursing homes should be without a pedestalnatalled at a height of 85
centimeters, but for individuals using wheelchairs, this height can be reduced to 75 centimeters. A
minimum width of 80 centimeters is recommended for sanitary facilities. The floor, walls, toilet, and
bathroom should be coveradth suitable tiles. The watdaucets should be levstyle and easy to

open and close, so that elderly individuals suffering from arthritis and joint swelling can use them
comfortably. The mini mum di mensi onsrsfaodrthetilne t oi |
should be athte height of the forearm and at least 85 centimeters above the floor. In countries with

cold climates, it is preferable not to have the toilet against an external wall (empty space behind it)

[18].

Communication Spaces in Nursing Homes

Considering the physical conditions of the elderly, it is preferable for nursing homes to siagtea
floor, and if necessary for buildings with more than two floors, the usa efevator isnandatory.
The elevator should be placed near the main entrance of the building and accessibth dioor
without the need to go up or down stairs. Since the elderly move very slowbytitraatic doors of
the elevators should be adied to allow sufficient time for individuals to entand exit the elevator.
Additionally, the elevator stops shild be relatively longer than usual.

Themi ni mum di mensions of the elevator calmam n shot
opening width of 8390 centimeters. Inside the elevator cabin, a railing should be installed 90
centimeters above the loto maintain the balance of the elderly. It is necessary to use ddidety

seat inside the elevator. The elevator cabin should b@mepi with an emergency bell t@ephone

line for external communication, control buttons, and other auxilianjpegent installedn the cabin

wall for use inside the elevator, which should be placed between 90 andritBfeters.

Hallways

In nursng homes, hallways should have sufficient width and appropriate lighting toiatioviduals
in wheelchairs, indiduals with walking canes, and pedestrians with companiomaaee in both
directions. The width should be 70 centimeters for individusisg a cane andetween 100 to 120
centimeters for individuals using a wheelchair. If the width of the hallwagoisidered as 180
centimeters, it will allow two wheelchairs to move side by side. Thereforesgttgnmended that the
width of hallwaysin nursing homes be a minimum of 150 centimeters, argdalways advisable to
avoid narrow and winding corridethat may confuse the elderly.

Garden Area

One of the most valuable activities that can be considered for the elderly is gardening.celem i

few of them are interested in this activity. Gardening can be seen as a tool to showcase the abilities
andachievements of the elderly. Two types of gardens exist in most elderly homes: 1) Private patios
and balconies, and 2) Yards and designateds. Elderly individuals should be given the opportunity

to engage in gardening and flower cultivation in theamoenvironment and bring their favorite
flowers to the garden assigned to them.

Technical Institut Bijeljina, Archives for Technical Sciencesa¥XVIi N° 30. 6
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Bathroom

For the elderly and individuals with disabilitigbe bathroom becomes more important and should be
designed for maximum comfort. The bathrooms should be fully accessible for wheelchair users, either
without handrails or with one or even two handrails dssistance. It is advisable to have a small
numberof bathtubs in nursing homes. The essential and necessary fixtures in the bathroom include a
bathtub or shower, toilet, bidet, first aid cabinet, and mirror. These fixtures should be arranged in a
way tha individuals with full mobility, users without assance, and users with assistance from
individuals in wheelchairs can easily access them.

However regardless, individuals with severe disabilities who are unable to bathe even with assistance,
as wellas those with skin problems who find relief by imrsieg in water, require a bathtub for
bathing. Therefore, a small number of bathtubs should be designed in nursing homes.

The essential and necessary fixtures in the bathroom include a bathtub or shitetidojdet, first aid

cabinet, and mirror. Thedixtures should be arranged in a way that individuals with full mobility,
users without assistance, and users with assistance from individuals in wheelchairs can easily access
them Figure 3
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Figure3. Appropriate Dimensions for Accessible Restroom 8hower for Disabled Individuals

Doors and Windows

Usually, doors create difficulties for the elderly, as most of them have joint swellings and may have trouble
bending their fingers. Thereforthe door handles should not be rotsithped; instead, "Bshaped handles are
recommended. It is advisable for the handle to be approximately 90 centimeters above the floor of the hallway to
allow for easy movement in both sitting and standing positiomeeSnost elderly individuals lower their feet

while walking, there should be no protrusions on the threshold of the door that could cause them to fall.

In the bedroom, the height of the window should be low enough for a person lying on the bed toeeasily s
outside. This height should be considered betwee®03tntimeters from the floor. For dining rooms, a height

of 70 centimeters is recommended for windows so that elderly individuals in a seated position can comfortably
enjoy the view outside. The wind sills should be at a suitable height to accommodatd sieeorations and

flower pots. Window handles should be designed to operate with minimal force and be easily accessible at a
lower level, preferably between 90 to 120 centimeters from the floor.
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Staircases

The design of staircases should ensure safatyhave appropriate dimensions, sufficient lighting, and suitable
handrails. Straight flights of stairs may appear more economical, but they are usually intimidating for the elderly
and individualswith reduced mobility due to the long flight of stairsidtbetter to divide them into two half

flights, although this increases the number of steps, it is more suitable for the safety and better balance of the
elderly.

The maximum recommended numbéisteps for each flight is nine steps, and for a greatetber of steps, the
creation of landings for resting is necessary. For the elderly, an appropriate step surface should have sufficient
width for them to stand on with some safety and catch theitlbf€igure4).

Figure4. Appropriate Dimensions fort&ircase

Suitable Flooring

The hallways and rooms of elderly homes should havestippery, sturdy, and consistently smooth
flooring to prevent wheelchair obstruction or loss of balarinappropriate flooring selection,
especially in hallways, hinderdid ease and safety of elderly individuals' movement and reduces
accessibility. The most suitable types of flooring are vinyl or soft coverings. Selecting flooring
materials that are suscége to waxing or any similar treatment that may cause the suddmecome
slippery should be avoided; as such materials may lead to discomfort and reduced balance.

Assistive Handrails

Assistive handrails shoul d Ipahs @ mhaveren to ensurebeasy h
access. These handrails providehbsensory and real security to the elderly and are usually used in
places where they provide the most assistance to individuals with disabilities. For example, they are
essential in areasith changing angles and slopes, in bathrooms and restroom éagcgitid anywhere

that may require a momentary lapse of attention, such as transitioning from a dark space-t a well
area.

Two handrails should be considered for both groups of elddiyiduals, those with and without
disabilities using wheelchairwith one rail at a height of 90 centimeters and the other at a height of 65
centimeters. Additionally, to ensure that the elderly can easily grip the assistive handrails with
maximum safgy and confidence, the handrail section should be rounded andahasgproximate
diameter of 4 centimeters, with a distance of about 5 centimeters from the wall.

Physical Programs for Designing Different Spaces of the Desired Site.

Administrative spaces

Fine-tuning the design of administrative spaces in elderly hosestucial aspect. Research findings
indicate that the majority of office spaces are allocated to locations for Administration and meetings
(50 meters), while the least amounisphce is allocated to pantries and restroom facjlifiakle 1
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Table 1. Rysical Program of Administrative Spaces

Administrative

Space Name Unit Area Number of Total Area Descriptions
(square meters) Spaces (square meters)
Adm|n|str§1t|on and 50 1 50
Meetings
Deputy Office 20 1 20
Accounting 12 1 12
Archives 12 1 12
Security 12 1 12
Staff Break Room 14 2 28
Staff Cafeteria 50 1 50
Reception 12 1 12
Office Kitchenette 10 1 10
Restrooms 5 2 10

Total Sum: 216 square meters

Educational Spaces
Regarding the design status of elderly homes in Tehpagifically focusing on the finduning of the

physical program for educational spaces within the facility, research findings indicate thatheut of
total area considered, which is 762.8 square meters, a portion of 50 square meters is allocated to
educaitonal classes such as interpretation and Quran studies, music, literature and poetry, English

language, and literacy campaigmable 2

Additionally, 20 square meters are designated for workshops including sewing and embroidery, carpet

weaving, ceramigsnd vocational workshops.

Table 2. Physical Program of Educational Spaces

Space Name| Unit Number| Total Descriptions
Area of Area
(square| Spaces| (square
meters) meters)
Quran Interpretation Music - Literature and
Classrooms| 50 L 50 Poety - English LanguageBasic Education
Weaving (Sewing and Embroideryarpet
Educational| Workshops 20 1 20 Weaving- Potteryi Technical angrofessional
Production Workshop
Computer
Lab 12 1 12
Faculty 192 1 192
Room
Restrooms 12 1 12
Total Sum: 762.8 s@re meters

Service Spaces
In this study, 1047.8 square meters of area is allocated to service spaces, as Slaten3n

Table 3. Physical Program of Service Spaces

Service

Unit Area Number of Total Area .
Space Name Descriptions
(square meters Spaces (square mexs)
Elders' Dining Room 400 1 400 Spe_C|aI Menu with
Dietary Foods
Kitchen 100 1 100

Food Storage 30 1 30
Cleaning Room 6 2 12
Women's Hair Salor, 40 1 40
Men's Hair Salon 30 1 60
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Bank 50 1 50
Tea House 30 2 60
Taxi Waiing Room 12 1 12
Prayer Room
Ablution Room 60 2 120
Supermarket 100 1 100
Bookstore 50 1 50
Restrooms 6/6 8 5B
Engine I_R’_c_)om and 400 1 400
Facilities
Technical
Equipment Storage 50 1 50
Security and Control 10 1 10
Total Sum: 1048 squaremeters

Recreational and Cultural Spaces

Table 4presents some items related to the design status of comprehensive recreational and cultural
spaces in elderly homes. The results indicate that out of 1434.8 square meters of recreational and
culturd spacesthe majority of the areas are allocated to the main hall and gallery for displaying
artworks.

Table 4. Physical Program of Recreatie@alltural Spaces

Unit Area Total Area
Number o
Space Name (square (squere Descriptions
of Spaces

meters) meters)
Library
Study Hall 100 1 100
Loan Office 10 1 10
Library Supervisor Room 12 1 12
Lounge 150 2 300

Recreational Meeting Hall
Cultural Main Hall 500 1 500

Control Room 10 1 10
Waiting Area 100 1 100
Backyard 50 1 50
Gdllery for Displaying > 200 400
Artworks
Offlce_fo_r Elderlyrelated 30 150
Associations
Restrooms 6/6 8 58
Total Sum: 1434.8 square meters

Detailed Physical Program for Therapeutic, Rehabilitation, and Sports Spaces
In this project, 1851.8gsiare meters are dedicated to therapeutic, rehabilitation, and sports spaces,
categorized as shown Table 5.

Table 5. Therapeutic, Rehabilitation, and Sports Spaces

Unit Area Total Area
Number of -
Space Name (square (square Descriptions
Spaes
meters) meters)
Reception 12 1 12
Waiting Hall 50 1 50
Therapeutic| Doctor's Office 16 2 32
Examination Room 16 2 32
Nursing 30 1 30
Inpatient 30 5 60 Three Beds per
Room
Counselorés |20 1 20
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Pharmacy 90 1 90
Speech Therapy 20 2 40
Therapy Group 35 2 70
Physiotherapy Hall 150 2 300
Chess Room 45 1 45
Yoga Hall 100 2 200
Pool- Hydrotherapy

Reception and Waiting 45 2 90
Area

Shoe and Towel Delivery 192 2 24
Area

Locker Room 30 2 60
First Aid 12 2 24
Shower 5 8 40
Staff Room 30 2 60
Buffet 20 2 40
Swimming Pool 120 2 240
Rest Area 6 0 2 120
Massage Room 60 2 120
Restrooms 6/6 8 58
Total Sum: 1851.8 square meters

HVAC System of the Project

The comprehensive design status of the HVAC aysfor elderly homes in Tehran is indicated. An
evaporative cooler as well as a mist system are used to reduce dry air temperature. However, the
process of water interacting with air in this system is different.

In the evaporative cooler, water is pumpedier high pressure towards nozzles arranged in multiple
rows along the airflow path. As a result of the pump pressure and passing through narrow nozzle
openings, the water turns into a powder form, increasirfgaievaporation. Water spraying from the
nozzles not only reduces the passing air temperature but also removes dust and purifies the air to some
extent.

If needed, to increase capacity and reduce the outgoing air moisture, a coil can be installed and
circulated with cold water produced by a caglitower to provide better conditions. By installing a

hot water coil in the evaporative cooler and supplying it through the central engine, this equipment can
also be utilized in winter. Installing a return dict to recirculate a portion of the warnm ean be

highly beneficial in terms of energy efficiency.

DISCUSSION

Activities that can be effective in improving the mental health of the elderly include socializing,
recreation, staying active, having a warfamily environment, engaging in conversas, and
providing recreational facilities. Therefore, a place that can meet all these needs and allow the elderly
to live alongside their families can be referred to as elderly care centers. This place catrvbt bu

the best facilities and specificantlards for the elderly and the disabled, providing necessary
equipment and amenities for suitable exercises according to their age.

The need for gathering and socializing spaces for the elderly and counseliagscemotional needs

of the elderly alwgs exist, and as individuals age, their needs increase accordingly. Considering
lounges as places for sitting and resting and creating spaces that can facilitate effective communication
among the elderly is esd&l. These spaces can include sitting alewng areas.

It means creating diverse spaces where nature is harnessed to meet the cooling and heating needs of
the elderly, which are highly sensitive. The sound of water and chirping birds can be the best
environment for tranquility and creating nesennections. Therefore, having a clean and attractive
environment significantly contributes to this matter. Color, lighting, and the surface texture are among
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the most important features of creating a suitabdeegor the elderly. This set demonstrates &
high percentage of the spaces are allocated to social spaces and lounges.

The best suggested activities for the elderly (based on their literacy and individual preferences) include
reading books and newgpas, strolling in green spaces, socializengd conversing with friends,
watching movies, buying from buffets, sitting on benches and observing the streets, watching children
play, and listening to music. Additionally, extraordinary events such as religi@remonies,
celebrations, concerts, andht games have a positive impact on the mood of the elderly and prevent
monotony in their daily lives.

Furthermore, since the elderly spend most of their day in such environments, it is recommended to
provideservices such as hair salons and commest@adls that cater to their needs. Moreover, if they

have handicrafts, they can offer them for sale in these places. Service spaces should be designed in a
way that allows the elderly to independently use them.

Bathroom facilities in such spaces shouldsbearate for men and women. Additionally, washing and
drying equipment should be easily accessible, and access to the bathroom from outside should also be
provided for necessary occasions. The bathroom for thdge physical disabilities should be
designel in a way that enables independent use, as it is essential for testselfn of the elder[@].

The restaurant isquipped with a large, weliquipped kitchen. Providingroup catering services for a

large number of individuals in such communal spaces requires mechanizatieeawogt work
processes, electronic data processing (DP), and automated units knowngaanipred kitchens"

(from menu planning to provisioning @ulistribution of food and dishwashing). Preparing meals for
over 800 to 1000 people involves different table settings and dishes. Preparation tables and serving
areas are heated either by steam ectdkity. The surface temperature of the table shoel#dpt
aroundl56 0 AC

Depression is more prevalesnong elderly individuals who live alone and also experience physical
discomfort. Therefore, it is necessary to create a suitable and better environment for their living to
reduce the depressions caddy loneliness. Elderly people who, despite theiragke, participate in

social activities and have relatively good social relationships are less prone to various diseases,
especially mental illnesses.

Another important issue is work. Work is the besly to spend one's old age. Work not only meets a
real reed in relation to the elderly, but with proper management, the results of the work of the elderly
can address many aspects of societal needs. Thereforemgdtfyment workshops are recommended

in this residential facility.

These workshops include réadizing activities that are made available to the elderly upon request,
including greenhouses, pottery workshops, and handicrafts. If these activities yield results, they can be
sold in commercial baths within the same complex so that the elderly cathseresults of their work

and experience a sense of usefulness and productive living.

The elderly need physical and mental security, and this should be taken into account in the design of
spaces ralted to the elderly. The elderly should feel securetttegt can seek help in times of need or
receive prompt treatment during illness. They should feel calm and free from harassment in the spaces
they occupy. These examination rooms should have douldes deith a total width of 120
centimeters, and it is remmended to consider a room area of about 18 square meters.

Due to the high age of the residents in this complex, the probability of accidents resulting from old age
increases. It is necessary tovhaa short distance space for this purpose, along witkcassary
medical practitioner. However, since it is a temporary space, it should have a parking area equipped
with an ambulance for necessary transfers to hospitals.

Elderly individuals can follovexercise programs similar to those designed for youogl@én terms
of principles and adaptability. Therefore, ogen or covered halls suitable for sports such as
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volleyball, table tennis, etc., are considered in this complex. Furthermore, diverseysatior
walking and cycling can be created. Due to duerly's age and the feeling of fatigue during the
journey, there should be resting areas for sitting and relaxing, accompanied by a buffet and beautiful
scenery. Boating and water activities offesemse of vitality and freshness to the elderly. Ifdlzee

suitable environmental facilities, this recreational sport can be utilized. Otherwise, aquatic
physiotherapy and hydrotherapy can be used.

On the other hand, activities with lower energy costgh as golf, bowling, billiards, and gentle
stretchingexercises, have less impact on physical fithess but can be effective in creating a sense of
vitality in the elderly. For this purpose, spaces with suitable views and ventilation can be used for non
aerobic games such as billiards, chess, etc.

In conclusbn, considering the mentioned topics and the fact that Iran is among countries with a large
elderly population. Also due to the increasing number of active elderly individuals living alone and
indepemlently in their own homes in developed countries ann, fitee adherence to the mentioned
guidelines for the elderly is essential in architectural designs, especially in green spaces. Designers and
architects should incorporate them into their designsréate a suitable, usable, and enjoyable
environment fothe elderly, as they will be part of this segment of society in the future.
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SUMMARY

The rim of the Sarajevo depression was exposed to a strong construction expansion, which was not
followed by spatial planning documentationhi§ work presents models of modern geodynamic
processes, which ammainly caused by technogenic effects. The characteristics of these processes
mainly depend on the morphological properties of the terrain, geological structure, engineering
geological and ydrogeological properties, as well as technogenic factors. Thefathis work is to

clarify the specificities of modern geodynamic processes in the areas of different lithological
formations, and also to show their classification and special treatmesiticd er i ng processo6s
the development method of the movingck mass, causes of its movement; all with the goal of
preventing or reclaiming the negative effects of these processes. The key factors that affect modern
geodynamic processes are: terraiorphology, lithological structure, groundwater level, rock mass
structure, as well as the technogenic processes.

Key words:modern geodynamic processes, landslips, landslides, Sarajevo depression.

INTRODUCTION

The problems of landslides, as well deey modern geodynamic processes, have been present since
ancient times, with the fact that sudden urbanization and the construction @fskidiuildings and

road infrastructure led to their significant activatidhe first steps in solving and studyittgs issue

on the territory of the former[l,2tate were taken

ALandslide is a complex slope process of moveme
masses, along a cleargkpressed shear surface, which is calesliding surface. Part of the rock

masses that, due to various factors, move by shearing down the slope, without separating from the
ground, is called a |l andg3#lide, i.e. the body of

The basic gestion that is posed to the expertshimwv to forecast the tendency of the terrain to appear
unstablg 4] explained that matter in great detail and for practical purposes. According to Professor J.

P e r[5] the most widespread is the lithological criteni , t hat i s, defining geo
[3]. This criterion is the basis of this work.
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Engineemg geological research in the area of the city of Sarajevo and its surroundings began after the
World War Il, and intensified to a significant extenttwihe sudden urbanization and construction of

the city of Sarajevo. Numerous investigative works veareied out, for individual structures, with the

aim of defining the engineerirgeological properties of the rock masses from which the terrains were
built, on which future construction objects will be based, whether they are road infrastructure objects
or hightrise buildings.

RESEARCH METHODOLOGY

During the research of the terrain, that is, unstable slamesd the edge of the Sarajevo depression,
the most modern methods were applied, both in the field and in laboratory conditions. Based on these
reallts, their synthesis was performed and characteristic types of instability were isolated.

A number of shidlow boreholes, exploratory cuts and exploratory pits were carried out, certain
geophysical investigations were also applied, as well as a signifraamber of laboratory
geomechanical, mineralogical and petrological tests, as well as a numerous aengigpeaogical and
hydrogeological maps have been created for specific areas of Sarajevo and its surroundings, all aimed
at defining the conditions fothe construction of certain structures or addressing the stability
conditions of specific slopes, incluj already activated landslides.

During the 1970s and 1980s, extensive regional geological research was carried out, the final result of
whichwashe ALi st Sarajevo, OGK SFRJA. With this paj]
lithological formatias, their position in the geological column, and the physiwthanical

properties of individual lithological members, their hydrogeological prigserand function in a

broader sense were defined to a significant extent.

RESEARCH RESULTS
The geomorphologcal characteristics of the terrain and its rezoning

In view of the expressed very large height differences both in the area of the city ev&asajf and
in the area of its wider surroundings, we can single out two more significant regions inral gene
sense:

1 The area of the mountain rim (Mountain region), where several different levels can be
distinguished, which have special lithologicaljdhogeological, structural and hydrological
properties

1 The flattened area together with the depressioth@fSarajevo field (Quaternary Sediment
Area), where there are mainly Quaternary sediments on the surface, whose engineering
geological and hydrogeajical properties are precisely dependent on the thickness of these
sediments.

High mountainous area

It is an area with an altitude of more than 1000 m and includes all the surrounding mountains which

are interconnected and almost completely encloseS#inajevo basin (IgmaB | e | aTgrnei beeav i |
JahorinaCr epol j sk o, etc. ). On | argeriamounBsjot deaudatigtecial c an v
origin, while the erosion process (karst) takes place mainly in the inner part of the rock massif in the

form of chemeal disintegration of the rock mass.

Middle mountainous region
The area, which in terms of geomorphology is significantly more complex and covers an area of 700

m above sea | evel. up to 1000 m aboydéhodnaa | eve
Romanija, and on the southweasteslopes of Crepoljsko, we can see isolated and large massive
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limestone blocks of the Anisian layer'Twhich lie in a concordant relationship over the Verfen
sandstones (Sarajevo sandstones)tTis at the contact dhese two lithological units thatumerous
larger or smaller wellsprings appe&pting of Bosnia, Spring of Miljacka).

Lowland belt

In morphological terms,hts area significantly differs from the previous ones, as in addition to the
Middle Triassic Imestones and dolomites, as well as the Verfen sandstones, Tertiary and Quaternary
sediments are present, represented by terraces (river and lake), occasihalliwial sediments,

as well as fossilized alluvial fans.

Sarajevo field depression

From hemorphological aspect, it is a terrain that has gentle, sometimes steep slopes around the edges
of Sarajevo itself (at the contact with the previous morphaoddgigit), up to a completely leveled area

in the area of Sarajevo Field. The slopes are cdueeally with a thin deluvial cover, in some places

we can see smallaized sinkholes, while the Sarajevo field depression itself is built of fluvial
(Quaternay) sediments of the rivers Bosha and Miljacka, which are somewhat thinner around the

edges,whe t hey are significantly thicker along the

Vila, the thickness of fluvial sediments is about 2 meters, whiie tiekness increases significantly
towards the open area of Sarajevsko field. Fluvial sedbBnare represented by alluvial terraces
(alluvium), then dominantly by the gravel fraction, as well as by occurrences of lenses of sand, clay
and silt. For thisarea, the engineerirgeological properties of the terrain depend to a significant
extent ontielevel of groundwater oscillation.

From the aspect of this paper, and with the aim of defining the engingedhagical properties of
the terrain, which aramportant for the construction of buildings and infrastructure in Sarajevo itself,
the lowlying areas and the area of the Sarajevo field depression are important to us.

Geological structure of the terrain

The geological structure of the terrain of thgy @f Sarajevo and its wider surroundings can be classified into
four geological units, namgl

a) Lower Triassic or Verfan sediments.);Tin which we distinguish three lithological units:

1 A complex of sandstones, marls and clays, where from a geotechnical point of view we can
state that this series represents an unfavorable working environmestjalys if the
structural position is unfavorable in relation to the slopgéedms of hydrogeological function,
this lithological series represents a hydrogeological insulator. In the geological past, it was
exposed to strong tectonic processes anaigirdluences of exogenous factors, primarily the
denudation process. (Sedrenikor t hern sl opes of Trebevil,
engineeringgeological aspect, it can be classified as rocks with unfavorable properties, where
the terrain is conditically stable on slightly inclined slopes, while on steep slopes it is
conditiondly stable to unstable.

i The complex of layered white and red sandstones (colorful Sarajevo sandstones), which are
more favorable than the preceding lithostratigraphic unit from an enginegrotggical point
of view, and the slopes built from these sedimes ar e st abl e to conditi
Sedreni k, Hr ega, Pal e, Mokr o) .

I The complex of marls and thiayered marly limestones is less widespread and can be found

in the area of Kijevo, as wel |l as oidingtgpl aces

their engineeringyeological properties, they are similar to pure limestone rocks.

b) Kompl eks kr el nhj akkraelinjdookd ao mMidridchrnij eg trijasa
1 Massive limestones of the Anisian floor of the Middle Triassig)(They buildthe lowest
parts of the rim of the Sarajevo depression, they are characterized by a high degree of
cracking, large systems of cracks along which shearing and tearing of large blocks occurred
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along the rim. As a working environment, they are very favorahése rocksan be used as a
quality building material, while the natural slopes are stable.

I Bedded to stratified limestones of the Anisian and Ladinian stages of the Middle Triassic,
characterized by a high degree of karstification, significant preseihé@cturesin larger
dimension fissures. Alluvial fans have formed at the bases of these rock sections, natural
slopes are stable, and these rocks are less commonly used as construction materials due to the
presence of chert.

1 Layered thirplate limestors and marlsf the Ladina layer, significantly twisted and folded,
natural slopes are conditionally stable to unstable. They are rarely used as building material.

1 Volcanic sedimentation complex of the Ladin layer, where in addition tepthie limestong
with chertsand marls, rocks of volcanic origin include tuffs and spilites. Depending on
whether they were discovered or not, then on the structure of the rock mass, they behave
differently according to erosiedenudation processes.

1 The first three formidgons in thehydrogeological sense function as conducting collectors,
while the last formation functions as an insulator.

c) JurassieCretaceous J,K (Tithoniavialendian) flysch

This lithostratigraphic unit is represented by breccias, breccia limestones, marls andhatays
alternate in the geological column, and each of the individual facies of this complex has its own
engineering geological and hydrogeological properties. Ineigd, we cannot observe them
individually but as a complex, and conclude that this compbex different engineeringeological,
geotechnical and hydrogeological characteristics that depend on the individual facies of this flysch
complex. In places, thighological formation functions as a hydrogeological collector, and in places

as an insulatr. It is spread around the perimeter of the Sarajevo depression and is isolated in the

l ocalities of Hrega, Ljubna, Ko grdocddities. pot ok, Zuj

d) Tertiary complex of multifacies freshwater sediments

This complex of freshater sediments in engineering geological terms is very colorful, depending on
which facies is dominant. In the area of the Sarajevo depression and its rim, thiesease
distinguished:

1 A saies of conglomerates, sandstones with thin layers of mark®atuhe area of Sedrenik,

Vrace, Lukavica and Kasindol. This series is characterized by a general dip towards the
Sarajevo field (wessouthwest), so the stability of the slopes essentiadlyedds on the
orientation of the interlayer surfaces as welirescracks that cross them.

1 Facies of weakly bound sandstones developed along the stretch from Podhresidyi
Parld Me j a Hambaina carina. They have a distinct collector function, whict sucial
importance for the stability of slopes.

i A series ofthinl ayered mar |l s, sandstones and clays (
Kogevski pot ok, Lengil vila, Lukavica, Kobi
complete, i.e. these rocks places change to their unbound equivalents, and this saridse
characterized as unfavorable in terms of engineering geology. In the hydrogeological sense,
different types of outcrops were formed in this formation.

e) Quaternary cover, represented on the slopes by mostly thin, less often thicker deluviaheaver, t
by sipar, and by alluvial sediments along the river courses, of different thicknesses.

Contemporary geodynamic processes on the edge of the Sarajevo

Landslides can be found practically in all geological formations in our country: from the oldest to t
most recen{2]. Contemporary geodynamic processes, which take place along the perimeter of the
Sarajevo depression, were previously caused by the physézddanical disintegration of primary

rock masses which, under the influence of certain factbes, inoved down the slope, and then in
recent geological history, the consolidation and binding of these rock masses took place.
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This is how a primarily deluvial cover was formed, which can be of significant thickness in places.
This deluvial cover repeents a relatively "suitable" environment for the formation of landslides, that

is, for the detachment and uncontrolled movement of this mass down the slope if certain assumptions
have been made beforehand (gravitational conditions, water saturationtefréie, disturbance of

the primary geostatic conditions in the terrain, etc.). Landslides are most common in Tertiary
sediments, followed by Flysch Juras€ietaceous ( J,K ), while contemporary geodynamic processes

in the Triassic are represented bydslides, landslides and seeps, as accumulative forms.

a) Landslides in Triassic sediments( T>%)

These landslides were formed on the steep slopes of Triassic limestones, in the bottom of which lie
white and red (Sarajevo) sandstones. Previously, osldpes, sluices of significant dimensions were
formed, partially cemented with clayey material. latural conditions, these slopes are relatively
stable, while in the process of building road infrastructure, as well agikegbuildings, and during

the exploitation phase of roadways, there was an occurrence of instability and the activation of sliding

and sliding processes (Lapignica | andslides, | ar
as | andslides on the n &mddBresrroad),sas eshoven inoFigureTT. e b e v i
Uncontrolled dumping of soil and other waste material omtarally unstable slope, in the area of

Lapignica, | ed to the occurrence of | andslides o

N ENGINEERING GEOLOGICAL CROSS
SECTION

LANDSLIDE LAPISNICA

LEGEND

1. UTHOLOGICAL 2. STRUCTURAL
COMPOSITION MARKS

Embankment
material =~ Boundary of

lithology

K \, Activ
: {co,| Kolwium sliding
compacted surface
5
Limestone
2] 1] Sandy-clayl
‘-."f-}ﬁ sedh!";ertlasy Y

(n) embankment

RIVER
MILJACKA

- A
i gt
'-.---,’q,‘g:‘

Figure 1. Lpisnica landslide

At the level of the road, an embankment several tens of meters thick was formed in order to create a
leveled plateau, on which the construction of the building was planned. Backfilling was carried out
over the colluvial cover on the stetprain, which is locatedn the Middle Triassic, heavily crushed
limestones, and in the deeper parts of the terrain, below them is the Lower Tiacian secidgtone
complex.

As a result of the heavy load from the filled mass and the large amount of hatesurface and
undergraind, the slope was moved and the road was washed away on a length of 170 meters. The
moved earth mass also threatened the bed of the river Miljacka, and there was an objective danger of
the formation of a dam and a lake in thetrgzsn part.
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AThe oaxceuofrethe Lapignica | andslide was predispo
of the terrain (in complex spatial relationships), and the impact of the newly formed landfill in
conjunction with specific hydrological artdydrogeological conditionsvas decisive for the loss of

balance and radical displacement of the terraineB 09. 1 1 .[6].1 999 A

b) Landslides in JurassiCretaceous flyschi()

In the higher parts of the terraithere is a flysch polyfacies complex buift enarls, calcarenites,
sandstones and clays, and in the lower parts, the middle Miocene complex, represented by marls,
sandstones and clays, and clays with carbonaceous interlayers, lies transgressivedgoadantly

over it. The flysch complex is intsively harvested, tectailly deformed, blocky and superficially
decomposed, and the Miocene sediments are weakly diagenetically consolidated and subject to
relatively rapid change§7,8]. In the flysch com@x, decomposition products are gravitationally
moved towards the lowerags of the terrain, creating colluvial deep curtains as shown in Figure 2.
These are slow, shallow to deep landslides. The causes of landslides are related to the natural
morphogenet development of slopes, surface and undergtauater, as well as teabgenic activity.

el
ENGINEERING GEOLOGICAL CROSS SECTION m4
LEGEND LANDSLIDE VOGOSCA ;

1. LITHOLOGICAL 2. STRUCTURAL
COMPOSITION MARKS 1]
EM n Eluvium debris el-dl ’
3

# =~ e = Boundary of
Eluvium-deluvium lithology

debris \‘
Main sliding

Koluvium surface

Koluvium S~ __ Secundary

compacted sliding surface

M JK gl:er?}:csti;;l_.ls flysch
J-K FLYSCH

Figure 2. Landslide in the flysch complex
c) Landslides in the tertiary complex (Tc)

Landslides that are formed in the gedtad) substrate of tertiary deposits where there is ardifte

thickness of the decaying crust, then differétitological composition and different hydrogeological
properties. In this lithological complex, landslides are formed according to the statitons, the

position of the Quaternary sediments on skape, the water saturation of the terrain, the distir

natural geostatic condition in the terrain, the "favorable" position of the structure of the tertiary
sediments for the formation of thecsli ng sur f ace. I n the areakaof Kog
large number of smaller landslides were formes do the disturbance of the primary geostatic
condition in the terrain, and a typical representative of this type of landslide is the Ctantfslide,

which is shown in Figure 3.

The Crni Vrh landstle is not unique, but because of its specific ttiacture of the substrate is
actually divided into three landslidgg. The lithological complex of tertiary sediments does not have
an extremelyunfavorable structural orientation and the landslidegvi@med in the first phase at the
substratecover ontact, so that in the further phase of landslide development, the substrate would also
be partially affected.
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~
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Figure 3. Landslide Crni Vrh

Deformations, i.e. the slope mmss of moving the mass takes place in this way, partly where the
orientation of the structure of this lithological formation allows, they are also transferred to the
substrate, i.e. the base rodk the sloping parts of the city, landslides of this tgpe very common

and are found on high embankments next to the streets, dgéwbage dumps, etc. According to the
activity of the sliding process, these are relatively fast landslides thatereggent interventions to
prevent their further uncontreltl spread.

d The sl ope Vel elgel Pod &per Mibcenededimehti(Ms?) the so-called
"Kogevo series"” of mar |l s, marly <c¢l ays, cl ays, S
layered with the position of the structure dotie slopewhich further worsens the stability of the

slope in natural contibns. The inclination of the slope varies fron? i 30.

MOSQUE
BAKAREVAC
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Figure 4. LaWNdbkegdki Pofalili
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The initial movements of instability occurred the footof the slope, so that theqeess of mass
movement down the slope would successively spread towardsometrically higher parts. In
addition to the naturgbredisposition of the terrain, additional marade human activities, primarily
the illegal constration of buildings, there vgaa significant activation of the movement of the rock
mass down the slep

e. Quaternary landslides (Q)

Landslides in the Quetnary were formed as a result of gravitational movements of rock masses,
mainly in a bose coversshown in Figure 5. Thesarndslides are connected to the sources of streams
and rivers on the edge of the Sarajevo depression and are located at higpnslessad in the lowest
parts of the basin where streams flow into larger waterco(msaisly in plavine fans). The slope is
built of eluvial deluvial cover in the surfacerpaf the terrain and Neogene sediments, theadled
Kogevo series.

el-dl

MODEL OF LANDSLIDE BY QUATERNARY

LEGEND

1. LITHOLOGY 2. STRUKTURNE
COMPOSITION OZNAKE

Eluvium-deluvium

debris - Lithological
boundary ”

i Koluvium \-—
Main sliding //
maristone, siiifacs
sandstone

Figure 5 Landslides in quaternary formations

In the case of inatjuate cuttig of the base of the slope, when making frontal excavatior linear
objects or foundations of stable ebjs, the initial movements occur immediately behind the formation
of the cut,and then the sliding process spreads successively towsrdsypsomiic parts of the
terrain until local equilibrium is edptished.

THE RESULTS ANALYSIS

In this paper, five lcaracteristic types of landslides are presented, with clearly definedicoadif
their occurrence. The causes of the occurreneeactivatbn of the sliding process, can be reduced to:
geological geomorphological, physical and technogenic.

The geoabgical conditions for the occurrence of landslides are found in the rosdemthemselves, in
the manner and conditions of their fmation, physal-mechanical properties that reflect their ability
to react faster or slower to all external agents of destn.

Geomorphic conditions are related to the morphogenetic developfrEapes, i.e., the shaping of the
terrain under the itdence of catemporary exogenous processes.
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Physical or climatic caditions are related to the amount of precipitatianiden freezing and melting
of snow.

Technogenic activity or human activitg the most common cause of landslide activation. These
landslides, n addition to their frequent occurrence, are characteriae rapid and uncontrolled
processes, which often hagerious consequences for residential and infrastructure facilities.

CONCLUSION

The area of the Sarajevo depression aboundsnwitierous oaorrences of landslides and rockfalls,

primarily due to thke geological structure of the terrain as well as their very complex tectonic structure.

The basic geological environments thaivdr the formation of landslides are limestones in a
morplologically sattered relief, which lie over Verfen sedimeriten Negene sediments, flysch
sediments and the Quaternary cover.

The area surrounding the Sarajevo Depression has been exposedgaatistruction expansion for
the past 40 years, mainlyhd construédn of individual buildings, then the construction of the
infrastructure that had to accompany the construction cktheildings (road, water and sewerage,
electricity lines, etc.). Tére are very few areas where there was spatial planniogntntationj.e.
illegal construction is present to the greatestmixtwhich was almost nowhere followed by geological
surveys,assessments of the stability of cut slopes, assessments of timg loe@acity of the terrain
when building foundations, etc

Thanks © the extremely thin decomposition crust (in places vg® dlave a somewhat thicker
decomposition crust), then the @able orientation of the rock mass structures, the lithological
structure of the substrate, during the execution and coniruof theg constructions, the investors
did not face any signifiecd problems, which required expensive rehabilitation (thesgti@n is

|l andslide Lapignica).

The paper presents models of conperary gliding processes that took place along the pedbhe
parts ofthe Sarajevo depression, mostly initiated by technogpriocesses, i.e. human work. In
places, there are several dimalandslides right next to each other, but essentially they do no
represent a single whole, primarily due to the positbthe rockmass structure in relation to the
terrain surface (Crni Kh landslide).

(ReceivedMarch 2024, AcceptedApril 2024)
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ABSTRACT

The construction of highise objects in solid rocks characterized by frequent changes in its
vertical profile requires a more detailed study of lithological layers, tectonic characteristics and
analysis of physical and mechanical paramsetieayers of different strength and characteristics
in all elements make it possible to separate it by geological environments, in order to choose the
most favorable one for the foundation of objects. As part of the construction of additional silos
at theexisting "Molaris" Mill complex in Kozluk near Zvornik, research was conduetele
central points of the future facilities and the immediate surroundings.

Investigation works up to a depth of 12.0 m defined all the complexity of the terrain stincture

a small area. Conducted research on rock samples from exploration works and from the open
terrain profile showed differences in the physical and mechanical characteristics of softer rocks
susceptible to solubility in water. Separated environments shatthe foundation of objects
cannot be done only in one environment, given tfesfof the layers in a very small area.

Key words:geotechnical environment, object foundations, characteristics of the rocks

INTRODUCTION

At the location of the compkeof facilities of the "Molaris" Mill, the construction of additional silos is
planned on the plateau between the existing facilities and the cut part of the slope. In that area, the
slope used to be characterized by a stakpowards the Zvorti - Bijeljina regional road. Over time,

it was cut and buildings were built on the plateau, which is at the level of the regional road. The
presenday appearance of the slope in the back of the buildings is of the type of subvertical incision of
about 6.0 m

Thebedrock on the plateau is characterized by solid rocks, which can be connected to the rocks on the
open part of the slope. Conducted field research showed that the terrain in the vertical profile is
characterized by a folded shape with a synclinal diyars aroundt5®. Softer marly rocks alternate

with fairly solid sandstones of different colors in the profile. By comparing the rocks from the vertical
profile obtained by exploration works and the same rocks on the open terrain profile of the slibvertica
cut, the differences in the softer marl rocks are shown.
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The diversity of layers or geological environments in the part of the foundations of fatilites

will require a specific way of connecting the construction of the building with the comstrotthe

terrain. The degree of cracking of rocks that have been separated into geological environments is quite
present. By implementing the results obtained by field and laboratory tests through the RockLab
system, the parameter values reduced to dheal estimated state are significantly lower.

BASIC CHARACTERISTICS OF THE TERRAIN

The terrain of the immediate location has not been specifically studied, except as part of the
preparation of the Basic Geological MapSKRY. sheet Zvornik 1:100 000aBic data on geological,
geomorphological and structwgéological characteristics of the terrain are given in the Map
Interpreter for the mentioned sheet, which are not sufficient for the details of the location where the
objects are being built [1]. Rreusly built buildings also did not have the necessary documentation,
but the construction was carried out on the basis of direct observation of the terrain during the
arrangement of the plateau and the cutting of the slope

By studying the terrain at ¢hlocation of the future facilities and the immediate surroundings, certain
characteristics of the terrain were recorded. It represents the extreme marginal parts of a slightly steep
to steep slope with a fall of about-20%, and a drop angle of about @0the slightly steep, or 2&n

the steep parts of the slope. The orientation of the slope is in theoedstast direction, that is, with

an azimuth of about 100The edge of the slope is contoured on the western sidaebterrace
sediments of the fiha River.

According to the aforementioned BGM sheet Zvornik, R 1: 100 000 and its interpretation, the
structure of the slope includes Upper Eoceng ¢Eposits, which in the milder parts are covered by

thin deluvial (d)curtains. This unit includes blarguartz sandstones, conglomerates, friable gray,
greenish, sometimes ferruginous sandstones, clays, clayey marls and very rarely clays. Rhythmic
sedimentation is observed, with a pronounced presence of sandstone, andedgeraektent
conglomerate and rfie-grained sediments of clays and clayey marls. The general direction of
deposition of the layers is nortiortheast (the angle of deposition ranges from about t85&bout

10°), and the dip angle of the layers is from aifi to about about 28

During the engineering geological mapping of the core, all lithological members were followed in
detail. The sampling schedule was adapted to the position of the lithological members in depth in
relation to the exploration worl4,2]. Due to the synclinal depiion of the layers, the sampling
depths are different, but they represented the continuity of the same layers between the exploration
works. At the same time, the position of the lithological members was defined acctordimgir
vertical occurrence anlglorizontal extent. The layers of clastic rocks of the substratum of the terrain,
which according to the engineering geological classification belong to-stemy rocks [2], were
separated:
Fine grained to mediumgrained sandstone

T Medium grained sandste (1)

I Fine grainedo medium grained sandsto(ig
Clayey marl (2)

1 Sandstone fine grained to medium graiikd
Clayey, sandy marl(3)

1 Sandtone medium graingd)
The layers of lithological members alternate rhythmicaltyming an incomplete flysch seence
with the absence of certain members in the vertical column [2,3,]. The relationship of the mentioned
rocks in the vertical profile is shown in Figure 1.

The characteristics of the lithostratigraphic assemblage clatis#fyterrain and the immediate
surroundings as conditionally favorable to favorable terrain. From a geotechnical point of view,
terrains with a permissible load of 300 kN/m2 belong to terrains of favorable stability, if other
factors such as the disigtation or cracking of rocks, ¢hinclination of the slope and strata are
favorable [1,2].
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Figure 1 Terrain profile along the axis of future objcts

Directly at the location of theufure buildings, the terrain in the vertical profile is characterized by
layers of variable charamtstics due to the presence of soft marly rocks [3]. The steep slopes of the
layers make it difficult to build foundations in the same layer, which is whyas necessary to
separate geological environments with the same or similar characteristics.

RESARCH METHODOLOGY

For a more detailed study of the terrain, a research methodology was chosen that will supplement the
existing knowledge and study the area of the location itself in detaitluded
1 Field research was carried out that supplemettiediata of the Basic Geological Map of
SFRY, Zvornik sheet, 1:10000.
1 Research works along the axis of future buildings up to the depth of the influence of their load
defined the lithological members and their occurrence in depth.
1 Laboratory tests incluetl the determination of physicahechanical and resistadeformable
characteristics of rocks in conditionsi8i 20°C.

During tests in the field and in the laboratory, the data of ¢hu@siogeneous sediments of the first
and long marly layers were celated, for the possibility of observing them as one layer.

RESEARCH RESULTS

The geotechnical characteristics of the terrain were determined from the aspect of the terrain's
properties as a working environment which the facilities will be based. Forefanalysis of the
geotechnical conditions for the design and construction of silo facilities at the location "Molaris" in
Kozluk, the City of Zvornik, the construction of the terrain was analyzed in detaldation to the
lithological types of rocks, #ir position within the studied depth of the terrain as well as their mutual
position, then their condition, composition, engineering geological and hydrogeological characteristics
and physicat mechanical andesistant- deformable characteristics [4,5/(8,9]. Correlation of the

data obtained by exploratory drilling was carried out with the data of the open terrain profile located a
few meters from the planned facilities, Figure 1. The subvertical-sexden of the slope shows all

the complexity oftiegeological structure, which is also confirmed by exploratory drilling.

The terrain of the researched location, as well as the immediate surroundings to the depth of the
research investigation, are built Isediments- lithological members with differénphysical -
mechanical and resistantdeformable characteristics. Through a detailed analysis of their parameters,

it was concluded that the construction of the terrain of the researched location genesiiis aaf

three (3) geotechnical environmenfggure 1. With stricter detailing, some sahvironments could

also be separated. For this level of research and foundation of objects, the separated environments are
characterized by lower mean values ofghene or similar layers. The separated enviemsnare:
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1 Geotechnical environment 1, represents a complex of layers of sandstones in more horizons of
different colors.

1 Geotechnical environment 2, clayey, worn out, brittle marl of gray color.
1 Geotechnical environment 3, clayey, worn out, brittlelrofareddish brown color.

Geotechnical environment lis a complex of layers built from large clastic rocks sandstone deposited
in several horizons. Sandstone reeke fine grained to medium grained, poorly weathered to hard and

well cemented materialjarying in color from light gray to gray with occasional shades of reddish

brown. The higher horizon is registered at different depths due to the synclinal aligritieniayers.

It starts from a depth of 0.40 m and goes up to max. 2.7 m.

The lower horzons are at greater depths, although due to the cyclinal deposition of the layers, they
appear in one part from the surface of the terrain. On the terrain pragileg L, the middle is marked
with numerical code 1, and the lithological layers with gedmagical sandstone codes a$?1G 1 -,

PG2-PGBPGEHPGY.

table 1.

At t he

bottom of

Average RQD of the environment 1 ranges from 63 to 76%.

As an environmentolr the foundation of objects, it is a favorable medium, stable, incompressible and

has a pamissible load that corresponds to individual silo objects.

tcaneentedd gamglomeraten |
with a lenticular charactewas identified as 7 KG. The values of the parameters are in a smaller
range, dependingnathe horizon from which they were taken, and lower mean values were adopted,

Table 1. Parameters of geotechnical environrient

Profile Lithological Geomecha. Physical- mechanical Adopted parameter
mark type mark parameters of theenvironment
Fine-grained to
dium g=2366i126, 30 k|g= 24,00
1P & | M Weakly 7 - 2 '
2-P & gzﬂgsgne petrified to Jc:_ ?i%‘lr 227’(3 MP#m? 2:2290 OMPa
P& | oryworn | Strongly i = 12,80i 29,97 MP & = 21,00
PG I[c:uttoyhard and petrified " - 0 20 0 ZE; : = 0_23 ,
9-P & rock n="=u,29 4,2 n=>s
well-cemented Edin = 224037 36816 MPa | Edin = 29000 MPa
material

2

Gedadechnical environment 2,clayey marl, worn out, brittle, gray in color with the characteristics of a

guasiplastic environment built of finelastic rocks- clayey marl. It appears from the surface of the
terrain and dips synclinally up to 4.5 m, with &kmess of about 3.04.0 m, and in the extreme part
of the syncline it decreases to 0.4 m, Figure 1. On the terrain profile, it is markethevhumber 2
and geomechanical with the designation of layeC4 The parameter values are in table 2.

Table 2. Parameters of geotechnical environment 2

Profile Lithological Geomechan Physical- mechanical Adopted paramers
mark type mark parameters of the environment
g=24,06kN/ mj g= 24,00 kN/m
j =260 G 25°
Clay marl, Weak y _ 5 _
4-L¢ | worn out, petrified 9__ 2,10 MPdm ¢= 20MPa
brittle rock u=>5,23 MPa U 50 MPa
n=0,22 n=0,2
Edin = 15782 MPa Edin = 15500MPa

Average RQD of theresironment 2 ranges around 55 %

Environment 2. is a conditionally favorable environment for the foundation of objects. In its natural

par

state, it is stable and has a satisfactory load capacity. Engineering activities may come into contact

with water from atospheric precipitation, when itery quickly destroys its physical and mechanical
characteristics to the limit of soft marly clay. At the same time, it is transformed into an unfavorable
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environment for the foundation of objects. If the foundation of ktiédings is carried out in the
middle 2, it is necessary to isolate them from contact with water.

Geotechnical environment 3with the characteristics of a quasi plastic environment, is made of fine
clastic rocks marl of clayey, sandy, brittle, dark-bedwn color with rare inclusions of gray hard
sandstone. It appears from the surface of the tearadngoes to a greater depth from 2.2 m to 7.4 m,
that is, it follows the synclinal deposition of contact layers.

The middle has an average thickness 6f 3.5 m in the area of the silo facilities, Figure 1. On the
terrain profile, it is marked with nunieal code 3 and geomechanical code of layeB&. The
parameter values are given in Table 3.

Parameters of geotechnical environment 3

Profile Lithological Geomechan Physical- mechanical Adopted parameters
mark type mark parameters of the environment
g=23,57i 25,50k N/ m}J g=24,9DkN/mj
j =280 a 25°
« | S1vey, sandy, | Weak c= 2,30 MP4m2 c=22MPa
8-L weathered, petrified o . )
brittle marl rock U= 3,641 4,91 MPa Uz a
n=0,25i 0,31 n=0,2

Edin = 115521 11661 MPa] Edin = 11600 MPa

Average RQD of the environment 3 ranges around 69 %.

Environment 3 is favorable for the foundation of buig#iim their natural state. It represents a stable
environment, where the rock is weakly compressible to incompressible with a permissible bearing
capacity that corresponds to the designed silo facilities. In contact with water, the physical and
mechanicalcharacteristics are reduced and it passes into ralitonally favorable environment.
During the execution of the works, it is necessary to take measures to protect the rocks from contact
with water.

By analyzing rock strength using RocLab,lower parametevalues were taken for input data. The
degree of reliability of the input data aélid and laboratory research in the part of investigative works

is satisfactory. The data for the rock mass taken from the RocLab program package are quite well
chosen [1@,1,12]. Characteristics of environments recalculated in RocLab are given in table 4.

Tabela 4. Parameters of geotechnical environments calculated in RocLab

Geolog. environmert Geolog.Environment2 Geolog. environmerg
Parameters
Intact Massive in Intact Massive in Intact Massive in
rock RocLab rock RocLab rock RocLab
g( k N/ 1 24 24 24 24 24,5 25,4
i 9 29 37 25 31 25 28
¢ =(MPa) 2,4 1.343 2,0 0.255 2,2 0.178
a = ( 21 1.559 5,0 0.268 4,0 0.179
GSI - 59 - 48 - 45
mi - 19 - 12 - 9
URm - 5.418 - 0.911 - 0.594
Edin (MPa) 29000 6.510 15500 1.250 11600 1.000
erm (MPa) - 2.518 - 339 - 224
gi volumetric weight mi i a constant that depends on characteristic
of the rock
(i i angle of internal friction Grm T total strength of theock mass
ci cohesion Edini Modulus of elasticity dynamic
07 uniaxial compressive strength erv 1 Modulus of deformation
GSIi geological strength index
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DISCUSSION

The values of adopted parameters for separated environments are basedabaryigbets and rock

guality assessment during its mapping. Taken lower average values are realistic for tests on monolithic
samples [14,15,16]. The rocks in the area of the future silo facilities do not represent continuity, but
there are certain mechaal discontinuities along which there may be a complete absence of cohesion
forces. Therefore, there is a significant difference in strength between monolithic parts of the mass and
real rock massif, as well as between different varieties of lithologieailras and their mechanical
discontinuities.

When defining geotechnical environments that are engaged as a working environment for the
foundation and construction of objects, the selection of physieahanical parameters relevant for
geostatic calculabhswas made on the basis of:
1 results of laboratory tests of solid rock samples, taking into account the degree of their
representativeness and test conditions
1 data on the real characteristics of the rock masses of the marly complex and the sandstone
compex (lithological heterogeneity, structural textural characteristics, degree of cracking and
characteristics of cracks, degree of surface degradation, etc.)
1 existing empirical correlation links between physical mechanical characteristics, structural
charateristics and rating of rock mass (Analysis of Roc/Soil Strength using RocLab)

The values obtained by the analysis in RocLab for the analyzed environments are significantly lower
and they reflect the actual situation in the complete block of the rockfmBss degree of detail of

the data research for this analysis was not sufficiently observed in a wider area, although in the
immediate vicinity there is an open terrain profile above the height of the foundation of the building.

This method shows us tlyereral state of the rock massif in conditions of a well studied state of the
lithological members and the degree of their cracking. The results of the state of stress in the rock
massif as a whole and the rocks taken in the exploration works always diffisidering that the
exploration works show the real state in the point section along the vertical. It is more or less different
from the situation in the immediate surroundings, which depends on the structural geological
characteristics of the terrain.

CONCLUSION

The complexity of the geological structure in the small area where characteristic facilities such as silos
are being built required a more detailed study of the terrain at the-lnéation. Geological research

carried out, which includednvestigative works and laboratory tests, provided basic data on the
characteristics of the terrain. The presence of an open terrain profile in the immediate vicinity made it
possible to correlate data with relevant works in macroscopic observation. Gameelz laboratory

tests are not relevant because the rocks on the open terrain profile have been exposed to different
climatic changes for years.

Frequent lithological shifts of smaller or larger layers in a small area and their synclinal bedding made
it impossible to choose an adequate layer for building foundations. That is why layers with
approximately the same characteristics were grouped atdlmgjcal environments. Three geological
environments were separated, which, in addition to the paranudtdéaboratory tests, were also
processed through the RocLab system.

A more detailed look at the lithological composition, especially on the opaintprofile, shows that

the rocks in this zone have no continuity, but a lot of mechanical discontin&ijig¢sanslating field

and laboratory data through the RoclLab system into the real state of the rock massif, the obtained
values for the geologicalngironment are significantly lower, but more reliable for defining the
foundation conditions of the silorattures.
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ABSTRACT

By designing protetion measures, the occupational safety system should prokel bespossible
working conditions for all employees in every economic activity, including in mining production. The
analysis of occupational injuries incartain period of time should enahltee collection of data on

certain etiological specificitiesf injuries and in this way ensure the selection of adequate preventive
measures of occupational safety. Monitoring the indicators of occupational injuriés thié analysis,

which is presentedn this paper, provides information about the change instiate ofworking
conditions and enables the determination of the general tendency of its decreasing or increasing change.

Onefactor ANOVA analysis was appd to determine the variability ofhé results within the
established groups of selected etgptml facbrs and to determine the impact on the observed
occurrence of the number of occupational injuries in the mining company. The application of Pareto
andysis to determine the most dominatguses of occupational injuries is of crucial importanae fo
determinng the direction of action of preventive actions and corrective measures in the occupational
safety system.

Keywords: occupational safety, occupatal injury, etiological factors, Paoeanalysis, occupational
safety measures

INTRODUCTION

Accordingto the report World Mining Data for 2022, it is stated that the world mining production in
2020 amounted to 17.2 billion metric tons of ores, andatgest part of the production was carried
out in Asia (59.8%), North America (15.4%), Ocearniia3%s) andEurope (6.8%)[1]. Mining is a
high-risk industrial activity and the main risks that arise are: risks to the safety and health of
employees, environmdal risks, social risks, land use risks, legal and financial risks and technical
risks [2]. Theimperati\e that has no alternative is the efficiency of production in mining production
systems with a satisfactory level of safety and protection at workngmioyees. The occupational
safety system in every production system should provide employdleswarking conditions in
accordance with safety norms. The management of the protection system depends to a large extent on
effective planning and timely andfeftive design of occupational safety measures, and for this
purpose, the analysis of occupafibnnjuries in the previous period should serve as a guide for
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changing safety strategies, developing new models of risk assessment, information base for the
guidance and correction of protection measures, as well as the improvement of legal regutations. |
any casethe effective functioning of the occupational health and safety system for the company also
implies certain positive economic effects in the formaafeduction in production costs: fewer lost
working days (working hours) due to occupationgliies, cats of repairing the consequences of
occupational injuries (sickness of workers, employment and training of new workers, disability
benefits, etc.),teppages and delays in the production process, etc.

An occupational injury is a change in tisrking ervironment on a person's integrity (physical,
psychological and social), as a consequence of the sudden and immediate occurrence of
inconsistencies bekeen the behavior of a person in the performance of work activities and the
elements of the woikg envirmment [3]. Damage to health, reduction or loss of working ability,
material costs due to compensation for sick leave, treatment, rehabilitationljtgjsaluction of life
activities, disturbances in the family, disruption of the work procdssline n productivity and
quality of work caused by occupational injuries make the problem of occupational trauma very topical
[4]. The first prerequisite ithe analysis of injuries and the use of such data for the improvement of
working conditions animprovemet of occupational safety measures is their recording. It is crucial to
keep a record of injuries, to analyze the conditions that caused the irgmdet® use the information
gathered and the experience gained in order to prevent futureegnjamd los of life [5]. Injury
analysis involves the application of various statistical techniques to determine the etiology of injuries
and the factors thakead to their occurrence. Statistical tools have been developed in the light of
epidemiological gncipalsto see whether there is any role of some personal and impersonal factors in
the occurrence o0[6. coal mi nerds injuries

The goal of the research pented in this paper was to determine which etiological factors had an
impact on the frequencyf anjuries in the mine in order to design appropriate occupational safety
measures aimed at a given category of workers. Also, determine the dominant cacsepational
injuries, in order to direct the effect of corrective measures to the observes tausde to avoid
similar injuries in the future

LITERATURE REVIEW

Analysis of the state of occupational health and safety in the mines of the Rep#rska in the
period 20052009. show that 1 out of 30 employed workers are injured annuadlljs, fo every 1
million tons of ore material produced, 13.3 workers @mjured[7]. In Bosnhia and Herzegovina,
research dealing with this issue was coneldictt "Arcelor Mittal" Zenica in the period 206@912, on

a sample of 574 injuries. There werefatal ifjuries during that period. Only men were injured, in the
first shift (46.6%). The injured workers were between the ages of 50 and 54 (26.6%) afiddjuali
workers- KV (67%). Injuries affected the extremities in 60% of cases. Injuries mostaftemred o
Tuesdays (26.6%) and Saturdays (20%) Based on the availlbdata on fatal injuries in mines in
Serbia, it is concluded that changes in the lleggulations on occupational safety and health can
significantly reduce fatal injuries. Fataljuries we&e most common in excavations, and less educated
workers were me likely to die[9]. Numerous researches in Europe have shown that younger workers
are more often injured in similar jobs and under approximately equal working conditions, wietle old
workersinjuries are of a more severe nat[t6].

In addition to reearch that included the analysis of etiological factors of injuries in mining, nusnero
authors dealt with determining the causes of injuries. Determining and analyzing the tanjsee®

in any activity, including mining, is the basis for establigham effective occupational safety system.
Research on the frequency of injuries imface coal mines in India singled out the most significant
influencing factors: unsafe behaviof workers years of work experience and age of workdry.
Research ifChina that analyzed 320 accidents in coal mines showed that 74.3% of accident®were th
result of unsafe conditions and rules: unsafe operator behavior, unsafe equipment, andarkisefe
ervironment conditiong12]. In an analysis of injuries in mines Bpain from 2003 to 2012, it was
determined that collisions with moving objects, pbgsexertion and radiation were the main causes
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of injuries[13]. According to data from the Atralian nining sector, 79% of injuries occur as a result

of falls, tripsand slips, body contact with moving or stationary objects and handling majédgls

The most common causes of deaths in mines are motor vehicle and powered haulage accilents, fall
from a keight and machinery according to data for 2010 in Canada (Orgtaie)[15]. According to

an analysis of injuries in mines in Ghana, 85% of allrinpiand 90% of deaths in mining are related

to mining equipment, while less skilled workers eenore ofen involved in fatal accidentgl]. In
surface mines in Turke{Z1l surface mines), miners under the age of 40 were at greater risk of injury
than oleer ones, with the most common types of fatal injuries occurring during blasting operations,
motar-driven tansport, and fall$17]. According to researcfil8], for the p&od 1995 to 2004, in
mines in the USA, hand tools without drive were the equipmédagosy most often associated with
nonfatal injuries, while offroad ore transport was the magimmon sotce of deaths, younger
employees had an increased risk of injunile workers over the age of 55 had an increased risk of
death.

MATERIAL AND METHOD

The analysis of occupational injuries was carried out in the iron ore mine "Arcelor NFitii@tor,in

the Republic of SrpskaBosnia and Herzegovina for the perid@022021. year, and are based on the
database on occupational injuries. The injulytabase was created based on the recording of
occupational injuries. All injuries are recordedcidentl minor injuries and injuries with lost time.
Injuries are recored using a special document (injury report), which contains all the etiological data
about the occupational injury. The analysis in this study includes injuries with lost tinmgury with
sick | eave ( 6i njopeaninjurwlist) Inhetpéarioddronb2002 th 202%H an average of
747 workers were employed in the iron anae. In the iron ore mine, the ore is mined in an open pit,
and the ore preparation technolagynagndt-gravitational separation. For transport and exploitation,
stand@rd mining machines are used (conveyor belts, loading machines, rotary excavatgersg
bulldozers, etc.). An occupational safety service is organized in the mine, a risoastesadeen
carried out at all workplaces and all workers have presciisiahdard) protective equipment. The
occupational safety system in the mine orgemioccupational safety tasks by performing the
following activities: hazard identification anitk assessent, monitoring and measuring the effect of
occupational safetyjnspection and control, creation and management of occupational safety
documentationcommunication with workers (education and trainiidg.

Etiological analysis of occupatiahinjuriesincludes analysis of: severity of injury (light, severe, fatal,
collective), place of injury (at the workplace, at another workplace, on the itodd tieme of injury
(day, month, season , work shift, etc.), characteristics of the workeswifeved a injury (gender,
age, work qualification, injured body part, ¢td¢he source and cause of the inj{i&g]. For a more
complete overview of the stabf health and safety at work, in the production and business system, in
addition to the absota indicabrs of the number of injuries, relative indicators are also usethé
analysis of changes in the number of injuries from the aspect of the trendirog, most often, the
injury frequency index and the injury severity index. Relative indisabd injuies are calculated in
relation to the number of employees or th@nber of effective working hours, such as the index
(coefficient) of the frequencegf occupational injuries and the index (coefficient) of the severity of
occupational injuries aa ratio ¢ lost working days and the number of injuries, i.e. number of
effective working hours. Index relative indicators were also used for the analyst$ sitow the
percentage change in the state of occurrence (in this case, the number of injyuid3 & successive
time periods: base (in relation to the selected based and chain (in the current period in relation
to the previous one). Anova awsis is used to analyze variance (variability of results) with the aim of
determining the charser and sength of the influence of one or more factors on the observedtobj
or process (in this case, the number of occupational injuries). In this papdéactor Anova analysis
was used to process etiological data on injuries done in the Exoebeofpackge. The graphical
Pareto method or ABC diagram is used to anapfzenomena in a way to rank sizes/phenomena or
errors and their causes in descendirder. The theoretical basis of the Pareto principle is based on the
claim that most of the prédms in acertain area (up to 80%) arise from the 20% most significant
causs. This method is used with the aim of identifying dominant causes in order taakeder
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corrective activities to eliminate them. The Solidworks software package was used toacBEate
modée of the graphical interpretation of the analysis of injuriehemine according to the etiological
factor of the injured part of the worker's body

RESULTS AND DISCUSSION

Monitoring of the number of injuries in the iron ore mine in thaqakefrom 2002 to 2021 is shown by

the values of absolute and relative index indicators in Table 1. In the obsengey ther structure of
injuries accordingd severity that occurred in the mine is: 81% minor, 16% serious and 3% fatal
injuries. The highst numberof injuries was in 2006 (19 injuries), and there were no injuries in three
years: 2008, 2013 and 2014. Thegest number of minor injuries occurred2006 (17 injuries), and

the largest number of serious ones in 2009 (5 injuries). In thatdpéhiee &tal injuries occurred in
2002, 2004 and 2006. The annual average of the total number of injuries at v&80,isninor
injuries 4.3, serious injurge0.85 and fatal injuries 0.15. Table 1 shows an overview of the number of
employees in the mindased orthe review of base indices (Table 1), for the selected base period of
2009, we see that the largest peragrtchange (increase) in the number afriag occurred in 2006
(increase in the number of injuries compared to the selected base firgariés © 19 injuries in
year). Also from the review of the chain indices (Table 1), we see that the biggestgmeragrange
(increase) in the number of imjes occurred between 2017 and 2018 (increase in the number of
injuries from 1 to 7 injuries peyear).

Table 1. Relative index indicators in an iron ore mine
in the Republic of Srpska (B&H) for the period 262@21.

Number ofoccupationalnjuries average number of employe
) . N Index
and effective working houts
Year Number of injuries Effective
Number of . .
M s E Total” | employees working Base Chains
pioy hours

2002 10 0 1 11 845 - 220.00 -
2003 4 0 0 4 424 - 80.00 36.36
2004 | 11 0 1 12 570 - 240.00 | 300.00
2005 | 18 2 0 15 639 - 300.00 | 125.00
2006 | 17 1 1 19 17 1313675 380.00 | 126.67
2007 9 1 0 10 23 1301101 200.00 | 52.63
2008 0 0 0 0 731 1320590 . 0.00
2009 0 5 0 5 696 1171361 100.00 .
2010 2 1 0 3 705 1302555 60.00 60.00
2011 1 4 0 5 824 1541360 100,00 -
2012 0 1 0 1 843 1565904 20.00 20.00
2013 0 0 0 0 854 1569103 . 0.00
2014 0 0 0 0 854 1568943 _ 0.00
2015 1 0 0 1 848 1555526 20.00 -
2016 1 0 0 1 813 1368091 20.00 100.00
2017 1 0 0 1 803 1364028 20.00 100.00
2018 6 1 0 7 788 1364480 140.0 700.00
2019 4 1 0 5 767 1345911 100.00 71.43
2020 2 0 0 2 743 1228206 40.00 40.00
2021 4 0 0 4 746 1317719 80.00 200.00

Ukupno 86 17 3 106 14933 22198553

Annual |5 | 585 | 015 | 530 746.65 1109927.65

average
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*Internal records of the mining company

** Total number of injuries with lost time (Minor, Serious, Fatal) in the iron ore mine: injuriée a
workplace + injuries from/to the place of work.

Figure 1 shows the trend of minor and serious injuries at work in the mine for the perie202002
decreasing trend of light and serious injuries is noticeable. The trend of minor injuriese@sitegiat

an annual rate of 10.35%, and the trend of serious injuries is decreasing at an annual rate of 4.33%.
Figure 1 shows that despite the declining trehd,end of the observed period is characterized by an
increase in the number of injuries. Thephed ocupaional safety measures that have given results in

a certain period should be reviewed in order to increase the efficiency of their effect.

18

16

14
12

10

6
4
2

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

v =-0.4451x + 8.9737
R*=10.271

W Minorinjuries ™ Serious injuries

Figure 1. Trend of minor and seriooscupationainjuries in an iron ore mine i
n the Republic of $iska (B H) for the period 20022021.

From the analysis of injuries in the iron ore mine in the RS for the periodZ we conclude:

that the male workforeis most injured (90%), that workers aged 41 to 50 are most injured (47%), that
injuries occurat the wokplace (42%), according to the level of professional education, most are
injured workers with a secondary edtion and qualified workers (89%), workewith 21 to 30 years

of experience (41%), in the 1st shift (59%), in the-Bid hour after strting wok (32 %), in April and

May (11%) and on Mondays and Tuesdays (19%).

The result of the analysis by gendeexpected, because the mining industrypkays a predominantly
male workforce (the percentage of employed women in mining companiesateeseed 0%, at the
world level). Also, this industry has the highest percentage of employed labor force withasgcond
vocational education and qualified iers, so the highest percentage of injured workers is among the
workers with these qualificatis. Figure2 shows the injury frequency index of workers with
secondary education and qualified workers employed imihe. Figure 2 shows that in certain yea
(2006, 2009, 2010, 2012, 2015, 2016, 2017, 2019, 2020 and 2021) that index is higheritijarythe
frequency index of all employed workers in the mine.

In relation to the work shift, there are the most injuries in the 1st shift, because the cgamizat

work determines the number of workers engaged in other shifts because the exploitatierisof

caried out during the daylight. During the shift,unes are most common after 3 to 4 hours of work,

when workers are already tired before the dhilgak. According to the day of the week, there are

more injuries at the beginning of the workimgek, due o0 6getting indé into the
analyss of injuries according to the place of occurrence includes 25% of occupational injuries that
ocaurred on the way from/to the place of work, because they are also treated as occupatice®l injuri
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accordng to national legislation, which is in line with Eypean standards. The percentage of 18% of
injuries that occurred at another workplace indicates practice of assigning workers to other
workplaces before getting to know the dangers spetifithat workplace. The highest number of
occupational injuris, 90%, occurs in the production and technical sector, which is expected because in
that sector wik operations of mining, preparation and transport of iron ore are carried out, while the
othersectors spport the primary production sector.

35.00
30.00
", 25.00

I - the number of injuries, 20,00
E - the number of employees

15.00

0.00
2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

== Injury frequency index workers with a secondary

- L 3287 | 1365 | 00O 891 523 577 140 | 000 | OO0 139 145 147 747 | 772 315 623
education and qualified workers

== Injury frequency index all workers in mine 2650 | 1381 | 000 | 718 | 426 | 607 | 119 | OO0 | OO0 | 118 | 123 | 124 | BB8 | 652 | 269 | 536

Figure 2. Index of the frequency of occupational injuries afkers with a secoraty vocational education
and qualified workers in an iron ore mine in the Republic of Srpsk&jBor the period 20062021.

ANOVA ANALYSIS OF ETIOLOGICAL FACTORS INJURIES

Onefactor ANOVA analysis showed which analyzed etiological factors influeneentimber of
occupational injuries in the analyzed company, namely: age of the worker, injuleg@dord anl work
shift.

Workers are divided into three groups by age (group 1: 40 or lesg 8rdrom 41 to 50; group 3:
over 50). A statistically significa difference was found at the p < 0.05 level in the results of the three
age groups: F (2, 34 3.59, p= 0.04. The size of the difference between the groups is large, and
expressed usingasquare, it is 0.17. The results of Tukey's HSD show that ¢a@ of group 1 (M =
1.86, SD = 0.95) is significantly different from the mean of group 2 (M85,35D = 276) and not
different from the mean of group 3 (M = 3, SD = 1.63). The mean valgeoap 2 does not differ
significantly from the mean value of grp 3.

Injuries according to the injured part of the body are divided into three groups (grbwadL and
torso; group 2: extremities; group 3: multiple injuries). A statistically signifidi#ference at the p <

0.05 level was found in the results ottthree groups: F (2, 34) = 6.03, p = 0.006. The size of the
difference between the groups isge, and rpressed using eta square, it is 0.26. The results of
Tukey's HSD show that the meahgroup 1 (M = 2, SD = 1.09) is significantly different from the
mean of group 2 (M = 4.57, SD = 3.8) and not different from the mean of group 3 (M = 1.42, SD =
0.9). Themean value of group 2 differs significantly from the mean value of group 3.

According to the shift in which the injury occurred, the division wasleniato three groups (group 1:

| shift; group 2: 1l and Il shifts; group 3: before/after worRhere wasa statistically significant
difference at the p < 0.05 level in the results of tived groups: F (2, 30) = 4.83, p = 0.015. The size

of the difference between the groups is large, and expressed using eta square, it is 0.24. Tukey's HSD
resultsshow thathe mean of group 1 (M = 5.25, SD = 4.35) is significantly different from the mean
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of group 2 (M = 2.1, SD = 1.37) and mean of group 3 (M = 2, SEB4)1The mean value of group 2
does not differ significantly from the mean value of group 3.

Consideringthe established influence of certain groups of etiological factors on the number of
occupational injuries in this mining company, the direction efaffect of safety measures at work
that is proposed:

1 programs for training workers for safedahealthywork, as well as programs for improving
the safety culture, should be aimed at gatiees where workers are most often injured, as well
as at the youyer categories of workers,

1 through organizational measures: schedule of shifts, change in thieenwf wakers in
shifts, more short breaks during work, etc., as well as educationaliregathe importance of
quality use of free time, the importance oéaring for a work shift, etc. react to the impact
of shift work on the number of occupatiomguries,

9 additional educational programs on personal protective equipment.

THE ANALYSIS OF OCCUPATIONAL INJURIES, ACCORDING
TO THE INJURED PART OF THE BODY

The analysis of occupational injuries, according to the injured part of the body, is priimgdistant

for determining the health status of the worker, the course ofneeatind the possibility of restoring
work ability [21]. For the occupational sa§esystem in an organization, this analysis should primarily
enable the proper selection of theost adegate means of personal protection in the design of
occupational safgtmeasures. The classification of injuries according to this criterion also snhble
detection of defects in work procedures or in the construction of machines and devicesieft
work processes are carried out.

According to the analysis of injusan 71 surface mines in Turkey, injuries affected three parts of the
body (mainbdy, head and hand) in 79% of all injurid¥]. The structure of injuries according to the
injured part ofthe body, in the statistical reports of the analysis of accidadtinguries in iron mines

in Australia, is that arm injuries are 42%, legs 23% tanslo 15% of the total number of injuries for
the period 2012020, i.e. hands 39%, legs 25%darunk 226 of the total number of injuries for the
period 20262021 [22]. Previous investigations of safety and health at work in the mines of the
Republic ofSrpska for the period 206209. gave the following results: the most frequently injured
parts @ the bodywere the extremities: arms and legs 64%, head 16%, eyes 5%, baak@%% had
multiple injuries[7].

The analysis of injuries in the iron ore raim the RS according to the injured part of the worker's
body showed that the extremities oétlegs 43%and hands 19% were injured the most, and there was
also a significat percentage of multiple injuries 16% (the analysis did not include the thede fat
injuries that occurred in the period 262@21.). Figure 3 presents an innovative graphicessgntatio

(3D model) of injury analysis according to the injured part ofotbay in an iron ore mine in the RS in
relation to the graphic model of the bodsusture of an average person.

The percentage share of body parts of an average person @ithubibss H = head, N = neck, A =
arms, T = torso and L = legg)3] is represnted by the model (figure 4a), while in figure 4b. graphical
model of the perceage share of injuries to certain parts of the workers' bodies according to the
analysis in theron ore mmne for the period (from 2002 to 2021). This graphic illustrationsdoat
include multiple injuries.

Based on the analysis of injuries accordingh® injured part of the worker's body, we conclude that
when choosing personal protective equiptmepecihattention should be paid to personal protective
equipment for theprotection of legs and hands. Also, a significant percentage of multiple injuries
points to the need for increased control of the application of work safety procedures atidsatdivi
build a work safety culture with an emphasis on measures to deveioprtmation and attention at
work.
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a) Percentage share of body parts b) The percentage of injuries to
in the body structure of an individual parts of the body
average person according to the analysis

carried out in the mine

Figure3. Analyss of occupationainjuriesaccording to the injured part of the body
in an iron ore mine in thRepublicof Srpska for the period 2062021

THE ANALYSIS OF SOURCE AND CAUSE OF OCCUPATIONAL INJURIES

Determining the source and cause of occupationali@gufrom the group of etiological factors, is the
most important fothe design of expedient agpationalsafety measures. The sources of injury are
related to material (means of work, materials, tools, etc.), energy and workplace factors that cause
injury by their direct effect on the worker's body, the causes of injareselated to the reason®.
O6mosd of injuries and it is much more difficult
certain groups, due to the often present complexraaif several causg24]. The most common
causes of occupational ogational injuries are:
1 subective caises dominated by the-salled human factor,
1 objective causes related to the degree and duration of objective danger/harm in the working
environmen@nd/or at the workplace or to factors arising in the social @mvient 25].

According to thestudy[26], numerous factors that determine the occurrence of occupational injuries
in mines are systematized into two categories:
1 Personal variables: demoghigs, negative personality, safe work behaviour, job
dissatisfation, job stress,
9 SociotechnicaVariables social support, safety environment, work hazards.

The results of the analysis of sources of injury for the researched mining company are drigwrein

4. In the analysis, the most common sources of injuvi® determined, namely: meanquigment

and tools for work in 26% of cases and characteristics of the workplace in 24% of cases. However, in
36% of cases, the actual source of the injury n@isdetermined (the source of the injury was not
specified inthe report on the occupationaluny).

Ocaupational health and safety measures should be focused both on the improvement of work
equipment (modernization of work equipment and tools, planmedeptive maintenance of work
equipment, etc.), and on the imgement of the ergonomic charaigécs ofworkplaces.

Pareto analysis of the causes of occupational injuries and identification of the main one with the aim
of directing the preventive effeof occupational safety measures is shown in Figure 5. Tiiaire
sources and research datatifer autors state that the most common cause of occupational injuries is
man, i.e. a certain procedure, action or behavior that a person performs in tivgveorkronment,
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e.g. carelessness, nobservance of safetyles, underestimation of dangegrruse orimproper use
personal protective equipment, et c.
occupational injurie§27].

of

Electricity and o
energy factor
3%

Figure 4. Sources of occupational injuries in an iron ore mine
in the Repubt of Spska forthe period 20022021.

O Hu man

An analysis of 295 mining accidents in Iran showed the importance of human and organizational
factors in mining accidents: skibased errors, routine violations, environmental factors and planned
inappropriate execution efork opeetions were identifieds the most common caugés]. Research
results[29] showed that although human error was the cause of most mining accaiketscausal

factors such as the existing conditions (physical and technical environmentltaiméeandeship

climate and orgdmational factors also had an impact. The cause of worker injuries in mine, which is
the subject of research, is the workenadequate actions in 44% of cases, so the activities of the
occupational safety system should feeused o defining new forms oftraining and additional
education of workers for safe and healthy work with an emphasis on the importance and importance of
observing occupational safety measures.

Actions of workers Other (e.g traffic Means of work Physial characteristics  Work organization and Chamacteristics of Actions of work Microclimatic and
accident, etc of the workplace and work procedures workers associates and climatic influences
working environment management

= Percentage of causes of occupational injuries == ive pe pe of causes of ional injuries

Figure 5. Pareto analysis thle caussof occupational injuries in an iron ore mine
in the Republic of Srpska for the period 2a821.

T 120%
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The analysis of the causes of fatal injuries tiurred in this company showed that two fatal injuries
were the result of a traffic accidentn@on theway from home to the place of work, and one on a
business trip). The cause of one fatal injury was faulty work equipment (pumping plant for tailings
desilting). From the Pareto diagram of causes, it can be seen that other factors, among ftbem traf
accidents, are the second most significant causal factor of all work injuries that occurred in the mine.

RELATIVE INDICATORS OF INJURIES FOR THE PERIOD @6-2021.

Figure 6 shows the trend of the frequency index and severity index of occupatianakiiar the
period 20062021. in an iron ore mine. The monitoring of these indices in the occupational safety
system in the mine has been applied since 2896 the picture shows that there is a downward trend
in these indices. The trend of the injurgduerty index (If) is decreasing at an annual rate of 11.12%,
and the trend of the injury severity index (Is) is decreasing at an annual rate of 5.7%. GdwewWwele
calculated in relation to the effective working hours (table 1.), according to the[20(80,31]:

|

H Q0 (1)

| = LW,

S

I, =

10° (2)
whereis:
[ the numbenof injuries
H  the number of effective working hounsréduct of the number @mgoyees
and thenumberrealizedworking hours)
LW4 the number of lost working dayiie to injiries

16

MR

L\
-\

i1
4 N AS_’I Injury frequency index
v=-0.3341x + 5.8445 / \ 3
1.6 /
0 v

R*=0.1789
Injury severity-

il
201

¥=-0.0134x + 0.3488
064 R:=0.0064 06

0.25

2006 2007

2008

2008 2010 2011

2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure6. Trend of frequency index and severity index of occupational injuries in an iron ore mine
in BiH (Republic of Srpska) for the ped 20062021.

CONCLUSION

The modern approach to the management of the occupational satety,sy#hin a certain activity,
including mining, by analyzing injuries in the previous period and monitoring indicators is a simple
and effective model for vieing and analyzing the cumestate of protection in the production system,
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with the possibiliy of tentdively predicting the situation in the future by designing prevention
measures and monitoring the trend of indicators. The categories of etiol@gtaisfthat have an
impact o the number obccupationainjuries in a certain perioANOVA andysis), aswell as the
determination of the dominant causes (Pareto analysis) of injuries, allow for directing the effect of
occupational safety measures (ofigational, educational, ejcon those factors, iecauses and
correction of the state of occujmmal hedth and safety in the following perioth today's conditions

of efforts to ensure socially responsible business, taking care of the safety anahealfioyees is

high on thelist of priorities. Employees who feel safe at their place of warld have mativating
working conditions realize a greater work ethic, and thus provide their company with a better business
result. The implementation of prevesg safety measures at waaskd the implementation of employee
training in the company reduceetpossibilty of injuries, and thus the quality of working conditions is
raised to a higher level.
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RESUME

The main and primary goal of the research in this paper is to analyze the actual sitwragion in
domestic civil engineering, by determining the causes of missing deadlines and exceeding budgets of
civil engineering projects. Since the uéis of this research also indicate the most likely problems that
could arise during the constructiai a project, the findings and conclusions could be used in risk
assessment and drawing up dynamic plans for actual projects, which would improve atiensitu
domestic civil engineering and increase productivity of this important industry.

The resits obtained in this paper provide a modern approach to the problem of risk in construction,
provide a realistic insight into risk factors on civil engiriegprojects in the Republic of Serbia and the
surrounding area, and facilitate the establishmeiat lnétter correlation between theory and practice in
project management and risk management.

Key words:risk management, project management, civil engingegsrojects

INTRODUCTION

Due to the volume, value and so&oonomic importance of buildingrattures, as the final results of

the production process, civil engineering represents one of the most important and specdinic
activities and an extremely important factor in the development and preservation of the national
economy. The more fundgxperts, labor, materials, equipment and capital are provided from
domestic sources, the higher and more pronounced theofedelelopment of the local economy and

its independence in relation to foreign aid and investments is. In addition, the gtendl®ncies of
European integration include an increase in the humber of international projects and cooperation with
partners fom a materially and technically more advanced and economically stable environment, with
countries in transition expected to sugsfelly keep pace with more developed partners and respond to
business requirements imposed by modern international stanaladdsonditions of international
market competition.

Civil engineering projects are always unique, whereby, due to a numberiofisvaources, the
occurrence rate of undesirable situations increases [1,2]. They are intrinsically complex and dynamic
and trey include multiple feedbacks from different processes [3].

According to [4], risk is the cumulative effect of the uncertaintploénomena that will negatively
affect the objectives of the project. Risk and uncertainty characterize situations in which the actual
outcome of a particular event or activity is likétydeviate from the estimated one [5]. According to
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[6], risk is a masurable part of the uncertainty, for which we are able to assess the probability of
occurrence and the magnitude of the damage. Risk is also defined as a deviation from the desired
level. It can have a positive or, more often, an adverse effect on nyjitheering projects [7,8]. In
addition, exceeding costs and missing deadlines does not only affect the civil engineering industry, but
also the overall economy and development of couinigeneral [9].

The previously mentioned concepts suggest thas ihecessary to implement advanced project
management techniques and methodological approaches that will provide the highest level of service,
while achieving maximum profit and minimum foreseen costs, when designing, planning and
performing constructiomworks. Successful management of a construction project, while observing the
planned deadlines and budget, depends on the methodology that requires knowledge, experience and
the secalled"engineering thinking", i.e. a practical and realistic approachetogiving and solving
problems.

In order to achieve this, it is necessary, among other things, to take a professional approach to risk
management, which means anticipating possible carfsmvntimes, delays and failures, in order to
prevent or eliminatéhe causes of their occurrence, and develop a strategy to overcome significant
negative consequences of their occurrence on the planned budget, deadlines, duration and unimpeded
running d the project [10].

It is important to start using risk managemé&nim an early stage of the project, in which the main
decisions are the way of coordination and the choice of construction methods [11]. On the other hand,
the problems that accompany ttealization increase with the size of the project, i.e. the unobrtai

about the outcome of the project increases with the increase of its size [12,13]. The causes of missing
deadlines and exceeding budgets, from the aspect of the project and compaasesiiecussed in
papers [14,15,16,17,18]. The paper [14] presantanalysis of 806 large projects around the world,

and it was concluded that the average cost overrun is 35.5%.

Risk analysis and management techniques have been described in detaidngy amthors
[19,20,21,22,23,24]. In general, risk identificatiorthe first and perhaps most important step in the
risk management process, as it attempts to identify the source and type of risk [25]. This includes
identifying potential conditions for aisk event in the construction project and clarifying risk
responsibities [26]. Risk identification develops the basis for the next steps, i.e. analysis and control
of risk management. lIdentification actually improves and ensures the effectivenessk of ris
management. According to [27], project risk identification andgatiton are key steps in managing
successful projects. In the paper [28], the identification of risks to the achievement of project
objectives was investigated, while the identification ridks through the phases of project
implementation is presentedtime paper [10].

Qualitative and quantitative analyzes represent an important step in the risk management process [25].
Qualitative analysis is considered to be an evaluation processthates a description of each risk

and its impact or a subjectivisk labeling (high / medium / low) in terms of the impact of the risk and

the likelihood of its occurrence [10]. Quantitative risk analysis attempts to assess the frequency of
risks and tb magnitude of their consequences, using various methods suchsasndieee analysis,

cost risk analysis, and Monte Carlo simulations [29].

Uncertainties and risks involved in civil engineering projects cause price overruns, missing
construction deadiies and lack of quality in project progress and completion [26,BA3Eview of

the literature reveals a wide range of types and sources of risk in civil engineering projects, as well as
that different risk management methods and techniques can beéedcin construction project
management in order to control potentigks. A review of the scientific and professional literature

also points to the fact that many authors have dealt with risk assessment and their impact on missing
the planned deadlinesd@ budgets [14.6,3246].

Missing deadlines and overrunning castgonstruction projects knows no geographical boundaries
and it is a global phenomenon. The research was conducted in various locations around the world
[China [10], the Netherlands [14%audi Arabia [16,42], Great Britain [28], Nigeria [34,46], Sweden
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[41], Turkey [44], Egypt [47], Poland [48,49], Lithuania [50], Korea [51], United Arab Emirates [52],
Chile [53], Qatar [54], Australia [55,56], Serbia [57,58], and many others).

Unfortunately, in most civil engineering projects in the Republic of Seabth the immediate
surroundings, the phenomenon of missing the planned deadlines and overrunning the budget is evident
and pronounced. This is especially pronounced in the projects where the criterion for the selection of
contractors is exclusively the logteoffered price at the public auction, which is the most common
practice in the construction of large public structures and when implementing the projects of national
importance. As noted in [32], low construction costs are more a rule than an exagp&om poth the

investor and the contractor have significant financial losses due to cost overruns.

The authors [34] indicate that poor risk management is one of the main factors of delay and conclude
that the actions and inactions of participants in thestraction process can contribute to the overall
delay and budget overrun.

The paper [53] statehdt risk management is either not used or is not implemented effectively enough
in many countries where civil engineering projects are implemented. One wfain reasons for this
is the lack of experience, skills and knowledge about risk management.

Although advanced risk management methods are highly supported by mathematical tools {15,38,59
64] and contemporary computer tools [51,53,65], in some couniglesnanagement in construction
projects is still not efficient. For efficient and effective rislanagement, it is necessary to have an
appropriate and systematic methodology and, more importantly, knowledge and experience from
various types of projecthat have been previously implemented [46].

Increasing efficiency in terms of time, material andnian resources requires careful planning and
comprehensive analysis, which includes the analysis of potential risks, as well as a strategy for
overcoming the. Identifying the most common and important causes of delays and budget overruns
would ensure, ihot a complete avoidance of such situations, then at least their timely prediction in
order to avoid an adverse surprise factor and to mitigate their ceamseEgu

The research conducted and presented in this paper was aimed at determining as maras causes
possible of budget overruns and missing deadlines on actual civil engineering projects, which took
place in the period 2062016 (in the Republic of Sediand neighboring countries), with special
reference to subjective attitudes from the point of vigwinvestors, contractors and supervisory
authorities. The research was conducted through a survey of eighty engineers, and the selection of
participants wa done so that all target groups in terms of experience, territorial affiliation, types of
projects and other aspects that could have a subjective impact on their responses and attitudes
expressed in survey are addressed. Sample formation, data colutigheir statistical processing

were performed in accordance with the rules of scientific research

Statistical data processing should confirm whether the applied approach was correct and whether the
obtained results give a realistic picture of the situmafrom different points of view, primarily from
the point of view of contractors, investors augervisors.

MATERIAL AND METHODS

In order to gain as objective appraisal of the real situation as possible, the research was conducted in
the form of a srvey designed and conducted in accordance with the rules and requirements of
scientific research, aere questions are formulated based on theoretical and practical knowledge of the
author, in collaboration with civil engineers who have experience inicgroyt construction projects.

The questionnaires were distributed to practical engineers, seléztddrm a sample that
demographically accurately reflects the population, i.e. to comprise members of all age/experience
groups from Belgrade, Sarajevo, Zelg and the interior, from different companies and with different
experience.

Technical Institute Beljina, Archives for Technical Sciences. Year XWP 30. 47



Marinkovi , G. et al : | d e rrchivésifoc TeechnicalrSciemae$12024,63045)58

The primary classifigtion differed between construction engineers, supervisors and investor
representatives, as these three groups are directly involved in the executimistaiation projects,

and by the nature of their work they have different and very often opposinigrepiConsideration

and comparison of different points of view enabled the acquisition of a realistic insight into the causes
for missing deadlines and avenning budgets of construction projects.

The standard methodology of scientific research was mmgaéed in the research, which includes a
quantitative and qualitative approach. The quantitative approach included the formation of a sample,
data collecthn through a survey and their adequate processing, while the qualitative approach included
the analys of the obtained results, the establishment of canseffect relationships and their
interpretation and explanation.

The formation of the sample, tkoice of the form of the questionnaire, the compilation of questions
and the choice of the methodrfthe qualitative assessment of the research results were conducted in
consultation with experts from the agency "Source" from Belgrade, which survdics gpibion and
markets.

The research was conducted in six carefully prepared and conducted phases:
Defining of problems and goals of research and formation of the research plan;
Making of survey questionnaires based on the consultation with practi@gmgers;
Formation of samples, i.e. choice of respondents from all observed categories;
Conducting of the survey;

Statistical processing of the collected data;

Conclusions, recommendations and potential for further research.

ogkwnE

Survey guestionnaires were fioed in accordance with the rules for this type of research, whereby the
guestionnaies were preliminarily formulated based on experience in project management and
construction technology, and the final form was obtained after consultation with fivengiileers,

who have experience in construction projects.

For more thorough and accurate data processing, the factors that may affect the missing deadlines and
budget overrun are divided into the six following groups:

General factors;

Contractor responsility;

Supervision responsibility;

Investor reponsibility;

Material;

Design and design documents.

ogkhwnE

Since the subject of the research is the analysis of personal attitudes of the respondents, the ordinal
(numbered) Likert scale was adopted as an appropnieésuing device.

It was planned that ninety engineers would participate in the survey, thirty each from the territories of
Bosnia and Herzegovina, Serbia and Croatia, selected so that all the above groups and classifications
would be better and more ewg covered. Eighty of them returned the completed questionnaires (28
from Bosnia and Herzegovina, 27 from Serbia and 25 from Croatia). The analysis of the survey results
showed that there are no differences in opinions that could be attributed to résfiaepkffiliation,

so that the sample can be viewed collectively, regardless of which country the respondent is from. It
was also shown that the gender of the respondents (45 men and 35 women) was not relevant.

Of the eighty survey participants, forpartidpated in construction projects as contractors (50%),
twenty-four as supervisors (30%), and sixteen as investor representatives (20%).

Twenty-four of them had less than three years of experience (30%), twelve between three and five
years of experiare (136), twenty between five and ten years of experience (25%), and tfoemty
more than ten years of experience (30%).
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Of the eighty survey participants, thitywo were from capitals (40%), twenty from cities with more
than 100,000 inhabitants (25%jxteenfrom cities with 50100,000 inhabitants (20%), and twelve
from cities with less than 50,000 inhabitants (15%).

Twentyf our (30%) participated in projects -woth a
(40 %) on pr oj3x060@, andoverttyth o iir 1( 3 0 %) on projects
1,000,000 .

Of the eighty survey participants, twenty (25%) were from small, tweigtyt (35%) from medium,
and thirtytwo (40%) from large firms.

The ranking of results by importance was perfatrbasedn the value of the importance index (Iv),
which is calculated according to the following expression [66]:

Iv = S%i=1 & Xi 1)
where:
1 Iv-isimportance index;
1 a=1,2,3,4 or 5 numerical response value;
T X - respose frequency a_i, expressed as the respondent percentage that selected this response
in relation to the total number of respondents.

Expressing the results through the index of importance is especially convenient and important when
the population, i.e. #h sample as its representative part, can be divided into subgroups in several
different ways. In such cases, dependinghandivision into subgroups of respondents observed, the
ranking of the importance of the impact may differ significantly.

For exampe, the attitudes of respondents younger than twenty years will differ significantly from the
attitudes of respondents eldthan fifty, but also the attitudes and priorities will differ significantly
within each age group separately, i.e. if each agepgi®divided according to some other criterion,

e.g. education, income, education, etc. Full insight into the attitutleegiopulation can be gained

only if the problem is viewed from as many angles as possible, i.e. through several different divisions
of the population into target groups.

Another advantage of ranking different factors according to the index of importance, lies in the fact
that in this way not only the comparison of factors is performed, but also the opinion of a group of
respondents othe importance of each factor is olizi. For example, if none of the top ten factors on

the ranking list has an importance index greater than 50%, it means that no factor is actually "overly"
important. Also, if the firstanked factor has an importancelex in the range of 600%, it means

that it is the most influential in a given set or for a given group of respondents, but that it does not
actually have a primary impact on the subject of research.

On the other hand, if the first five factors frohetlist have factors of importance gter than 90%, it

means that they are all extremely important and that theiiftted is no less influential than the first
placed

RESULTS AND DISCUSSION

Factors affecting missing the deadlines

Table 1 shows a osolidated ranking list of respondengtitudes about the importance of certain
factors that affect the missed deadlines in construction projects. Table 1 (figures 1, 2 and 3) gives a

ranking list in relation to the attitudes of contractors, investaissapervisors.

The table shows that ttedtitudes of contractors and investors are similar when it comes to the most
influential factors and that the first five places in their rankings are almost identical, both in order and
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in indices of importance. Thagtitudes of supervision are somewhifedent, but the first three of the
first five places on the ranking list are repeated, so it can be said that there is uniformity in attitudes.
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Figure 1. Index of importance of factoaffecting missing deadlinegontractor opinion
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Figure 2. Index ofmportance of factors affecting missing deadlin@s/estor opinion
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Figure 3. Index of importance of factors affecting nmnigsdeadlines supervision opinion
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Tablel. Summed comparative view of the results

Contractors Investors Supervision
No Factor I, (%) Rank I,(%) Rank [I.,(%) Rank
1. Shortage of material ondélmarket 90.53 1 91.13 1 81.48 6
2. Shortage of material on the construction sit  90.15 2 87.10 2 65.74 16
3. Delays in materiatlelivery 89.77 3 82.26 4 87.96 2
4. Financial problems during construction 83.08 4 83.06 3 92.59 1
5. Poor construction sitmanagement 81.06 5 80.65 5 87.96 3
6. Delay of due payment 76.52 6 33.06 33 38.89 33
7. Inadequate material quality 76.52 7 75.00 8 70.37 13
8. Lack or breakdoyvn of machinery and 76.52 8 70.97 12 7593 10

equipment
9. Sluggishness in issuing permits 76.15 9 66.13 18 51.85 28
10. Subsequent design alterations 75.76 10 67.74 16 71.30 12
11. Poor assessment of time amdterial resource: 75.00 11 66.13 19 53.70 24
12. Self-initiated interruption of W_orks as 73.97 12 77 42 7 83.33 5
requested by contractors or investors
13. Inadequate handling of material on the site  73.86 13 70.16 13 65.74 17
14. Insufficient training level of workers 72.35 14 58.87 26 52.78 27
15, Lack of knowledge or lack of implementatiol 71.97 15 70.16 14 65.74 18
of project management

16. Slowness in solving problems and making 71.97 16 7177 10 62.04 19

decisions at the project level
17.  Unrealistic investor requirements (deadline:  71.59 17 20.16 35 59.26 20

18. Incomplete drawings 71.59 18 62.10 25 52.78 26
19. Poor and/oslow_ communication between thi 71.48 19 66.13 20 66.67 14
project participants

20. Errors in execution of works 71.21 20 64.52 22 75.93 9

21. Investor interfering in work 70.83 21 29.03 34 52.78 25

22. Construction site manager inexperience  70.83 22 74.19 9 58.33 22

23, Centralized demsmp .maklng system in 70.45 23 70.97 11 66.67 15
supervision

o4 Lack of experience a_m_d/or of expertise of 70.08 24 65.32 21 3796 34
supervision

o5 Incomplet_e (_jocuments angi(or imprecise o ¢ o5 63.71 24 5926 21

descriptions and specificatie
26. Insufficient number of workers 68.46 26 79.84 6 87.04 4
27 Repairs and subseque_nt works du_e to poc 67.80 27 69.35 15 74.07 11
quality and errors in construction

28. Self-initiated withdrawal from the project 66.67 28 63.74 23 77.78 8

29. Designer inexperience 65.53 29 54.84 28 48.15 30

30. Design errors 64.39 30 52.42 30 42.59 31

31 Stubbornness in case of a dispute betwee 64.02 31 66.94 17 78.70 7

contractor, investor, and/or supervision.

32. Insufficient numbenf supervision personnel  62.50 32 56.45 27 41.67 32

33. Slowness in correcting errors in the desigr 61.36 33 49.19 31 53.70 23

34. Human factor (_persone_ll_ conflicts and dislike 61.15 34 54.03 29 18.52 35
corruption, political games)

35.  Special requimments (high finish quality etc.., 54.55 35 35.48 32 48.15 29

Contractor opinion

Problems related to the material occupy the first three places in the ranking list of contractors'
opinions, with a slight difference in the value of the importandex (\alue range less than 2%). This

is followed by financial problems during construction (83.08%) and poor construction site
management (81.06%). From sixth place downwards, the list continues with a relatively steady rate of
decline in the importancedex am ends with special investor requirements (54.55%), as the least
important factor. It is interesting to note that the contractors in the evaluation were much less rigid
than their counterparts from the other two groups (supervision and investorpshéctors received
relatively moderate ratings of importance {B&%), while only the first three (about 90) %) and the
other two (8183%) differ significantly. In addition, the contractors were more-a#ital and
objective than their counterpartss thg attached more importance to the factors for which they were
responsible. The only significant difference in opinions, compared to the other two groups of
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respondents, can be seen in the item "Insufficient number of workers", which is onlytivetitg

sixth place among contractors (68.16%), while among investors and supervisors it ranks high, in the
sixth (79.84%) and fourth (87.04%) places, which testifies to the previously stated position that the
problem should be viewed from different angée® thatthe analysis of only one standpoint would

give a onesided and inaccurate view of the problem.

Investor opinion

It is noticeable that there is a strong subjectivity in the attitudes of engineers who participated in
construction projects as regamntaties of investors, since the factors directly or indirectly related to
their responsibility received extremely low grades, i.e. the importance index less than 40%. However,
it is noticeable that the representatives of supervision gave relativelsnéois tothe same factors,

but that the position of investors and supervision almost coincides (very low index of importance)
when it comes to delays in cash payments by investors, while contractors gave this factor a high sixth
place and relatively highriportane (76.52%). The most noticeable deviation can be seen in the last
place of the list, where there are unrealistic demands of investors in terms of deadlines, which is a
factor to which investors do not attach any importance (20.16%), while itaisvedy high among
contractors and supervisors, whereby contractors attach much greater importance to it (71.59%) than
supervision (59.26%). The upper part of this ranking list is almost the same as that of the contractors,
and the first five places are fhe samne range of importance index 81%). The difference in relation

to the contractors is reflected in somewhat more rigid attitudes, which can be seen by the faster decline
of the importance index. While with contractors only one factor has an ofdexportance of less

than 55%, with investors there are as many as eight, four of which have almost no importance (less
than 40%).

Supervision opinion

Engineers from this group had the most definite opinions, with the largest range of importance indexes
(18.5292.59%) and with as many as thirteen opinions that they declared little or not important for the
project. As with the representatives of investdiwere is a noticeable subjectivity and low self
criticism, as the representatives of the supervision asbeals the factors from their domain of
responsibility as little important or almost unimportant. As the most important factor in mission the
planred deadlines, supervising engineers pointed out the poor handling of finances by the contractor
(92.59%), andhe next three places are almost equally occupied by delays in material delivery and
poor site management, with 87.96% and insufficient numbearoodkers with an importance index of
87.04%, which are all factors in the contractor responsibility domais.aliso noticeable that in the

first ten factors there is only one that is from the domain of force majeure, and that is the shortage of
materialson the market (81.48%, sixth place), which is in the first place for both contractors and
investors.

Factors affecting budget overrun

Table 2 (figures 4, 5 and 6) provides a comparative ranking of respondents' opinions on the factors
influencing the bugdet overrun in construction projects. It can be noticed that in this case the opinions
were more uniform bothjualitatively and quantitatively, i.e. that the lists of contractors and investors
are almost identical, while the list of supervision engineesoimewhat different, but the importance
indices are approximately the same order of magnitude.

Table 2 Fadors affecting budget overrun

N Fact Contractors Investors Supenision
o actor Iy Rank I Rank I Rank
1 quks and procurement of matenal; z_md 83.71 1 83.87 2 05 37 1
equipment delay (contractor responsibility)
2. Changes in prices of materials and equipmme 81.06 2 87.96 1 80.65 4
3 Inflation (char_lge ofalue of domestic currenc 78.79 3 77 42 3 8889 2
in respect to euro)
4. Alterations of the project during constructior 76.92 4 75.81 4 69.44 8
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(investor responsibility)
Additional requirements (irestor

5. - 76.52 5 72.58 7 66.67 9
responsibility)
6. Poor plannlng_ and control of f|ngn¢|al 75 38 6 7419 82 41
resources investment dynamics
7. Poor expenses record 72.73 7 75.00 75.93
8. Poor organlzatlc;r;osiggtcture at the level of 71.59 8 62.90 75.00
9. Incomplete design documents 67.42 9 57.26 10 57.41 10
10. Errors and flaws in the bill of quantity 64.77 10 61.29 9 77.78 5
90
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50 -
40 -
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Figure 4. Index of importance of factors affecting budget overnamtractor opinion
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Figure 5. Index of importance of factors affecting budget overmwestor opinion
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Figure 6. Index of importance of factors affecting budget oversupervision opinion

Contractor opinion

The contractors stressed the delay of works and procurement of materials and equipment and the
change in the price of materials as the most important factors, with importance indices of 83.71 and
81.06%, followed by inflation (78.79%), praje changes (76,92%) and additional investor
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requirements (76.52%). As the least important factor, at the bottom of the list there are errors in the
bill of quantities with an importance index of 64.77%.

Investor opinion

As already mentioned, the rankir@f investors' opinions is almost identical to the ranking of
contractors, with clearer dsions between important and unimportant factors, as evidenced by the fact
that the last three items have a noticeably lower importance index than others (difteremeen
seventh and eighth place is ten percent).

Supervision opinion

The supervisingrggineers had a very definite position on the main cause of the budget overrun, which
can be seen by the fact that they almost unanimously assigned the extremanoepafir95.37% to

the delay of the works. In second place is inflation (88.89%), androh place, with an importance
index of 82.41%, is poor planning and control of dynamics. Of all the categories and groups of factors,
in the study presented in thisger, this is the group with the most pronounced differences in the
values of the importarcindex, since the difference between the first and third place is as much as
13%.

The range in importance indices here is even larger than in the other two gfogspondents
(almost 40%), which indicates a greater resolution and determination okersginom this group. It

is interesting that on the lists of contractors and investors, flaws and errors in the bill of quantities and
estimate are positioned veigw, while in the case of supervision engineers they are around the middle
of the list, witha noticeably higher importance index.

CONCLUSION

Statistical data processing showed that the applied approach was correct and that the obtained results
give anoverview of the situation from different standpoints, primarily from the standpoint of
contracdors, investors and supervisors. Respondents within the same groups had relatively similar
views, but the views of the groups differed, leading to the conclubginthis issue should not be
generalized, but that factors of budget overruns and missidigteEsashould be viewed and assessed

from different aspects.

Although the initial expectation was that the attitudes of contractors and investors would differ
significantly, and that the opinions of supervisors would be somewhere between theirs, itse resu
showed that the opinions of contractors and investors were, in most cases, relatively similar while the
supervision opinions differed moderately to considgralm addition, it is noticeable that contractors
were more reserved in attitudes, as theyeaof importance index generally ranges between 65 and
85% and has a predominantly even distribution of values, while the range of values with investors and
supevision respondents is broader and with larger peaks, which testifies to more assertivesattitud
Another fact that testifies to the greater moderation of the contractors as a group, is that they were
much more seltritical than their colleagues from tbhgher two groups. In contrast, representatives of
investors and supervisors gave strikingly loatings to factors related to their accountability. Such
differences in attitudes and mindsets can also be attributed to a relatively small sample (twenty
engireers in total), so a significantly larger sample would likely yield more balanced results with
more even distribution of importance indices within the same group of factors.

From the analysis of the causes of missing the deadlines, it is noticeablbethatst majority of
respondents ascribed a primary importance to factors directly relatedttvials and equipment,
whether it is force majeure (shortage of materials on the market) or the responsibility of the contractor
and poor material handling) ik followed by the factors that are in the domain of responsibility of the
contractor (poormanagement of the construction site, insufficient number of workers, etc.). The
general opinion is that the factors related to the project documentation hdwasthienpact on delays
during construction. The importance of the shortage of materials omatth@t and on the construction
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site was especially pointed out by the respondents from smaller cities, which shows that this problem
is more pronounced in lesgwloped environments, where the supply of materials and equipment is
lower both in qualitatig and quantitative terms. It is also interesting to note that in all groups, younger
survey participants, much more than older colleagues, insisted on the mapasfeknowing project
management. Respondents' views on the reasons for overrunning tteepldget were much more
uniform. The most important factors of budget overruns are delays in works, changes in material
prices and changes in the design duringstoiction. As with deadlines, the least importance is given

to shortcomings in the project clamentation.

The results of the presented research met the expectations, because they clearly indicate the most
likely problems that could arise during the regtiion of a civil engineering project. The acquired
knowledge and conclusions can be usedsk assessment and in drawing up dynamic plans for actual
projects, which would improve the situation of civil engineering in the country and the region.

Receivd November 2023, accepted November 2023)
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SUMMARY

This research paper focuses on evaluating the log piling technique as a sustainabféeaiust and
environmentally friendly solution for reducing soil liquefactigsks during earthquakes. Although this
method has been used extensively in Japan, mainly aiming for complete soil layer penetration, its
economic viability is questionable in caseguiring very deep soil improvements. The study highlights
that shallowground improvement can notably enhance the seismic behavior of thepvement
structure system, as evidenced by the reduced total and penetration settlements caused hbpriquefact
The paper presents a methodology for determining the optimal dimmensi the modified ground zone

using both small and mediustale 1g shaking table tests.

The smallscale tests involve a detailed parametric study, examining variables like anmpeot width,

pile spacing, and the deptb-thickness ratio of the impred layer. Mediurrscale tests, on the other
hand, are geared towards identifying the minimum effective pile length. This approach provides a
practical guideline for engineers to implent log piling for small residential buildings. Additionally,

the paper tilizes finite element method (FEM) effective stress analysis, incorporating a PLAXIS 2D
based constitutive model (PM4Sand) calibrated with laboratory undrained cyclic torsional hésts
model accounts for the changes in effective stress during seistiiities. Finally, the study correlates

its numerical findings with the results from theykhaking table experiments, offering a wellinded
perspective on the effectivenessad Ipiling in mitigating liquefaction risks during seismic events

Key words: soil liquefaction, logpile, soil improvement, -fj shaking table test, numerical study,
constitutive model, effective stress analysis

INTRODUCTION

In recent years, the escafajiissue of global warming and climatieange has risen to the forefront of societal
concerns. One promising avenue for ldagn carbon dioxide storage, the primary driver of global warming,
involves the utilization of wood to establish carbon reservassgepicted in Figure 1. In alignmenithwvthis

ethos, ground improvement methodologies employing wood, which possesses resistance to biodegradation
beneath the water table, have been conceived.

Conversely, the seismic event of the Great Tohoku Eartlequak2011, particularly in Japan, induce
widespread liquefaction occurrences across various regions, resulting in substantial damage tgcaealler
structures, notably singtamily residences. Liquefaction mitigation techniques have not been widdigdpp
residential buildings, underséog the importance of investigating caxffective strategies for liquefaction
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mitigation. Shallow ground improvement approaches, with a specific emphasis on the upper soil layers harboring
a relatively thick liquefible stratum, have been deemed as deitaleasures for smaller residential edifices [1].

Presented as an approach that concurrently addresses concermlingegarbon stock and liquefaction
mitigation, a method involving the static installation of timpées for soil densification and reinforcement has
been introduced as shown in Figure 2. This conceptual framework, developed in recent years, seeikdeao alle
excess pore water pressure and mitigate structural settlement [2].

Renewed CO, absorption (CO, reduction)

. g
. -4, CO; -~ s
oo T CLouP

_ C0; ‘\'f

(02 )
-

Planting

\\ o

Use in the
Harvest ground
Carbon stocked in the ground

Figure 1. Effect of the log piling method on environment

LOG PILING FOR SHALLOW SOIL IMPROVEMENT IN LIQUEFACTION MITIGATION

Prior investigations into the utilization of log piles figuefaction mitigation have already
demonstrated their efficacin a g shaking table experiment conducted by [3], it was emphasized
that maintaining a centg¢o-center distance between log piles of 4 to 5 times their diameter yielded
substantial liquiaction prevention effects, comparable to established densificatethods. Further

studies have also highlighted log piling's utility as a soil improvement technique near existing
structures, showcasing its ability to reduce settlement and enhancesthie sesilience of buildings
[4,5].

Ground
densification by
piling logs into
Log sandy ground

Filler (crushed stone)
' _Covering sail

Figure 2. Installation of log piling by static pressing

Nevertheless, it is crucial to note that many previous studies assume the necessity of improving the
entire liquefiable soil layer, which poses practical challenges when applying log piling as a
liquefaction countermeasure for small residential structures. Additionally, numerous researchers have
undertaken parametric studies based em ghaking table model tss investigating liquefaction
mitigation through partial enhancement of soil conditianhin the liquefiable layer. For instance,

[6], utilized densification soil improvement techniques and explored parameters such as improvement
width, structure widthand the ratio of width to height of the structure. Their findings indicate that
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when theratio of improved layer thickness to improved width exceeds 0.4, the ratio of liquefiable
layer thickness to settlement tends to stabilize at an economically fdegdle

Similarly, [7], conducted a parametric analysis, considering structural dimenséoil relative
density, and fuefiable layer thickness. They observed that when the ratio of liquefiable layer
thickness to the width of the structure exceeded 1.0, the ratio of liquefiable layer thickness to
settlement remained below 5%. Thus, throdghshaking table model testhgtrelationship between
liquefactioninduced settlement and overall structural dimensions is often elucidated using various
geometric ratios within the "liquefiable sdiimproved zoné superstructure” system. Howevereté

is currently a paucity of rearch exploring the concept of log piling as a liquefaction mitigation
method at shallow depth. Against this backdrop, this study focuses on shallow soil improvement,
offering a pragmatic and cestfective solution for sigle-family residences situated ogt thick
liquefiable layers. The primary objective is to assess the efficacy of liquefaction mitigation through
static log pile installation, accomplished through a series@fshaking table model tests featuring
variable parameters. Initially, smaficde experiments are conducted, varying improvement width,
centerto-center pile distance, and the ratio of improvement depth to liquefiable layer thickness.
Subsequently, mediwscale tests build upon these findings, explgrihe influence of the absolute
length of log piles while maintaining a consistent ratio of improvement depth to liquefiable layer
thickness.

The central aim of this study is to establish practical thresholds and offer guidance to practitioners,
facilitating the selection of an optimabnfiguration within the "liquefiable soil improved zoné
superstructure" system. This enables the effective adoption of log piling as a shallow soil improvement
technique for liquefaction mitigation in the context ofallmesidential constructions.

SOL CONDITIONS IN EXPERIMENTS

In the presented study, Silica sand No. 7 has been chosen as the soil type due to its low resistance in
terms of liqguefaction potential. Key physical properties of this material, includirtigle density and
maximum/minimumvoid ratio, have been determined through laboratory tests and are as follows:
}s=2.66 g/cmj, emin=0.705 and emax=1.178.

For the 1g shaking table model tests, ground conditions with a relative density ranging frono 40% t
50% (medium dense soil) have besstected.

SMALL-SCALE 1-G SHAKING TABLE TESTS

A smaltlscale rigid soil box, measuring 77.5 cm in width, 28 cm in depth, and 40 cm in height, has
been employed for the experimental tests. To ensure appropriate sdhéngnodel has been
downsized to R0th of its original dimensions. To account for the bending characteristics of the logs,
we have implemented the similarity law introduced by [8]. For this study, PVC logs (sticks) were used
instead of wooden ones. Theuse (superstructure) model's dirsi@ms are 15 cm in width, 15 cm in

depth, and 7.65 cm in height, with a base stress of 0.75 kPa. This base stress value, equivalent to 15
kPa in the prototype, realistically represents the sedd®ech base stress encoumie by small
residential houses.

The primary objective of these experiments is to investigate the influence of three key parameters on
liguefaction mitigation: 1) PVC log length (improved depth). 2) Improvement width. 3) Genter
center spacing of thedopiles. To streamline the testipgocess, the following approach was adopted:

1) A target relative density of 45% was set for the model soil. 2) Sand was initially introduced into a
waterfilled tank, and minor vibrations were applied to achieve theetbsiensity up to a height of 30

cm. Subsequently, PVC logs were driven into the soil following a specific sequence for testing
purposes. In subsequent trials, sand was not removed after the initial setup. Instepckdsigre

water was injected througlalves to create loose ground cdiadis within the model. The water level

was adjusted to match the ground level, and PVC logs were inserted for further experiments.
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The experimental setup included various sensors, such as two laser displacementetsansduc
positioned atop the superstruatumodel and an accelerometer mounted on the bottom surface of the
shaking table. In Figure 3, Test 14 is depicted, Figure 4 shows an overview of the complete
experimental setip, while Figure 5 illustrates the initiatase of the model and presents theut

motion, involving 20 cycles at 5 Hz, with a gradual increase in excitation levels from 50 gal to 650
gal. Precise input accelerations were recorded using accelerometers strategically placed on the shaking
table.

Laser sensor
(displacement)

~PVC piles

Silica No.7
Dr=45%

Y.

L 775 )
Side View

Accelerometer
3D View

Figure 3. Side view, plan, and 3D wi@f the model (Test 14)

_| |- ————Control panel
Cam
‘\ N 1.1m
(©X
/‘J Turnbuckle s
-
Rod Linear rail
B
T@l r —Geared motor Base'/'/-
N

Figure 4. Smalkcale 1g shaking table setp

Acccleration (gal)
<
|

Time (sec)

Figure 5. View of the test sep (left) and input motion (right)

Figure 6 provides a detailed depiction eftement measurements at each corner of the model
following each step of excitation. Total settlement was determined by averaging the settlements
recorded by the two laser displacement transducers. Penetration settlement of the model house was
defined aghe difference between the superstructure's settlement and the soil settlement.

Table 1 provides a comprehensive overview of the experimental seicgmpassing a total of sixteen
cases. These cases scrutinize three critical parameters: 1) Improve@jlapfirovement width. 3)

Centerto-center spacing of the log piles. The log pile lengths utilized in the experiments are 25 cm,
17.5 cm, and 10m, corresponding to a liquefiable soil layer thickness (LD) of 30 cm. The log spacing
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configurations are ther 4D (equivalent to four times the log pile's diameter) or 3D (three times the
log pile's diameter). In all cases, the log piles boast a unifazm diameter (D).

Total settlement
HOUSE I Yoo
Manual measurement by a
" "Soil settlement HOUSE ruler after each shaking step
Penetration settlement®
Initial condition After shaking

Figure 6. Definition for total settlement and penetration settlement

The chosen imprement widths encompass 13 cm, 37 cm, and 69 cm for scenarios with 4D spacing,
and 16 cm and 40 cm for those with 3D spacing. To provide a compreheisial representation of

the test conditions, both tepew and sideview depictions are presented ilglre 7 and Figure 8,
respectively
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Figure 7. Top view of tests conditions (smsdhle g model tests)
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Figure 8. Side view of test conditions (dhascale 1g model tests) and basic geometrical definitions

The presented research investigation e&ldeeply into the nuanced effects of varying improvement
widths and centeto-center distances among log piles on both the overall and penetration saileme
experienced by the superstructure. This comprehensive analysis encompasses diverse lothgile leng
each corresponding to distinct improved depths (SD) relative to the thickness of the liquefiable soil
layer (LD) at ratios of 0.83, 0.58, and 0.33.
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Tablel. Test conditions for sma#icale 1g shaking table sis

TestID Pile centetto- SW:Improvement SD:Improvemen

center distace width (cm) depth(cm)

Test01 No improvement

Test @ 13 25
Test05 37 25
Test ® 13 17.5
Test® 4D 37 175
Test10 (four times pile 13 10
Test13  diameter) 37 10
Test14 69 25
Testl5 69 17.5
Test16 69 10
Test17 16 25
Test18 40 25
Test19 (thrseDtimes 16 175
Test20 pile diametey 40 175
Test21 16 10
Test22 40 10

Figure 9 serves as a visual representation of the intricate interplay between input acceleration and the
resulting toal settlement, meticulously captured through precision laser displacement sensors. In
parallel, it provides a graphical depiction of the ielahip between input acceleration and
penetration settlement, discerned from averaged measurements obtaindégeffoor corners of the

model structure
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Figure 9. Cumulative settlement with acceleration incréasiuence
of the improved width antbgs centeito-center distance

Specifically, when examining scenarios featuring an improved deptB5otm, a mticulous
comparison has been undertaken among cases with identical log spacing but varying improvement
widths. Notably, in instances characterized by 4D log spacing, a clear trend emerges: wider
improvement widths yield substantially more pronced reduttons in settlement, while smaller log
spacings accentuate this effect. Subsequent scrutiny has shifted to cases exhibiting similar
improvement widths but divergent log spacings. Notably, within the context of 3D log spacing, both
Test 2 and Tesl7 initiate settlement responses at the same critical acceleration level (190 gal).
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However, Test 2 exhibits more considerable settlement. A comparable pattern is observed in the case
of Test 5 and Test 18. Broadly speaking, the configuration involving 3D logngptids to elicit a
more pronounced improvement effect, particularly wbempled with larger improvement widths.

Furthermore, cases characterized by an improvement depth of 17.5 cm exhibit analogous trends
concerning improvement width and log spaci@nilarly, instances marked by an improvement layer
thickness of 10 cm, &uring 3D log spacing, generally produce marginally superior results. It is
important to note that penetration settlement tends to decrease as total settlement escalates. This
pheromenon can be attributed to the ongoing ground settlement process andbyhedy effect

exerted by the log piles on the superstructure, highlighting the multifaceted dynamics at play in
liquefaction mitigation scenarios.

The study's findings shed lighh how variations in log pile lengths (SD) exert influence over both the
total and penetration settlements of the model structure, while keeping improvement widths and log
spacings constant. To investigate these effects, log pile lengths correspondimpyaeed depth to
liquefiable soil layer thickness (LD) ratios of 0.83, Q.88d 0.33 have been considered for both 4D
and 3D log spacing configurations. Specifically, for 4D log spacing, improvement width (SW) to
house width (BW) ratios of 0.87 and 2.43vk been utilized, while for 3D log spacing, the ratios are
1.07 and 2.67n Figure 10, the intricate relationships between acceleration and cumulative settlement
are illustrated for three distinct improvement widths under 4D log spacing conditions. téen
improvement width is set at 13 cm, Tests 2 and 6 exhibit similarraetiletrends until total settlement
stabilizes beyond 300 gal. Specifically, Test 2 reaches a settlement of 31.61 mm at 220 gal, Test 6
records 36.35 mm at 240 gal, and Test 10 aelsie41.03 mm at 200 gal. In contrast, with an
improvement width of 37 cm,eBt 5 shows 21.35 mm settlement at 270 gal, Test 9 registers 37.1 mm,
and Test 13 observes 43.97 mm. It is evident that larger improvement widths result in more substantial
reductions in total settlement, particularly when accompanied by greater improvetegth.
Nevertheless, for an improvement width of 13 cm, the disparity in settlement between improvement
depths of 25 cm and 17.5 cm is minimal. Figure 10 further elucidates timeamn between
acceleration and cumulative settlement for two differargrovement widths under 3D log spacing.

With a 16 cm width, Test 17 exhibits 5.11 mm settlement at 180 gal, Test 19 records 20.06 mm, and
Test 21 observes 27.42 mm. In contrastaf@0 cm width, Test 18 shows 0.94 mm settlement at 280
gal, Test 20 docunms 23.5 mm, and Test 22 notes 44.18 mm. Larger improvement widths exhibit a
more pronounced impact on total settlement, with the role of improvement depth becoming
increasingly sigificant within this context.
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Figure10. Cumulative settlement with eeleration increasiinfluence of the improved depth
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The presented part of the study conducts a comparative analysis with prior research undertdken by [6
as illustrated in Figre 11. This comparison focuses on assessing how improvement width (SW) and
depth (SD) impact the total settlement during seismic events. The study utilizes crucial parameters,
including the ratio of improvement width to structurilth (SW/BW) and the rai of total settlement

to the thickness of the liquefiable layer
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Figure 11. Effect of the log piling method on

The results shed light on the influence of various factors. For instance, when the improvement depth is
set at 10 cm, wish corresponds tonaSD/LD ratio of 0.33, augmenting the improvement width has a
relatively minor impact on the total settlement. In contrast, for depths of 17.5 cm and 25 cm
(corresponding to SD/LD ratios of 0.58 and 0.83, respectively), wider improvemdtihs exhibit a

notable reduction in settlement. An interesting observation is that at an improvement depth of 17.5 cm
(SD/LD ratio of 0.58), the significance of log spacing diminishes when SW/BW exceeds 1.6.
Furthermore, the findings suggest a broadend: regardless ahe specific improvement method
employed, there is a noticeable stabilization of the total settlement to liquefiable layer thickness (LD)
ratio when SW/BW surpasses the 1.6 threshold. This implies that increasing the improvement width
beyond this point h&ia diminishing effect on settlement, particularly for a given level of acceleration.

In summary, for seismic events within the 150~200 gal range, the study identifies key parameters that
effectively contribute to settlement reductiofhese parameters dlude a log spacing of
approximately 3D, an SW/BW ratio of 1.6, and an SD/LD ratio of 0.58.

MEDIUM-SCALE 1-G SHAKING TABLE TESTS

Silica sand No. 7 was intricately poured into a laminar soil box characterized by internal dimensions
of 100 cm in width, & cm in depth, and 70 cm in height, as visually represented in Figure 12. The
experimental conditions meticulously replicated those of the soalé 1g model tests. These
conditions included maintaining a modelprototype ratio of 220, employing PVQpiles (sticks) in

lieu of wooden piles, adopting a pile diameter (D) of 1 cm, maintaining a structural width to height
ratio (BW/BH) of 2.0, and applying a base stress of 0.75 kPa.

Acceleration (gal)
=
|

Time (sec)

Figure 12. Model view (left) and input motiongdnit)
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Table 2 prowles a succinct overview of the five experimental cases, encompassing two casas witho
any improvement, distinguished by variations in liquefiable layer thickness (LD), and three cases
implementing log pile densification improvement. 8ss all these scenas, the ratio of improved
depth to liquefiable layer thickness (SD/LD) is consiffemaintained at 0.58, while preserving an
improvement width to structure width ratio of 1.6. Moreover, the caoteenter distance between log
piles is uniformly set 53D for all cases. The primary focus of this series of tests revolves around
emphaiing the absolute value of log pile length, or the improvement depth. Figure 13 offers a
comprehensive side view of the test conditions across all ieguas, clearly ilistrating the
placement of poravater pressure transducers and accelerometerdtifizhis study.
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Figure 13. Side view of test conditions (medisoale 1g model tests)

Table2. Test conditions for medim-scale 1g shaking tabl¢ests

TestID SD:Improvement  LD: Liquefiable  SD/LD

depth (cm) layer thickness (cm Ratio
Test | No improvement 60 -
Test Il 35 60
Test Il 25 42.85 0.58
Test IV 15 25.7
TestV ~ No improvement 25 -

Figure 14 illustrates the correlation betweenesscpore water pregre (PWP) ratio and cumulagiv
penetration settlement. Comparing Test | and Test Il, it is evident that both of them exhibit settlement
within a certain PWP ratio range.

Similarly, Test Il shows settlement within a similar range aivadent PWP ratiodvels, indicating

the effectieness of measures in Test Il in reducing settlement compared to Test I. Such trend is also
observed in the comparison of Test V and Test IV. Additionally, when comparing Test Il and Test IV,
Test II's meas@s achieve a morégmificant favorable effect.

Moreover, a comparative analysis of the acceleration responses in Test | and Test Il is presented in
Figure 15. The horizontal axis represents input acceleration, while the vertical axis displays the values
measured by each @aerometer. First, the acceddon response at the top of the structure is
examined. In Test |, it can be observed that after the liquefaction of the ground directly beneath the
structure, the amplification in response decreases. Carlyein Test llalthough the amplification in
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response decreases in the free ground following liquefaction, it remains unchanged at the top of the
structure. From these observations, it can be inferred that after liquefaction, the top of the structure i
Test | experiencea reduction in response aifipation, while Test Il does not. This suggests that the
stiffness of the ground in the improved area may have been maintained even after an increase in
excess porgvater pressure. Furthermore, when compuathe free grounth Test | and Test Il, it is

evident that, for similar input motion, Test Il exhibits a higher amplification in response. This suggests
that the ground surrounding the improved zone may have undergone densification or reinforcing due
to the presence of thgiles. The acceleration respge trends of the Test V and Test IV are similar,
whi ch means that | iqguefaction countermeasures 1in
stiffness during the shaking.
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The angles of some piles after their excavation are illustrated ineFitfir The horizontaaxis
represents the position of the piles, while the vertical axis represents tuegtés. Since the piles
were manually driven, they may not be perfectly vertical, and there should be some degree of
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inclination before shaking waapplied. Thereforethe evaluation focuses on the trend in angle
magnitude rather than the exact angle @slurest II's angle data, depicted on the left side of Figures
16, indicates an absence of any significant angle trend across the piles. Testglg'sdaa,
represerdd in the right side of Figures 16, exhibits a trend with the left part of the graplingho
larger negative angles and the right half of the graph showing larger positive angles. Middle part of
Figure 16 schematically illustrates suathhviour.

Resultsshow minimal lateral spreading in Test Il, suggesting effective shear deformation tdstrain
the piles in the improved soil, while Test IV is associated with a failure mechanism (lateral spreading
due to liguefaction).
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Figure 16. Hes tilt trend andletection of failure mechanism

Figure 17 offers a comprehensive summary of the results obhtfioma the mediunscale 1g shaking

table tests, outlining key trends concerning both penetration settlement and total settlement of the
strudure. In scenarioghere no mitigation measures were applied, specifically Test | and Test V, it is
evident that €st |, characterized by a greater liquefiable layer thickness (LD), experiences a
correspondingly larger penetration settlement. However, \ilinese cases areropared to scenarios
involving the implementation of piles, such as Test Il, Test Ill, and [Msa significant pattern

emerges
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Figure 17. Acceleration versus penetration settlement/total settlement

Test Il, featuring the longégile length and D, exhibits the smallest magnitudd penetration
settlement. Conversely, Test IV, characterized by the smallest SD and LD values, displays the most
substantial penetration settlement. Additionally, similar trends are observed whenirgnabyal
settlemat.

UNDRAINED CYCLIC TORSIONAL SHEAR TESTS
Data from undrained cyclic torsional tests (Figurei ight) played a pivotal role in calibrating the
constitutive model (PM4Sand) employed for the numerical study. The tested matgniadl aliith that

utilized in the 1g shaking table tesisSilica sand No. 7 at a relative density of 50%.

The torsional shear apparatus (Figure i8left) featuring hollow cylindrical specimens is
acknowledged as a valuable tool for accurately assessrapiiresponse tiguefaction [9]. Notably,
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it allows the replication of simple shear conditions, which closely resemble the stress state experienced
in the field during earthquakes. To prepare the specimens, four msdied hollow cylindrical
specimen with dimensions fol00 mm in outer diameter, 60 mm inner diameter, and 200 mm in
height were created using the air pluviation method. To achieve specimens with highly uniform
density, the falling height was meticulously maintained constant througt®ptuviation proess. A

high degree of saturation waaccomplished (with Skempton's-vBlues exceeding 0.96) by
continuously circulating daired water into the specimens. The specimens have been isotropically
consolidated by increasing the effectiveest state,| 6 ¢ , to 10@ kPa, with a back pressuub, of

200 kPa. Subsequently, to emulate seismic conditions, a ceastaiitude undrained cyclic torsional
shear stress, U, was applied at a shear strain r

(DTwo—component load cell
Displacement transducer for large vertical displacemel
High capacity differential pressure transducer
for confining stress
@Low capacity differential pressure transducer
for volume change

Loading shaft ( ¢ 30mm)
@

Bearing house

— «—Coll pressure

Pressure cell

k
¥
T3
:

Top cap

Specimen—{} ||
Do=15cm
Di= 9cm
H =30cm

Pedestal |

| I |
0 10 20 lem)
Figure18. Cyclic torsional tests: torsional shear apparatus scigmkeft, and testing, right

Experi ments were conducted at various <cyclic st
divided by the effective stress,6 ¢ , i ncl ofdillddg.150a200) and 0.250. The objective

was to establish the CSRrelationship (where N repsents the number of cycles required to generate

a 7.5% double amplitude of shear strain) and to derive relationships for "cyclic sheai siness

strain,” pore water gssure buildup, and stress paths. Corresponding to a 7.5 magnitude earthquake, it

was determined that 15 cycles were needed to reach liquefaction at a specific cyclic stress ratio.
Therefore, the laboratojerived cyclic resistance raf CRR, was deterimed using the CSRI

relationship for 15 cycles (Figure 20eft), with CRR set af.172.

CALIBRATION OF PM4SAND CONSTITUTIVE MODEL

The numerical investigation in this study employs the PM4Sand constitutive model, renowned for its
allity to effectively replicate sand material behavior under dynamic loading conditions. This model
encompasses the intricate phenomena of pore pressure generation, liquefaction,-koeefaadion
responses, rendering it particularly appealing for itaisapplicationsdue to its parsimonious
parameter set requiring calibration.

The PM4Sand model is rooted in the fundamental framework of satsscontrolled, critical state
compatible, bounding surface plasticity model for sands, as originallpgady [10]. Subsguently,
it has been adapted and configured in the context of plane stress conditions, as introduced by [11].
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This adjustment facilitates its integration into 2D plane strain numerical models, whereptane
stress is omitted from églobal finite elenent equations.

Model parameters are categorized into two groups, each serving specific purposes (detailed
descriptions can be foundirable3):
1 A primary sé& comprising 4 parameterdgo, Go, hpo, and pa), which hold paramount
significance in the calilation process.
1 A secondary set encompassing 9 parametggs €min, N°, N9, L oy, 77, Q, R, and PostShake).

In this study,Dgro, €max and emin have been demined based on outcomes from conventional
laboratory tests that establish tphysical characteristics of the sdil.y has been established by
referencing the critical lineatived from stress paths, specifically cyclic torsional te€S§shas been
deiived from shear wave velocity/) measurements employing bender elements coedymior to
the cyclic torsional tests. All other parameters, excegtfphave been utilizedt their default values.

The calibration process for a relative density ofcbQrepresentative of the nemproved zone)
involves adjustments thpo, utilizing experimentally obtained data from cyclic torsional tests. The
procedure can be summarizedatws:
1 Set relative densif\Dy, to 50%.
1 Numerically simulate cyclic torsionalests across a range of cyclic stress rati@SH
corresponding to laboratoredts (0.100, 0.150, 0.200, and 0.250). Fit simulated stress paths,
"cyclic shear stressshea grain” relationships (se€igure 19, and theCSRN relationship to
match theexperimentally obtained data (laborataiyefer toFigure 20 left.
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Figure 20. Comparison of experimentally andmerically obtained: CSRI relationships, left, and CRR
plotted against a commty used cyclic strength curve from the liter&tSeed et al. 1985), right

1 Define the cyclic reistance ratioGRR using the numerically and experimentally obtained
CSRN relatiorships for 15 cycles. Ensure that b@RRvalues closely align with eachher
and compare them with commonly utilized cyclic strength curves from existing literature
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(acounting for the conversion of relative densiBs, to energycorrected SPT blw coun,
(N1)so, @s shown in Figure 20, right).

1 Given the absence of experimdndata for a relative densityd;, of 90% (representing the
improved zone), a distinct proceduseadopted, with parameter variation exclusively focused
on hy:

Set relativedensity Dy, to 90%.

Convert D; to (Ni)eo. Establish theCRR value correspondingo (Ni)eo based on widely

accepted cyclic strength curves from the literature.

1 Simulate cyclic tesional shear tests and adjust the constitutive model parameters until the
adgtedCRR value aligns with th€SRN relationship for 15 cycles.

1 For reference, dble 3 provides the adopted values for all parameters used in the PM4Sand
constitutive model formlation, accompanied by a concise overview of the calibration
procedure.

E

Table 3. Sunmary of PM4Sand parametédradopted values and calibration procedure

Adopted Value Default . - o
Symbol Unit Description Calibration Procedure
D ro=50%| D ro=90%| Value
” Dro 0.50 0.90 - [-] Relative density Lab data 0D ro = SQRT[({N 1)ei/46]
@ 2
= Go=[r (Vo) < SQRTE (/] orG
3 Gy 625 1380 ) -] Shear modulus 0=[r (Vo) VP ax SQRTP /P a)] O Go
s coefficient =167, SQRT[N 1)go + 2.5]
3]
a R
>, Contraction rate Based on F:RR (N1)§0 curve for M 7.5
] hpo 0.545 0.425 - [-] parameter (or 15 uniform loading cycles - element
-g tests) - fitting.
Pa 101.3 101.3 101.3 [kN/m? |Atmospheric pres.
€max 1.225 1.225 0.8 [-] Maximum void ratio ) )
— - — Basic physical parameters based on lab {
€min 0.727 0.727 0.5 [-]1 Minimum void ratio
n® 0.5 0.5 0.5 [-] Bounding surface paf.
2 n¢ 0.1 0.1 0.1 [-]1 |Dilatancy surface pat.
2 o 44.0 50.0 33 [°] |Crit. state fric. angle | Basic strength parameters based on elef
g n 0.3 03 03 [-] |Poisson's ratio tests.
a
> Q 10 10 10 [-1 |Crictial state line
-‘é’ R 15 15 15 [-] parameters
o
o PostShake switch (0 or 1) deactivates
@ activates the reduction of elastic stiffnes:
. order to simulate the post-shaking
PostShake 0 0 0 [-] Post shake switch reconsolidation. PostShake = 1 only after
end of strong shaking (two separate anal
phases).

COMPARISON BETWEEN PM4SAND AND UBC3{PLM CONSTITUTIVE MODELS

The UBC Sand Constitutive Model BC3D-PLM in PLAXIS 2D library) is a widely used tool in
geotechnical engineering, particularly for analyzing liquefactionnpfmena in sandy soils under
dynamt loading conditions, such as earthquakes. Developed at the University of British Columbia,
this model is essential for simulating the complex behavior of sands, including pore pressure
generation, liquefaction onset, ammbstliquefaction responses. It geires calibration based on
laboratory test data (procedure is given in Table 4) to accuratdjcptiquefaction potential, making
it a valuable asset for assessing and mitigating liquefaction risks in engineeringepract

Utilizing the proposed calriation procedure for UBC3IPLM, the selected parameters for this study
are presented in Table W order to facilitate a meaningful comparison between the outcomes of an
undrained cyclic torsional shear test (specificaljth a CSR of 0.200) and thosergerated through
numerical simulations employing two widely recognized and extensively emplayestitative
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models, namely PM4Sand and UBGBDM, particularly in the realm of liquefaction assessment, an
illustrative repreentation is given in Figure 21.

Table4. Summaryof UBC3D-PLM parameter$ adopted values and calibration procedure

Adopted Value Default . - I
Symbol Unit Description Calibration Procedure
D ro=50%| D ro=90%| Value
kg 732 977 - [-]1 |Elastic bulk modulus k™ = 0.7 xk "%
kg 1046 1395 - [-] |Elastic shear moduld k™G = 21.7, 204 (N 1)go %
o
2
g ks 717 4723 - [-]1 |Plastic shear moduly k™ =k™®g X (N1)s’ X 0.003 + 100
a
@
o
) Rate of stress-
o me 0.65 0.50 0.50 [-] dependency of elasti
E bulk m(f)dulus
" Rate of stress- . . )
ne 0.65 0.50 0.50 (-] dependency of elasti Step 1:Based on cyclic (‘element tests - fitt
of ¢ -g andf -p' curves.
shear modulus
Stress-dependency d
nP 0.55 0.40 0.40 [-] plastic shear modulu
P ref 100 100 100 [kN/mZ] Reference pressure
[
£ o 44.0 50.0 33 [°] |Critical state friction § Basic strength parameters based on ele
65 0.0 0.0 0.0 [kN/m? |Cohesion tests.
2N S 0.0 0.0 0.0 [kN/m? ]|Tension cut-off and t
b 45.0 53.6 34.4 [°] Peak friction angle p= ot (N1so/10 + max(0; [(N)eo - 15]/5)
(N1)s0 14.03 33,24 - [-1 Corrected SPT valus SPT data or 1)eo = 46, (D ro)?
o ¢ Ry 0.74 0,65 0.90 [-]1 |[Failure ratio Ry = 1.1, [(N)ed **®
]
SI
c g .
_%5 E f dens 0.625 1.000 1.00 [-] Densification factor Step 2:Based OICRR-(N ;)g CUrVe for M,
<8 = 7.5 (or 15 uniform loading cycles - elem
f Epost 0.200 1.000 - [-1 |Post-liquefaction fact tests) - fitting.
35 T 35
25 25
g g
g 15 = 15
%5 "5
g g
»n 5 »n -5
® -15 8-15
-25 —— Cyclic Torsional Shear Test -25 —Cyclic Torsional Shear Te
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Figure2l.fiCycl i ¢ $&kaar sstreasno r el athtii oomparisbnebétweenaayclt st r es
torsional shear test and numerical simulatig?ig4Sand and UBC3IPLM)

Ultimately, PM4Sand has been chosen as the constitutive model forettenfgd FEM analysis, a
preference commonly observed in engineering practice, particularly for conducting analyses related to
liquefactioninduced selément.
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NUMERICAL MODEL

Figure 22provides an illustrative depiction of the numerical model andltgemodel setup. The
numerical models, founded upon the Finite Element MetHeEM), have been meticulously
developed using PLAXIS 2D softwafé2]. Three dishct models have been crafted to faithfully
replicate the conditions observed in thg inodel tsts. The numerical models are inherently designed
to mirror the experimental odlitions. They encompass separate definitions for the improved zone,
characteried by a relative densityD;, of 90%, and the neimproved zone, featuring a relative
density D:, of 50%. The logpiles, emulating the physical counterparts, are represerdigd u
embedded beam row elements. The structural representation aligns witloube bonfiguration
employed in the model tests, factoring in se#fight considerations (equivaleto a base stress of 15
kPa) and adhering to geometrical specifications.
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PM4aSand Hssmall

D=90% ) Clay
PM4Sand Plate
Elements
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Figure22. Overview of the numerical model

To account for interface dynamicstiween the soil and the superstructure, interface elements have
been judiciously incorporated withthe contact zone. Given the adoption of fiie&d boundary
conditions, it § essendil to acknowledge the potential for stress concentration within thHenreg
directly interfacing with the liquefiable material. Consequently, a drained zone consiktira0
liquefiable material (HSmall Model) has been included as a supplemgri@ature around the
liguefiable field. The timehistory analysis leverages goresentative accelerogram, sourced from the
1990 Upland earthquake records. To systematicallytistze the system's response across varying
acceleration levels, the accelerag has ben meticulously scaled for multiple iterations. It's
important to ackowledge that while the physical and numerical models endeavor to capture similar
phenomena, diréccomparisons are somewhat limited due to inherent differences in scale ahd inp
motionbetween the two approaches.

FEM ANALYSIS RESULTS

Figure 23and Figure 24 present notable findings from the numerical simulations conducted at an
approximate groundcceleration of 140 gal.
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Figure23. 140 gal: Excess poneater pressurertie historyin unimproved case (left)
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Figure24. 140 gal: Vertical deformation (liquefactianduced settlem#) of unimproved case (left) and
improved casé piles below and around thestture (righ)

The analysis of excess penater pressure buitdp highlights asignificant contrast between the ron
improved and improved cases. In the former, the entire dayel experiences liquefaction.
Conversely, the improved case demonstrates a moreafaleoresponse, with liquefaction observed
solely at a depth of 12 megerin other zones, the ratio of pemater pressure to effective stress
remains below 1.0. Thisomparison strongly suggests that shallow ground improvement through log
pile installation could positively influence the behavior of the "superstructufeundationi soil"
system, potentially serving as an effective countermeasure against liquefactitveriRore, the
impact of improvement becomes more evident when assessing the settétherduperstructure. At
an acceleration of approximately 140 gak tmproved case exhibits settlement more than five times
smaller than the nemproved casé speifically, 120 mm compared to 618 mm. Liquefaction
induced settlement serves as a pivotatric for quantifying the effectiveness of mitigation measures.

Figure 25 (left) provides a summarized representation of normalized total settlements derivéx from t
numerical analysis. A comparison with theg Ehaking table test study by [13], relgea noteworthy
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alignment in trends between both approaches. At relgtiow accelerations of 80 gal, the Ron
improved case experiences significant settlement ofuiperstructure, while the two improved cases
show considerable reductions in verticaplacements. This trend becomes even more pronounced
with increasing ameleration. The two improved cases, involving improvement beneath the
superstructure and improvem encompassing both beneath and around it, exhibit similar responses
of the "superstreturei foundationi soil" system

However, differences in responsecbme apparent after approximately 300 gal, emphasizing the
influence of additional improvement @th around the house. This reaffirms the recommendations
from prior studies [6,14,15] regding the inclusion of such an additional treatment zone. Figure 25
(right) supplements this by summarizing the collective insights of other authors [16] conclming t
significance of the improvement thickness (utilizing various liquefaction mitigaticmigues) in
relation to the total liquifiable layer thickness ratio.

The graph clearly demonstrates that a ratio exceeding 0.5 significantly reduces liquéfaictosd
settlement a conclusion reinforced by the results of the current study.
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CONCLUSIONS

The research presented in this paper highlights the e#eetbs of théog piling method as a viable
solution for mitigating soil liquefaion, especially in shallow ground improvement scenarios. By
increasing soil density and provigdi reinforcement, log piling plays a crucial role in preventing
liguefaction andeducing stuctural damage. The study initially focused on determining thedigja
three critical factor$ depth of improvement, width of improvement, and spacing betveepilesi

on the toal and penetration settlements of structures. These eealsiavere cared out using g
shaking table tests in a smatiale rigid soibox, revealing that wider improvement areas and closer
pile spacing significantly influence seinents caused by liquefaction.

Key findings of this research include insiglim$éo mitigatng liquefaction during seismic activities
within the 156200 gal rage. The study identified three vital parameters for minimizing liquefaction
effects: 1) The optnal centeito-cente spacing of log piles, found to be about three times their
diameter. 2)The ratio of improvement width to the structure's width, which @domnost effective
when exceeding 1.6. 3) The ratio of the thickness of the improved layer thitkaess of the
liquefiable layer, with maximum effectiveness around 0.58|dhg on thee findings, the research
progressed to a second phase involvingiomecale 1g shaking table experiments in a laminar soil
box, focusing on the impact of log @length (improved dpth). The results indicated that longer piles
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are more effetive in redeing excess pore water pressure and settlement from liquefaction,
maintaining a constant ratio of improved depth to liquefiable layer thickResthermore, thetsdy
highlighted the importance of utilizing data from laboratory element tidstscyclic torsional shear
tests, for calibrating constitutive models.

Compaing results from Ig shaking table tests with numerical finite element method (FEM)
simulationsshowed consistent trends, affirming the positive impact of log piling even wdegting a
smadl portion of the liquefiable layer. Overall, the findings pravictucial guidance for optimizing the
use of logbased techniques in liquefagtimitigation forengineering applications.
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SUMMARY

On February 6th 2023 two major earthgemktruck southeast Turkey, M/Kahramanmaras and Mg.
Elbistan, respectively. Unfortunately, due to theaut of these catastrophic events more than 50 000
casualties and 35 000 collapsed buildings have been reported since then. The aim of thetstudy is
demonstrate preliminary site respse analysis and assessment oelig@efaction potential of sites

which have been affected by the earthquakesspecially the cities of Iskenderun and Golbasi. Both
site-specific areas have clear evidences of liqudfattand lateral spreading events ghimply the

focus of the presented paper. A series of geophysical MA&W microtremor tests have been
performed in order to determine shear wave velocities up to depth of 30 m as well as the fundamental
natural frequecy of the soil deposits.

Moreover, samples have been collected from sand and silt ejecta in order t@atevabme basic
physical propertie grain-size curves, specific gravity and plasticity parameters. On thie bathe
obtained data seismic classétion of the investigated sites@rding to currentesign codes has been
made and irdepth distance teelatively stiff layer has been assumed. For the sake of evaluating risk of
re-liquefaction the widelyused simplified stressased approach to triggeg assessment has been
adopted onsidering some rules of the thumb (e.g., sieve analysis and plaptigjtgrties evaluation).
Lastly, postliquefaction reconsolidation settlement and lateral displacement hamedeésrmined in
terms of future earthglaes.

Key words lateral spreadingliquefaction assessnt, shear wave velocity, microtremor, microsetsmi
characterization, Iskenderun, Golbasi, 2023 Tursgyia Earthquake

INTRODUCTION

Following the significant seismic events that transpired in Tueked Syria on February"62023 a

joint reconnaissance team was swiftly assembled. This multidismipliteam brought together
researchers and engineers hailing from Japan, Turkey, and Bulgaria, representing prominent
organizations in the field of eaguake engineering. These orgatians included the Japan
Association for Earthquake Engineering, theclitectural Institute of Japan, the Japan Society of
Civil Engineers, the Japanese Geotechnical Society, Bogazici University, MEF University, and the
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University of Architecture Civil Engineering and Geodesy (UACEG). Their collaborative efforts
culminatedin an extensive osite investigation conducted between MarcH a8d April 2nd, 2023,
which transpired approximately two months after the catast@ainihquakes.

During the surveyf the Islahiye region, several noteworthy findings came to light. Anbam, a
landslide event had transpired, leading to the formation of a landslide dam. Furthermore, another
landslide occurrence unfolded in Tepehampacting a relatively gentle sleppredominantly
composed of limestone. This event sparked inquiriegdagapotential links to fault movements.

The city of Iskenderun encountered a multifaceted array of challenges in the aftermath of the seismic
events In addition to documented buifdy collapses occurring on soft ground, instances of building
tilting and ground subsidence were attributed to the liquefaction of reclaimed coastal soil. These
complexities further compounded the peatthquake scenario.

In Golbasi, the survey revealaignificant structural damage in buildings with shallow foundations
that were situated on soft ground. This damage was primarily attributed to liquefantioced
effects, including tilting and settlement. However, a mdetailed investigation is imperag to
precisely delineate the extent of liquefied soil layers in tha.ar

Antakya and Kahramanmaras emerged as regions where building damage correlated with surface
ground vibrations. Despite experiencing severe buildwitapses, Antakya exhibited atively stable

ground conditions characterized by an average shear weweity (Vs) exceeding 400 m/s. This
suggests the possibility of wave amplification linked to underlying geological factors. Conversely,
Kahramanmarawitnessed notable building danggoncentrated in alluvial fan formations.

This collaborative reconnaance mission has yielded invaluable insights into the diversecisnpa
the earthquakes on different regidnsurvey route is presented Bigurel. It underscores the critical
importance of conducting further research and comprehensive investigatiogain a complete
understanding of the underlying geological andte@ehnical factors contributing to these effects. Such
knowledge will be instrumental in enhancing earthquake prdpass and mitigation measures in
these areas.

P A ntakva

Figure 1.Map of the &ected area (including fault and epicentegurvey route
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EARTHQUAKE CHARACTERISTICS

On Februang™, 2023, at 4:17 local time (1:17 GMT), a signdfit earthquake, measuring B/ the
moment magnitude (V) scale, with a focal depth of 8.6 km, strunkhe vicinity of Kahramanmaras
(epicenter: 37.228N, 37.043E) along the East Anatolian Fault, which traverses the border between
Turkey and Syria Roughy nine hours later, at 13:2{bcal time (10:24 GMT), another major
earthquake, with a moment magnieui1.) of 7.6 and a focal depth of 7.0 km, occurred in Elbista
(epicenter: 38.089N, 37.239E) in the same regiBabsequently, on February '20the regon
experienced a significanftarshock, registering a moment magnituti,) of 6.4 with a focal depth

of 22 km, centered in Hatay (epicenter. 36.037N, 36.021E). These seismic events resulted in
devastating consequences, including a significant losseoflitiespread destruction obne than half

a million structuresincluding critical infrastructure sth as communication and energy facilities, and
substantial earomic losse$1].

These earthquakes induced Hefieral fault ruptures along the East Asletn Fault, spanning from
Malatya to Hatay and covering a distance of approximately 320 km. Whilsethere damage to
buildings and pipelines along this rupture has been discussed elsewhere in the context of lifeline
impacts, this study primarily focusesm the geotechnical damagesarg from the intense ground
shakirg. The most intense recorded groumdtion was observed at the Pazarcik statj@h The
earthquak's duration was approximately 60 seconds, during which peak horizontal ground
accelerationexceeded @ (where g represets the acceleration due to gravity, approximately 9.81
m/ sNobably, his earthquake generated numerous strangon records collected by seismographs
located in close proximity to the fault, which spans over 300 km giHd&]. These records not only

help address gaps in the existirtteauation equation for short distas from the hypocenter but also
provide valuable insights into the generation mechanism of ground motion associated with fault
movement. The maximum adegation recorded near the eeiter significantly surpassethe
predictions of previous ahuation guations.

In response to this catastrophic event, a collaborative reconnaissance team was assembled, comprising
researchers and engineers from Japankel and Bulgaria. This teamas organized by prominent
earthquake engineering organizations, inclgdine Japan Association for Earthquake Engineering
(JAEE), the Architectural Institute of Japan (AlJ), the Japan Society of Civil Engineers (JSCE), the
Jgpanese Geotechnical Societyc§), Bogazici University, MERJniversity, and the Universityfo
Architedure, Civi Engineering and Geodesy (UACEG). Led by Professor Kusunoki of the Institute of
Industrial Science, University of Tokyo, this team conducte@xensive orsite investigatin from

March 28'to April 2", 2023, approximately two months aftee tbarthquakes. The team consisted of

27 Japanese members, 22 Turkish professors and practitioners, 1 Bulgarian researcher and 2 Mexican
geophysicists andith their base of operatioris Gaziantep They conductedally visits to different
disaste-affectedareas for assessments.

As mentioned earlier, these earthquakes led to widespread destruction of buildings and a significant
loss of life. One of the nia objectives of the geotechaicfield investigation was to determine
whether the extent of such dansagepended not only on the structural characteristics of buildings but
also on the seismic properties of the soil. Due to time constraints, the de@sionade to focus the
survey onsites and towns with prexiging information available. In ddition to groundbased
assessmentsaerial surveys using drones were conducted to evaluate damage over a broader area.
Various geotechnical investigation methodere utilized, including the ptable dynamic cone
penetration test (PDCPT), the multichannel analg$isurface wave (MASW), and microtremor

based horizontaio-vertical spectral ratio (H/V) measurements, to characterize ground properties.
Furthermore, iterviews were conducted witbdal residents.

For the sake of converting portable dynanooe penettion test (PDCPT) blow counthl{) to NSPT
(standard penetration test, SPT, values), an equation propo$8ld Wwasemployed, assuming sandy
soil chaacteristics:

0 spr=0.66Ng (WhenNg O4) andi spr= 1.1+ 0.30xNg (WhenNg > 4) (1)
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The study area is situated in the southeastern part of Turkey, extending from Kahramanmaras to
Antakya. This region is surrounded bievated mounfa ranges on allides, including the Amanos
Mountains to the west (comprising pBambrian to Eocene rock units), the Southeast Anatolian
Mountain Range to the east (comprising Cretaceous to Miocene rock units), and tHza&sier
Range to lie south (préominantly compogk of Cretaceous ophiolite and Miocene rock units). The
region features diverse topograpmgluding multiple mountain ranges, river valleys, and plateaus. It

is located at the convergence of the Arabian and African tecpdaies with he Anatolian block
making it seismically active and contributing to its varied topography. Key fault zones in this region
include the East Anatolian Fault Zone (EAFZ), Dead Sea Fault Zone (DSFZ), and Karasu Fault
System (KFS). Several residah areas a located within Qaternary geological units in the graben,
primarily consisting of alluvial fans, alluviurand basaltic compound volcanic rocks.

ISKENDERUNCITY

The city of Iskenderun, located on the Mediterranean coast with a popubhtiapproximaely

500 MO residents, is situated approximately 100 kilometers away from the earthquake's epicenter and
approximately 15 kilometers west of the earthquake fault. Iskenderun experienced relatively minimal
structural damage compared kKahramanmara and Antakya. Hoewer, it did suffer significant
damage due to geotechnical issues, primarily in areas with land reclamation. Unfortunately, there are
no available strong motion records for Iskenderun.

Figure 2 displays a map of Iskenderun, where a sywas conducted oWarch 3. The ground in
Iskenderun predominantly consists of Quaternary alluvium containingarsilt sandy layers, as
observed in the Konarli area of Iskenderun Bay. This region has loose soil and a high wal4}. table
Iskenderun, oce a small town smounded by marshland, underwent substantial development between
the mid19th century during th®ttoman Empire and the French Mandate period, lasting until the first
half of the 20th cetury. Figure? illustrates the location of the litfiouse, which waseriginally at sea,

and the coastal area beyond this point has been transformed into modern cetdaieAfter the
earthquake on February' §5], it was reported that streets near the coast were inundated by seawater.
During the auth@’ survey on MarcB1st, inundation was confirmed due to rainta# previous day.
Figure2 also displays the indl@ed area during the survey, primarily in the reclaimed land area, with
the coastal shopping street submerged by about 30 centimetersvbtoliaahe eastarpart of the
survey area, the inundation extended further inland. Local residents indicatdustfzaea was once
marshland, possibly resulting in more pronounced subsidence on the elevated ground in the eastern
part. Numerous signs efnd ejecta weraso observed in and around the inundated negio

@ Inundation JlEe 4/ Collapsed building
(20-30 cm) : B Namgis

Old
=> lighthouse
i s thouse

—oogleFarth

Figure2. Reclaimed land boundary @mundation area in Iskenderun City
observed in the authorsé6é survey on 31st
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Figure 2 additionally illustrates damage caused by liqueda, includingslight building subsidence
and significant sidewalk upliffThis street wagreviously a water channfd], potentially making the
reclaimed soil in the channel susceptible to liquefaction during the earthdfigiee 3 and Figure 4
depid typical structual damage in Iskenderukigure 3 shows a mietise building in reclaimed land,
where the entire gicture has tilted significantly.

Uneven
settlement

Liquefaction
evidence

Figured4. Collapsed buildingdcated in the former marshlandear Hotel Ramada

Similar damage, characterizég tilting and settlement of buildings, is evident along coastal streets,
albeit to varying degree@-ig. 5 and Fig.6). This damage is likely attributeib liquefaction of tk
reclaimed ground and loss of bearing capacity. In contrast, the structure shown iMFigoated in

an area formerly marshland, collapsed in a twisting manner. Information on the distribution of
structural damage patterns iskénderu City is curretly limited, butit is observed that there was
relatively more structural damagele to seismic motion inland from the reclamation boundary. Both
geotechnical issues and structural damage occurred in the marshland area. Diffeseatgaunhd
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characterigcs and the presence or absence of liquefaction likely contributed to distinct patterns of
structural damage.

Figure6. Settlenert of buildings dueto soil liqguefaction

Figure8 illustrates the reclaimed area where the promenamtg dhe seashore subsided significantly,

by approximately 50 centimeters, nearly aligning with the sea level. This subsidence likely led to the
inundationof coastal strest by high waves. Observations also noted water flowing backward and
emerging from sewage manholes on the inundated coastal street. The blockage of sewage pipelines
due to liquefied soil deformation likely caused extensive inundatiomgam

— MASW (V)
H/V (T)

Figure7. Location of performedets t s in the city of Iskenderun (36A:

Figure7 presents the exact location drigure11 results of the PDCPT at D®and the multichannel
analysis of surface wave (MASW) at SW The PDCPT wasonducted downct a depth of ground

level -4.0 meters, revealing that the groundwater table was almost at the surfadeTb@lues at

the top surface were consistently low, less than 5, and slightly increased, ranging from 5 to 10, from
ground level1.0 meter to-2.0 meters. Below this déip, the soil layer exhibited loose characteristics,
with Nspr values averaging around 5. As shown in Fig8reseveral cracks, each several tens of
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centimeters wide, were identified in theclaimed land due to latérspreading, anchumerous sand

ejecta were observed, indicating that coastal area land subsidence was induced by liquefaction.
Calculating the distance of cracks from the seashore to be 60 meters inland, the lateral displacement
was estimated to be as ainas 1.5 meterowvard the sea.

Lateral spreading BEfThETIO
(approximately 1.5 m\"i‘g‘!ﬁk"”
towards the sea) .

Figure 8. Liquefactioni nduced damages in 3he99%eN,)] a3 enkdo'l @&nas '(E

The shear wave velocity value of the surface layer from the MASW was consistently less than 150 m/s
but gradually increased up @pproximately gound level-10 meters, reaching about 190 rfifsg.

10). At greater depths, the shear wave velocity value remained relatively stable until about ground
level - 25 meters. Given these findings, it can be reasonably concluded that theedtisiem
subsidace along the shoreline waa result of liquefaction in the reclaimed ground up to
approxmately ground level10 meters, especially considering the occurrence of lateral spreading.
However, it should be noted that the inundation damagéskenderun Citywas more severe
immediately after the earthquake. Further investigations are necessary to explore the causes of land
subsidence in the city, which may not solely be attributed to liquefaction but also to crustal
deformation effects.
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Figure 9. Results fom microtremor tests evduation of predominant period
of the soil profile at P14, P1B16 and P17
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During this survey, two distinct soil samples, referred to as Sample 1 and Sample 2, were collected,
with their specific locations illusatedin Figure2. Both samples, identified as sand ejecta, exhibit a
specific gravity of 2.68. Notably, the particle distribution curves for these samples are remarkably
similar, characterizing them as poorly gradedifi hi g h |l y |soilg Maebveraalihoreugh
evaluation of sitespecific soil characteristics to advance our understanding of seismiegikense

was conducted. Cuttingdge geophysical techniques for direct measurements of key parameters were
utilized. The MASW method was employem detemine theshear wave velocityMso), representing

the average shear wave velocity in the upper 30 meters of thenedium at the study site.
Additionally, the microtremoebased horizontatio-vertical spectral ratio (H/V) method was employed

in orderto derive thepredominant period of the soil profil&, resulting in an averadk value of 2.8
second (Fig. 9). These measurements provided criticgdut parameters for further seismic hazard
analysis. Based on this data, the average déftio(a stiff layer with a sheawave velocity greater

than 800 m/s within the soil profile was estimated using the classic khal (4 « Vo) / Ts [7],
resulting in an estimated value of approximately 130 meters. These findings offer valuable insights
into site-specific seismic response characteristics, crucial for seismic hazard assessment and
infrastructure design in the studied regidiecording to Eurocoe 8, the classification of a soil profile
based on its shear wave velocity in the upper 30 metksg (s a fundanental step in assessing
seismic hazard. Whe¥igo falls into the Type D category, it indicates that theé poifile consists of
relatively soft and potentially liquefiable soils. This classification holds significant implications for
seisnic risk assessent and structural design since Type D soil profiles are associated with increased
ground motion amplification and heightened seismic vulnerability.
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Liquefaction assessment within this study adhered to a robust deteioniirdgtework, combining
crucial data from two primary sources: 1) results obtained through PDCPT, conveNest [8,9,
10], and 2 sher wave vebcity (Vs) profile [11,12]). The calculated factor of safetiF$) consistently
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revealed values below unity, indicating the susceptibility of the soil profile to liquefantioced
phenomena. This susceptibility necessitated a meticulgamieation of pdential consequences,
encompassin liquefactioninduced reconsolidation settlement and lateral spreadimengmena
[1314,1516,17,18,19). The results, as presentedhigure 13, portray a conservative outlook on the
liquefaction potatial. However, it isimperative to exercise discernment in interpreting these findings.
Some layers within the soil profile may exhibit relatively I9wwvalues, potentially raising concerns
regarding their liquefaction susceptibility. Nonetheless, a profauntérstanding otthe physical
properties (especially particle size distribution curve and plasticity parametensgsefdpecific layers
might mitigate these concerns. Their intrinsic characteristics, such as high confining pressures,
significant fires ontent, or cementan, effectively preclude them from active participation in the
liquefaction response. Thus, the comprehensive liquefaction agsggasmlerscores the importance of
considering not only the quantitative data but also the qualitativetasgesoil behawr, ensuring a
holistic understanding of sigpecific seismic risk. Such knowledge is invaluableseismic hazard
assessment and resilient infrastructure design in the region
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Figure13. Evaluationof settlement and lateral spreading due to possibliguefaction
in the city of Iskenderun by simplified@cedures

GOLBASI TOWN

The Golbasi Basin is characterized as a-pplirt basin with a lefateral strikeslip fault along the
GolbasiTurkoglu segmentsituated on the East Anatolian Fault Zone (EAFZ). Golbasi Lake in this
region resembles a sag pord.study conducte by [20] revealed thathe lithological units in the
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examined area primarily consist of Quaternary afludieposits (Qal), including clay, silt, sand, and
gravel, along with swamp sediments (Qb). In terfngroundwater levels, they tygally range from

0.65 meters te3.5 meters, except in three boreholes where no water was detected. The dominant
ground vibration period varies from 0.23 to 0.67 seconds, averaging at 0.48 seconds. As a result of this
investigation, the region has beersigmated as a miity area for preventiveneasures. It has been
categorized into two zones: OAL, where Qal formation pigvarimarily addressing earthquake
hazards, and OA2, where Qb formation is dominant, focusing os magement hazards and high

slopes.
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Figure14. Extentof the liquefactiorinduced damages in the town of Golbasi

Figures16, 17, 18 and 19 depict typical building damageBigure 16 shows the most severely tilted
building identified during the authors' sey, leaning agaist an adjacent structure. The groundwater
level at the foundation of this building, which exhibited pronounced tilting, was approximately at
ground level1.0 meter.

Figure15. Tilted foundationof demolisied building[5]
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