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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Man’s concern for the safety of his buildings hagrb recorded in the laws of some of
the most ancient civilization such as King Hammunaho codified many laws of the
lands he conquered in approximately 16 B.C. In9118&rd Mayor of London, Hennery
Fitz-Elwyne promulgated a building code known as #ssize of Buildings which set

forth the methods of approved party walls thatli&etfire stop (Sanderson, 1969).

In the countries of the Gulf Cooperation CouncilC@), there is no unified set of
building codes that combine all building requiretsetiowever, there are some building
regulations and specifications which focus on thédding’s architectural requirements
and urban context planning and basic, but not cehgmsive, fire protection and
prevention requirements. These regulations aredsby different building authorities in

each country. 1n 1997, the Ministers of Interiofsthe GCC asked the technical
committee of the Council Secretariat General topgre a comprehensive document
containing all requirements and regulations foesatnd fire protection to regulate the
construction and operation of all type of faciltien the GCC countries. In 2003, the
document was introduced, approved and named as‘Bbi#dings Fire Protection

Requirements”. This document basically combined aedsed the fire protection
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regulations in Saudi Arabia, Kuwait, Oman and UAR.addition, the document adapted
the National Fire Protection Association life sgfevde requirements (GCC, 2003).

In Saudi Arabia, there was no comprehensive Buijdtode prior to the Building Fire
Protection Requirements developed by the GCC Se@eGeneral. However, some fire
protection and prevention regulations establishethb General Administration of Civil
Defense (GACD) and the Ministry of Municipal and rRluAffairs (MMRA) were
utilized to regulate the construction and operatdrbuildings in Saudi Arabia. These
regulations are generally adopted and modified fiational Fire Protection Association
(NFPA) standards. On the other hand, industriallifies are governed by the fire
protection directives issued by the Saudi High Cassian of Industrial Security (HCIS).
Major organizations in Saudi Arabia such as Saudin#co and the Royal Commission
of Jubail and Yanbu have independent building cadet standards which govern their
own constructions. These codes are basically addpden the Uniform Building Code

(UBC) and International Building Codes (IBC).

Nevertheless, there was an effort exerted by theliSstandards, Metrology and Quality
Organization (SASO) since 1982 (1402-H) to develbp Saudi Building Code;
unfortunately, nothing has been achieved since. thater, In June 2000 (1421-H), the
National Committee of the Saudi Building Code (NC3Bvas formed according to a
ministerial resolution (Al-Naghady, 20050ne year later the budget and the plan for
NCSBC were approved by the Council of Ministers.SBCT formed the technical and
consulting committees in April 2003, which then rstd to prepare the general
framework for the code. The framework of the SaBdilding Code was approved in

December 2004 by the Saudi Council of Ministers@SB007).



1.2 STATEMENT OF THE PROBLEM

The construction industry in Saudi Arabia developedidly to meet the increasing
demand of population, industrial and economic ghowAs a result, buildings were
constructed on a rapid basis without considering short and long-term impact of
violating building standards for life safety andsimess continuity. In addition, there was
no proper revision or enforcement of building regins (AL-Amro, 2004). The safety
regulations that have been developed by the GeAehalinistration of Civil Defenses

and the Ministry of Municipal and Rural Affairs anet being successfully implemented
and enforced (Al-Swat, 2004). These safety reguiati and standards are not
implemented for all types of facilities and the pessibility of enforcing these

requirements overlap between the GACD and the npalites (Mousa, 2004).

Accordingly, the Saudi Standards, Metrology and lQu®rganization has been working
to prepare the Saudi Building Code since 1982. Hewethe actual process started in
early 2005 when the National Committee of the SaBuliding Code was founded.
Implementing the new Saudi Building Code in thelding industry in Saudi Arabia will
face many challenges. One of the major challengeshe absence of qualified
professionals to design in accordance with the comtpiirements. The success of
implementing the requirements of building codesusject to how far the concerned
professionals are qualified and trained to useMany professionals are involved
designing, issuing permits and inspection of baidi Those professionals received their
building code knowledge through practice only bseaudhey came from different
engineering backgrounds and the majority did notike previous training or education
in the building codes. Lack of knowledge in builglinodes will have an impact on its
successful implementation and will cause an impacthe building cost and durability

(Khalifah, 2005).In Saudi Arabia, there are many building authasiti€his diversity of
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building and construction legislation is considetede one of the major challenges for
the Saudi Building Code during the phase of impletaigon. On the other hand, the code
development and update are other future challef@ethe National Committee of the

Saudi Building Code (AL-Tassan, 2007).

1.3 RESEARCH OBJECTIVES

The objectives of this thesis are as follow:
1. To assess the current practice of A/E design cffared building authorities in
addressing and enforcing the building codes aretysaggulations in building

design in Saudi Arabia.

2. To assess and rank the factors which adverselgtafie implementation of

the Saudi Building Code.

3. To develop a plan of action to overcome these fadiased on benchmarking

with best practice.

4. To develop and assess a guidelines for the fireeption requirements of the

Saudi Building Code.

1.4 SCOPE AND LIMITATIONS

Literature survey revealed that there are few studn the field of building safety
regulations in Saudi Arabia, the Saudi Building €adevelopment, and the current
practice of design processes, the building permitscess, the safety regulations

enforcement process and detailed incident statistin addition, previous studies
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indicated that 80% of the constructions conducte@audi Arabia are totally separated
from the design phases (Arain, 1997). Accordinghg scope of this study is limited to
the following:

1. Fire safety requirements of the Saudi Building Cddewever, the results of this
study will contribute to the implementation of otheode requirements such as
mechanical, electrical or structure.

2. Implementation of the code requirements at thegiigshase of the project.

Fire protection requirements of the Saudi Buildidode are comprehensive and related
to different types of construction and design pssceTherefore, there are some
requirements excluded from the guidelines becadisene or more of the following
reasons:

1. The non-design related requirements which are efraipnal, maintenance or
housekeeping nature.

2. The unique requirements which are rarely used.

3. The requirements of a significant use or hazartréguires special investigation
and analysis by specialists in certain field arat #ire not normally conducted by
building design professionals on a regular basis.

4. The requirements that are related to existing 8iras.

1.5 SIGNIFICANCE OF THE STUDY

This study is developed simultaneously with theedigwment of the Saudi Building Code
and therefore, it investigates challenges that trfigte its enforcement and will provide
recommendations that might facilitate its succdssfiplementation. Introducing the
Saudi Building Code to the buildings industry inuBaArabia will make this study a

basis for future studies related to building regiafes in Saudi Arabia. The developed
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guidelines to be used by the design professiomalSaudi Arabia will facilitate the
implementation of code requirements during the giestage. Therefore, the guidelines
have the potential to significantly reduce the amaaf training needed. In addition, it
might be used as a reference for the Saudi Buil@inde training and development of
related courses. Finally, the study has the pialetat be a basis for the Saudi Building

Code automation.

1.6 RESEARCH METHODOLOGY

This section presents the research methodologyghravhich the objectives of the study
have been achieved. The methodology is describethenfollowing subsections as

follows:

1.6.1 Domain Analysis and Description

The domain analysis and description phase in #search include:
1. Conducting an extensive literature review for thiéofving:
I. Local building regulations issued by the Generalmiustration of Civil
Defense (GACD) and the Ministry of Municipal andrRIuAffairs (MMRA).
Il. International codes such as International BuildGwge (IBC), International
Fire Code (IFC) and International Mechanical Cdti&Q).
Ill. National Fire Protection Association codes andddais such as Life Safety
Code (NFPA-101) and Building Construction and Sat&bde (NFAP-5000).
IV. Various articles related to the philosophy, histangl importance of building
codes.
2. Conducting various interviews with members of thaidhal Committee of the Saudi

Building Code, representative of Dammam Municigalitepresentative of the
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General Administration of Civil Defense, Ownersésign offices, consultants and
engineers in the field of building code administiatand enforcement.
3. Utilizing personal experience with the requiremeoftdnternational Building Code

and International Fire Code.

1.6.2 Assessment of the Current Practice of A/E Design @fes and
Building Authorities

The first objective of the study is to assess tmeent practice of the Civil Defense, the
Municipalities and A/E design offices in controllin enforcing and addressing the

requirements of building codes. This objective Iesn achieved through two phases:

Phase-l, Questionnaire and Interviewsa combination of questionnaire survey

(Appendix-A) and interviews have been conductede foestionnaire forms have
been distributed to a random sample of A/E desifjnes in the Eastern Province of
Saudi Arabia to assess their current practice.dbiit@n, two interviews have been
conducted with representatives of the General Aghtnation of Civil Defense and
Dammam Municipality to assess their current practit enforcing and controlling

building codes and regulations.

Part-l and Part-lll of the questionnaire form (Apdx-A) were designed to achieve

this objective as follows:

Part-1: Contains general questions about the respondenkgimaind,
experience and design office description.
Part-11: this part of the questionnaire is related to treosd objective of the

study as discussed in Section 1.6.3.
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Part-1ll:  Contains nineteen questions about the practiceh@®fAV/E design

office.

Phase-ll, Findings: The results of the questionnaire survey andrvige's have

been analyzed and the findings are presented piehtree.

Objective No. 1

Phase-1 Phase -2 Phase-3

Literature Review | | Survey | |Findings

Study and investigate previous

studies deals with current
practice

A 4
Sample selection of A/E Desigp : | Conduct the survey through Discuss and document
Offices, Municipalities and questionnaire and interviews "| the currant practice
Civil Defense.

\ 4

Start Objective No. 2

Figure 1.1:Methodology Chart for Achieving the First Objective

1.6.3 Assessment of the Factors Affecting the Implementain of the
Saudi Building Code

The second objective of the study is to assessrankl the factors that affect the
implementation of the Saudi Building Code. Thiseaive has been achieved through
survey questionnaire (Appendix-A). The questiormattesign, sample description,

scoring and result analysis are described in thewong subsections:



A. Questionnaire Design

Part-1 and Part-Il of the questionnaire (Appendixwere designed to assess the adverse
influence of predetermined factors on the impleragon of the Saudi Building Code as

follows:

Part-1: Contains general questions about the respondekgtmind, experience

and his organization.

Part-1l: Contains twenty six factors where the respondemn¢gsiested to assess
how each factor would adversely affect the impletagon of the Saudi Building
Code using one of five possible options as extreffext, strong effect, moderate

effect, slight effect or does not affect.

Objective No. 2

Phase-1 Phase -2 Phase-3

Literature Review | | Survey | |Findings

Study and investigate previoys
studies that deal with the
current practice and building
code burdens.

|

Identify the factors that might Findings and result
>

affect the implementation of the-0> Questionnaire Development — analvsi
Saudi Building Cod P SIS

Questioner Administration Start Objective No. 3

Sample Selection

Figure 1.2:2Methodology Chart for Achieving the Second Objeetiv
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B. Scoring

The respondent to the questionnaire can evaluaedverse effect of each factor as
either extreme effect, strong effect, moderate ceffslight effect or does not affect.

These responses are weighted in a four point ssalellow:

Extreme effect 4, Strong effect 3, Moderate effect2, Slight effect4,

Does Not affectd

The factors were ranked in an order based on tihghtvef each factor importance index

C. Data Analysis

This section describes the methods which have beed to analyze the data collected
from the responses to the questionnaire. The itapoe index for each factor has been

calculated using the following equation (Dominow<k80):

Index = ((Z;LO a;x;)/(4Y, xl-)) X100 % ovoeveeeieieie e, (1.1)

Where:

i = Response category index whete0,1, 2, 3, 4
= Wight given toi response wherie 0, 1, 2, 3, 4
i = Frequency of thegiven as a percentage of the total
response for each factor where:

* Xo= frequency of Extreme effect
* x= frequency of Strong effect
* Xo= frequency of Moderate effect
* x3= frequency of Slight effect

* x4= frequency of Does not affect
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D. Questionnaire Administration and Distribution

There are multiple stakeholders involved in this/ey as follows:
1. Design/consultant offices that conduct the buildidgsign and material
specifications.
2. Building authorities who published or enforced thailding code and
regulations including:
» National Committee of the Saudi Building Code.
» General Administration of Civil Defense.
» Saudi Standards, Metrology and Quality Organization
» Saudi Council of Engineers.
*  Municipalities.
E. Population

The sample size was determined using the followgations (Kish, 1995)

ng = (’;*2") ............................................................................. (1.2)
B ) (1.3)

Where:
N = Sample Size from infinite population
P = Proportion of the characteristics Being MeasurethanTarget Population.
g = ComplementofP, 1P
V = Maximum standard error allowed (10% for this sjudy
N = Population size
n = Sample Size

To maximize the sample, boprandq are each set at 0.5.
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1.6.4 Recommended Plan of Actions

The third objective of this study is to developeeammended plan of action to facilities
the implementation of the Saudi Building Code. Thisjective has been achieved
through benchmarking with the practice of Saudimea. A list of criteria about how
building codes are implemented successfully by BAuaimco has been identified, and

then the plan of actions has been developed bas#tese criteria.

Objective No. 3

Phase-1 Phase -2 Phase-3
Literature Review | | Analysis | | Findings & Recommendatiol
Investigate best practices of
implementing and enforcing the
Building Code
Identify a list of criteriathat Compare the critea against th Identify theareas o
facilitate a successful > current practice 2| improvement
implementation of the building
code. l/
Develop the action plan

Figure 1.3:Methodology Chart for Achieving the Third Objective

1.6.5 Development and Assessment of the Saudi Building Ge
Guidelines

The fourth objective of this study is to develomgl@assess a set of guidelines for the fire
protection requirements of the Saudi Building Cadebe used by A/E professionals
during the design stage. The guidelines were dpeelaising a simplified statements,
diagrams, tables and flowcharts without comprongisine integrity and intent of the

original code requirements. Moreover, the guidainere assessed by six building code
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specialists working for Saudi Aramco in term of ritlg simplicity, consistency,

comprehensiveness and the methodology.

1.7 ORGANIZATION OF THE THESIS

The main objectives of this study are to assessulrent practice of A/E design offices
and building authorities toward implementing théding codes and regulations in Saudi
Arabia and to identify and rank the factors affiegtthe implementation of the Saudi
Building Code. The study also aims at developinglam of action to overcome these
factors. And finally, the study developed and asseésa set of guidelines for the fire
protection requirements of the Saudi Building Coflee thesis has been organized into
five chapters to achieve the main objectives imetance with the developed research

methodology as follows:

= Chapter One: Introduction

This chapter provides general background aboutdéwelopment of international and
regional building codes and standards. This i®¥edld by a brief introduction about the
building regulations in Saudi Arabia and the preessof developing the Saudi Building
Code. In addition, it includes the thesis objedjvecope, limitations, significance and

the methodology followed to achieve the study dibjes.

= Chapter Two: Literature Review

This chapter summarizes the literature relatechéodevelopment and enforcement of
building codes in North America, the techniques hafilding codes enforcement
followed by Saudi Aramco and the current practi€édocal A/E design offices and
building authorities. In addition, this chapter s#rts the development process of the

Saudi Building Code and discusses existing buildindes handbooks and guidelines.
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Finally, this chapter lists and discusses twerntyfattors that might adversely affect the

implementation of the Saudi Building Code.

= Chapter Three: Assessment of the Current Practice of A/E Desidfic€s and

Building Authorities

This chapter presents and discusses the methodatutjyindings of the survey related
to the current practice of A/E design offices andlding authorities pertaining the

implementation and enforcement of the current lingjadegulations in Saudi Arabia.

=  Chapter Four: Factors Affecting the Implementation of the SaBdilding Code

This chapter presents the methodology and findiofhghe survey related to the
assessment and ranking of the twenty six factoeg thight adversely affect the

implementation of the Saudi Building Code.

= Chapter Five: Recommended Plan of Action

This chapter presents the proposed plan of adtianaims to facilitate and enhance the
successful implementation of the Saudi Building €odr'he chapter also includes the

recommended fire protection guidelines for the $8wilding Code.
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CHAPTER TWO

LITERATURE REVIEW

2.1. BUILDING CODES AND STANDARDS

Building codes can be classified based on the ndetfialevelopment, the methodology
used to achieve their intent or based on the dpugjoorganizations as follows:

1. National Codes (adopted codes), which have beeeplale®d by governmental
agencies or governmental standards developing imag#&ms.

2. Model Codes, which have been developed by privatéos standard developing
organizations. In the United Sates, model codesndb regulate building
construction unless adopted or accredited by gowental agencies. The
government agencies tend to adopt model codes da alie cost and effort
associated with the development of new codes. Alfiemodel code is adopted it

becomes the National Code.

The other type of building codes classificationbased on the methodology in which
objectives and intents of the codes are achievethi$ regard, the building codes can be
classified into two types (Kenneth, 1999):

1. Performance-based Building Codes: this type specifi set of objectives and

allows the design team to Figure out how to achtbese objectives.
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2. Prescriptive Building Codes: this type offers asgrédbed and specific criteria and

guidelines based on which the codes' objectives briachieved.
The contents of the building codes cover a varagthuilding related subjects, such as
architectural, structural, mechanical, electricalumbing, fire safety and energy

conservation.

2.1.1 Building Codes and Standards in the United Stes

The regulations of building construction in the tédi States date back to over 350 years
ago (Ghosh, 2002). In 1905, the National Board iod Enderwriter, and the American
Insurance Association published the recommendedomdt Building Code to guide
municipalities concerned with reduction of fire hezin and about buildings. This code
was drafted by engineers of the American Insurgkgsociation and takes into account
the experience of men familiar with the phenomeinre and their spread in buildings.
The recommendations of this code were the onlyonatly recognized model building

code until 1972 (O'Bannon, 1973).

As of 2002, there are around 93,000 standardseruttited States which are developed
by private organizations and federal governmente Thivate sector standards are
coordinated and harmonized by the American Nati@ahdards Institute (ANSI) which

was founded in 1917. In order for standards oresdd be designated as the American

National Standards, they must first be reviewed @mgroved by ANSI. In the private
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sector, there are three types of standards dewgamiganizations in the United States

(Arther and Gasy, 2002):

1. Standards Developing Organizations: the developmiobdes and standards
is the mission of an organization such as Ameri8aniety for Testing and
Materials (ASTM) which was founded in 1902 or thatidnal Fire Protection
Association (NFPA).

2. Scientific and Professional Societies: this typepsuts the practice and
advancement of particular profession, yet it hasepresented the sponsoring
organization or industry. An example of this tygethe Institute of Electrical
and Electronic Engineers (IEEE) and the Americani€y of Mechanical
Engineers (ASME).

3. Industry Associations: this type includes manufeats; service providers,
suppliers and others who develop technical stasdéuat are in the interest of

their particular products such as American Petraoléustitute (API).

Three model codes have been developed and praatiedidegions of the United States.
The National Building Code (NBC) was developed byil@ing Official and Code

Administrators International (BOCA) which was fowaddin 1945 and acquired the right
to use the name of NBC after the American Insurakssociation stopped publishing
their National Building Code in 1976. The UnifornuiRling Code (UBC) was developed
by International Conference of Building Code (ICB@hich was founded in 1922. The
Standards Building Code (SBC) was developed bystihehern Building Code Congress

International (SBCCI) which was founded in 1940 $602002).
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The National Building Code by BOCA was publishedl850 and used on the Northeast
and Great Lakes portion of the United States. Uhiéorm Building Code by ICBO was
published in 1927 and used in the western UniteteSt The Standard Building Code by
SBCCI was published in 1945 and used in the somthérited States. In 1994, the
International Code Council (ICC) was establishedctonbine these three traditional
regional models into a single national model. Toentlers of the ICC are the Building
Officials and Code Administrations InternationaldBA), the International Conference
of Building Officials (ICOB) and the Southern Builgg Code Congress International
(SBCCI). In 1997, a new code based on the UnifBuilding Code series, BOCA and
SBCCI standards was drafted. In 2000, the Intewnati Building Code (IBC) was
published as a single code by the ICC and an ugdeesion is issued every three years

(Arthur and Gasey, 2002).

ICC codes include International Building Code, tntgional Fire Code, International
Mechanical Codes, International Fuel Gas Coderatenal Existing Building Code,
International Electrical Code, International PluntpiCode, International Energy Code,
International Private Sewage Code, InternationatfdP@ance Code, International
Property Maintenance Code, International Reside@uale, International Urban Wildfire
Interface Code and International Zoning Code. dditgon to these codes, there are codes
and standards published by the National Fire Priote@ssociation (NFPA) such as the
Uniform Fire Code, National Electrical Code, Lifaf8ty Code, Building Construction

and Safety Code and National Fire Alarm Code.
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2.2. BUILDING CODES ENFORCEMENT STRATEGY

Previous studies have created different strategiesut the efficiency of different
approaches to enforce building codes. There han mme confusion on the
classification of building codes enforcement sygde because of the disagreement over
terminologies, the level of enforcement or researstassumptions and whether such a
concept applies to agencies, to inspectors or th. hdnlike the confusion found in the
literature, May and Burby (1998) suggested a usdiitinction with respect to the style
of the enforcement strategies. The first style ekated to the enforcement agency
practices as inspections, technical assistance,pabticizing rules. The second is the
action taken by the enforcement agency such asitimeeor sanction. The practice of

Building Codes enforcement can be summarized &safsl(May and Burby, 1998).

A. Deterrent Enforcement Practices:
* Notice of violation.
» Notice of corrective action
» Stop-work order
* Revocation of building permit.
» Revocation of certificate of occupancy.
* Temporary restraining order.
* Preliminarily injunction.
* Permanent injunction.

* Infraction field citation/fine.
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* Misdemeanor prosecution/fine.

* Fine levied for working without permit in the pdst months.
» Fine levied for not following approved plan in thast 12 months.

» Fine levied for not following approved code prowuiss in the past12 months.

. Discretionary Enforcement Practices:

» Inspectors authorized to bluff to attain compliance

* Inspectors allowed being lenient when life safetpat threatened.

* Inspectors can spend extra time on site to deveglopd relations with
construction contractors.

* Inspectors can badger contractors who are chroolaturs.

» Inspectors can relax standards based on extenw@tougnstances.

. Incentive Practices:

* Prior record of violator taken into account in cgan to prosecute.

» Attitude of violator taken into account in decisitanprosecute.

* Less frequent inspections.

» Bend over backward to be cordial.

* Modify standards for firm with good records with pspval from higher
authority.

e Other incentives.
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D. Technical Assistance Practice :
» One-on-one technical assistance during plan review.
* One-on-one technical assistance at constructien sit
» Booklets describing code enforcement proceduregaticies.
» Workshops to explain code previsions.
* Newsletters and bulletins.

» Self-contained slide, audio or video cassette nedul

E. Standardization and Supervision of Field Inspectors
* Inspection checklists and forms.
» Agency policy or procedure manual.
» Periodic review of inspectors work.
* Inspector required consulting supervisor/buildindfical on different
decisions.
* Rotate field inspector’s territories.
* Intensive training of inspector in agency policylgrocedures.
* Annual performance evaluation of inspector’s work.
* Follow-up field inspection of inspector’s work.

* Productivity measures used to evaluate inspectaris.

There are two critical choices based on which Imgidauthorities could improve the

compliance of building codes. The first choice he £nforced compliance through the



22
staff of the enforcement authority who should detgolations. This choice requires

authorities to have more trained personnel who Ishexpend more effort to issue and
review building permits, review building design gages, conduct site inspections and
provide technical assistance. The second choi¢heisvoluntary compliance through
emphasizing strict enforcement of rules and regwiat or through staff coordination
with regulated firms and individuals. This choicancbe met either by following a
systematic approach or facilitated approach. Thstesyatic approach requires careful
monitoring of compliance, uniform strict applicatiof code permit requirements and use
of sanctions such as stop work orders and finedeter violations. The facilitative
approach needs relaxing requirements when the goblsegulations can't be
compromised, and use incentives to establish gelatianship with firms and individual
who should implement the regulations. This approgzuires verbal negotiating with
contractors, builders and developers to persuagia to comply with the building code

(Burby, 1998 ; O bannon, 1989).

The enforcement strategies are what code enfordesgencies and inspectors tend to do
to enforce code provisions. These strategies cautmenarized as follow:
» Strict enforcement consisting of strong systematiforcement and limited
facilitation of compliance.
» Creative enforcement consisting of a high degre=ach component.
» Facilitative enforcement consisting of high degreédacilitation and less
rigidity.

» Accommodative enforcement consisting of low degrdfe=ach component.
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2.3. ENFORCEMENT OF BUILDING CODES IN THE UNITED
STATES

Each state government in the United States hagdWwer to enforce the health and safety
regulations. The methodology based on which edate randles and promulgates
building and fire regulations varies widely. Thisriation creates a problem as some local
city governments are adopting one or more modeésodlhe building code applies to
new buildings and major alterations. Occupancyas permitted prior to issuing the
occupancy permit or certificate of occupancy by lhéding official (Arthur and Gasey,
2002). In most states, like Louisiana they havér thwn fire marshal that is required by
the state law to review all buildings for the pteaector, governmental sector and the
federal government. Review comments on the fedgmlernment are treated as
recommendations and are not compulsory. On theaynbone and two family dwelling
units are reviewed by the city mayor’s departm@ar{er, 2008). The building process in
the state of Louisiana was investigated througérumrtw with Jean C. Carter, Jr. a former
architect supervisor in the Louisiana State Firerdlal Department. The interview
revealed that Louisiana had many codes and stasghaiar to year 2007. However, in
January 1, 2007, the state started the enforceofetite International Building Code.
There are many departments and individuals involwetthe construction process at the
state level depending on the size and type of gaofect. The general practice of
building code enforcement is handled by the State Marshal Department who is
involved in reviewing projects design packages emtucting final inspections for each

construction project. As a courtesy to the conswuacindustry, the Fire Marshal
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conducts interim inspections during the construcpoocess as a rule of practice which is

not required by the state law. The design packageseviewed by the Fire Marshal
Department in addition to the city Commercial PIReview Department which is
administered by the city mayor. Once the projeeets the code requirements, the Fire
Marshal Department notifies the City Plan Reviewp&wment to issue the building
permit. Once the construction is completed, thetrastor obtains a certificate of
completion signed by the architect who designed libéding. Then the contractor
schedules a final inspection from the state Fireskal Department. The fire marshal
inspector conducts the final inspection to enswmpiance with the building code
requirements based on the stamped drawings ancetew letter from the state Fire
Marshal plan review department. Once the buildirggets the code requirements, the fire
marshal notifies the city commercial plan reviewpa@ment to issue the certificate of

occupancy.



Owner

Request
for
Service

Architect/Design Office

For Building Codes For City Regulations

Design
Package
review

State Fire Marshal Depl< >| City Plan Review Team
Correspondences \l/
No Approved Architect/Design Office Approved No
Yes

Construction
Permit

Figure 2.1: Building Permit Process in the Stateamfisiana, U.S.A (Carter, 2008).
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Start
Construction

Contractors request the

Architect/Design Office

to execute certificate off
completion

Contractor schedules a final
inspection By State Fire Marshg
Dept. and city inspectors

v

Approved

No

Yes

City presents a certificate of
occupancy to the owner

Figure 2.2: The Process of Certificate of Occupaimcyhe State of Louisiana, U.S.A
(Carter, 2008).
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2.4. THE PRACTICE OF SAUDI ARAMCO

Saudi Arabian Oil Company (ARAMCO) is consideredeownf the best local
organizations in adopting, implementing and enfogduilding codes and standards. The
company adapted the Uniform Building Code many yeggo. In Saudi Aramco, there
are different departments involved in the buildingnstruction process. The Loss
Prevention Department is considered the primaryeCafficial for all works related to
fire safety and fire protection. Within the Loss®ention Department, there is a group
specialized in the building code which reviews tm design packages, inspects
buildings under constructions and provides codesaivations to other departments. The
success of building code enforcement and implentient&n Saudi Aramco results from
the clear and successful safety policy followedt#yrin the company through adopting a
successful systematic building approval procesElesse processes can be divided into

five stages:

1. Design Basics Scoping Paper (DBSP) stage: at ttages a general
description of the building to be constructed iswlarded to different
departments including for their review and comment&nsure major code
requirements are addressed.

2. Project Proposal stage: at this stage, three revaee conducted. The level of
enforcing the code requirements at this stage deea@sing according to the
progress of the design.

3. Detailed Design stage: at this stage three reviawgsconducted. All code

requirements are addressed at this stage.
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4. Construction stage: at this stage, the inspectioth@ project site and the

Mechanical Completion Certificate (MCC) walkthrosgire conducted.
5. Life Cycle stage: at this stage, periodic safegpactions are conducted for
the facility to ensure compliance with safety measu
These stages are preset guidelines but it miginedieced or increased depending on the
size and nature of the project. All five stages idustrated briefly in Table 2.1 (AL-

Sultan, 2008)

Project Management Team (PMT) is responsible fonia$tering and coordinating the
project during design and construction stage. PM@ilifates meetings and reviews
throughout the project cycle between all partied play a primary role to ensure the

quality and durability of the project.

Owner (Proponent) Loss Prevention Departmellmt
“Any company department” “Building Code Official”

A

Other departments

A 4
Project Management Team

A 4 A 4 A 4 A 4

Design Offices | | Contractors Suppliers Others

Figure 2.3 The concept of Project Management Team at Saudanéoa
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TABLE 2.1: Saudi Aramco Building Code Enforcement Process

th

Stage Name Major Activities
Design Basic| The general building code requirements and compafety
Stage-1| Scoping Paper special requirements are addressed
(DBSP)
30 % Project Rewe_v_v f(_)r basic code requirements such as occypanc
classification, type of contraction, site layoutdagprovision
Proposal . : .
of fire protection systems requirement and mearegofss.
. Review for compliance with the 30 % comments aneckh
60% Project . . . . ) )
number of exits, location of exits, location ofefibarriers,
Stage-2 proposal . . )
site layout and special case studies.
Review for compliance with the 60 % comments. K
90 % Project | project meets the code requirements, the projepqsal is
proposal | approved.
30 % Detailed Review fpr basic d_etall requirements related to m_Beaf
Desi egress, fire protection systems, type of conswuactcode
esign . ) .
analysis and special case studies.
60 % Detailed Comprehensive review for all code provisions,
Stage-3 . R . .
Design specifications and installation methods.
90 % Detailed Final Review to ensure compllance_ with all previous
Desi comments and to review further details and specasie
esign .
studies.
e Scheduled and non-scheduled site inspections to
Periodic field o . . o
inspection building during construction to ensure compliancghw
b code requirements and approved drawings.
At this stage, the major code violations are adkkeédo the
Pre- MCC . v it bef he fi
walkthrough project management to rectify it before the fi
Stage-4 walkthrough to avoid time or cost impact.
At this stage, final walkthrough is conducted bynya
. departments including the loss prevention departnen
Final MCC : > . )
ensure compliance with code requirements. If thigdimg
walkthrough : , . .
complies with all code requirements, it is thenrappd for
occupancy.
Quarterly | Each facility during its life cycle is subject tcafety
Satge-5 Safety inspection each four months to ensure complianci
Inspection | safety and fire prevention measures.

Wi

nal
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2.5. CURRENT SAFETY REGULATIONS IN SAUDI ARABIA

In Saudi Arabia, there was no comprehensive Bujlddode prior to the Building Fire
Protection Requirements developed by the GCC se@kGeneral. However, some fire
protection and prevention regulations establishethb General Administration of Civil
Defense and the Ministry of Municipal and Rural &f§ were utilized to regulate the
construction and operation of buildings. In additimajor organizations in Saudi Arabia
such as Saudi Aramco, Jubail and Yanbu Royal Cosiomshave their independent
building Codes that regulate the design and coctstru of their buildings. These
building codes are based on the Uniform Buildingl€@nd the International Building

Code.

As of year 2000, Mousa surveyed most of the wedivkm design offices in the cities of
Riyadh, Dammam, Makkah, Jeddah and Taif. The sindigated that 70 % of the design
offices follow the local regulations issued by thepartment of Safety and Industrial
Security of the GACD, 17% don't follow any writtesafety code and 13 % follow
Uniform Building Codes and NFPA codes (Al-Homoudidviousa, 2000).Reviewing
the regulations published by the Ministry of Mupai and Rural Affairs and the General
Administration of Civil Defense and comparing thetm model codes such as
International Building Code, International Fire @odLife Safety Code (NFPA-101) and
Building Construction and Safety Code (NFPA-5008yeals that these regulations do

not meet the minimum requirements established éyrtbdel codes.
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2.5.1. The Regulations of the Ministry of Municipal and Rural Affairs

The regulations established by the Ministry of Mupa&l and Rural Affairs do not
primarily focus on building safety. Safety requiramts are not unified and include minor
requirements such as the provision of emergendg,exinergency lights and evacuation
plans. The regulations are not classified basetheroccupancy and do not provide the
minimum requirements highlighted in the InternaéibBuilding Codes. Moreover, the
safety regulations depend on the review and approfathe Civil Defense. The
regulations published by the Ministry of Municipatd Rural Affairs are classified into

four major categories:

1. Health Regulations: these regulations focused maiah the health
requirements for food service occupancies and mtoetu including
regulations for restaurants, snack bars and fast é@cupancies.

2. Municipal Regulations: these regulations are reldte reuse or removal of
untreated sewage water, pest control and landsgapioh in public spaces
and beaches.

3. Technical Regulations: these regulations addredsnieal requirements for
certain type of occupancy such as the regulatibnsadis.

4. Construction Regulations: these regulations aratedlto the requirements

and procedures of permits such as building perndtdemolition permit.



32
2.5.2. The Regulations of the General Administration of Qvil Defense

The regulations established by the civil defense @ot unified except for the fire
protection requirements of buildings issued bytdwhnical committee of GCC, which is
an Arabic translation of NFPA-101 with minor moddtions. Unlike the regulations
issued by MMRA, the regulations issued by GACD ela&ssified based on building
occupancy. However, it is not as comprehensivd@®tcupancy classification found in

model codes.

2.6. THE DEVELOPMENT OF THE SAUDI BUILDING CODE

Initiatives to develop the Saudi Building Code wetarted by the Saudi Standards,
Metrology and Quality Organization (SASO) in 1982(2-H) but no modifications
have been achieved since then. Later, in June @B -H), the National Committee of
the Saudi Building Code (NCSBC) was formed accardma ministerial resolution (Al-
Naghady, 2005)One year later, budgets and plans for NCSBC wepgoapd by the
Council of Ministers. The NCSBC formed the techhigad consulting committees in
April 2003, which started to prepare the generainiework for the Saudi Building Code.
The framework of the Saudi Building Code was apptbwn December 2004 by the

Saudi Council of Ministers (SBC, 2007).

The National Committee of the Saudi Building Co8CEBC) chose the International
Codes by the International Code Council (ICC) aslihse for the Saudi Building Code
with addition and modification to suit the use witiSaudi Arabia. In addition, the

NCSBC endorsed the use of additional Codes andd&tds such as the International
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Electro-technical Commission (IEC) for electro-teidal regulations and requirements,

the American Concrete Institute (ACI) for concreted masonry construction, the
American Society of Civil Engineers (ASCE) for Ioagl and force and the American

Institute for Steel Construction (AISC) for steglsture (SBC-2007).

The development methodology of the Saudi Buildirggl€took several stages in which
the NCSBC conducted several meetings, workshopssamgposiums with participation
of experts in building and construction industrypvegrnment and private sectors and
universities and research centers (SBC, 2007). nfétbodology can be summarized into
three major stages. The first stage is the formatiothe NCSBC and its subcommittees
as discussed earlier. The second stage is thatlitersurvey a select the base code. At
this stage, the NCSBC reviewed several Internatiamal Arab codes, international
practices, local building regulations and standamt$ other related researches. The third
stage is the selection and modification of the lzagke where new chapters, subsections
and Figures were added and others were deletedndbédication of the base code was a
result of the outcome of the literature survey ddition to local requirements such as
environmental conditions, social requirements, rsEs provisions, materials,

measurement units and terminologies (Al-NaghadyRineHisain, 2005).
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Stage-1, 2000-2001

Stage-Il, 2002-2004

Stage-lll, 2004-2006

Literature Review and Internationdl Base Code Modification (addition,
experience

deletion and enhancement)

International Codes by ICC

American Code Institute

Canadian Codes

Saudi Aramco (UBC)

Uniform Arab Codes

European Codes

International

American Institute for Steel
Construction (AISC

International Electrotechnical
Commission (IEC)

American Concrete Institute|
(ACI)

American Society of Civil

——— Engineers (ASCE

!

Base Cods
Formation of the  |wifp»| SBC Framework o By International Code Council | The Proposed
NCSBC Preparation With modifications Saudi Building Code
General Specifications of
Researches

Buildings Construction

Previous Practice Observations

SASO Standards

Local Building Regulations

National

Building Authorities
Regulations

SASO Standards and Regulations

General Building Construction Specs. Other Requiremems

- Royal Commission of Jubail and Yanbu (UBC)

Figure 2.4The Saudi Building Code Development Framework (A&, 2005)

The Saudi Building Code is composed of the follayvirolumes and (Al-Zade and Al-

Naghady, 2005):

= SBC-101 this volume includes the legal and administratregquirements,
such as tasks and responsibilities of buildingeadfs and authorities, building
permits, building use and occupancy, building adf& qualifications,

violations, stop of work orders and others.

= SBC-201: this volume includes the proposed Architectueduirements,

such as the detailed architectural provisiong #ra related to building
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occupancy classification and use, building heighiuilding area, types of

construction, interior finishes, design of means egfress, handicapped
provisions, indoor environmental requirements, ding exterior

environment, roof construction, pest control prmns and instruction signs.
It also, includes architectural requirements sushneterials specifications

and requirements of wood and requirements of gladsgypsum boards.

SBC-301, SBC-302, SBC-303, SBC-304 and SBC-30#tese volumes
include the proposed structural requirements sushstauctural design,
structural inspection and tests, soil, foundatiae$aining walls, scaffolding
and construction safety, concrete structures, oectgin with brick and

masonry and steel structures.

SBC-401:this volume includes the proposed electrical nemuents such as
provisions for the electrical wiring, interior anekterior lighting, panel
boards, fire alarm systems, lighting protectiorgvators and escalators and

standby power.

SBC-501: this volume includes the proposed mechanical reqments, such
as provisions for air conditioning, heating, veatidn, ductwork, water

heaters, solar energy, elevators and escalatorsl'¥A€ maintenance.

SBC-601:this volume includes the proposed energy and waiaservation

requirements, such as provisions for energy andneamnservation.
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= SBC-701:this volume includes the proposed sanitary requerds) such as
provisions for the water supply, draining and sewain draining, fire water,

sewer treatment and gas piping.

= SBC-801: this volume includes the proposed fire protectiequirements,
such as provisions for building classificationse fresistance constructions,
and fire protection systems, means of egress amne foning and

compartmenting.

= SBC-901:this volume includes the proposed existing buddinequirements,
such as provisions alteration, modification, regqunation, changing the

occupancy, enhancing seismic and fire protectiofopmance.

2.7. DESIGN PROCESS PARTIES

Many studies listed different phases of the buddaonstruction process. These phases
can be subjectively broken into three main phades roject life cycle which are the
planning phase (feasibility study, design), thestauction phase (bidding, construction)
and the utilization phase (occupancy and maintexjafdrain, 2002). The design
process of a project is the period started wheleatcires a design office to design the
project. The design process consists of four suds@ér the conceptual design phase, the
schematic design phase, the design development @rakthe construction documents

and specifications phase (Al-Saaty and Krawczyk0420 The development of
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construction methods and the use of new materige the involvement of “multiple

clients who employ multiple design teams for desigrand construction which will be

carried out by multiple contractors and sub-contat (Al-Rugaib, 1996).

There are three groups involved in the construgtimtess based on their objectives. The
first group is the investment oriented group whanpio invest in the final product of the
construction process including the developer, ovaret investor. The second group is
the profit oriented group who profited from theantribution in the construction process
including design offices, construction contractonaterials supplier, construction
materials manufacturers and insurance companies. tfiind group is the regulatory
group who has special purposes and involvemenhencbnstruction process such as

building authorities (Scodek and Gauchat, 1978).

This classification of the participant’s involventeén the construction process is crucial
to discuss the role of each participant in the enmntation of building code and
standards. The following sections highlighted llyi¢he role of each participant in the

construction industry in Saudi Arabia.

2.7.1. Involvement of the Owner

Involvement of the owner in the construction praceifers as some owners choose to be
closely involved, whereas others prefer to be retgoinvolved. The quality of any
project is affected by the involvement and contidru of the owner. The owner
involvement in the design phase is the lowest dutire entire construction process (Al-

Musaid, 1990).The owners are viewed in previous studies as begsgonsible for the
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completeness and adequacy of the design documddssially, time allowed by the

owner for design and construction process is reminéd. In addition, the owner level of
engagement in the design process, the changeskes mathe amount of fund he secures
for the design and his belief in the role of builgliauthorities have an impact on the
quality of the design documentations (Al-DarwisB03). Accordingly, this will affect

the level of design completeness and the detads #ine necessary to facilitate the

construction without misinterpretation of desigrcdmentations.

2.7.2. Involvement of A/E Design Offices

Design offices play a major role in the construttiprocess, through design and
construction phases in some cases. Design and ltamsoffices are responsible for

preparing design packages of any project whichugelstructural design drawings and
calculation, HVAC design drawings and calculatignslectrical design drawings and
calculations, plumbing design drawings and calowet architectural drawings and
specifications. Consequently, excluding any of ¢hecuments would make the
construction difficult or impossible (Al-Ghamdi, 99). In 2006, there were around 2200
design and consultant offices, 64 % of which amgirexering offices (Al-Rabiyah, 2006).

Offices that practice engineering and architectdesdigns in Saudi Arabia are divided
into two categories (Al-Rugaib, 1996), the Architeal or engineering office and the

Consulting offices.

These design offices are required to be licensethbyMinistry of Commerce. Many
stipulations are considered for licensing thoseighesffices including qualifications,

nationality, and number of engineers from differdigciplines and years of experience
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for the office founder. These stipulations havenbestablished prior joining the World

Trading Organization (WTO) and are summarized iblg2.2.

TABLE 2.2 :License Requirements for Design and Consultantcexfi

with not less than twelve years of experience.

Category | Sub-category License Requirements
" Engi . » Saudi nationality
Q NIINEENNG | . High diploma or equivalent degree in engineetin
52 Services gh dip a g g g
T 5 Support Office branches. : ,
S o » Documented experience of not less than five years.
g s » Saudi nationality
= Engineering or| = Bachelor degree in engineering from a university or
°© 5 Architectural institution recognized by the Ministry of Higher
<5 Office Education.
» Documented experience of not less than five years.
» Saudi nationality
Engineering | = Bachelor degree in engineering from a university or
Consultant institution recognized by the Ministry of Higher
Office “in one Education.
field of » Documented experience of not less than eight years.
o engineering” | = Has been licensed as an engineering office of| not
Q less than three years.
e} » Saudi nationality
= » Bachelor degree in engineering from a university or
8 institution recognized by the Ministry of Higher
3 Engineering Education.
5 Consultant » Documented experience of not less than fifteen
© Office “in more years.
than one field of = Has been licensed as consultant engineer officeé for
engineering” not less than three years.
» The office has two engineers in different fields| of
engineering, other than the office founder’s major,
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2.7.3. Involvement of Construction Contractors

The traditional procurement method, whereby theigiless totally separated from

construction is the most common method in Saudbiaraxcept for large governmental
and municipal projects (Al-Rugaib, 1996). A studynducted in 1997, showed that
around 80 % of contractors in the Kingdom of Safichbia are involved only in the

construction phase, whereas only 20% are involuetie design-construction phase. The
construction contractors’ misunderstanding of dreysiand specifications is a vital factor
which leads to some deficiencies from the origui@wings as the contractor continues

the project according to the wrong interpretatiPhsin, 1997).

The contractors execute projects in accordance with design drawings and the
specifications, if there are violations to the cadethe regulations in the design or the
specifications, the contractors would apply thelations without identifying them or
notifying the building owner or the design offic@he miscommunication or low
coordination between the contractors and the desifices is considered one of many
factors that affect the project cost in Saudi Asabspecially for a traditional type of

procurement (Al-Juwairah, 1997).

2.7.4. Involvement of Building Authorities

Building authorities who have direct involvementthe construction process in Saudi
Arabia include the General Administration of Cikéfense (GACD) and the Ministry of
Municipal and Rural Affairs (MMRA). There are addital governmental departments

which have indirect involvement in issuing and ntoring the building regulations such
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as Saudi Standards, Metrology and Quality OrgaiozgSASO), The Ministry of Health

which establishes regulations for hospitals, ciinemd pharmacies and the Ministry of
Education which establishes a set of regulationsébools. Other indirect involvement
of government authorities includes the MinistryGdmmerce which licenses design and
consultant offices, Saudi Council of Engineers wdaministers the engineering and
architectural careers. In addition, there is a psag role for the NCSBC in future

including updating the Saudi Building Code.

I.  Ministry of Municipal and Rural Affairs: there was a distinguished
development in the municipal services over the pdstades. The early
development of municipal services in Saudi Aralbated in 1926 (1345H), this
was followed by the establishment of the MinistfyMunicipal and Rural Affairs
in 1975 (1395H). Over 187 municipal services sectmve been founded since
then all over the kingdom. They have many rolesities development and urban
planning but their roles in the construction indystan be summarized as follows
(Al-Futaimah and Amod, 2004):
= Select and plan proper land for urban developmetit proper zoning to
prevent the spread of fire by segregation of comtpwses from industrial
uses, and to reduce risks of earthquakes, flocamuigpollution.

» Issue several regulations to control building cargion, zoning, safety and
sanitary.

= Coordinate and participate with other governmedgpartments to issue or

modify building regulations.
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= Enforce building regulations issued by the MinistfyMunicipal and Rural

Affairs or by other governmental departments.
» Issue building permits for new buildings and altiera addition, demolition
and renovation of existing buildings. In some cabkese building permits are

issued with coordination of other governmental depants.

General Administration of Civil Defense:the civil defense witnessed a gradual

development in Saudi Arabia since its early devalept in 1927 when the first

fire fighting team was founded. General Administia of Civil Defense is

represented by a regional General Administration each region which

administers all Civil Defense Departments in thegion. GACD'’s roles in the

construction industry can be summarized as foll®ACD, 2001)

» |ssue safety regulations for different type of qmamcies, building systems
and equipment.

» Issue building permits for a certain type of ocoupa and activities
depending on the nature of the facility or wheruesged by the municipality.

= Conduct preventive and supervisory inspectionsgherfire protection systems
and equipments in existing facilities.

» Coordinate and participate with other governmedégdartments in issuing or
modifying safety regulations.

» Educate the public on fire safety and safety bedraand enhance the practice
of safety through media, publications and confeesnc

Safety and fire protection regulations are issbgdthe Safety and Industrial

Security Department of the General AdministratidnGivil Defense (Mousa,
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2000), and approved by the Council of Civil Defendgch was founded in 1985

(1406H). Additionally, the General Administratiorf €ivil Defense (GACD)
participated in the development of Building Fir@tection Requirements for Gulf
Countries, which have been adopted in 2003 accgrgirMinisterial Resolution

(GACD, 2001).

Saudi Council of Engineers:the development of engineering and architectural

career is administered by the Saudi Council of Begis (SCE) which previously

was known as the Engineering Consultancy Committeewas founded in 1982

(1402H) under the Ministry of Commerce. In 2002 43H)), the Engineering

Consultancy Committee (ECC) was changed to the iS2odncil of Engineers.

The role of the Council in the construction process be indirectly viewed

through the accreditation programs and the devetoprof A/E professionals. As

of year 2008, the Saudi Council of Engineers hasetlbranches in the central,

eastern and western regions. The role of the Saadncil of Engineers in the

construction industry can be summarized as follows:

1. Establish the basis and criteria for practicing desleloping the engineering
careers.

2. Establish the rules for engineering accreditation.

3. Prepare studies, research and statistics relatedifterent branches of
engineering and published related scientific jolena

4. Organize courses, seminars, conferences and aghibitrelated to the

engineering career.
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5. Offer suggestions and technical recommendationtteer governmental

departments.

National Committee of the Saudi Building Code (NCSB): the National

Committee of the Saudi Building Code (NCSBC) wasrfed in 2000 to create
the Saudi Building Code as a primary objective. Beeeral secretariat of the
committee is permanently formed in the Saudi StadgjadMetrology and Quality
Organization to organize and administers the cotemiaind the subcommittee

activities. The strategic goals of NCSBC are a®val

Prepare a building code for the Kingdom of SaudibAa.
Assess buildings that are currently exposed toite of the earthquake.

Prepare the appropriate measures to implememirtposed building code.

SAFETY MEASURES IN BUILDINGS DESIGN IN SAUDI
ARABIA

In May 2000, a study conducted by Mousa Khan tessshe safety measures in the

design of residential buildings in Saudi Arabiaveyed 102 of the most well known

design offices in the cities of Riyadh, Dammam, &g Makah, Jeddah and Taif. The

major findings of the study can be summarized Hevis:

The consideration of safety issues by the desigaedsbuilding authorities are
ineffective.

About 70% of the design offices followed local sgfeequirements, 17 %
followed no written codes, and 13 % followed UniforBuilding Code and

National Fire Protection Association standards.



45
» About 58% agreed that both municipality and civéffehse are responsible for

reviewing and approving safety issues, 28 % corfithat the civil defense is
responsible and 14% confirms that the municipadityesponsible.

» The review of the drawings is subject to the exgeé of the municipality
engineers.

» Buildings of four or more stories are reviewed byl defense.

There is a shortage of studies related to the logadliing regulations and enforcement
practice in Saudi Arabia and there is a lack ofutheented procedures of the building
permit process. In addition, most of the studiesfacused on one type of occupancy
such as residential, or office buildings. Accordynthis study emphasizes the building
permit procedures and investigates the practicehef design office and building

authorities toward addressing the safety requirgésnerdifferent occupancies.

2.9. EXISTING CODE ILLUSTRATION STUDIES

Many books and handbooks were published to disttiesbuilding code requirements in
detailed and illustrative manners and provide [eakttinterpretations for the code
requirements. The most important books in coderpné¢ation are the Code
Commentaries published by the International CodanCib, which provide explanation

with examples for each code requirement. Anoth@dgexample is the Illustrated 2003
Building Code Handbook by Terry L. Patterson whatérifies the sections of the 2003
edition of the international building code (Patters2004). Additionally, the Building

Code lllustrated by Ching, F.D. and Winkel, S. R.another book that offers Building
Code lllustration (Ching and Winkel, 2006).
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This section presents some of the best studiesoffet guidelines and illustrations on
how to use the building codes and conduct codeysisabased on the uniform Building
Code and International Building Codes. Unlike theblshed building code and
commentaries, these studies provide code navigagohniques that help the user to
utilize the code properly. The most important e@rigtcode analysis and user-interface
studies that are investigated in this study ardllgbgted and discussed briefly in the
following sections. Most of the published studiesl @ode illustrations are either provide
explanation of each section of the code or proexiglanations for the steps required to
implement the code requirements following the saeguence of the code sections and
chapters. The proposed guidelines of this studyigeostructured procedures based on

the sequence of the requirements and not the segéthe code sections and chapters.

2.9.1. ICBO/Sheedy Tables

Paul Sheedy and the International Conference oldBig Official (ICBO) published a
quick reference guide to the Uniform Building Co@Ratterson, 1993). Although, the
Tables do not provide the designer with clear apgimoof how to conduct code analysis
or how to comprehend the sequence of the coderesgants, the Tables grouped a great
deal of information arranged based on the occupalassification. Each Table includes
different requirements based on each type of coctstn such as:

= Allowable area and height

» Location on property.

= Exterior and interior fire-rating and openings puiton.

= QOccupancy separation.

= Construction assemblies, such as shafts, floor$s anad roof.
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2.9.2. Simplified Design for Building Fire Safety by JamedPatterson, 1993

One of the most interesting and comprehensive btuksinvestigates the issue of fire
safety from building designer point of view is tBemplified Design for Building Fire
Safety by James Patterson (Patterson, 1993). Thle was published in 1993 based on
the 1991 edition of the Uniform Building Code, wiiaims to enable building designers
to conceptualize a complete fire safety stratebiye book is divided into three parts. The
first part explores the phenomena of fire, the sdcpart examines the principles of
design which are developed to defend against fitastrophes and the third part deals
with the fire control and extinguishing. Pattersdassified the methods and techniques
for configuring buildings to optimize fire safetynto two categories. FirstSoft
Technologywhich include occupancy selection, compartmentaagitainment, geometry
of the building envelop, the arrangement of vettgdafts, means of egress and areas of
refuge. SecondHard Technologywhich has construction components including fire
barriers, smoke barriers, smoke curtains, and ¢hieeaequipment dealing with fire such
as alarm and communication systems and automate dxtinguishing systems
(Patterson, 1993)Petersons discussed three approaches availablaltiing designers
to address the issue of fire safety: first, firéebadesign strategy based on goal and
objective, second, fire safety design strategy dase system concept, third, fire safety
design strategy based on the building code. Althaalfdesign strategies are of relevant
use, the third strategy will be highlighted asdtrelated to the scope of this study.
Patterson identified the major sequence of evemtdesign for building fire safety as
highlighted in Figure 2.6. The book discussed tlagomoccupancy classifications which

are groups A, B, E, H, I, M and R and their majguirements based on the tabulated
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occupancy construction requirements of the UBC hmy International Conference of

Building Code. As part of the soft technologiestt&aon provides detailed illustrations

with code cross-reference about the design ddtailmeans of egress components.

1. Classify Occupancy:

Determine the major group and
division including mixed occupancy

if any.
v

2. Configure:

Determine areas, height, and building
envelope. Locate the building on the

site.
v

3. Develop:

Exit and egress paths, and evacuatjon
routs. Locate area of refuge |if
applicable. Determine fire
accessibilit.

v

4. Determine:
Construction type, structural systemmn,

exterior materials, exterior protectiof,
required penning permitted.

v

5. Choose:
Interior construction component

interior protection and occupang
separation components.

v

U7

<

6. Select:

Mechanical fire safety equipment
both active and passive, mandate and
optional.

Figure 2.5: Sequence for Design Events for FiretggPatterson, 1993)
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2.9.3. The User’s Guide to the 1997 Uniform Building Coddoy Catherine Houston,
1998

Houston conducted quite an important study to gleva user guide to the Uniform
Building Code-1997 which acts like an interfacewsn the architect and the building
code. Houston came up with a document called thdeMaster,which “provides a
sequential structure for professionals to followile/tperforming a code analysis for a
new or existing project “The CodeMastehas been organized in eight sections with
color coded and code cross-references that cowherson-structural requirements of
volume one of the Uniform Building Code -1997. Eadction of the CodeMaster has

been reviewed and briefly discussed as follow:

=  QOccupancy Classification
The methods of how the occupancy classification lmarestablished are highlighted in

the CodeMaster as follow:

1. Compute the actual floor areas of the buildingpantion thereof.

2. Determine the occupant load of the building.

3. Determine the occupancy group which the buildingation thereof most
nearly reassembles.

4. Determine whether the building has mixed use gglsinccupancy.

This section of the CodeMaster provides guidelifies occupancy classification.

Occupant load according to the CodeMaster can biexexd through dividing the actual
area by an occupant factor. However, the influeoicéhe type of occupancy and the
exceptions of accessory spaces is not presentedodd¢upant load is a crucial factor in

determining the occupancy classification and firetgction requirements. Overlooking
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the right techniques of determining the occupaatlwill increase the project cost by
providing unnecessary protection or will lead toong classification. CodeMaster does
not offer users with the techniques required tcemeine the occupant load of mixed

occupancy.

» Type of Construction
The methods of classifying the type of construcaoa highlighted in the CodeMaster as

follows:

1. Determine the type of construction of the buildmgterials used and the fire
resistance rating of different parts of the buitdin

2. Determine whether all parts of the building confitsmthe requirements for
the materials and the fire resistance of a spetfitding type.

3. Determine if the building has more than one typeasfstruction.

This section of the CodeMaster provides guidelifies determining the type of
construction. However, there are no explicit exptams or considerations of how the
building area or type of occupancy would influenitee selection of the type of
construction. In addition, there are no clear gings to determine the factors

influencing the selection of the type of constrowoti

= |CBO/Sheedy Tables

International Conference of Building Code (ICBO)aBheedy Tables as discussed in
previous sections are included at this sectionhef CodeMastewhere it recommends
using the ICBO/Sheedy Tables to determine typecotipancy and type of construction

with their corresponding requirements.
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» Location on Property, Allowable Floor Area , Heightand number of stories
The methods of locating the building on the prop&md are highlighted in the
CodeMaster as follows:
1. Determine the location of the building on site froine plot plan as well as
clearance to the property lines and other buildings
2. Use the ICBO/Sheedy Tables for the applicable caeap group and division

to determine the required exterior wall and opemirgection.

The methods of determining the allowable floor aeahighlighted by Houston as
follows:
1. Determine the basic allowable floor area, of omeysbuilding, by using the
appropriate ICBO/Sheedy Table.
2. Determine the allowable increase due to the yazd sind installation of
sprinkler systems.
3. Determine the area of buildings over one storydiglt.
4. Determine the allowable floor area of mixed occuyes

5. Determine the allowable increase of area by usapgusation walls.

The methods of determining the allowable height mmehber of stories are highlighted in
the CodeMaster as follows:

1. Compute the height of the building in accordancé wode requirements.

2. Determine the number of stories in the buildinglened in the code.

3. Determine the maximum height and number of stgrersitted based on the

occupancy group and type of construction using@&0/Sheedy Tables.
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This section of the CodeMaster provides guidelifoesdetermining the allowable floor
area and height. Although the key factors are mggked, the floor area or height is
subjected to code analysis techniques that are detedled than what Houston stated and
of a more simplified and flexible way than what tk8B0O/Sheedy Tables highlighted. In
the other hand, the allowable floor area is relatedhe type of construction and

occupancy classification.

» Egress and Exit
The methods of designing the means of egress caenpoincluding the exit, exit access

and exit discharge are highlighted in the CodeMastdollows:

1. Determine the occupant load based on dividing thiéding area over the
occupant load factor.
2. Determine the width of the means of egress basdtie@galculated occupant
load.
3. Determine the requirements of doors, gates , stgsvand ramps
This section of the CodeMasterovides guidelines for determining the design efams
of egress components but not all key factors agllighted in this section. In addition,
there is an absence of methodical approaches thatelp the designer to comprehend
the means of egress requirements with respecetodbupancy classification. Generally,
this section provides the code requirements rdtieer providing effective guidelines for

the designers.

= Fire Resistance , Fire Protection
The method of providing fire-resistance for the stouction elements are highlighted by

Houston as follows:
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1. Utilize the code Tables to establish the minimurtina of fire-rated
assemblies.
2. Qualification of materials by testing.

3. Calculating the fire resistance of the materialassembly.

This section of the CodeMaster provides guideliftesdetermining the fire-resistance
rating of the construction assembly; however, tregeeno useful guidelines for the key
requirements such as materials testing and caionltte thickness of the fire-resistance.
Other parts of this section provide code referercesselecting and installing fire

protection systems rather than providing the designth comprehensive guidelines.
In conclusionCodeMaster is a good attempt to familiarize andkndesigners to work
with the Uniform Building Code requirements. Howgvét does not provide a

comprehensive method to navigate the code requiresme

2.9.4. Building Codes lllustrated by Ching, F.D. and Winke, S. R

This is considered to be very useful guide to titernational Building Code. The book
discusses building code requirements that are medjby the architect through providing
a simplified interpretation and illustrations. Thathors recommend including the code
analysis with code cross-references as a partedbtiiding permit. Code analysis format
include the occupancy classification, type of cardton, building height and building

area. The procedures of using the InternationdtiByg Code proposed by this book are

indicated in Figure 2.4.



1. Classify the building according to
occupancy, type of construction ,
location on property, floor area ,
height and number of stories

Determine the occupancy group that use of the]
building or portion thereof most nearl
assembles. Compute the floor area an occupant
load of the building or portion thereof.

!

N
Determine the type of construction by th
materials used and the fire resistance of the paft

of the building.
N J

!

Determine the location of the building ona
site and clearance to property lines and oth
buildings from the plot plan. Determine the fir
resistance requirements for exterior walls a
wall-opening requirements based on proxiviy

to the property.
- '

Determine the allowable floor area of th
building. Use basic allowable floor area based
on occupancy group and type of constructio.
Determine allowable floor area of multistor
buildings. Determine allowable increase based
on location on property and installation of a
approved automatic fi-sprinkler system

|

Compute the height of the building an
determine the number of stories. Determine the
maximum height and number of storie
permitted based on occupancy group and typeg
of construction. Determine allowable heig
and story increase based on the installation |of
an approved automatic fire-sprinkler system.

G
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Review the building for conformity
with occupancy requirements.

Review the building for conformity
with the type of construction
requirements.

Review the building for conformity
with egress requirements.

Review the building for other
detailed code regulations.

Review the building for conformity
with structural engineering
regulations and requirements for
materials of construction.

Figure 2.6: Code Navigation Sequence (Ching andk&jr2006).

The building code requirements illustrated are coseg of 18 chapters in which the

sequence of all chapters follows the same sequsrtbe International Building Code.
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2.10. FACTORS AFFECTING THE BUILDING CODE
IMPLEMENTATION

The following subsections discuss the possible ofactthat might affect the
implementation of the Saudi Building Code. Thesddes are subjectively categorized
into major sections. These sections include thédimg code text and language, the
building code enforcement techniques, the codeoaityhpractice, the design office
practice, the professional training and educatioaterials and method of constructions

and finally the awareness of the public.

2.10.1.Building Codes Text and Code Lanquage

Code text is written in such a language that min@sivariations in interpretations which
affect the clarity of the code to people who aré specilized in the codes and therefore
increases the number of different interpretatidPatterson, 2003). Despite the building
code handbooks and illustrated books, the numeoickdr of the code has nothing to do
with the logical order of the code requirementsiryicode analysis (Houston, 1998).
This fact is overlooked by the code users whenimgalith the code requirements and
find difficulty in understanding the logical seqeerof the code even if the handbooks or
commentaries are utilized. Each section of thédimg code is developed to solve a
certain problem and is arranged in multiple sedtiand chapters that are isolated from
each other with little attention to the continudf/ the entire document. Moreover, the
building code provides exceptions and alternatfeesmost of its requirements, which

might be utilized and well interpreted by some dgesis while other designers might

neglect them.
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2.10.2.Building Codes Enforcement Practice

There is an impact of building code regulations rugechnological innovation and
industrialization. The code structure imposes @alahl cost and limits the flexibility and
innovative design because of the stringent and tmomequirements. In 1975, Field and
Rivkin discussed four building code burdens tha af an impact on the housing
innovations. These burdens can be summarized ifolleving categories (Field and
Rivkin, 1975):
1. Code regulations are perceived as a problem byitguisnovators as it resists
design flexibility of buildings.
2. The 70s patterns of building code result in unneagshigher price and housing
cost.
3. Innovation in the housing industry is resisted log building code.
4. Social problems due to the increased cost of mpaldees and housing costs for
low income families.
Building code contributes into two types of codisst, cost that is associated with
disruption of free market and cost that is relatedadministrative inefficiency in
implementing codes. The cost impact of standardsodes is related to product cost
(materials, labors), processes cost (planning deveént and execution), users cost (life
cycle cost), industries cost (compliance cogfg)ani and Rakhra, 1988). The impacted
groups of building code include all stakeholdergolwed in the building projects as
individuals such as builder, owner, labor, devetppesigner and regulator or industry
sectors such as real estate, manufacturing andamset The field consequences of

building code are illustrated in Table 2.3.
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TABLE 2.3: Code Technical and Socioeconomic Consequence Bueakd
(Arlain and Rakhra, 1988)

Technical Consequences

Building Proces: Planning /projectiol Limitation of choice

desigr Engineering desi¢
Architectural design

Constructior Productivity
Equipment
Material
Safety/protection

Operation and maintenan Energy conservatic
Operating policy
Maintenance policy

Safety
Health
Comfort
Material / Equipmer Raw materie Material limitatior
Availability
Manufacturing Standard
performance
Distribution Availability
Designinformatior
Quality/ Safety assuran  Warranty Demand of new warranti
Certification Demand for standar
Demand for testing procedu
Code enforceme Demand for inspection polic
Socioeconomic consequenc
Economic Design Phas Designfee
Plan approval cost (government)
Plan approval cost (owner)
Construction Pha: Material Cos

Labor cost
Equipment cost
Building inspection cost
Certification cost
Financing cost
Administration cost
Occupancy phas Operating co:

Maintenance cost
Upgrading cost
Insurance cost
Taxes

Social Environmen
Employment
Distribution impact
Accessibility
Energy conservation
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2.10.3.Building Authorities Practice

Despite the efforts of the General AdministrationQivil Defense in controlling and
promoting the safety in buildings through its pait&roles, the outcome of these efforts
are still less than what they should be. This i® da the absence of effective
methodology for enforcing the current safety regates, the absence of public awareness
toward safety and the absence of effective cootidindetween Civil Defense and other

governmental departments.

During the design reviews and the process of igsuime construction permits,
municipalities do not consider electrical, mechahand safety requirements of projects.
Instead, the architectural requirements and urbbannphg requirements are considered,
such as land uses, building setbacks and numbes®iés. The coordination between
the building authorities, mainly between the mypatities and Civil Defense is one of
the key factors for successful enforcement of gafegulations or building codes.
However, the coordination between them is stil l#mn what it should be, because their
regulations are not uniform and their visions taianilding safety are not unified. In the
other hand, there is no clear policy that distisgas responsibilities and resolves

overlapping of duties.

Civil defense reviews and approves only the bugdiand facilities that are forwarded to
them by municipalities such as commercial buildjrimsldings of four stories and more ,
fuel stations and factories. This indicates thatftre protection and safety requirements

for other facilities are ignored (Al-Swat, 2004n addition, there is no written policy or
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procedure based on which building inspection andeves are conducted by building

authorities. In addition, building authorities detrhave a violation tracking system

classified based on type or nature of the violatiomiolators.

2.10.4.Professional Education and Training

Engineering education in Saudi Arabia started ir6219hen the first college of

engineering was established. Today there are nhame ten universities, eight of them
offer engineering education in different enginegrimajors. The latest statistics of
numbers of engineers in Saudi Arabia indicate tinate is around 106, 713 engineer and

architect, 20 % of them are Saudis as highliginetable 2.4.

TABLE 2.4 : Engineering Force in Saudi Arabia u2694
(AL-Amro, 2004)

Saudis Non-Saudis Total
Public /Government sectors5777 1856 7633
Private sector 16028 83052 99080
Total 21805 84908 106713

Saudi Engineers work in private and governmentosedirectly after graduation without
undergoing any professional or special trainingadee any written exams like in other
countries. Many studies indicate that there is @ lggtween engineering education and
the market's needs and practices. This gap is kecafi most professionals view
engineering as a degree not as a career. In agditie engineering curriculum in many
universities focus on theoretical material morenttige field requirements and conditions
which affect development of engineering careersufvey that was conducted in 2006
shows that around 63 % of the engineers workin§andi Arabia do not have on-Job

training (AL-Amro, 2004). On the other hand, threhdtectural engineering curriculum
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that being taught Saudi collages like King Fahdversity of Petroleum and Minerals,
King Faisl University and King Saud University dormffer any courses on Building
Codes or Building Safety for undergraduate studelmsaddition, none of the Saudi

universities offer a degree in Fire Protection Begring or Safety.

The building code qualifications for A/E professaté are not considered during the
license of design and consultant offices in Saudibfa. In Saudi Arabia, there is no firm
or design office specialized in building code oilding safety in generals. GACD issued
a regulation that allows some design or consultéiites or companies to design, review
and approve the fire protection systems and studig¢ke field of safety and provide

safety consultations (GACD, 2001). Although thetBasProvince has no design offices
that are allowed by GACD to review, design or apprdrawings, some of those offices
offer safety design approval, review and designciwhinean the following (Al-Swat,

2004):

» This regulation aims to classify A/E design officedo specialized and non-
specialized offices in safety designs.
» The safety requirements are viewed as something &xthe design rather than a
part of it.
= The design and engineering offices who currentfgro$afety consultation and
fire protection systems design are not licensed thedefore, they violate the
GACD regulation which stated :
“No design offices or engineering companies arewadth to review ,
approve or provide design or studies in the fiefdsafety unless it has
been reviewed and approved by a design office oreagineering

company that is licensed in the field of safetyesys engineering”.
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In reality, there is no effective coordination beem the General Administration of Civil
Defense who issued this regulation and the Minisfr€ommerce who licenses the A/E

design offices.

2.10.5.Construction Methods and Construction Materials

The requirements of the building code are basedsmecific types of construction
methods and materials. Some of these constructethads and materials are rarely used
in Saudi Arabia, such as wooden construction amdhémber construction. In addition,
the building code lists a specific requirementdonstruction elements and assembly that
required testing and labeling by a recognized nigséigency. The only recognized and
trusted testing agency in Saudi Arabia is the SAudbian Standards Organization. As a
result, the availability of approved constructioatarials will affect the construction of

projects , local material suppliers and local mactifrers.

2.10.6.Public Awareness

There are factors that are related to the publiaramess of how the building code would
enhance the durability, safety and the life cydi¢he facility. However, project owners
tend to resist the cost associated with the imphtatien of the building code. Project
owners are not interested in knowing the technieguirements of the building code.
Therefore, they rely on the design offices to easaompliance with engineering
requirements. In addition, the facility insuranse dne of the key factors that will
participate in the successful implementation of toele. The perception of the owner
toward the safety of the facility is subject tofeient criteria such as the size, purpose

and the invested capital.
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2.10.7.List of Factors Included in this Study.

This section lists the factors that might adversdfgct the implementation of the Saudi

Building Code. The factors are classified into fiaain categories as follows:

A. Building Code Text and Language:
1) The original version of the Saudi Building Code usitten in English
Language.
2) The Translation of the Saudi English version tobAcaversion.
3) The code requirements are subjected to differeierpretations among the

A/E professionals.

B. Building Code Enforcement Practice:
1) Mixing of old regulations or other standards requoients with the Saudi
Building Code requirements.
2) Lack of written building inspection policy and peatures by the building
authorities.
3) The tendency of using restrictive implementationigyosuch as violations,
fees, and stop work order.

4) Lack of a violation tracking system.

C. The Practice of Building Authorities and A/E DesignOffices:
1) Implementing the Saudi Building Code increase ttwrkwload in building
authorities departments and design offices.
2) Lack of continuous coordination between the bugdiode authorities
3) Lack of continuous coordination between the desiffices and building
authorities.

4)  Overlapping of responsibilities between buildingheuities.



5)

63

Lack of A/E Design Offices classification.

Public Awareness of Code and Insurance:

1)
2)

The low awareness of the public about importandeudéling code.

Lack of effective role of insurance companies.

Construction Methods and Construction Materials:

1)
2)
3)
4)
5)
6)

The type of construction methods specified in taads Building Code.
The type of materials and equipment specified @@3hudi Building Code.
Lack of authorized testing agencies to test antifgéwuilding products.
Lack of listed and classified building productghie local market.

The code requirements limit the flexibility of argctural design.

Implementing the Saudi Building Code will incredlse project cost.

Professional Training and Education:

1)
2)
3)
4)
5)
6)

Lack of specialized training center in the fieldoofilding codes.
Lack of professionals accreditation programs.

Lack of effective and on-job training for enginearsl inspectors.
Lack of skilled and certified laborers.

Lack of certified and trained engineers in thedfief building code.

Lack of certified and trained building inspectors.
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CHAPTER THREE

ASSESSMENT OF CURRENT PRACTICE OF A/E DESIGN
OFFICES AND BUILDING AUTHORITIES

3.1. INTRODUCTION

The first objective of this study is to assessdheent practice of A/E design offices and
building authorities in addressing and enforcingdiog codes and safety regulations in

building design in Saudi Arabia.

This objective has been achieved through admimigtest questionnaire (Appendix-A)
addressed to 27 design offices in the Eastern Reeviand multiple face-to-face
interviews with building authorities representativend owners of A/E design offices.
The results of the questionnaire survey and inggvsiare discussed in the following

sections.

3.2. THE PRACTICE OF CIVIL DEFENSE AND
MUNICIPALITIES

The main building authorities involved in desigmiesv and approval of building projects
are City Municipalities and Civil Defense DepartrteeTwo interviews were conducted
to assess their current practice implementing antbreing building codes and

regulations:
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1. Interview with the Manger of the Safety Departmeatt the General
Administration of Civil Defense (Eastern Province).
2. Interview with the Manger of Building Permits Depaent at the Eastern
Province Municipality (Al-Dammam Municipality).
The results of both interviews have been utilizedassess the current practice of both

authorities as follow:

I. Current Code and Standards Used by Building Authoriies

Previous studies stated that there are no unifigttlibg codes followed by building
authorities (Al-Homoud and Mousa, 2004), this isdues been raised during the
interviews with building authorities representativend they confirmed that there is no
unified Building Code followed by Municipalities dCivil Defense Departments. The
only unified standard is the Building Fire ProteatRequirements issued by the technical
committee of the GCC. However, this standard is imgilemented thoroughly and is
used as a supportive document to other regulaissued by the General Administration

of Civil Defense (Al-Qahtani, 2008).

Unlike the model codes, the current regulationgddsby the General Administration of
Civil Defense and the Ministry of Municipal and RUAffairs are not interrelated, are
implemented independently, are not revised or medlifperiodically and are not
communicated effectively to A/E design offices. eTlevel of compliance with these
regulations depends usually on the qualificatiohthe engineer in charge of reviewing

and approving the design packages.
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Il. Level of Cooperation between Building Authorities

There is no effective communication between buddauthorities during the design
phase of a project. Their comments on the desigkgues are addressed individually ,as
result there is a potential for contradiction amdicdency. The prime link between the

concerned building authorities is through the ¢l@nthe A/E design offices.

Civil
Defense

A/E Design
Offices &
Clients

Electrical
Company

=== Weak Communication

Continuous Communication

Figure 3.1: Communication Level between Buildingtarities and Design Offices
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[1l. Professionals Qualifications and Training

There is a shortage of qualified professionalshimn departments of building authorities.
The current manpower has no effective knowledgeudtliing codes. Moreover, there is
no planned or continuous training conducted foséhprofessionals, instead they gain the

knowledge from their day to day job.

V. Responsibilities of Building Authorities

Neither the civil defense nor the municipalitiesvdawritten procedures or checklists
summarizing their responsibilities or used by A/Eofpssionals to review design
packages or to conduct site inspections. In tigand the role of both the Civil Defense
and Municipalities has been assess in and sumrdairizprevious studies (Al-Homoud
and Mousa, 2004),. This study re-assessed thgiomsgbilities for any changes over the
past years and found no significant changes. Aacglyl the current practice of both

authorities can be summarized as follows:

= Civil Defense enforces the fire protection regulations issuedtliy General
Administration of Civil Defense. These regulatiomse supported by the
document issued by the technical committee of G@@wed as “Building Fire
Protection Requirements”. Civil defense is involuedeviewing and approving
the following facilities:
» Buildings four stories or more
» Large Public Buildings

* Industrial Facilities

* Municipalities enforce the architectural and planning regulatimssied by the

Ministry of Municipal and Rural Affairs. Municipdles are not involved in
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reviewing and approving the electrical, civil orustural requirements and
delegate this responsibility to the design officBse municipalities issue building
permits for all new buildings within its jurisdioth excluding those facilities
within the jurisdiction of governmental sector swahthe Ministry of Defense or

Saudi Arabian Oil Company.

As summarized in Figure 3.2 and Figure 3.3. Thecgge of building permit can be

divided into two stages, preliminary process stage final process stage.
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Saudi Building Permit Proces®reliminary process
Developed based on interviews & permit procedwsssgdad by Ministry of Municipal and Rural Affairs

Client Request Municipality to issue
Building Permit

1. Issue land use regulations.
2. Issue site layout plan & details.
3. Inspect the land if required.

A

\ 4

Start Preliminary Design by a Registere
Design Office

!

Preliminary Design RevieW

[®X

A 4

Is the
preliminary
design acceptt

Start detailed design stage
By registered design office

* 1. Residential villas and houses are reviewed byyaroitinicipality engineer.

2. Commercial and public buildings less than 6 storea® reviewed by §
technical committee within the city municipality.

3. Other projects more than 6 stories or an area thateeds 10,000 m? arfe
reviewed by the major projects committee withinrérggonal municipality.

Figure 3.2: Saudi Building Permit Process (PrelamnStage)



Saudi Building Permit Proces§&inal Process

Developed based on interviews & permit procedwsesdd by Ministry of Municipal and Rural Affairs

\ 4

Detailed Design is completed

Obtain Civil Defense
Approval

Obtain Electrical Company
Approval

Obtain the approval of other
related Authoritie&*

\ 4

(Municipality)
Final Designh Review
For architectural drawings and other

authority approval$**

Is the final
design
accepte

Issue the
Building Permit

* For buildings reviewed by civil defense only (4&soor more, industrial, public).

** Ministry of Discipline & Education (for schools).
Ministry of Commerce (hotels, motels .etc)
Ministry of Health (Hospitals, Clinics, phaacies)
Ministry of culture and information (librargtudios, museums ...Etc)
Others

Figure 3.3: Saudi Building Permit Process (Firtalg8)
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3.3. THE PRACTICE OF A/E DESIGN OFFICES

In this section, the methodology and results of dlseessment of the practice of A/E

design offices are discussed.

3.3.1.Data collection

Two types of data were collected using the questoe (Appendix-A). The first type of
data is about the general information of A/E desfices such as size and experience.
The second type of data is about their practicatedl to the utilization and
implementation of building codes and regulationsirdy the design stage. The
guestionnaire has been developed based on litereguiew and owners of A/E design

offices and contains two parts as follows:

Part-l: This part contains two questions about the respatydncluding their

years of experience and their role in the A/E desiffices.

Part-ll: This part is related to the second objective ofgtuely as discussed in

chapter four.

Part-1ll:  This partcontains nineteen questions about the practichefA/E
design offices. The nineteen questions are desidnedssess three type of

practice as follows:

1.General Practice: the general practice of the A/E design office sashthe

type of building code used, experience and typerojects.
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2.Positive Practice:that have the potential to facilitate the impletagion of

the building Code.

3.Negative Practice: that have the potential to adversely affect the

implementation of the building Code.

3.3.2.Population and Sample

The study population is limited to registered A/€sigin offices working in the Eastern
Province of Saudi Arabia with an experience of fiwgars or more. A list of 145

registered A/E design offices was obtained fromGhamber of Commerce and Industry
for Eastern Province. Substituting the number egistered A/E design offices into
equation 1.2 and 1.3 highlighted in chapter one,nttinimum sample was calculated to
be 21.31. Various techniques were used to digeribfteen forms of questionnaire forms
including fax, e-mail and personal visits. A total 27 completed responses were

received.

3.3.3.Data Analysis

The data obtained from the responses to Part-I RantHIl of the questionnaire was
analyzed using percentage and average values. eBults are presented using simple
descriptive techniques such as graphics and Tablesddition to these techniques, the
responses related to the positive and negativetipeacof A/E design offices were
calculated using equation 1.1. The ranges of inaporindices (I) are classified into
positive category and negative category as predemmeTable 3.1 (Al-Homoud and

Mousa, 1994).
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TABLE 3.1: Importance index Ranges for Positive Aledjative Practice

Importance Positive Negative
Index Range Category Category
87.5<1<100 Excellent Extremely poor
75.0<1< 87.5 Very Good Very Poor
62.5<1<75.0 Good Poor
50.5<1<62.5 poor Slightly poor
0.0<1<50.5 Extremely poor Good
3.3.4.Results

In this section, the assessment results of thetipeaof A/E design offices are presented
and discussed. This section contains assessmerthriee types of practice: general,

positive and negative.

A. Characteristics of the Respondents
This section presents general information about tegpondents including work

experiences and role in the organization.

1. Respondents Experience in the A/E Design Office

The results indicated that 49% of the respondese bheen working for their A/E design
offices for more than 10 years which was reflediedhe level of completeness and
precision of the information provided. The resparidevere asked to select their years of
experience in the design office. Each respondedttha option to select one of five
categories: one to five years, five to ten yeas,to fifteen years, fifteen to twenty years
and more than twenty years. As illustrated in Fég8r4, 19% of the respondents have

more than twenty years of experiences, 10% hateefifto twenty years of experience,
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and 19% have ten to fifteen years of experience Bave five to ten years of experience

and 19% have an experience of less than 5 years.

100 % -

80 %

60 % A

Percentage (%)

40 %

20 % A

0% A

More than 20 Less than 5
Years

W Percentage 19 % 11 % 19 % 33% 19 %

Years

Figure 3.4 Respondents Years of Experience

2. Respondents Rolein the A/E Design Office

The results indicated that 48% of the respondartgither the department manger or the
owner of the A/E design office which adds more datiion to the information obtained.
The respondents were asked to select their raleeiid/E design office. As illustrated in
Figure 3.5, 26% of the respondents are the owndh®fA/E design office, 22% are
department managers, and 22% are architects, 18%ngineers and 15% are project

engineers. The respondents did not select any efother roles as specified by the

guestionnaire.
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100%

80% -

Percentage (%)

20% 7

0% 1

60% -

40% 7

Project
Engineer

Engineer

Architect

Department
Manger

Owner

B Percentage

15 %

15 %

22 %

22 %

26 %

Figure 3.5: Respondents Role in the A/E Designdffi

B. General Practice of the A/E Design Office
This section presents general information aboutiiedesign office such as experience,

number of engineers, type of projects, type ofntietype of codes and regulations.

1. A/E Design Offices Years of Experience

The experience of the A/E design offices which ipgrated in this study is limited to

five years and more. The results indicated that @%e A/E design offices have been
in business for more than 15 years which are refte the precision of the collected
data. The respondents were asked to specify thed@sign office years of experience in
one of five possible categories: one to five yetivg to ten years, ten to fifteen years,
fifteen to twenty years and more than twenty yeAssillustrated in Figure 3.6, 44% of

the A/E design offices have more than twenty yehrsxperiences, 19% have fifteen to
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twenty years of experience, 11% have ten to fiftgesrs of experience, and 26% have

five to ten years of experience.

100 %
80 % 7
g
o 60 % -
o
5
[=
1]
=
o 40% A
o
20% 7
0% A
More than 20 Less than S
Years Years
B Percentage 44 % 19 % 11% 26 % 0 %

Figure 3.6: A/E Design Office Experience

2. A/E Design Office Number of Engineers

The size of A/E design offices has been classifietrms of number of engineers. The
respondents were asked to specify the number of pkéfessionals in the A/E design

office in one of five possible categories: oneit@ fengineers, five to ten engineers, ten
to fifteen engineers, fifteen to twenty engineensl anore than twenty engineers. As
illustrated in Figure 3.7, 44% of the design offideas more than twenty engineers, 7% of
A/E design offices have fifteen to twenty engineds% of A/E design offices have ten

to fifteen engineers, 30% of A/E design officesdnéive to ten engineers.
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100 % 1

80 %
o 60% 7
o
8
c
Q
2 40%
[
o
20 %
0%
More than 20 15- 20 10- 15 5-10 Less than &
Engineers Engineers Engineers Engineers Engineers
mPercentage 44 % 7 % 15 % 30 % 4 %

Figure 3.7: Number of Engineers Working for the AJEsign Office

3. Type of Projects carried out by the A/E Design Offices

Almost 93% of the A/E design offices which partaipd in this study carrying out

multiple projects including civil, electrical, meahical, architectural, and industrial. This
variety is reflected in the experience of the A/&sign offices and adds value to the
information obtained. The respondents were askegpaaify the type of projects handled
by A/E design offices in one of five possible categs: multiple projects, industrial

projects, electro-mechanical projects, civil prtgeand architectural projects. As
illustrated in Figure 3.8, 93% of the A/E desigricd#s handle multiple projects (all

types) and only about 7% of A/E design offices hardchitectural projects only.
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100 % ~

80 % -
£

S 60%
g
[=
]
=

o 40%
o

20 % A

0% -

Multiple Industrial Electrical & Architectural
Mechanical
[® Percentage 93 % | 0% | 0% | 0% | 7%

Figure 3.8Type of Prcects Carried out by A/E Design offices

4. A/E Design Offices Clients

The results showed thaone of the A/E design offices whiglarticipated in this stud
are working forgovernmental sect alone, however, more than%0of them are workin

for privet sector alon€The respondents were asked to spettigtype of their clients in
one of three possible categoriegovernmental sectorprivate sectc and multiple
(governmental angrivate). The questionnaireorm allows the respondent to select
specify other owner All other owners specified by the respondents lwa classified a
either governmental, private sectors or -governmental whiclare partially owned by
the governmentAs illustrated inFigure 3.9, 480 of the A/E design offices wor for

both governmetal and privatesectors, 52% of the A/E desigrffices work for private

sector.
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100 % -

80 % -
g
[

E 60 % -
c
@
2

g 40 % -

20 %

0% -

Multiple (Governmental Private Sector Governmental Sector
& Private)
B Percentage 48 % 52 % 0%

Figure 3.9:/A/E Design Offices Clien

5. Building Codes and Regulations used by A/E Design Offices

The results indicatkthat all design offices u multiple international codes a standards
along withlocal regulations. There is no building code ondtadfound to be used Lall
offices. However, around % of A/E design offices are using the regulaticssued b
MMRA because théuilding permits are issued through municigalities. On the other
hand, 706 of A/E design offices followed the regulationsusd bythe GACD. This
lower value is due to the fact that not all progearereviewed by the civil defens The
results showd that more than 50% A/E design offices are not using ICC codes suc
International Building Code or NFPA standai and Codeswhiclk might affect the

Implementation othe Saudi Building Code.

The respondents were asked to spewone or more of filowing code, standards or

regulations utilized btheir A/E design office:
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1. The codes and standards issued by the AmericanorddtiFire Protection
Association (NFPA).
2. The codes issued by International Code Council aglnternational Building
Code (IBC), International Fire Code (IFC), Interoatll Mechanical Code (IMC).
3. The regulations issued by Saudi General Adminismatf Civil Defense.

4. The regulations issued by the Ministry of Municipald Rural Affairs (MMRA).

As illustrated in Table 3.2, out of the 27 desidfices which participated in this study,
44% of the design offices are using NFPA codesstandards, 48% use ICC codes, 70%
use GACD standards and about 81% of A/E desigresfuse MMAR regulations. No
other code or standard is specified by the respusdexcept the standards of American
Concrete Institute (ACI). In fact no significantaciges have happened over the past 10

years (Al-Homoud and Mousa, 1994).

TABLE 3 .2: Codes and Standards used by A/E De@ifices in Saudi Arabia

Number of A/E design offices
Code and Standards Percentage
using it (out of 27)

1 | NFPA standards & Codes 12 44%
2 | ICC Codes 13 48%
3 | The regulations of GACD 19 70%
4 | The regulations of MMRA 22 81%
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6. Thelnfluence of the Type of Project on the Code Requirements

The type and size of projects would influence thesl of compliance with building codes
and building regulations. In this regard, the resfemts were asked to specify which type
of buildings is considered the most important wiaeldressing the code requirements
during the design stage. The respondents can seleatr more of six possible categories
as follows: commercial, industrial, multistory, idmntial, large storage, and public
buildings. As illustrated in Table 3.3, the comni&rcindustrial and high rise buildings
are considered the most important; this is bec#uséuilding authorities focus on the

safety of these facilities.

TABLE 3.3: Building Types and its Importance

Number of A/E design offices
Building Type consider it the most important | Percentage
(out of 27)

1 | Commercial 21 78%

2 | Public 9 33%

3 | Multistory 20 74%

4 | Large Storages 10 37%
5 | Industrial 20 74%

6 | Residential 14 52%

7. Qualifications of A/E Professionals

The results showed that 74% of A/E design officagehbuilding code specialist The
respondents were asked to specify if the A/E desiffites have a building code
specialized engineer or not. As illustrated in F&yG.10, about 74% of the A/E design

offices have a building code specialist.
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100 %

80 % A
g

8 60%
8
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o 40% A
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A/E Design Offices do not have Building AJE Design Offices have Building Code
Code specialist specialist
B Percentage 26 % 74 %

Figure 3.10Percentage (A/E Design Offices that hav@ode Speciali:

C. Positive Practice

The following sections present tlassessment of thgositive practices ¢ A/E design
offices. The studypresent eight practices that areonsidereda positive and might
enhance theode implemention. A summary of the responses and importance inoof

all positive practicess illustrated irTable 3.4(1)
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TABLE 3 .4 (1): Assessment of the Positive Practit&/E Design Offices

w —_
g g Importance | Importance
, , : i w | E|3

AJE design office Practice Description 2% |2 R Index Category

2 S|lol|la|a

<< 0 Z|lx |2

Positive Practice

Charging the project owners for Extremely

1 | additional changes to the approvedl | 7 | 4| 7| 8 34.78
design packages.

Reviewing the drawings for compliancq
2 | with current building regulations beforel 22 | 4 | 1| 0| 0| 94.87 Excellent
sending it for review.
Conducting Building Code analysis at the
early stages of the project. 9110751 21 1 74.24 Good
Suggesting additional measures which
4 | are not specified in the current buildingg 3 | 7 | 8| 1| 8 42.10
regulations.

Considering experience with building
code prior to hiring new engineers.
Obtaining the approval of building
6 | authorities for the changes occurs on [th@ 311! 11 3 70.83 Good
approved design packages.

Receiving frequent updates of the

Poor

Extremely
Poor

5110 2| 7| 3 56.00 Poor

7 | regulations issued by General 2196 4] 6 44.44 Exltaremely
Administration of Civil Defense. oor
Receiving frequent updates of the

8 | regulations issued by Ministry of 4 |1 84| 5| 6 47.82 Exgggely

Municipal and rural Affaire

1. Design ChangesFee

Changes on the approved design are one of the nwa@joses of conflict during
construction and might affect the code compliaaga, 2002). One of the solutions to
overcome this issue is to charge the project oimerny changes that occur after the
design package is approved. The study results ateticthat most of the A/E design
offices provide this service for their clients watlt fees which are considered extremely
ineffective practice with an importance index of78!%. In this regard, the respondents
were asked how often A/E design offices requesttiadd| fees to execute changes on

the approved design. As illustrated in Figure 3thére is only 4% of A/E design offices
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always requested additional fees whereas 35% otiésggn offices participated in the

study never request such fees.

100 %
80 %
g
o)
2 60%
I=
(7]
e
& 40 %
20 %
0 %
Always Sometimes Rarely Never
| Percentage 4% 30 % 30 % 35 %
O Importance Index 35 %

Figure 3.11: The Frequency for Requesting Feeédalitional Design Changes

2. Reviewing the Design Packages Prior to Requesting Authorities Approval

Design packages need to be reviewed for completionsistency and compliance with
building authorities regulations to minimize theiesv period and deficiencies. The study
showed that almost all A/E design offices reviewe thackages for compliance with
building authorities regulations which are consgdkerto be an extremely effective
practice with an importance index of 94.87 %. Tiiactice has been assessed through
asking the respondents how often A/E design offiomdew and implement code

requirements before submitting the design packégeal approval.
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As illustrated in Figure 3.12, 85% of A/E desigrficds always review the design

packages with respect to building authorities regoihs before applying for final

approval.
100 % e
—_ 80 % +
$ L
& 60% ]
E e
o 40% 17
o e
20 % +1
L]
0% -
Always Sometimes Rarely Newver
EPercentage 85 % 15% 0% 0%
Olmportance Index 95 %

Figure 3.12: The Frequency of Reviewing Design Bgek Prior to Authorities Approval

3. Implementing Code Requirements at Early Design Stage

The building code requirements need to be addreaselde early stage of the design
process. This is to avoid major changes duringdétailed design process which might
have significant design reconfiguration and cospaot. Accordingly, the respondents
were asked how often A/E design offices considerlttilding code requirements at the
early design stage. As illustrated in Figure 3didy 41% of A/E design offices always
consider the code requirements at the early destagre. When the importance index of

all responses was calculated in accordance withtemul.1, the result was 74%, which
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classified as a good practice. This high percentagiue to the permit process which
requires the approval of a preliminary design bynitipalities. Although, the code
requirements perceived by the respondents are etw#ssarily similar to those required
by the model building codes, it is obvious thakiliy the design process with the permit

process has the potential to facilitate the implataigon of the Saudi Building Code.

100 % +
80 % A
S
o)
0, 4
E 60 %
=
©
(=]
o 40% A
o
20 %
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Always Sometimes Rarely Never
m Percentage 41 % 45 % 9 % 5%
Olmportance Index 74 %

Figure 3.13: The Frequency of Considering Code Rempents at Early Stages of the

Design Process

4. Additional Code Requirements during Design Stage

The current building regulations issued by buildengthorities are not comprehensive
when compared to international building codes. &fwe, A/E design offices are

expected to consider major code requirements thatnat reflected in the current

regulations. However, the study results indicateat imost of A/E design offices that
participated in this study never consider or recemdhadditional code requirements. The

importance index of this practice is 42.10%, whidiplies that this practice is extremely
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poor. In this regard, the respondents were asked bfien A/E design offices
recommend additional code requirements during #sgd stage. As illustrated in Figure
3.14, there are only 16% of A/E design offices glsveecommend such requirements,

whereas 42% of A/E design offices never offersrtbints such recommendations.
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m Percentage 16 % 37 % 5% 42 %
B Importance Index 42 %

Figure 3.14: The Frequency of Recommending Additi@@ode Requirements during
Design Stage

5. A/E Professionals Building Code Experience

Considering the A/E professionals experience witiding codes prior to recruiting is an

effective approach to have qualified staff. Thedgtresults showed that the practice of
A/E design offices in this regard is poor with anpprtance index of 56.00%. The

respondents were asked how often such experiemmngdered by A/E design offices.

As illustrated in Figure 3.15, only 20% of A/E dgsioffices consider the building code

experience of their A/E professionals.
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Figure 3.15: The Frequency of Considering the Erpee of A/E Professionals Prior to
Hiring

6. Obtaining Building Authorities Approval for Changes on the Approved Design

The study results showed that 63% of the projeaters/ request additional changes on
the approved design. Most of the A/E design offitest had experienced these changes
resubmit the packages for building authority appfowhich is considered a good
practice with an importance index of 70.80 %. Wsstrated in Figure 3.16, 56% of the
A/E design offices always resubmit the design pgekato the building authorities,

whereas 20% did not as the requested changes aught after the design phase.
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Figure 3.16: The Frequency of Re-submitting De$tgnkages for Re-approval

7. Receiving Frequent Updates from Building Authorities

The results showed that buildings authorities doupalate A/E design offices about new
or existing building regulations because the exgstiegulations are not updated on a
regular basis. This is extremely poor practice anight influence the successful
implementation of the Saudi Building Code. In thegard, the respondents were asked
how often the civil defense and the municipally aggd A/E design offices about the
changes of existing regulations or applying new. dkeeillustrated in Figures 3.17 and
3.18, the civil defense and municipality updates l#san 18% of A/E design offices on
frequent basis. Both authorities did not commumicaty update on a frequent basis to

48% of A/E design offices.
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Figure 3.17: The Frequency of Updating A/E Desidfic8s by the Civil Defense
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Figure 3.18: The Frequency of Updating A/E Desidfic®s by the Municipality.
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D. Negative Practices
Two practices are considered as negative practindshave the potential to affect the
implementation of the Saudi Building Code. These practices are the weak experience
of Saudi young professionals and the building owmesistance to the implementation of
the building code. The following sections discuss tesults of the assessment for both
practices. A summary of the responses and impatamtices of negative practices is

illustrated in Table 3.4 (2).

TABLE 3 .4 (2): Assessment of the Negative PraabicA/E Design Offices

E % Importance | Importance
AJE design office Practice Description > z < ? 5 Index Category
2|5 o s | @
< ||z | x|z
Negative Practice
Facing a problem with young Saudi
1 | engineers with no background in building 9 | 9 | 6 2 73.01 Poor
codes.
Resisting the implementations of building
2 | code requirements by project ownerfor | 4 [ 10| 4 4 4 54.54 Good
cost reasons.

1. Building Code Experience of Saudi A/E Professionals

The curriculums of architectural and engineeringleges in the major universities in
Saudi Arabia do not include any course relatedhéobtuilding code or regulations, which
affects the qualification of graduated engineeffie respondents were asked how often
A/E design offices face a problem with the levelooide experience of Saudi young
engineers. The results indicated that their expeéeavith building codes is poor with an
important index of 73.01%. As illustrated in Figu#d.9, 43% of A/E design offices face
this problem, 43% sometimes face this problem ami¢g 5% of A/E design offices

rarely or never face this problem.
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Figure 3.19: The Frequency of Improper Building Ed&tkperience of Young Saudi A/E

professionals

2. Project Owner Resistance to Code Requirements

The results indicated that there is noticeablestasce from the project owners to certain
regulations or code requirements for cost reasbhs.overall importance index of this
behavior is 54.54% which is considered to be dlglpoor practice and requires
extensive awareness of the important of the cadehik regard, the respondents were
asked how often the project owners resist implemgrtuilding code requirements for
cost related reasons. As illustrated in Figure 328% of A/E design offices always
experience resistance from the project owner afd 46 A/E design offices sometimes
have the same experience, whereas 18 % of A/Erdefiiges rarely or never experience

the owner’s resistance.
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Figure 3.20: The Frequency of the Resistance bje&tr®wner to the Building Code

Requirements

3.4. SUMMARY OF FINDINGS

The following is a list of findings obtained froinet interviews and the analysis of the
responses to the questionnaire:

1. There is no unified building code enforced by thélding authorities. Instead,
Civil Defense enforces the regulations issued bg BACD and the
Municipalities enforce the regulations issued bg Ministry of Municipal and
Rural Affairs.

2. Civil Defense reviews and approves only industidailities such as gas stations
and workshops, buildings with a floor area morenth@,000 square meters and

buildings with four stories and more.
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3. Municipalities review only the architectural reqrments of the buildings and

delegate the responsibility of structural, mechanémd electrical requirements to
the A/E design offices.

4. Building Authorities have an extreme shortage oéliied A/E professionals
with appropriate building code experience. In addit there is no effective
training for building authorities professionals.

5. The processes of building permit are not optimiasdt has multiple stages and
requires multiple reviews and approvals.

6. There is no code or standards that are commonly lngall offices. Instead, each
office uses one or more of the code and standpetsfeed by this study.

7. About 56% of A/E design offices do not use the blati Fire Protection
Associations (NFPA) code and standards, which ameddmental for the design
and installation of fire protection systems.

8. More than 50% of the design offices are not famiigth ICC codes which are
the foundation of the Saudi Building Code. Thisgeatage is reduced because
most of the design offices work for Saudi Aramcatloe Royal Commission of
Jubail and Yanbu which enforce the Uniform Buildi@gde and ICC codes as
well.

9. About 30% of the A/E design offices are not follogsithe GACD regulations
and around 20% are not following the Municipalitiegulations.

10.Buildings are not treated the same during the destgge when it comes to
safety. Large commercial buildings, industrial dings and multistory buildings

are considered the most by both A/E design offeces Building authorities. This
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is because the building authorities give thesedingl a higher importance level

during the process of issuing the building permit.

11. About 74% of the design offices have building cegecialists trained to enforce
code requirements.

12.AJE design offices do not always consider the cegperience prior to hiring
new A/E professionals. Only 20% of the A/E desidfices consider such
experience.

13.A/E design offices always face problem with thelding code experience of
young Saudi A/E professionals. Only 10% of the A&Sign offices never face
such a problem.

14.More than 40% of the design offices do not reconunewlditional code
requirements that are not required by the curregfulations even if such
requirements are critical.

15.More than 60% of the A/E design offices admit tbatlding owners request
changes to the approved design where most of tttesgges happens during the
construction phase. Only about 50% of these desffiges re-submit the changes
to building authorities for re-approval. Design icds sometimes request
additional fees for such changes.

16.Project owners sometimes resist the implementatiarertain code requirements
especially when it increases the project cost. Q886 of the A/E design offices
don’t experience such resistance.

17.Both Civil Defense and Municipality are not freqtigrupdating the A/E design
offices about their new regulations or the changethe existing ones. Almost

30% of A/E design offices are never provided witltsinformation.
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18.The overall relationship between both the projesher and the A/E design

offices and the building authorities and A/E desigfices is a good relationship
in accordance to the ranking of the design offices.
This chapter does not provide recommendations éocovne these findings. However, all
of these findings have been considered during éweldpment of the plan of actions to

implement the Saudi Building Code, as presenteghapter five.

3.5. CONCLUSION

This chapter presents an assessment of the cpnastices of the A/E design offices and
building authorities during the design stage widgards to the implementation of
building codes and regulations. The results arsgmed in three sections as follows:

1. Section one presented the Building authorities tmaobtained from interviews
conducted with the manger of Safety Departmenhat&astern Province GACD
and the manger of Building Permits Department ahBam Municipality.

2. Section two presented the practice of A/E desidiced that has been obtained
from analyzing the results of 27 A/E design offresponses to the questionnaire
(Appendix-A).

3. Section three presented the overall findings of absessment followed by the

conclusion.
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CHAPTER FOUR

FACTORS AFFECTING THE SAUDI BUILDING CODE

4.1. INTRODUCTION

The second objective of this study is to assessrankl the factors that adversely affect
the implementation of the Saudi Building Code. sTlmbjective has been achieved

through two phases as follows:

Phase-I: Extracting twenty six factors from literature rewi, interviews with
code experts and members of the National Commifethe Saudi Building
Code, design offices owners and personnel experiehit factors are discussed

in chapter two.

Phase-Il: Assessing and ranking the factors through anaiyiie responses of

the questionnaire (Appendix-A)

4.2. DATA COLLECTION

The data were collected via questionnaire formsp@ulix-A) addressed to twenty seven
design offices in the Eastern Province, eighteembegs of the National Committee of
the Saudi Building Code, Nine Mangers and engingethe General Administration of

Civil Defend, thirteen municipalities, the chief 8audi Engineer Council of the Eastern
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Province, and a representative of the project deywent at SASO. The questionnaire

consists of two parts as follows:

Part-1. three questions about the respondent, includisgitganization, his years
of experience, his role in the organization and éxperience with the building

code.

Part-1l: contains twenty six factors which might have adeesadfect on the

implementation of the Saudi Building Code.

4.3. POPULATION AND SAMPLING

The study population consists of six different stadders who have direct and indirect
relation with the development or implementation tbé Saudi Building Code. The
minimum sample of each stakeholder has been detedmising equations 1.2 and 1.3

highlighted in chapter one. The population and darsgzes are described as follows:

I. The National Committee of the Saudi Building Code(NCSBC):
Referring to the latest editions of the Saudi BuodgdCode volumes, there are
eleven members representing the NCSBC. Howeveimaodler to ensure variety
of responses, the population size has been extemoethe members of
subcommittees including the consultative commitee technical committees.
As a result, the total population has been detexchito be 65 members.
Substituting in equation 1.2 and 1.3 highlightedcimapter one, the required
minimum samples is 18 members. Accordingly, 30 tioesaire forms have been
addressed to different members of the NCSBC. After months, 18 samples

were received.
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General Administration of Civil Defense (GACD)

The response of the GACD was determined to be gfirdlie chief of the Safety
Department of the Eastern Province due to the arityilof the GACD roles over

the Kingdom. However, the sample size has beerased in order to increase
the accuracy of response. The samples extend tGeh&ral Region and Makkah
Region where total of nine questionnaire forms haeen distributed to the
GACD in Dammam, Jubail, Riyadh, Makah and Jeddah.nie forms were

received within one month.

Municipalities

Referring to the Public Relation Department at Kiaistry of Municipal and
Rural Affair, there are over 170 municipal sectkirsgdom wide. However, the
study is restricted to large municipalities, in @fhicase the population size was
determined to be 25 municipalities regarded aoregimunicipalities or Class-A
municipalities. Substituting in equation 1.2 an8, the required minim sample is
12.5 municipalities. Accordingly, a total of 25estionnaire forms have been
distributed to Eastern Province, Central Regionkihdh region, Madinah Region,
Qasim Region, Tabuik Region, Asir Region, Jazanidted\ajran Region and

Northern Border Region. Two months later, 13 fomese received.

IV. A/E Design offices

The study restricted the sample of A/E design effito the Eastern Province of
Saudi Arabia with five years of experience as mimm Referring to Eastern
Province Chamber of Commerce and Industry, theseassund 145 A/E design

offices in the Eastern Province. Applying Equatib2 and 1.3, the required
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minimum sample is 22.13 A/E design offices. Howewbe sample has been

extended to 27 A/E design offices.

V. Saudi Standards, Metrology and Quality Organization (SASO) & Saudi

Council of Engineers (SCE)

One sample for both SASO and SCE was determinbd tbe minimum required
sample due to their unique roles. The questiorrfaims have been addressed to
the chief of both organizations and received twanthe later. The questionnaires
were answered by the chairman of the SCE for th&telfa Province and the
Project Department Representative from SASO. Howetheir responses have
been used as points of reference during the dissussd analysis of the factors

and are not included in the statistical analysisaaking.

Various techniques were used to distribute the topresire forms to each one of the

stakeholders including fax, e-mail and personatsigable 4.1, summarize the sample

size, population, distributed and received formsefach stakeholder.

TABLE 4.1 Summary of Sample Size and Population

Population Minimum Distributed Returned

Stakeholder Size Sample Size Forms Forms
1 | NCSBC 65 18 30 18
3 | Municipalities 25 12.5 25 13
4 | A/E Design offices 145 22.13 50 27
2 | GACD 1 1 9 9
5 | SASO 1 1 1 1
6 | SCE 1 1 1 1
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4.4. DATA ANALYSIS

This section discusses the two types of data oddaiftom the responses to the

guestionnaire as follows:

4.4.1. PART ONE: Respondent General Information

Simple descriptive statistics techniques includsigiple graphics, percentages and
simple summaries of the findings are utilized tommarize and present the data obtained
from the responses to Part-l of the questionnad@péndix-A) which includes general

information about the respondents such as experiand job title.

|. Respondent’s Experience

The results showed that more than 60% of the relpde have been working for their
organizations for more than 10 years. All sixtyeimespondents, representing Six
different stakeholders, were asked to specify thweirk experience in one of five

categories as follows: one to five years, fivedn years, ten to fifteen years, fifteen to
twenty years and more than twenty years. As ilidsett in Figure 4.1, the overall

experience of the sixty-nine respondents reprasguati stakeholders shows that 29 % of
the respondents have more than twenty years ofiexjges, 22 % have fifteen to twenty
years of experience, 10 % have ten to fifteen yeaesxperience, 20% have five to ten

years of experience and 19 % have an experienes®than 5 years.
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Figure 4.1: Respondents Work Experience

Il. Respondents Roles in their Organizations

All sixty-nine respondents, representing six diéfar stakeholders, were asked to specify
their role in the organization they work for. Eaelspondent had the option to select one
of eight possible roles: Owner, Department Mangerchitect, Project Engineer,
Engineer, Consultant, Building Code Specialist Mahger. As illustrated in Figure 4.2,
10 % of the respondents are mangers, 30% departmanger, 9% engineers, 9%
architects, 6% project engineer, 10% A/E desigmcefbwner and 26% of the overall

respondents are members of the NCSBC.
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Figure 4.2: Respondents Role

I1l. Respondents Building Code Years of Experience

Each respondent was asked to specify his exper@noeilding code. He had the option
to select one of five categories: one to five yelive to ten years, ten to fifteen years,
fifteen or more and no code experience. As illusttaFigure 4.3, 22 % of the overall
respondents have more than fifteen years of experge 14 % have ten to fifteen years of
experience, 19 % have five to ten years of expeegeB5 % have less than five years of

experience and 20 % have no code experience.
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Figure 4.3: Respondents Building Code Experience

4.4.2.PART TWO: Assessment and Ranking of the Factors

The second part of the questionnaire contains gweiRtfactors that might adversely
affect the implementation of the Saudi Building €od@he respondents were asked to
describe their opinion on how would each factoll aifect the implementation of the
code using one of five options: Extreme effectp&y effect, Moderate effect, Slight
effect and No effect. The importance index has besoulated using equation 1.1.
Accordingly, if all respondents select no effetig importance index is =0 based on
which the factor is ranked the last, but if allpesdents select extremely important,
then the importance index is equal to 100 % ancetbee it is the most severe factor
and the first in the rank. The importance indiaad numerical ranking of the factors
by group are shown in Table 4.2. The indices an#ting for each factor is shown in
Table 4.3. The cumulative indices and ranking fachefactor is shown in Table 4.4.

The detailed responses, for each factor by alestakiers are shown in Appendix-C.
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0.1
2 3 A/E Design
NCSBC' GACD MMRA Offices Cumulative _
Cumulative
Factors by Groups Important Rank
Index Rank| Index Rank Index Rank Index Rank Index
Code Language &
Interpretation 54.24 5 75.93 4 57.13 6 6253 6 62.46 6
Factors
Enforcement Practice Factors o o5 3 | 7361 6 | 6954 4 | 69.46 4 69.73 4
Building  Authorities  and
Design office Practice Izactors62.41 4 77.50 2 78.46 3 74.27 3 73.16 3
Public awareness and
Insurance Role Eactors 73.33 2 76.39 3 86.54 2 76.83 2 78.27 2
Construction Methods and
Materials Factors 53.79 6 75.46 5 61.35 5 65.24 5 63.96 5
. — of
Professionals Training Factorsg) o, 1 | g565 1 |8sor 1 | 7870 1 83.48 1

1 National Committee of the Saudi Building Code

2 General Administration of Civil Defense
3 Ministry of Municipal and Rural Affairs (Municipaies)
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Table 4.3FFactors Indices and Ranking

Group A/E Design
NCSBC GACD MMRA .
of Sub-Factors Offices

Factors Index | Rank| IndeXx Rank Index Rank Index Rapk
c | a1 | The original version of the Saudicode is | g4 71 | 13 | 7222| 10 |56.82| 16 |58.70| 24

£ © 0O written in English language

v OE . . .

- 2+ The translation of the English Version of

@ 0:.9_ A2 the code to Arabic Version 53.57| 16 | 86.11 3 64.58| 12 | 6591 16

8 % The Code requirements are subject to

A3 | different interpretations among the A/E | 48.44| 18 | 69.44| 12 50.00f 18 | 63.00] 19
professionals

Mixing of old regulations or other standers
B1 | requirements with the Saudi Building Code54.51| 15 | 61.11| 14 55.77| 17 | 59.00| 22
requirements

Lack of a written building inspection polic
and procedures by the building authoritie
the tendency of using a restrictive

B3 | implementation policy( violation, fee, stop 63.89| 12 | 83.33 5 70.45| 11 |64.42| 18
work orders)

B2 Y7059 8 |7222| 10 |67.92| 8 |7292| 12

Code Enforcement Techniques Language &

B4 | Lack of a violation tracking system. 76.89 6 77.78 8 75.00| 9 81.48 5
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nk

Group NCSBC GACD MMRA A/E Design
of Sub-Factors Offices
Factors Index | Rank| Index Rank Index Rank Index Ra

.
2 Implementing the Saudi Building Code L
0 s
8 Ci increases the working load. 46.43 20 62.50 13 61.36 14 55.95 25
L : .
S o | co|LAckofcontinuous Coordination | g3 99| 15 | 8511 3| 8260 6| 8L73 4
= 8 between the building code authorities
@ E Lack of continuous coordination
.6 o | C3 | between the design offices and building@0.83 7 86.11 3 84.62 5 82.69 3
9 authorities
B!
= = . T L
2° |ca S".er.'app'”g of responsibilities betweenys oo g | 7778 8| 7708 7| 77.00 7
o> uilding authorities
c
5 ; :
S | cp | Lack of AJE Design Offices 65.28| 10 | 7500 9| 8654 4| 7396 11
o0 classification
[}

oa - .

- 2| p1 | The low awareness of the public aboutg, g, | 3 | 8333 5| gs580 4| 8365 1
o h o the importance of building code
RN
S 9@ . .
A g =

€ 3l p2 (';(";‘ri]k of an effective role of insurance| g, 21| 19 | 7774 8| 8654 4| 7000 14

z e panies
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Group NCSBC GACD MMRA AJE Design
of Sub-Factors Offices
Factors Index | Rank| Index Rank Index Rank Index Rank

2 The type of construction methods ]
S | Bl | specified in the Saudi Building Code | #0-1°| 21 | 8123 6 6000 15 €548 17
(5]
IS The type of materials and equipments )
3 E2 specified in the Saudi Building Code 48.21 19 71.88 11 50.00 18 60.23 21
c . T .
@ Lack of authorized testing laboratories
3 E3 | and agencies to test and certify building84.72 1 84.38 4 75.00 9 75.96 9
g products
= | pa |Lackoflistedand classified buillding | g4 5| 14 | 7774 8| 7308 10 6852 15
S products in the local market
(&)
% The code requirements limit the
= E5 | flexibility of buildings architectural 33.33 22 56.25 15 47.50 19 58.75 28
@) design

Ee | mplementing the Saudi Building Code 5 | 17 | 8125 6| 6250 13 6250 20

increases the project cost
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NCSBC GACD MMRA AJE Design
Group Offices
of Sub-Factors
Factors Index | Rank| IndeXx Rank Index Rank Index Ra
Lack of specialized training centers in d
F1 the field of building Codes 79.17 5 77.78 8 86.54 4 75.93 10
o F2 Lack of professionals accreditation 50.88 4 83.33 5 90.38 2 26.00 3
= programs
'©
— | pg|Lackofaneffective andrelatedonjo g, o4 | 3 | gg11 3 | 9428 1| 7283 13
© training for engineers and inspectors
c
S - .
7 | g | Lackof skilled and certified 81.94| 3 | 9444 1 | 7308 10| 8077 6
2 construction laborers.
(@]
o \pe . . d
p5 | Lack of certified and trained engineers g, 94 | 3 | go5g 7 | 8958 3| 8365 1
in the field of building code
6 !_ack of certified and trained building 8333 2 91 67 5 94.28 1 83.00 5
inspectors




Table 4.4: Cumulative Indices and Ranking

Group O =y o o
0 @) < |0 @B x|[B x
Of Sub-Factors 7)) @) x 8 25 35 &
Factors Z © = UZJ Cl|5 = |5
O O
3 The original version of the Saudi code is writterEnglish
L Al 60.71| 72.22] 56.82 58.70 62.11 21
T = language
> O
S © The translation of the English Version of the ctm@rabic
- 2 A2 ) 53.57| 86.11] 64.58 6591 67.54 18
% £ Version
A
v = The Code requirements are subject to differentpnétations
3 A3 _ 48.44| 69.44| 50.00 63.00 57.72 22
o among the A/E professionals
Mixing of old regulations or other standers requiests with
B1 o . 54.51| 61.11] 55.71 59.00 57.57 24
s the Saudi Building Code requirements
(]
£ o Lack of a written building inspection policy ancbpedures
S 3 | B2 o N 70.59| 72.22| 67.92 72.92 73.16 14
‘8 = by the building authorities
b G . T —
s O the tendency of using a restrictive implementagiohcy(
3 = B3 _ _ 63.89| 83.33] 70.45 64.42 70.52 16
O violation, fee, stop work orders)
B4 | Lack of a violation tracking system. 76.39| 77.78/ 75.00 81.48 77.66 11
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Table 4.5 Cumulative Indices and Rankirfgontd.)

Group O .5 0 .g .g
@ 0 S |8 3|8 5|8 ¥

Of Sub-Factors 8 (<.(J < A E E = E &;
Factors Z © = % © 313
=y Implementing the Saudi Building Code increasesnbik

‘D Ci1 46.43 | 62.50, 61.36 55.95 56.56 25
s load.

= Lack of continuous Coordination between the bugdin

< 8 |1C2 - 63.89 | 86.11] 82.69 81.73 78.61 10

e 5 code authorities

© ©

g o Lack of continuous coordination between the desifjoes

Z o |C3 o N 70.83 | 86.11| 84.62 82.6981.06| 7
c 8 and building authorities

s £

I ° Overlapping of responsibilities between building

o) C4 - 65.63 | 77.78| 77.08 77.00 74.37 13

= authorities

@ C5 | Lack of A/E Design Offices classification 65.28 | 75.00f 86.54 73.96 75.19 12
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Table 4.5: Cumulative Indices and Rank{ogntd.)

Group o |4 |« 1BalE 2
Of Sub-Factor % < % 8 i E g E &%
Factors z O = H;J O 33
[¢D]
< 5 The low awareness of the public about the impodariduilding
@ X p1 81.94| 83.33| 86.54 83.6583.87 3
L2 o0 g code
o) c c
g2
‘g 7| D2 | Lack of an effective role of insurance companies 64.71| 77.78 86.54 70.0072.67| 15
< £
9 The type of construction methods specified in thads Building
o El 46.15| 81.25] 60.00 65.4863.22| 20
n Code
(%))
® The type of materials and equipments specified he Saudi
3 E2 o 48.21| 71.88] 50.00 60.2357.58| 23
< Building Code
=
e % lack of authorized testing laboratories and agenéee test and
S O E3 _ o 84.72| 84.38 75.00 75.9680.01 8
n o certify building products
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Table 4.5: Cumulative Indices and Rank{ogntd.)

c (<)) (<))
Group Of Q a) < 3 218 x|2 «
e Sub-Factor %) &() % X L |5 815 5
actors % o = u O g c g x
< O O
Lack of specialized training centers in the fiefdailding
F1 79.17| 77.78] 86.54 75.9879.85 9
Codes
F2 | Lack of professionals accreditation programs 80.88 | 83.33] 90.38 76.0082.65 5
(@]
c
c
® Lack of an effective and related on job trainingdagineers
[ F3 ] 81.94| 86.11) 94.23 72.8383.65 4
1% and inspectors
@ F4 | lack of skilled and certified construction labxs. 81.94| 94.44, 73.08 80.7[82.56 6
a Lack of certified and trained engineers in thedfief
F5 o 81.94| 80.56] 89.58 83.6583.93 2
building code
F6 | Lack of certified and trained building inspestor 83.33| 91.67| 94.23| 83.00| 88.06| 1
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4.5. RESULT ANALYSIS AND FINDINGS

As detailed in chapter two, the factors that migfiect the implementation of the

Saudi Building Code are categorized into six grob@sed on its nature. Each group
has several factors, and no other significant lewveat factors suggested by any of the
respondents to the questionnaire survey. The irapbihdices and ranking of each

group with brief descriptions for subgroups isstiated in the following sections.

Group —A: Building Code Text and Lanquage.

This group of factors is related to the languagethef code, translation and A/E
professionals’ interpretation. This group of fasteaomes in the sixth and last rank
based on the average of importance indices ofaltebolders. The factors included in

this group are as follows.

Al. The Original Version of the Saudi Building Codeis Written in English
Language

English language is not the primary language usgdnbst of the stakeholders
expected to enforce the Saudi Building Code incigdCivil Defense, Municipalities
and majority of A/E design offices. Therefore, tharill be a gap in the understanding
and interpretation between the legislative autlesiand the enforcing authorities. As
illustrated in Table 4.6, this factor comes in tienty-first rank with an overall

important index of 62.11.
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A2. The Translation of the English Version of the ©de to Arabic Version

The translation of the code into Arabic languagesubjected to variation in pure
technical meaning, which requires specialized mp®fmals and lengthy revision
procedures. As illustrated in Table 4.6, this factomes in the eighteenth rank with
an overall important index of 67.54.

A3. The Code Requirements are Subject to Differerinterpretation among the

A/E professionals.

The majority of the codes contents are subjectfferdnt interpretations, as a result
of professional experience, code language and armbg) of some of the code
statements. As illustrated in Table 4.6, thigdacomes in the twenty-second rank

with an overall important index of 57.72.

Group-B: Code Enforcement Technigues

This group of factors is related to the methodsliagby the building authorities to
enforce the code requirements during all stagethefproject including building
permits procedures; design reviews procedures,atwol tracking, fees, and
inspection methods. This group of factors comesha fourth rank based on the
average of importance indices of all stakehold&re factors included in this group

are as follows.

B.1. Mixing of old Regulations or other Standards Rquirements with the Saudi
Building Code Requirements

There is a chance that A/E professionals might thix requirements of existing

regulations or other irrelevant standards with réguirements of the Saudi Building
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Code. As illustrated in Table 4.6, this factor &snin the twenty fourth rank with an

overall important index of 57.57.

B.2. Lack of a Written Building Inspection Policy and Procedures by the

Building Authorities

The written inspection procedures and checklisirisimportant means to facilitate
thorough and unified inspection for any facilitydaserves as reference for A/E
professionals and inspectors. As illustrated inl&@ah6, this factor comes in the

fourteenth rank with an overall important index78t16

B.3. the Tendency of Using a Restrictive Implement#sn Policy

Implementing restrictive policy, including feespgtwork orders and violations are
viewed by project owners and construction contractas obstacles which will
discourage their appreciation to the advantageth@fcode and affect the project
progress. As illustrated in Table 4.6, this faatomes in the sixteenth rank with an

overall important index of 70.52

B.4. Lack of a Violation Tracking System

Using a violation tracking system during the desajd construction stages, will
enable building authorities to keep a record otyglke of violations and evaluate the
contractors and A/E design offices regularly; ithalso remain in the facility as-built
documents as a reference in case of incidentsh®other hand, it is a major source

used for the revision and development of the pretbee codes.
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As illustrated in Table 4.6, this factor comes e televenth rank with an overall

important index of 77.66.

Group-C: The Practice of Building Authorities and A/E Design Offices

This group of factors is related to the practicebaflding authorities including the
coordination between different departments, manpoarel the clarity of role of each
department. Overlapping of responsibilities, lowelleof coordination and insufficient
manpower will affect implementation of the SaudilBug Code. On the other hand,
if A/E design offices are not classified, it wileldifficult for building authorities to

regulate the engineering profession, and therefosd| affect the proper

implementation of the code. As illustrated in Ta®l6, this factor comes in the third
rank based on the average of importance indiceallo$takeholders. The factors

included in this group are as follows.

C.1. Implementing the Saudi Building Code Increasethe Work Load.

The current workload in all the stakeholders ineolun this study is expected to be
increased, and therefore, it might affect the imp@atation of the code especially
when some organizations have existing problem thiéhmanpower. As illustrated in
Table 4.6, this comes in the twenty fifth rank wah overall important index of
56.56. When considering the individual importardioes, GACD and MMRA were

the highest.
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C.2. Lack of Continuous Coordination between the Bilding Code Authorities
The coordination level between the building autiesi is required to exchange
expertise and unify the procedures. On the othedhéhe effective coordination
might improve the permit procedures significantlis illustrated in Table 4.6, this
factor comes in the tenth rank with an overall imi@ot index of 78.61.
C.3. Lack of continuous Coordination between A/E Dgign Offices and Building
Authorities
The coordination level between the building autiesiand the A/E design offices is
required to establish an effective work relatiopstand improve the permit procedures

significantly. As illustrated in Table 4.6, thisctor comes in the seventh rank with an

overall important index of 81.06,

C.4. Overlapping of Responsibilities between Buildig Authorities

Overlapping of responsibilities implies duplicatiohefforts and concerns and might
lead to conflict as different opinions are expecte&s illustrated in Table 4.6, this

factor comes in the thirteenth rank with an ovearajportant index of 74.37.

C.5. Lack of A/E Design Offices Classification

The classification of design offices is an essémiaans for building authorities to
approve the nature and size of projects handlethéyn and to take legal actions in
case of building code violations. As illustratedTiable 4.6, this factor comes in the

twelfth rank with an overall important index of IS.
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Group-D: The Public Awareness and Insurance Role

This group of factors is related to public and stees awareness of the importance
and advantages of the building code and the rol¢heffacilities insurance. As
illustrated in Table 4.6, this factor comes in #eeond rank based on the average of
importance indices of all stakeholders. The sulbefacincluded in this group are as

follows.

D-1: The Low Awareness of the Public about the Imprtance of Building Code

If the importance and advantages of the buildindesas not explained to the public
especially the real-estate owners and investorgy tlwill not support its
implementation. As illustrated in Table 4.6, trastior comes in the third rank with an

overall important index of 83.87.

D-2: Lack of an Effective Role of Insurance Compaies

Insurance practice is one of the prime reasongh®rbuilding code development .
The facility insurance will force the company thater such service to ensure
compliance with the standards in order to minintlzeir loss in case of catastrophe.
As illustrated in Table 4.6, this factor comes Ine tfifteenth rank with an overall

important index of 72.67.

GROUP-E: Construction Methods and Matrtial

This group of factors is related to the constructtieethods and materials specified in
the Saudi Building Code including type of constiarctmethods, availability of fire
resistive materials, testing laboratories, andithgact of the code requirements on

the project cost and design flexibility. As illuestied in Table 4.6, this factor comes in
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the fifth rank based on the average of importandees of all stakeholders. The sub-

factors included in this group are as follows.

E.1. the Type of Construction Methods Specified ithe Saudi Building Code

The Saudi Building Code illustrated a unigue cargton method that rarely used
such as wood and heavy timber construction, intexidihe fire resistive construction
methods and installation details are not currepthcticed and would require a long
time to be designed and implemented properly. llAstrated in Table 4.6, this factor

comes in the twentieth rank with an overall impottadex of 63.22.

E.2. the Type of Materials and Equipment Specifiedh the Saudi Building Code
The Saudi Building Code listed a lot of requirenserfor finishing material
specification along with the listing and testingather equipment and construction
assembly such as doors, glass, fire and smoke dampd fire resistive materials.
As illustrated in Table 4.6, this factor comeshe twenty-third rank with an overall

important index of 57.58.

E.3. Lack of Authorized Testing Laboratories and Agencis to Test and Certify
Building Products

The Saudi Building Code required some of the coith components to be tested
for a certain functions such as fire resistivityovtever, there are no sufficient
approved labs to perform the test in accordandbadJL standards. As illustrated in
Table 4.6, this factor comes in the eighth rankhvéh overall important index of

80.01.
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E.4. Lack of Listed and Classified Building Products inthe Local Market

The shortage of approved materials which have bestad and labeled in accordance
with the Saudi Building Code will affect the projescheduling. As illustrated in
Table 4.6, this factor comes in the seventeentk vath an overall important index of

69.92.

E.5.the Code Requirements Limit the Flexibility of Buildings Architectural
Design

The code requirements tend to limit the flexibildy architectural design as it limits
the area of open spaces, height, shape and evshirfigg materials. As illustrated in
Table 4.6, this factor comes in the twenty-sixthkravith an overall important index

of 48.96.

E.6. Implementing the Saudi Building Code Increases th@roject Cost

The code requirements will affect the initial cast the projects as additional
requirements are involved. Owners will resist sadditional expense. As illustrated
in Table 4.6, factor comes in the nineteenth raitk &n overall important index of

64.06.

GROUP-F: Professional Training

This group of factors is related to training of f@ssionals and inspectors including on
job training, undergraduate programs, training @enénd certification. As illustrated
in Table 4.6, this factor comes in the first rardséd on the average of importance

indices of all stakeholders. The sub-factors inetlith this group are as follows.
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F-1. Lack of Specialized Training Centers in the keld of Building Codes

There is no local accredited training center offfgra specialized training courses and
programs related to the building codes and staisdadss illustrated in Table 4.6, this

factor comes in the ninth rank with an overall impat index of 79.85.

F-2: Lack of Professionals Accreditation Programs

There are no effective accreditation programs fogireers which affects the
engineering practice. As illustrated in Table, 4tis factor comes in the fifth rank

with an overall important index of 82.65.

F-3: Lack of an Effective and Related on Job Traimg for Engineers and
Inspectors

The engineering subjects and code requirements daxeloped and changed
frequently, which requires effective and frequentjob training for engineers and
professionals. As illustrated in Table 4.6, ttastor this factor comes in the fourth

rank with an overall important index of 83.65.

F-4: Lack of Skilled and Certified Construction Laborers

The lack of skilled and certified laborers in uregobs that requires special skills will
affect the proper construction and installationboiflding systems as construction
contractors tends to hire labors for multiple atg#g. As illustrated in Table 4.6, this

factor comes in the sixth rank with an overall intpat index of 82.56.
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F-5: Lack of Certified and Trained Engineers in the Field of Building Code

The lack of trained and certified engineers inftakl of building code will affect the
implementation of the building code during the dasistages and construction

inspection. As illustrated in Table 4.6, this tactomes in the second rank with an

overall important index of 83.93.

F-6: Lack of Certified and Trained Building Inspedors

The lack of trained and certified inspectors wogkiior code enforcing authorities
will affect the implementation of the building codering the construction and turn
offer of the projects. As illustrated in Table Atbis factor comes in the first rank

with an overall important index of 88.06.

4.6. CONCLUSION

This chapter presented the assessment and rankirtgeofactors affecting the
implementation of the Saudi Building Code includithgg data collection methods,
sampling and result analysis. Twenty-six factorsrew&dentified to affect the
implementation of the Saudi Building Code and wassessed by 69 individuals
representing six different stakeholders. The assess reveals that the group of
factors can be arrange according to their impoitadites as follows
1. Professionals and laborers training and qualificattome in the first rank
with an important index of 83.48.
2. Public awareness and insurance role comes in tbenderank with an
important index of 78.27.
3. The practice of building authorities and designcef comes in the third rank

with and important index of 73.16.
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. Enforcement practice comes in the fourth rank vaithimportant index of
69.73.

. Construction methods and Materials come in thé fifink with an important
index of 63.96.

. Code Texts and language comes in the sixth anddaktwith an important

index of 62.46.
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CHAPTER FIVE

RECOMMENDED PLAN OF ACTIONS

5.1. INTRODUCTION

This chapter presents the proposed recommendatwasjiew of the proposed code
guidelines and a conclusion of the study. Lasedije of the research aims at
developing a plan of actions to facilitate the iepentation of the Saudi Building
Code. The plan of actions is developed based onhnearking with the practice of
Saudi Aramco. A set of criteria have been deterthioebe the key for the successful
implementation of Building Codes in Saudi Aramctese criteria are compared to
the current practice of the building authorities ander to define the area of

improvement.

5.2. MAJOR BENCHMARKING CRITERIA

The practice of implementing International Buildi@pdes by Saudi Aramco has

been studied. The practice can be summarized lasviol

I.  General Instructions and Engineering Procedures

The company has many standards and proceduresethdate every aspects of the

construction starting from the project proposalgstantil the facility is occupied.
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These procedures and regulations highlight theorespilities of each individual

department involved in the construction processeséhprocedures manage and

reduce conflicts, assign duties and control thdityua

. Structured Organization

The company structure allows each department tinbaved in the project in a
specific field. The contribution of each departmisradministered and coordinated by

a single department who has the primary respoitgibil administer all projects.

1. Professionals Development

All professionals pass through a sequence of onrfphing courses and development
assignments with prime attention to their job. Tokes of each professional in any
single project are assigned to him with respettisdoackground and previous related

training.

V. Standardize Materials & Material Supplier

The company has a list of approved constructioreras and approved vendors to

overcome substandard materials. Such materialsemdbrs are reviewed regularly.

V. Combined Facilitative and Restrictive Enforcem@rgctice

Besides using restrictive enforcement techniqueb a8 violation notices, stop work
order and contractor's violations penalty, there ather facilitative techniques

including engorgement, awareness publications anloiaV notices.
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VI.  Awareness of the Importance of the Code

There are strong safety awareness programs withencbmpany which aim at
reduction of injuries and major incidents. The ctiemze of code and standards and

their importance is part of these periodical progga

VII. Initial Violation Tracking System and Life Cycledpection

Projects pass through a sequence of stages; eayhrsteds to satisfy a certain level
of code and standard compliance. During designestafe approval of project
proposal depends on it compliance with code remerds. During the construction
stages no facility is allowed to be occupied uniesemplies with code and standard
requirements. The Mechanical Completion CertifisgtdCC) is signed by different
departments. Prior to signature, each departmentiges a list of exception items
which must be corrected prior to their signaturailufe to implement any exception
leads to rejection of the MCC and the operatiotheffacility. On the other hand, and
during the life cycle of the facility it is inspext frequently under the Quarterly

Safety Inspection program (QSI).

5.3. COMPARISON BETWEEN THE PRACTICE OF SAUDI
ARAMCO AND THE LOCAL BUILDING AUTHORITIES

This section includes a comparison between thetipeaof Saudi Aramco pertaining
to the implementation of the building code and therent practice of the building
authorities. As illustrated in Table 5.1, severnetia have been determined to be the

major reasons for the successful implementatiorthef building code by Saudi
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Aramco. These criteria are compared to the practidde local building authorities

and found that they are not following the eightesra effectively.

TABLE 5.1: Benchmarking Criteria with Saudi Aramco

Benchmarking Criteria Saudi Aramco Local Authorities
1 General Instructions and
Engineering Procedures to regulate
_ ' Yes No
the design and construction pf
projects.
2 Structured organizational hierarchy
where the roles of each department Yes No
are clearly identified.
3 Planned and continuance on-Job
. _ Yes No
training for A/E professionals.
4 Standardized and approved
] . Yes No
construction materials.
5 Combined facilitative and
o _ Yes No
restrictive enforcement policy.
6 Effective Awareness programs Yes No
7 Effective  Violation  tracking
Yes No
system

5.4. RECOMMENDED PLAN OF ACTIONS

The study’s major findings indicate a lack of ps#®nal trainings and public
awareness, absence of written engineering proceaune violation tracking systems
and overlapping of responsibilities. Accordinglyiete is a need to resolve these
major items prior to or along with the implemertgatiof the Saudi Building Code.

The recommendations are classified into long tenchshort term as follows:
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5.4.1.Part-One: Short-Term Recommendations

1. Training:
* It is recommended to conduct temporary buildingectchining and
certification programs for the current engineerimgrkforce in both
A/E design offices and the building authorities a#ments. The
training programs should be conducted in coordimawith the Saudi
Council of Engineers, the International Code Colyacid the National

Fire Protection Association.

2. Public Awareness :

e It is recommended to conduct awareness campaigrughr public
media to highlight the importance of building codesl standards and
for public and engineering workforce.

* It is recommended to conduct awareness workshop#\/te design
offices, building authorities and A/E professionats different

locations.

3. The Practice of Building Authorities and A/E DesignOffices :
It is recommended that the municipalities and cidefense
departments subcontract the building code reviesvapproval for the
government and public projects to a consultantceffior company

with acknowledged experience with building code.
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4. Enforcement Practice :

* It is recommended that the Municipalities implementbuilding
certificate of occupancy program for public and g@omental
buildings. The certificate of occupancy should mned by different
parties including project owner, building auth@#j designer and
construction contractor.

5. Construction Method and Materials :
* It is recommended to assess the current marketirargstigate the

availability verses the shortage of approved malteri

6. Code Text and Language :
* It is recommended to develop additional code voluelated to the

private residential villas and houses.

5.4.2. Part-Two: Long-Term Recommendations

1. Training:

* It is recommended to develop two years Buildingpatdors Diploma
program within the technology or community collegése curriculum
of such a program should include multiple fieldooilding inspections
with prime focus on the requirements of buildingles and standards.

* Itis recommended to develop building code and ttao8on standards

courses and add it to the curriculums of all Engrimgy Collages.
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It is recommended to develop Professionals TraiRiolicy (PTP); this

policy should involve the yearly on-job trainingyterements for each

professional.

2. The Practice of Building Authorities and A/E DesignOffices:

As illustrated in Figure 5.1, It is recommendedegiablish a Higher
Commission for Projects (HCP) to administer all gavmental and
public projects under the ministry of finance im@er to ensure quality,
durability and code compliance as follows :

i. Transfer the duties of all project departments wvittall
governmental departments to the higher commissidrkaep a
small team for maintenance and minor renovationgepts.

ii. Transfer the major roles of building permits degemt within
all municipalities to the commission.

iii. Establish a Building Code Department within the HGP
review and approve all projects.
iv. Establish support departments such as Material ureatent

and Contracting Department ,



Request for a project.
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l
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v

v
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Municipalities

Civil Defense

Others

HCP (Building Code Div.

Check for:

1. Hygienic and sewer
requirements.

2. Lland use regulations.

3. Architectural
requirements such as
elevations and
materials.

Check for 1.

1. Accessibility for fire
trucks.

2. Proximity and type of 3.
fire hydrants.

3. Location of Fire

Electrical Company.
National Company for
Water.

Check for all code
requirements

Other Government
Departments as needed

Department
Connections.

4.  Location of fire fighter
access.

5.  Building numbers.
Fire Alarm
connectivity to
command center

HCP:

Implement all comments
and proceed to project
Detail Design

Figure 5.1: Proposed Project Process by the HiGbemmission of Projects
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* It is recommended to establish building insuranckcyp for existing

and new public and governmental projects. Insuraoempanies
should take the responsibility of the periodic Egjon of such
facilities.

* It is recommended to establish statistical dataldasebuilding fire
incidents by GACD to be utilized as reference fseaarches and code

developments.

» It is recommended to develop Engineering Proceduaresordination
with best in practice organizations , these prooegslshould involve
the following:

a. Describe the role and duty of each organization the
construction industry in Saudi Arabia.
b. Describes the project phases and the requirementgdch

phase.

* It is recommended to develop A/E design officessgfécation
program based on predetermined criteria includirgegences and
engineering qualification. This program should ilveothe following:

i. Specify the type of projects by nature, size amtahthat each
office is allowed to handle.

ii. Develop a Yearly Evaluation System (YES) for A/Esige
offices. The system should be based on positive reagative

points linked to the approval of licenses renewésign
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violations noticed by building code enforcement reges

should be added to the system as negative points.

* It is recommended to develop Professionals Acai&dit Program
(PAP). This program should involve a professioraking system
which specifies the role and duty of each professio the
qualification, years of experiences and trainingureements. Those
professional in charge of building code enforcemsuld obtain a

related certificate to be accredited as buildindecofficials.

* |t is recommended that the Saudi Standards, Majyodmd Quality
Organization should invest in building materialstitegy laboratories
in coordination with Underwriter Laboratories inder to enrich the

local market with approved materials.

5.5. RECOMMENDED BUILDING CODE GUIDELINES

Objective four of this study was to develop andceassa set of guidelines to help A/E
professionals interpreting the fire protection liegments of the Saudi Building Code.
As detailed in Appendix-B, the guidelines include trequirements related to the

design stage. The bases of the developed guiddimesummarized in Figure 5.1.
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Base References

Case Studies
Multiple Desigr Reviews

200z IBC, Architectural
Application for Designer
(By International Code Council )

Proposed Sauc - —

Building Code Desigr StageRelatec International Building Code Proposec
(Fire Protectio ' g Requirements == Commentary , 2003 =) Guidelines
Requirement} (By International Code Council )

200z Building Code lllustrated
(By Ching, F.D and Winkel, SR)

Local Building Permit Process,
Construction Materials and
Construction Methods

Figure 5.2The Development Process of the Guidelines

5.5.1.Guidelines Overview

The guidelines consist of three chapters includirgmajor and fundamental design
related code requirements as follows:

.  Chapter One: Basic Code Requirements

This chapter includes step by step explanationotmupancy classification, type of
construction, building area and height limitatiolaccupant load calculations.

Il. Chapter Two: Fire Resistance Construction

This chapter includes step by step explanationsfarctural elements fire proofing,
fire compartments, opening limitations and firetpotion.

[1l. Chapter Three: Mean of Egress

This chapter includes step by step explanatiorifferdesign of width, length, height

and other significant details of the mean of egress
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5.5.2.Guidelines Technigues

The guidelines divided the code requirements basetheir sequence during design
starting with the fundamental requirements that racuired to navigate the code
followed by other requirements that depends on ftmelamental analysis. For
example, to decide if sprinkler system is needed facility, the type of occupancy,

the occupant load and building area need to berrdeted first. Therefore, the

guidelines of determining occupancy classificatioalculating occupant load and
building area are presented first. Each chapteresdds a major group of code
requirements organized in sections, and each sectiotains a group of steps. Each
step is referenced in accordance with the equivaention in the Saudi Building

Code. Some Tables and Figures are developed aidizgd based on the Saudi

Building Code or the referenced standards and Codes

5.5.3. Guidelines Summary

The following Figures provide illustrative summanfythe content of the guidelines.



Occupancy Classification Guidelines

[ Step -1 J

Classify the Occupancy

Assembly (A1, A2,A3,A4,A5)

Business, (B)
Educational, (E)
Factory, (F1, F2)

High-Hazard, (H1,H2,H3,H4,H5)
Institutional, (11, 12, 13, 14)

Mercantile, (M)

Residential, (R1, R2, R3, R4)

Storages, (S1, S2)

Utility and  Miscellaneous,
Group U
v
¥ Determine the Level of
Step -2 |
Occupancy
v

A 4

Single Occupancy

v

A 4

Mixed Occupancy

v
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The entire building i
used for one use and no
accessory spaces exceed
10% of the total floor are

A 4

floor area

The entire building i

used for two or more uses
and /or accessory spaces
exceed 10% of the total

Select one of the following

|

|

Apply the most restrictive
requirements required fof
any of the occupancy for
the entire building

Separate each occupanc
by fire barrier, and apply
other code requirements
individually

'

il

A

Go to Step-3

Figure 5.3: Guidelines for Determining the Occupa@tassification
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Occupancy Classification

Check for the requirements of
special use occupancies
v

1. High-rise (23m above the
grade level accessed by fire
department truck).

2. Atrium.

3. Covered Mall (one building
enclosed a number of tenant
and occupants).

4. Underground building
(building has an occupied
floor 9.2 m below the exit
discharge).

5. Motor-Vehicle parking garage,

fuel dispensing facility, repairs

garages.

High rack storage.

Liquefied Petroleum Gas

No

A 4

Go to the Guidelines of Type
of Construction

Figure 5.3: Guidelines for Determining the Occupea@tassification Cont.)



Type of Construction Guidelines

Step -1 | Classify the type of Construction

Type-I (1A, 1B)
Type-II (IIA, 11B)
Type lll
Type-IV
Type-v

!

v Determine if Structure element

Step -2 l fire proofing is required based @

all the following cases

[

A 4
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A 4 A 4

\ 4

Case-1 Case-2 Case-3
v v v
Is the building classified Does the exterior wall Does the basic building
as: high-rise, airport located within 9.1 m fromn area exceed the maximum
control tower or 9 lot line or other building allowable floor area listed
underground building* or the centerline of the in SBC-801, Table 3.3?
street.
Yes No
Apply the Fire Resistance No need to protect the
Construction Guidelines Structure Elements

Figure 5.4: Guidelines for Determining the TypeGaistruction.
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Building Area and Height Guidelines

Step -1 Calculate the Building Area & Height

Does the building classified as unlimitg
Yes Building (See the five cases described in
section three, Step -2.1)

D
o

A\ 4

No

A 4

Does the Building area equal to or less

than the basic allowable area and height

listed in SBC-801, Table 3.3

A 4 A 4

Yes No
A 4 l l
The area _and height are Step -3 | Adjust the building area
not required to be and/or height using one ¢r

adjusted more of the four

approaches described |n
chapter one, section
Three.

'

Go to the Guidelines of Fire
Resistance Construction

Figure 5.5: Guidelines for Determining the BuildiAgea and Height
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Fire-Resistance-Rated Construction Guidelines

A. Structural Members

A

Step -1 - Does the Structural Elements meat one or all of the
following cases

!

Csae-1: the type of construction is fire resistance

No

\ 4

A

Yes Case-2:the structural members located within fire

resistive elements such as walls or slab.

Step -2 R Select the proper flre—rajﬁg:][ln hour from Sbc-8@ible

A 4

EN
Step -3
No Need
Determine the required thickness for the fire pirpf to protect
material using one of the following methods the
structural
members

1. Method-1: Prescriptive thickness listed in tables ,
Refer to SBC-801, Section 4b.20 & tahble
4b.20.1(1)

2. Method-2: Protective covers are established |by
calculation. Refer to SBC-801, as follows:

a. For concrete assemblies refer to Section
4B.21.2.
b. For concrete masonry refer to Sectipn
4B.21.3.
c. For clay brick and tile masonry refer to
Section 4b.21.4
d. For steel assembly refer to sectipn
4B.21.5.

Figure 5.6: Guidelines for Determining the Fire Rtgity of Structural Members



B. Exterior Wall Guidelines

Step -1 .| Does the distance from the building exterior wedione
"| or all of the following lines less than or equél :
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1. Lot line(s).
2. Centerline of the street, allay or public way.
3. Imaginary line between the building and other

building/s in the same lot.

\ 4
Step -2 » Select the Proper Fire-Rating in Hour in accordamitie
SBC-801, Section 4B.4.4

Step -3

Construct the wall according to SBC-801, Sectiom4B
Section 4B.4.6 and 4B.4.13

Yes

A

A

-

Step -4

Determine the maximum allowable area of openings|in
accordance with SBC-801, section 4B.4.8

i

-

Step -5

Determine the proper protection for vertical separeof
openings in accordance with SBC-801, Section 48:4.9
Section 4B.4.1

-

Step -6

Provide wall parapet in accordance with SBC 801,
Section 4B.4.11

-

Step -7

Go to Opening Protection Guidelines

No

A 4

END

Exterior
Wall
Protection
is note
required

Figure 5.7: Guidelines for Determining the Fire Rtxgity of Exterior Walls.
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C. Fire Wall Guidelines

[ ' ?
Step -1 . Do any of the following cases apply~ s NoO
Case-1:The building attached to another building a
Yes |« lot line.
Case-2:The building floor area exceed the maximum
allowable and can’t be adjusted by other approach
described in chapter one of these guidelines
A 4
R Select the Proper Fire-Rating in hour from SBC-801
SiepL2 — Table 4B.5.4
A 4
END
Step -3
Fire Wall is

Construct the wall according to SBC-801, sectiorb4h

Section 4B.5.5 and Section 4B.5.6 not required

Step -4

Determine the maximum allowable area of openings jin
accordance with SBC-80, section 4B.5.8

Step -5

Go to Opening Protection Guidelines

Figure 5.8: Guidelines for the Construction of Rivalls.



D. Fire Barrier Guidelines
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Step -1 | Is a fire barrier required in accordance with ariythe
"| following sections of the code?

Shaft Enclosure as listed in SBC-801, Section 4B.7.
Exit Enclosure as listed in SBC-801, Section 8.19.
Exit Passageway as listed in SBC-801, Section 8.2D
Horizontal Exit as listed in SBC-801, Section 8.21
Atrium as listed in SBC-801, Section 2B.4.
Incidental Use as listed in Table 2A.2.1.1.

Control Area as listed in SBC-801, Section 2b.14.2.

Yes |«

ITOMMOOw>

2A.2.3.2.

Separation of mixed occupancy as listed in Table

A 4

No

A 4

Step -2 R Select the proper fire-rating per hour for eacletgp
R i barrier in accordance with SBC-801, Section 4B.6.3

END

Fire barrier
is not
required

Step -3

Construct each fire barrier in accordance with SEBXT;
Section 4B.6.4 and 4B.¢

4

Step -4

Determine the maximum allowable area of openings |in
accordance with SBC-801, section 4B.6.7

Step -5

‘ Go to Opening Protection Guidelines

Figure 5.9: Guidelines for the Construction of Fariers.
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E. Fire Partition Guidelines

Step -1 R Is a flre part|t'|on required in accordance with afythe . No
following sections of the code?
A. Dwelling units in the same building.
B. Sleeping units in hotels , group R-1, R-2 and I-1
C. Tenant spaces in covered malls as listed in segtion
Yes |« 2B.2.7.2.
D. Corridors as listed in SBC-801, Table 8.16.1
A 4
! END
Step -2 | Select the proper fire-rating per hour for the figgtition _ N
P > in accordance with SBC-801, Section 4B.6.3 Fire Partition
is not
required

Step -3

Construct fire partition in accordance with SBC-801
Section 4B.6.4 and 48.4

Step -4 l

Determine the maximum allowable area of openings in
accordance with SBC-801, section 4B.8.6

Step -5

‘ Go to Opening Protection Guidelines

Figure 5.10: Guidelines for the Construction oeHnartitions.
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F. Smoke Partition and Smoke Barrier Guidelines

A

Step -1 ,| Are smoke p.art|t|on and smoke .barrler .requwed | No
accordance with any of the following sections oé th

code?

1. Atrium as listed in SBC-801, section 2B.4.4
2. Covered Mall as listed in SBC-801, sectipn

Y B 2B.2.8.1.
es « 3. Underground buildings as listed in SBC-8Q1,
Section 2B.5.4. and 2B.5.5
4. Group I-3 as listed in SBC-801, Section 2B.8.6.
5. Area of Refuge as listed in SBC-801, Section
8.7.6.
A 4
| END
Step -2 | Select the proper fire-rating per hour for the sebérrier
P g in accordance with SBC-801, Section 4B.9.3 Smoke
barrier and
Smoke
Step -3 Partition are
Construct smoke barrier and smoke partition | i not required

accordance with SBC-801, Section 4B.9.4 and 4B.10.4

respectively
Step -4 l

Determine the maximum allowable area of openings in
accordance with SBC-801, section 4B.9.5 and Sectipn
4B.10.5 respectively

Step -5

‘ Go to Opening Protection Guidelines

Figure 5.11: Guidelines for the Construction of &meartitions and Smoke Barriers.



G. Penetration and Openings Protection Guidelines
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Step -1

.| Are openings or penetrations protection required| as No
"| highlighted in the guidelines of exterior wall, efimall,
fire barrier, smoke barrier, fipartition?
¢ A 4
END
Yes
v Opening

A 4

Step -2

Select the type of protection required

protection is

!

Penetration Protection

| !

not required

Openings Protection

!

Doors &
Windows

l

Ducts & Air
Transfer openings

Membrane Through
Penetration Penetration
SBC -801, SBC -801,
Section 4B.12.4.2 Section 4B.12.3.1

SBC -801, Section
4B.15

SBC -801, Section
4B.16

A

y

See Chapter-2, Section-5 of the Guidelin%s

Figure 5.12: Guidelines for the Protection of Peateins and Openings.



Means of Egress Guidelines

Step -4

Step -5

Step -6

EEE|

Step -7

|

Step -8

|

Figure 5.13: Guidelines for the Construction of Meaf Egress (Step-1 to 8).

Step -1 Classify the building and interior spaces
\
Step -2 Calculate the occupant load
\
Provide the right number of exit or exit accessrdays for the
Step -3 selected space or building

Reference: SB-801, Section 8.14 and Section €

Maintain proper distance between exits, or exit eas(
doorways

Reference: Reference: S-801 , Section 8.14

Maintain proper travel distance from the most rempbint
within the story to the entrance of an exit.

Reference: SB- 801, Section 8.1

Check exit access layout

¢ Exit through intervening room (Section 8.13.2).
¢ Common path of egress (Section 8.13.3).
« Dead ends (Section 8.16.3).

Design for the change in elevation at the meargEss

Reference: SBC-801, Section 8.3.5

Calculate the width of the required means of egress

Reference: SBC-801, Section 8.5 and 8.8

148
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Means of Egress Guidelines

Check the door clear width and door leaf size.

Step -9 Reference: SBC-801, Section 8.8

Check the door height and the allowable projediitm the
Step -10 door clear width and height.

Reference: SB-801, Section 8.8.1.1 and 8.1.

Check the swing direction of doors.

Step -11 Reference: SBC-801, Section 8.8.1.2

Check the floor elevation on each side of all

Step -12 Reference: SBC-801, Section 8.8 .1.4

Check the details of door landing

Step -13 | | ooterence: SBC-801, Section 8.8 .1.5

Check the details of the thresholds at doorways
Step -14

Reference: SBC-801, Section 8.8 .1.6

Check the location of the door hardware

Step -15

Reference: SBC-801, Section 8.8 .1.8

Check the specific details for locks, latches azi@
Step -16 hardwires

Reference: SB-801, section 8.8.1.8.1 through 8.8.1.

LEEEREERE

Figure 5.14: Guidelines for the Construction of Meaf Egress (Step-9 to 16).
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Means of Egress Guidelines

Check that exits are obvious to the building ocoti@and not
Step 17 obstructed
Reference: SB-801, Section 8.8

Check the space between two doors in series.

Step -18 | | Reference: SBC-801, Section 8.8.1.7

Check the acceptable projection into mean of egress

Step -19 | | o oterence: SBC -801, Sections 8.5.2 & 8.9.4

Check the general requirements

Step -20 Reference: SBC -801, Sections 8.3.4, 8.3.6 & 8.3.7.

Figure 5.15: Guidelines for the Construction ofavie of Egress (Step-17 to 20).

5.5.4.Experts Assessment

The developed guidelines were reviewed and assebgedix Building Code
specialists working for Saudi Aramco with substanivorking experience between 7
years and 20 years using an assessment quest®Appendix-D). The respondents
were asked to evaluate and rate the guidelinesllasvt:

1. Clear: in term of language.

2. Simple: effortless to comprehend by the reader.

3. Consistent:free from contradictory rational.

4. Comprehensive :content covers all cases or scenarios

5. Methodical: orderly displays the process followed.
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The respondents have five options as follows: gisoagree, agree, disagree, and

strongly disagree and no opinion. Each responsecighted on a four points scale
and the importance indices for the responses warellated using equation 1.1 and

grouped to reflect the respondent rating as folibyd-Homoud and Mousa, 2004):

Importance
Category

Index Range
87.5<IE<100 Excellent
75.0<1E< 87.5 Very Good
62.5<IE <75.0 Good
50.5<IE<62.5 poor
0.0<IE<50.5 Extremely poor

As illustrated in Table 5.1, the results indicathdt the guidelines were rated as
excellent in term of clarity, simplicity, consistgnand methodology and rated as very

good in term of comprehensiveness and that duehéo limited scope of the

guidelines.

Table 5.2: Results of Experts Assessment for thedlines

()
o )
— (@)] 9
G;) .8 g © 2 Importance _
Category @ &) =2 <) > Rating
<c§ 7: g < = index
c o
Z o =]
& n
Clear - - - 2 4 91.66 Excellent
Simple - - - 3 3 87.50 Excellent
Consistence - - - 2 4 91.66 Excellegnt
Comprehensive i ) 4 > 8333 Very
Good
Methodical - - - 2 4 91.66 Excellent
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5.6. CONCLUSION

This chapter presented the recommendations tatéeilthe implementation of the
Saudi Building Code. These recommendations arelales® based on benchmarking
with the practice of Saudi Aramco and based ontweeassessments carried out by

this study.

The recommended plan of actions is divided intatstesm and long-term, the short
term requirements need to be implemented as sopossible to overcome existing
obstacles and implement the code in shorter timéereas the long term
recommendations will eliminate the long term effecf existing and predicated

obstacles.
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Appendix—A

Questionnaire
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QUESTIONNAIRE (ENGLISH FORM)

PART-1 : RESPONDENT GENERAL INFORMATION

Please answer the following questions by placingica(y ) on the
appropriate answer

1. The organization or the firm you work for is : (chose only one answer)
0 National Committee of the Saudi Building Code (NC3B

O General Administration of Civil Defense (GACD

O Saudi Council of Engineers (SCE)

O Saudi Standards, Metrology and Quality OrganizatiefiSO)

O Municipality

0 Design /Consultant Office

2. Your role in the organization /firm is: (you may select more than one answer)

Owner Manger Consultant Member Department
O O O O Manger
O
Project Manger Architect Engineer Code specialist  Other
O m O (specify)
O

3. Your experience in the organization /firm is:
More than 20
1-5 years 5-10 years 10-15 years 15-20 years years

O O O O O

4. Your experience with Building Code is:
1-5 years 5-10 years 10-15 years More than 15 years No experience

O O O O O

PART-Il: FACTORS AFFECTING THE IMPLEMENTATION
OF THE SAUDI BUILDING CODE:

This section lists many possible factors that nfégcathe implementation of the
Saudi Building Code. You are kindly requested tacpla tiqy) in the appropriate

box which reflects your opinion
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Ex| 258y |25 23
Lov|loo|loo o9 VO
%5 5585 65| 8%
w s a

1 | The original version of the Saudi code is writiten
English language

2 | The translation of the English Version of theeod
to Arabic Version

3 | The type of construction methods specified in the
Saudi Building Code

4 | The type of materials and equipments specified jn
the Saudi Building Code

5 | lack of authorized testing laboratories and aigsn¢
to test and certify building products

6 | lack of listed and classified building productshe
local market

7 | The Code requirements are subject to different
interpretations among the A/E professionals

8 | Mixing of old regulations or other standers
requirements with the Saudi Building Code
requirements

9 | The code requirements limit the flexibility of
buildings architectural design

10 | Implementing the Saudi Building Code increases
the project cost

11 | Implementing the Saudi Building Code increases
the working load of your office

12 | Lack of a written building inspection policy can
procedures by the building authorities

13 | the tendency of using a restrictive implemeatati
policy( violation, fee, stop work orders)

14 | Lack of a violation tracking system.

15 | Lack of continuous Coordination between the
building code authorities

16 | Lack of continuous coordination between the
design offices and building authorities

17 | Overlapping of responsibilities between building
authorities

18 | Lack of A/E Design Offices classification

19 | Lack of specialized training centers in thedfief
building Codes

20 | Lack of an effective role of insurance companies

21 | The low awareness of the public about the
importance of building code

22 | Lack of professionals accreditation programs

23 | Lack of an effective and related on job trainfiog
engineers and inspectors

24 | lack of skilled and certified construction laber

25 | Lack of certified and trained engineers in tb&f
of building code

26 | Lack of certified and trained building inspestor
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PART-IlIl: THE PRACTICE OF A/E DESIGN OFFICES

Please answer the following questions by placingca(y) in the
appropriate box

1. The designoffice years ofexperience is

1-5 5-10 10-15 15-20 More than
i i i | 20
O
2. The number of engineers in theoffice is :
5-10 10-15 15-20 20-25 More than
i i i | 25
O
3. The major type of projects the officeundertaken are:
Architectural Civil Electrical / Industrial Multiple
Mechanical
O O O O O

4. Which one of the following project owners you mosyl deal with : (you may selec
more than one answer)

o Government.

o Private sectors.

0 Other (please SPECIfY......cuvivrrieineiereniineee e )

5. What are the current building code used in your dice: (you may select more than
one answer)

0 The National Fire Protection Association codes (NFPA).

o The International Code Council Codes ( Such as IBC, IFC, IMC...etc)

o Civil Defense regulations

0 Municipalities Regulations

0 Other, (SPECITY)...ouieeiereeeeeeeee ettt et ettt

6. Which type of buildings does your office, the pragct owner, civil defense
municipality consider the most important when dealng with building code: (you may
select more than one answer)

0 Commercial O Large Storages
O Residential O Multistory buildings
a Industrial o Public

0 other, please specify......cccovevvececicnnnne

7. How would you rate the level of cooperation betaen your office and the project
owner during design stage to address the safety regements?
Very good Good Week Very week No cooperation
O O O O O

8. How would you rate the level of cooperation beteen your office and civil defense
and municipalities to address safety requirements?
Very good Good Week Very week No cooperation
O O O O O

9. Do you have specialized engineer or trainedresggito address the building code and
safety regulations during design:
o Yes o No
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No.

Factors

Always

Sometime

No

answer

Rarely

Never

10

Do you charge your client once change
are required by Civil Defense or
Municipalities?

11

Do you review drawings to ensure
compliance with current safety

regulations before you send it for review?

12

Does the project owner resist
implementing building code
requirements once it has cost impact?

13

Do you analyze the building code
requirements at the early stages of the
project?

14

How often the Civil Defense updates
your office about its regulations?

15

How often the Municipality updates you
office about its regulations?

=

16

Do you suggest additional measures
which are not specified in the current
building code you use?

17

Do you face a problem with young Sau
engineers who have no background in
building codes?

18

Do you consider building code
experience prior to hiring new engineer,

19

Does the project owner request changg
after the drawings approved by
municipality and civil defense?

Yes( ) No ()

If yes , does your office obtained the
approval of the code authority on the

S

changes

Do you Have any additional Comments
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QUESTIONNAIRE (ARABIC TRANSLATION)
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Appendix —B

Recommended Guidelines for Fire
Protection Requirements
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Introduction:

The scope of this document explains the major fire protection requirements
addressed in the Saudi Building Code Volume # 801 and required by the
designer to establish an effective code analysis during the design stage. This
document does not cover all the requirements addressed in the Saudi

Building Code. It consists of three Chapters as follows:

Chapter-1: Basic Code Requirements
Chapter-2: Fire Resistance-Rated Construction.

Chapter-3: Mean of Egress

Each chapter contains step-by-step guidelines to achieve the major code
requirements, exceptions and other code requirements shall be obtained from

the original code volume.
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CHAPTER ONE
BASIC CODE REQUIREMENTS

This chapter provides fundamentals steps in which the building code
requirements can be easily navigated and incorporated during the design
stage. This chapter is divided into three sections where each section
addresses an important issue of the code. A/E professional needs to conduct

the following fundamental steps before navigating through the code.

Step One:  Occupancy Classification
Step Tow:  Type of Construction material

Step Three: Building area and height Adjustment
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SECTION ONE: OCCUPANCY CLASSIFICATION

The building code classifies a building based on the intended use (occupancy)
into ten groups and some groups are subdivided into subgroups. The
occupancy is classified into different types based on the function of the
building, occupant nature and number of occupants. The code requirements

can't be addressed or applied smoothly without classifying the building.

Step-1: Classify the Occupancy
A- Specified Building Occupancy:
Classify the building occupancy into one of the following groups which been
specified in the code.

= Assembly, (Al, A2,A3,A4,A5)

= Business, (B)

= Educational, (E)

= Factory, (F1, F2)

» High-Hazard, (H1, H2,H3,H4,H5)

= Institutional , (11, 12, 13,14)

= Mercantile , (M

» Residential , (R1,R2,R3,R4)

= Storages, (S1,S2)

= Utility and Miscellaneous , Group U
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B. Unspecified Building Occupancy:
Step-1.2
If the building is not specified in the code, then classify the building into a

group that most nearly resembles.

Step-2: Determine the Level of Occupancy

The building occupancy need to be categorized under one of the following
types:

A. Building with One

Occupancy :

Check if the entire building is

used only for one occupancy

Step'ZZA 0\— Building Main Occupancy

Ensure that the aggregate area

%
“— Incidental use . SBC-801, Table 2A.2.1.1

of accessory spaces is equal to 2 gt

S
“— Accessory use less than 10% of the enire floor area

or less than 10 % of the total
floor area, otherwise categorize it

as Building with Mixed occupancy

Classify the building as single

<

— Building Main Occupancy (occupancy#1)

occupancy and implement the code

+

Incidental use . SBC-801, Table 2A.2.1.1

requirements accordingly.

Accessory use more than 10% of the enire floor area (occupancy # 2)

& &

Building occupancy # 3



175
B. Building with Mixed Occupancy:

Check if the entire building is used for two or more occupancy.
Ensure that the aggregate area of each occupancy and the aggregate area of
all accessory spaces are more than 10 % of the total floor area of building,

otherwise categorize it as Building with one occupancy.

Select one of the following approaches:

1. Don't separate the occupancies or accessory spaces from each other
by fire barrier, provided that the most restrictive type of construction
and fire protection systems of any occupancy applied to the entire
building, or

2. Separate the occupancy from each other by fire barriers and apply the

code requirements for each occupancy individually.

Step-3: Check for Special Occupancy Requirements
The building might contain or have special use occupancy which requires a
special code requirements if any of the following conditions arise:

1. High-rise (23m above the grade level accessed by fire department

truck).

2. Atrium.

3. Covered Mall (one building enclosed a number of tenants).

4. Underground building (building has an occupied floor 9.2 m below

the exit discharge).
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5. Motor-Vehicle related occupancies
6. High rack storage.

7. High Hazard Occupancies

SECTION TWO: TYPE OF CONSTRUCTION

The type of construction is determined by the construction elements
combustibility and fire proofing characteristics. The structural elements that
are considered in classifying the type of constructions are:

1. Structural frame (Columns, beams, girders, trusses and
spandrels having direct connection to the columns, and
bracing designed to carry the gravity load.

Interior and exterior bearing walls (walls that carry load).
Interior and exterior Non-bearing walls

Floor construction

o ~ w0 DB

Roof construction.

Step-1: Classify the Type of Construction
The type of construction is classified based on the combustibility of the

construction materials in one or more of the following types:

= Type | and Type Il: All structural elements are noncombustible
materials or have limited combustible materials as allowed in SBC-
801, Section 4A.3.1.

= Type Illl: Mixed of non combustible materials on the exterior

envelope and combustible construction for interior construction.
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= Type IV: Heavy Timber structural members, wood floor decking
inside noncombustible exterior walls.

= Type V: combustible materials, basically wood structural frame.

The building code categorized these five types of construction based on the
fire resistivity of the construction elements as listed below:

* Type-IA : 3hour fire resistive construction.

 Type-IB : 2 hour fire resistive construction.

 Type-llA : 1 hour fire resistive construction.

* Type-lIB : not fire resistive.

 Typelll, IVand V

Step-2: Determinant if the Fire Proofing of the Con  struction
Elements is required.
The construction elements of a building are required to be protected to

increase its fire resistivity and avoid building collapse during fire.

= Gypsum Board fire-rated — Concreat , sprayed
/ steel encapsulation steel encapsulation

Protected —/

protected —'

/ Unprotected —
Unprotected —
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The building code requires a fire proofing of structural elements only in the
following cases:
Case-1: if the building is classified as one of the following special
occupancy:
a. High rise building.
b. Airport control tower with a height of more than 25.9 m
in type | and Il and of more than 19.8 m in type IIl.
c. Underground buildings.
Case-2: The exterior wall need to be protected if the distance between
the exterior walls and other building , lot line, centerline of street and
public way is less than or equal to 9.1 m.
Case-3: if the basic building area exceeded the tabulated allowable
floor area, Table 1.1 (SBC-801, Table 3.3), plus the allowable increase

for non fire resistive type of construction.

SECTION THREE: BUILDING AREA AND HEIGHT

The third basic code requirement is to check the building area and height

against a predetermined value.

STEP- 1: Calculate the Building Area and Height

The building floor area shall include the entire area of the building surrounded
by exterior walls or fire walls or located under the projection of roof or floor
above. There are special cases that are not included in the aggregate

building area, height or numbers of stories, these cases are:



1. Open Shafts and
Courts: The area
of open shafts and
courts shall not be
calculated as part
of the building

area.
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open shaft not included —
in building area

— Court not included

P in building area

|

areas not under —
roof extention
are no included

in building area - areas under roof and floor extention

are included in the building area.

2. Mezzanine: The floor area of the intermediate level between the floor and

ceiling of any story is not included in calculating the building area if the

aggregate area of the mezzanines meet any of the following cases:

I. Case one:

if the area of the mezzanine is one-third or less of the

floor area of the room or space in which they are located.

/— Mezanine is 1/3 the floor area .
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Il. Case two: if the mezzanine floor area is half of the floor area in
which it is located and the building is equipped with sprinkler system

and voice/alarm communication system.

— Mezzanine is 1/2 the floor area
building has sprinkler systesm
and voice/alarm communication

lll. Case three: if the mezzanine floor area is two third or less of the
floor in which it is located and located in any facility designed to
house low-hazard industrial processes that require large areas and
unusual heights to accommodate crane ways or special machinery
and equipment including, among others, rolling mills, structural
metal fabrication shops and foundries, or the production and

distribution of electric, gas or steam power.
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3. Basement: the part of the building that partially or completely below
the average of the finished ground level adjoining the building at
exterior walls shall not be considered a story and shall not contribute
to the building number of stories or area limitation. The basement is

considered a story and contribute to the number of stories and area

Mezzanine is 2/3 the floor area —,

kY

.

%
" / /
\.\ N
L "
limitation of a building only if one of the following cases is arise:
I. Case one: If the finished floor of the floor above the basement
floor is 1.83 m above the grade plane (average of the grade

level around the building measured at 1.83 m of the exterior

walls).
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Second floor

First floor

*

More than 1.83 m

Grade Level

Grade Plane:
the avergae of grade levels surounding
the exterior of the building

IIl.  Case Two: If the finished floor of the floor above the basement
floor is 1.83 m above the finished grade for more than 50 % of

the building exterior parameters.

Second floor

Finished Grade Level

First floor

More than 1.83 above finsihed grade level form more
than 50 % of the building perimeters.

Ill. Case Three: If the finished floor of the floor above the

basement floor is 3.66 m above the finished grade level.
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Second floor

First floor

More than 3.66 m

Grade Level

Grade Plane:
the avergae of grade levels surounding
the exterior of the building

4. Penthouse: the unoccupied and enclosed structure above the roof of
the building other than a tank, tower, spire and dome with an
aggregate area of note more than one-third of the roof area does not

contribute to the building height or floor area limitation.

unoccupied space that is

1/3 or less of the roof area

is penthhouse, Not considred
as a story

this is the actual building haiht

STEP- 2. Check if the Calculated Building Area and  Height is

equal to or less Than the Basic Allowable Area and Height.
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Step-2.1
Check if the calculated building area, height and number of stories is equal to
or less than the tabulated allowable floor area, height and number of stories
for the building type of construction and occupancy classification as

highlighted in Table 1.1 below (Refer Also to SBC-801, Table 3.3).

Table 1.1: Allowable Height and Biuilding Area
Type | Type |l
A B A B
Height (m) UL 49 19.8 16.8
Occupancy Area (m?)| Story| Area (m?)| story| Area (m?)| story| Area (m2)| story
AL UL UL UL 5 4,724 3 2,591 2
A2, A3, Ad UL UL UL 11 4,724 3 2,896 2
AS UL UL UL UL UL UL UL UL
B UL UL UL 11 11,430 5 7,010 4
E UL UL UL 5 8,077 3 4,420 2
F-1 UL UL UL 11 7,620 4 4,724 2
F-2 UL UL UL 11 11,278 5 7,010 3
H-1 6,401 1 5,029 1 3,353 1 2,134 1
H-2 6,401 UL 5,029 3 3,353 2 2,134 1
H-3 UL UL 18,288 6 8,077 4 4,267 2
H-4 UL UL UL 7 11,430 5 5,334 3
H-5 UL 3 UL 3 11,430 3 7,010 3
-1 UL UL 16,769 9 5,791 4 3,048 3
-2, 1-3 UL UL UL 4 4,572 2 3,353 1
-4 UL UL 18,440 5 8,077 3 3,962 2
M UL UL UL 11 6,553 4 3,810 4
R-1, R-2, R-4 UL UL UL 11 7,315 4 4,877 4
R-3 UL UL UL UL 4 UL 4
S-1 UL UL 14,630 11 7,925 4 5,334 3
S-2 UL UL 24,097 11 11,887 5 7,925 4
U UL UL 10,82( 5 5,791 4 2,591 2
UL : Unlimitted

Important Notes for Table 1.1:

1. The maximum allowable area in the Table is per floor for up to two stories. However,
if the Table allows more than two floors, then the maximum area for the building shall
not exceed three times the allowable area per floor unless the building is sprinkled

2. For other types of constructions (which are rarely used in Saudi Arabia) refer to SBC-
801, Table 3.3.

3. The height in stories and meters are measured above the grade plane.
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Step-2.2
If the area, height or number of stories is equal to or less than the value
indicated in Table 1.1 for the selected type of construction, assume IIB, and
the occupancy classification, then no need to modify the basic allowable area

or height. The building area and height is within the accepted value.

Step-2.3
Check if the building area is allowed to be unlimited if any of the following

cases arise:

Case-1:

* One stroy

* Non- sprinklered

* Group S2 or F2

*18.3 m of permenant
open sapce around the sides
of the building
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Case-2:

* One stroy
* Sprinklered
* Group S-1, S-2,F-1, F-2,
M, B and A-4 (for construction
type other than V) or Motion picture
theaters of type Il construction
*18.3 m of permenant
open sapce around the sides
of the building

Exit Ramp

Case-3:

* One stroy
* Sprinklered
* Group A-3
* Type Il Construction.
* No stage.

* assemply floor is located
within 0.53 m of the street
or garrde plane with exit ramps.

*18.3 m of permenant
open sapce around the sides
of the building.
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Case-4:

* Two stroy

* sprinklered

* Group B, F, M and S.

*18.3 m of permenant
open sapce around the sides
of the building

Each Classroom has two exits. One
of the exit open to the outside of the
building

Case-5:

* One stroy
* sprinklered
* Group E.
* Construction Type Il lllA or |
*18.3 m of permenant
open sapce around the sides
of the building
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Important Exceptions: The code allows for a reduction in the width of the
surrounding spaces for up to 12.2m instead of 18.8nly for 75% of the exterior
parameter of the building provided that the watld apening faced the reduced space

have 3 hour fire-resistive rating.

STEP-2.4
If the building area is allowed to be unlimited because any of the above
mentioned cases, there is no need to adjust the basic allowable building area

or height for the selected type of construction and occupancy classification.

STEP- 3: Adjust the Basic Building Area or Height if it

exceeds the Basic Allowable Value

If the basic allowable building area or height exceeds the value determined in
step-2 and the building does not meet any of the exceptions described in
step-2 for unlimited buildings, then one of the following approaches shall be

follows:

I.  First Approach: Sprinkler System Increase (SBC-8 01,Section 3.6.3)

A.) Area Increase:

The basic allowable building area can be increased if a sprinkler system is
provided in the building unless the sprinkler system was initially provided to
substitute fire proofing structural elements. Also, this approach can't be
followed for building classified as group-H occupancy. Consequently, the

maximum allowable area increase needs to be calculated as follow:
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Area Increase due to sprinkler system:

Aa: At+ (At X Is)

Where:
A, = Allowable building area
A = the tabulated floor area Table1.1 (SBC-801, Table 3.3)

Is = sprinkler systems increase factor (2 for two story and more) (3 for one story)

Example

What is the basic allowable building area and height for one story building of Group
Al occupancy and type IIB construction?

Solution:

From: Table 1.1, (SBC-801-Table3.3)

Max Building Area = 2,591, the number of story = 2, the height in meter = 16.8 m.

Providing the sprinkler system will increase these basic values to be as following:

Building Area

An=Art+ (Acxls)
Aa- 2,591 + (2,591 X 3)
Ap = 10364 m?2

B.) Height and Number of Stories:

Similarly, the basic allowable number of stories and height of the building is

allowed to be increased by one story and the height in meters is allowed to be

increased by 6.1 m. except for the following:

* Group I-2 in other than type-1 and IlIA construction.
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e Group H-1, H-2, H-3, H-5.
* If the sprinkler system is provided to reduce the required fire
proofing of structural elements.

* Group- R is limited to 4 stories and18.2m

[I.  Second Approach: Frontage Increase (SBC-801, S ection 3.6)

The basic allowable building area is permitted to be increased if the building is
surrounded by open accessible space of not less than 6.1 wide of at least 25
% of the exterior parameters of the building. Consequently, the maximum

allowable area increase needs to be calculated as follows:

Increase due to Frontage

Aa: At+ (At X |f)

Where:
A = Allowable building area
A = the tabulated floor area Table1.1 (SBC-801, Table 3.3)

If = area increase due to frontage

I = (F/P- 0.25) x (W/ 9.144)

Where:

F = Exterior parameters fronts on public or open space of not less than 6.1 m

P= the entire building parameters

W= the average width of open spaces surrounding the building, where w/9.144 shall

not exceed 1 unless it is used for an unlimited building area
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Example

Calculate the allowable frontage increasing for one story mosque building of Group

A3 occupancy and type IIB construction as indicated in the diagram below?

S T
e ;
A S 2 M\ |
' E ' I Other building
10 rd:stree:t E 5o 5m |
Lo |
i E i 20m I
N |
Lo |
' '  7.62m
b l
Solution:
Step-1:

Exterior parameters
P = (60+50+60+50) = 220m

Step-2:
Exterior parameters open to open space of 6.1 m or more

F= (60 +50+60) = 170 m.

Parameters open to public and open spaces more than 6.1 m is 170 m which is 77.3
% of the parameters (more than 25%).

Step-3:
Weighted average value of exterior parameters facing open space of 6.1 m ore more
is:

» (A)Parameters fronts on open space of 9.144 or more = 110 m
e (B)Parameters fronts on open space of 6.1 to 9.144= 60 m

((9.144 * A) + (7.62 * B))
F

(9.144X 110) + (7.62X 60)
170
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Step-4 :

I = (F/P-0.25 ) x (W/ 9.144)
I = (170/220- 0.25 ) x (8.6/ 9.144)
I =0.72

Step-6:

Aa = Act (Acx )

A, = Y,896 + (Y,896 x 0.72)

A, =4,981.12m

Increase for sprinkler systems and frontage is permitted to be

combined using the following equation

Aa={Ac+ (Arxls) + (Ac X i)}

If sprinkler system is provided then
AazAt‘l‘(Atle)"'(AtX Is) ,

At x I obtained as discussed in approach one above.

[1l.  Third Approach: Upgrade the Type of Construct ion

The basic allowable building area and height can be increased if the

construction type is upgraded.



Example:

<€

Type —IA: Type —IB: Type —IIA: Type —IIB:

Three Hour fire resistivd'wo Hour fire resistive One Hour fire resistive Not fire resistive

Height: Unlimited Height: 49 m Height: 19.8 m Height: 16.8 m
Story: Unlimited Story: 5 Story: 3 Story: 2
Area: Unlimited Area: Unlimited Area: 4,724 m2 Area: 2,591 m?

Table 1.1: Z\Ilowable Height and Biuilding Area
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B Typel 4 H Typell &
A B A B
Height (m) UL 49 19.8 16.8
(Occupancy Area (m?)| Story| Area (m?)| story| Area (m?)| story| Area (m?)| story

UL

UL

UL

11

11,430

7,010 4

UL

UL

UL

8,077

4,420 2

Important Note:

Always assume the type of construction as IIB for new

designs because it is less expensive and may be upgraded if needed in

accordance to the following sequence

[IB=> IB>I1IA->IA

This assumption is not valid for special occupancies that require specific type

of construction such as high rise buildings and malls

IV. Fourth Approach: Fire Wall

The basic allowable building area can be increased by dividing total building

area into smaller areas using fire walls that are constructed in accordance

with prescribed steps in chapter two:
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Fire Wall Designed in accordcane 1
with chapter-2 L

Area =Ax B

Area-1 =A1 x Bl

Building Area Exceed the allowable —
Building Area in Table 1.1
[SBC-801, Table3.3]

Area-2 =A2 x B2

Building Area-1 or Area-2
is permitted to be calculated
independent from each other

when the Fire wall divided

the building into two building.

each area shall not Exceed

the allowableBuilding Area

in Table 1.1 or [SBC-801, Table3.3]

In this case, the building area and height for each portion of the building
separated by the fire wall was calculated independently and considered as

separate buildings.

Important note: There is a difference between fire-wall and fire barrier. Fire
barriers do not qualify the building to be considered as two independent
buildings but fire walls do. Refer to chapter two to understand the difference
between the two types of walls.

Step- 4: Separated Mixed Occupancy Allowable Area a nd
height Adjustment

The basic allowable building area and height needs to be calculated for each
individual occupancy. If the building is classified as mixed occupancy and
separated from each other by fire barrier as discussed in chapter two, the

following steps should be implanted.

Step-4.1
Calculate the building area for each building occupancy individually as

indicated in step-1.



195
Step-4.2
Adjust the basic allowable floor area for each occupancy using step -3 for

each occupancy individually.

Step-4.3
Calculates the ratio of adjusted floor area to the allowable tabulated area
using the following equation:

Adl Adz Adn

Ag= + +
Aun Ap At

IA
=

Where
A, = Allowable floor area
A = Tabulated floor area for building occupancy 1, 2, 3....n.

Aqn = Adjusted floor area for building occupancy 1, 2, 3....n.

Determine the allowable height for each occupancy as described in step-3.
STEP- 5: Calculate the Occupant Load
The number of building occupants is an important criteria in order to address

the code requirements properly.

Important Note: Do not use the actual or the anticipated number of

occupants, unless the actual occupant load is more than the calculated.

Unlike the Saudi Building Code, the 2006 version of International Building
Code allow the use of the actual occupants load once permitted by building

authority.
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STEP-5.1
Determine the proper occupant load factor from SBC-801, Table 8.4.1.2.
= Note-1: Some occupant load factors are associated with the net area
and others are associated with gross area.
= Note-2: When the Table does not indicate the factor for intended use,

then the most nearly resemble may be used.

= Net Area: The actual occupied area not including unoccupied
accessory spaces such as corridors, stairways, toilet rooms,
mechanical rooms and closets.

= Gross Area: The entire area surrounded by the exterior walls

excluding vent shafts and courts.

STEP-5.2

Divide the area of the space or spaces by

the selected occupant load factor as - 5

follow:

OL=A/OLF Area= 50 SQ.M 10

OL = Occupant Load

A = Gross or net area |
OLF= Occupant load factor (SBC-801, Class Room Without Fixed Seats
Table 8.4.1.2) OL= A JOLF

OL= 50 /1.86

OL= 27 persons
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Exceptions:

Occupant load for spaces with fixed f* “am= *

"

seats shall be calculated as follow:

Area of aisles shall

30 / not contribute
Fixed Seats | | tooccupant load
OL= NS + ( A/OLF) —With Dividng| ' | <%
60m I { Arms
oL = OCCUpant Load I l g *Arae for addtional
7 seats (not fixed)
. ﬁ‘; * wating area
NS= Number of Fixed Seats - * wheelchairs
Area= 20 SQ.M
Y
A = Gross or net area that not have fixed Assemply Area With Fixed Seats
seats but intended for additional non fixed OL= NS + [A /OLF]
OL= 30+ [ 20 /0.65]
seats OL= 30+30

OL= 60 persons

OLF= Occupant load factor (SBC-801, Table

8.4.1.2)

Occupant load for mall building shall be calculated as follow:
OLF= ((0.00007) (GLA) +25) X 0.0929
Where;

GLA: Gross Leasable Area in square fee
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CHAPTER TWO

FIRE-RESISTANCE-RATED CONSTRUCTION

This chapter provides guidelines for the fire resistivity requirements for

construction elements

w0 DN

Structural members (columns, beams, guarders )
Exterior walls.
Interior walls

Horizontal slabs (floor, roof).

These guidelines describe fire resistivity requirements with illustrations of

construction methods, opening and penetrations protection. Accordingly, this

chapter is divided into four sections:

p w0 DN

Section one : Structural Members fire resistance.
Section two . Exterior Walls fire Resistance.
Section three : Interior walls fire Resistance.

Section four : Openings Protection.
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SECTION ONE: STRUCTURAL MEMBERS

Structural Members includes the following:

* Columns
» Beams

* Girders

* Trusses

» Spandrels have direct connection with columns

* Bracing elements.

Step-1: Determine if the Structural Members are req  uired to be
Fire-Resistive or not.
The structural members are required to be fire resistive only in the following
two cases:
1. If the type of construction is determined to be fire resistive as described
in chapter one of this guidelines
2. If the structural members located within a required fire resistive

elements such as walls or slab.

Step-2: Select the Proper Fire-Rating per hour from SBC-801
Table 4A.1.
Based on the building type of construction, determine the required rating for

each structural member.
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Step-3: Determine the Required Thickness for the Fi  re
Proofing Material to achieve the Required Fire Resi  stance.
There are two methods which can be used to determine the required

thickness of the fire proofing materials as follows:

1. Prescriptive Fire Resistance: Many example of the required

thickness of fire-resistance materials is listed in Tables , Refer to SBC-

801, Section 4b.20 & Table 4b.20.1(1)

2. Calculated Fire Resistance: Different procedures are listed in the

code by which the thickness of the protective covers is established by

calculation. Refer to SBC-801, as follows:

a. For concrete assemblies refer to Section 4B.21.2.
b. For concrete masonry refer to Section 4B.21.3.

For clay brick and tile masonry refer to Section 4b.21.4

o

d. For steel assembly refer to section 4B.21.5.
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SECTION TWO: EXTERIOR WALLS

Step-1: Determine if Exterior Walls are required to be Fire-
Resistive or Not

The fire resistance of exterior walls aims to protect the spread of fire from one
building to another building or from one story to another story in the same

building.

Calculate the distance from the building exterior walls to all of the following

lines as applicable:

1. Lot line(s).
2. Centerline of the street, allay or public way.
3. Imaginary line between the building and other building/s in

the same lot.

imaginary line
locate any where
between the two builings

¥ g Lot-1 T Centerline of the street
/

— lot line

line between twa lots

N— Existing or new
building in the same

)~ lot



Step-1.2
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If the calculated distance in previous step is less than or equal 9.1 m, then

fire-resistance is required based on the following step.

Step-2: Select the Proper Fire-Rating in Hour from

Table 4a.2.

SBC-801,

4A.1)

Table -2.1 : Exterior walls fire-rating in hours (based on SBC-801, Table 4A.2 and

Fire separation
distance
(FSD)

Occupancy
classification

Type of Construction

>

B

A

W

Exterior
Bearing
walls

<15m

H

F1, M, S1

others

£1.5<31

H

F1, M, S1

others

<3.1<9.1

H

F1, M, S1

others

291

All

WWWWWWwww|w

NININIININININININ|W

N I I SIS

O|IO|O(FR,|FPIFPINFIN|W

Exterior
Non-
bearing wall

<15m

H

F1, M, S1

others

£1.5<31

H

F1, M, S1

others

£3.1<9.1

H

F1, M, S1

others

2901

All

OFRPIFPINFINWFINW

OIFRIFLINFIFINEFINDW

Ok kPP |RkrIN RN W

O OO [(FP|IFLINIFINW
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Step-3: Construct the Wall According to SBC-801, Se  ction
4b.5

Step-3.1
Ensure that the projection extended from the building exterior walls meet the

restrections highited in (SBC-801, Section 4b.4.2) as follows:

= Case-1

Assumed Vertical Plane where —,
Openings are requierd b
to be protected By [*=—1/3L

check for the percentage | !
in SBC-801 , Table 4B.4.8 |

-I AN ;
|

S Maximum allowable |
projection off the protc—icted
openings

|

| or Lot line
o

Fire Speration Distance (FSD) Equale to or -
less than 9.1 m

|
|
|
I
|
I
: [ - Other Building Exterior Wall
I
i,
|

= Case-2

Assumed Vertical Plane where —
Openings are prohibited N
check for the percentage  \, [*>—30 cm

in SBC-801 , Table 4B.4.8 \ | ! |
|
| 1

I \ |

|

S Maximum allowable |
projection off the prohiPted
openings

|

| ™ Other Building Exterior Wall
| or Lot line

P

|
|
|
|
|
|
|
|
|
.
|

|
Fire Speration Distance (FSD) Equale to or -
less than 1 m or up to 1,5 m when the openings
is unprotected
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Step-3.2
Design the wall rating for fire exposure as heighted in SBC-801, Section

4B.4.5 as follows:

= Case-1 : Interior and Exterior Rating:

Rated f(.)r fire e} — — Rated for fire exposure
exposure from inside —\ N\, |
[

/ from outisde
W |
l \\ N f‘f ’4"’

W\ /

/
/
A, \ Exterior Wall of other —/

|
|
|
|
|
| \ building,lot line or |
|
|
|
|

\ centerline of street

\ FSD (0, t0 9.1)—»|

§ /

/ g
/
/

Fire Speration Distance
equale to or less than 1.5 m

= Case-2 : Interior Rating Only :
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Rateed only for fire
exposure from inside — N /1

l

RN

A \ Exterior Wall of other -
I \

building,lot line or

\ centerline of street
\
[ \
\ ——FSD ((1‘ t0 9.1)—»
\ #

¢ /
/

/

Fire Speration Distance -
more than 1.5 m

Step-3.3
Provide wall parapets for exterior fire rated walls in accordance with the

following diagrams:

| N

Same fire-rating and sme construction
matrials as the walls. \

— 75cm

DO

Important Note: Parapets are mandatory only if:

= The exterior wall is required to be fire-resistive as discussed in step -1
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» The building has an area of more than 93 m 2in any floor.
= The roof is not fire rated or has openings closer than 1.2 of the exterior

wall.

Step-4: Determine the Maximum Allowable Area of Ope  nings

In Accordance With Sbc-80, Section 4b.4.8.

The area of windows, doors or other openings are limmited and need to be
postioned in appropriate locations to limit the spread of fire from one story to

another or from one building to another.

Determine the allowable percentage of openings area in accordance with

Table2.2.

TABLE 2.2 : Maximum Area of Exterior Wall Openin@8asd one —SBC-801)

Classifications Fire Speration Distance (x) (Meter)
Of openings O<x< | 1< x< | 15< x< | 3<x< | 45< x< 6< X< 75< x| 9<
1 15 3 4.5 6 7.5 <9 X
Unprotected | N.P 10% | 15%|  25% 45%| 709 UL
(No Sprinkler)
Unprotected
(with
gp””k'er) NP | 15% 25% | 45% 75% uL uL| UL
ther than
H1, H2,H3
occupancy
protected N.P 15% 25% 459 75% UL UL UL
NP: Not Permitted , UL : Unlimmted ,Refer to SBQ-8@r exceptions. |

Example-1

A fire resistant exterior wall has an area of 300 m 2 and spaced 1 m from
other building. What is the maximum allowable area of openings?
Solution

No openings are permitted in such wall.
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Example-2
A fire resistant exterior wall has an area of 300 m 2 and spaced 4 m from other
building . What is the maximum allowable area of openings?
Solution

Maximum allowable area of protected openings = 300 x 45 % = 135 m2

Example-3

A non fire resistant exterior wall has an area of 300 m 2 and spaced 4 m from
other building. What is the maximum allowable area of openings?
Solution

Maximum allowable area of unprotected openings = 300 x 15 % = 45 m?

Step-4.2
Determine the allowable area of combined protected and unprotected

openings in the exterior wall.

Important Note: fire resistant walls must have protected openings, whereas,
exterior walls that are not required to have fire resistance construction are
permitted to have a combination of protected and unprotected openings once

the maxmum allowable area of unprotected openings is exceeded.

Example

As indicated in the digram below, a non fire resistant exterior wall has an area
of 80 m 2 and spaced 4 m from other building with 17.5 m 2 of unprotected

opniengs. Determine the allowable openings area.
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= 20m -
Y
[—2 mj -2 m»| (-2 m;‘
T i ) — i
1.5m 1.5m 1.5m
, | Y Y

Solution
Maximum allowable area of unprotected openings = 80 x 15 % = 12 m?

The actual area of unprotected openings = 17.5 m2
In this situation , the area of unprotected openings need to be reduced or a
combination of protected and unprotected openings need to be calculated as

follows:

1. Determine the area of openings needs to be protected

17.5 - 12 = 5.5 m?, therefore at least 5.5 m2 need to be protected.
In this example two windows and one door will be protected. The area will be

6.10 m2

2. Ensure that the ratio of the combination of the actual area of protected

and unprotected openings to the allowable area is less than or equale to

ONE:

To calculate the ratio of allowable combination of protected and unprotected

openings, the following equation needs to be used:
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A Au
+ <1
a au
Where:

A = Actual area of protected opening.

a = allowable area of protected openings per SBC-801, Table
4B.4.8.

Au

au = Allowable area of unprotected openings per SBC-801,
Table 4B.4.8.

Referring to the example, the following date is determined:
A =(2+2+2.10)=6.10 m?
a =80 x45% =36 m?
Au =17.5-6.10=11.4m?2
au =80x15% =12 m?
Substituting in the equation:
6.1 11.4

+ <1
36 12

0.17 + 0.95 =1.12
1.12>1
The ratio exceeds one; therefore the ratio will be revaluated by protecting

additional window as follows:

A =(2+2+2+2.10) =8.10 m?
a =80 x45% = 36 m?

Au =17.5-8.10=9.4m?2
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au =80x 15% =12 m?

Substituting in the equation:

8.1 9.4
+ <1
36 12

022 + 0.78 =1

1=1

The ratio equal one which is acceptable combination.

Important Note: the equation assumed that the openings are uniformly

distributed. if the openings are not distribute uniformly , then divide the area
of exterior wall into uniform areas based on the distribution of the openings

and apply the previous steps for each area individually.

Step-5: Determine the Proper Protection for Vertica |

Separation of Openings

Determine if vertical separation of the openings is required if all the four

conditions illustrated below arise. (SBC-801, Section 4B.4.9)



1. More than

three stroies

| —— 2.horizontal Speration between
the openings in any floor and
the floor above is 1.5 m or less

211

I } } : 3. no sprinkler systm is provided

4. The building is not an open
parking garage

Step-4.4

If vertical separation of the openings is required, then openings need to be

protected using one of the following methods:

1. Provide a horizontal flame barrier of not less than 75 cm.

2. Separate the openings vertically by 1m fire resistance assembly.

3. Protect the windows by fire-rated Assembly.

| | e e |

P

1

+—75cm —P‘

-‘_\‘—-_

o Method-1: One houre fire-rated

Flame Barreir

\ Method-2: One hour fire-rated

vertical speration

T —— Method-3: Fire-rated assemply
(glass, doors or shutter)
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Step-5.2
Protect any openings due to the vertical exposure to other building in the

same lot if all of the conditions illustrated below arise.

/— Condition-1: The vertical separation distance is
less than 4.5 m.

Condition-2: The distance btween the two
buildings is less than 4.5 m

Condition-3: The roof is not fire-rated for at least
3 m and the entier span ofstructure
mebemers is not of 1 hour fire rated.

Step-6: Provide Proper Fire Protection Assembly for Exterior

Wall Openings as Described in Section Five.
SECTION THREE: FIRE WALLS

The fire walls aims at protecting the spread of fire from one building to another
building that are attached at the lot line or in the same lot. It also utilized as a
design alternative to divided the one building large area that exceeds the

maximum allowable area to a smaller areas as described in chapter one.
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If the fire walls are required or utilized then it shall be designed in accordance

with the following steps.

Step-1: Design the wall in Accordance With SBC-801, Section
4B.5.

The fire wall shall be of noncombustible material and shall have a Structural
stability to allow collapse of building in any side of the wall without the

collapse of the wall itself.

e FiEE WAl / Building-B

/

i
7
/

Building-A —

\

Step-2: Extend the Wall above the Roof and beyondt he

Exterior Walls.

Step-2.|

Extend the fire wall 75 cm above the roof. For exceptions, refer to SBC-801,

Section 4B.5.6.



Building-A , Roof Slab —
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— Building-B, Roof Slab

Building-A

Building-B

— Fire Wall

Extend the fire wall 45 cm beyond the exterior walls of the building. For

exceptions, refer to SBC-801, Section 4B.5.5

Exterior wall of Building-A

/
Fire Wall —

Exterior wall of building-B

45 ecm

Extend the fire wall to the outer edge of horizontal projection of the exterior

walls that within 1.2 m of the fire wall. For exceptions, refer to SBC-801,

Section 4B.5.5.2
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Fire Wall extended to the outer
edg of exterira projection

g
S “— Roof Projection within 1.2 m
™~ of the fire wall

“~— Balcony within 1.2 m of the
fire wall

Step-3: Determine the Maximum Allowable Area of Ope  nings
In Accordance with SBC-801, Section 4B.4.8.

Important Note : openings are prohibited once the fire walls act like party wall

along the lot line.

Step-3.]
Determine the area of openings only in non-sprinkled buildings as indicated in

the diagram below.
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— WXH must not exceed
11 Sq. meter in any opening

| atany floor |
] \
| \
L
[ |
| "\‘ ¥ floor
/ \
\
| \

\ _~— Aggregate width (W) of all openings
| ‘.‘ ndfloor| .~ shall not exceed 25 % of the length
| \ 7 of the wall (L), at any floor

WA W2 W3 W e ws pall
fl — i \ i W1+W2+W3+W4+W5+.....Wn < 0.25 L
| [ |}
i = ] e -
H | v _/
¥ - H <
’/ 1 st flool
Y -
///‘
AL >

Step-4: Select the Proper Fire-Rating in Hour from Table 2.3

Below
TABLE 2.3: Fire Wall Fire-resistance Rating (Hour)

Occupancy Classification Fire resistive Rating (Hour)
A BE H-4,1,R-1, R-2, U 3
F-1, H-3, H-5, M, S-1 3
H-1, H-2 4
F-2, S-2, R-3, R-4 2

Important Note :
1. When the fire wall is separating one occupancy into two building area then

the value in the Table need to be used.

2. When the fire wall separate the building with more than one occupancy,

then the most restrictive need to be used.
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Step-5: Provide Proper Fire Protection Assembly for Fire Wall

Openings as Described in Section Five.

SECTION FOUR: FIRE BARRIERS AND PARTITION
AND SMOKE BARRIER AND PARTITION

The fire or smoke barriers and partitions aim at preventing the spread of fire

and smoke within the building between different uses and areas.

Step-1: Determinant if Fire Barrier, Fire Partition , Smoke
Barrier, Smoke Partitions are required or not and D  etermine
the Proper Fire Rating

Step-1.1

Provide Fire barrier s to totally enclose and separate the following functions
and spaces from each other and from the reminder of the building:

A. Shaft Enclosure as listed in SBC-801, Section 4B.7.4

w

Exit Enclosure as listed in SBC-801, Section 8.19.

Exit Passageway as listed in SBC-801, Section 8.20

o 0O

Horizontal Exit as listed in SBC-801, Section 8.21

m

Atrium as listed in SBC-801, Section 2B.4.
F. Incidental Use as listed in Table 2A.2.1.1.
G. Control Area as listed in SBC-801, Section 2b.14.2.

H. Separation of mixed occupancy as listed in Table 2A.2.3.2.
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I.  Subdividing signal occupancy into more than one ar ea as listed in

Table 4B.6.3.7.

Step-1.2

Provide Fire Partition to totally enclose and separate the following functions
and spaces from each other and from the reminder of the building:

A. Dwelling units in the same building.

B. Sleeping units in hotels , group R-1, R-2 and I-1

C. Tenant spaces in covered malls as listed in section 2B.2.7.2.

D. Corridors as listed in SBC-801, Table 8.16.1

Step-1.3

Provide smoke barrier or smoke partition for smoke compartments and
smoke control as follows:
1. Atrium as listed in SBC-801, section 2B.4.4
2. Covered Mall as listed in SBC-801, section 2B.2.8.1.
3. Underground buildings as listed in SBC-801, Section 2B.5.4. and
2B.5.5
4. Group I-3 as listed in SBC-801, Section 2B.8.6.

5. Area of Refuge as listed in SBC-801, Section 8.7.6.
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The main difference between the smoke barrier and smoke partition is that

smoke barrier is required to be of one hour fire-resistive construction whereas

the smoke partition is not.

Step-2: Construct The Fire/Smoke Barriers And Fire/Smoke

Partitions.

Fire barrier shall be extended from the top of the finished floor to the

underside of the floor or roof slab above.

N

NS
O
A

Roof or Floor Slab

Fire Stop Martial Suspended Ceiling

/

Fire Barrier

7

T

A Finished Floor

/

Continuity of Fire Barrier , Fire Partitions ,Smoke Barrier and smoke partitions
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Roof or Floor Slab

Fire Blocking in case of Combustible —

Construction (SBC-801, Section 4B.8.4)

Fire Partition —

L Fire Resistive Assembly

Y,

£

,— Finished Floor

Other Alternative for the Continuity of Fire Partitions and smoke partitions

Stpe-3: Determinant the Maximum Allowable Size of Openin  gs
-801, Section 4b.6.7.

Only In Non- Sprinkled Building, Sbc

Refer to SECTIO -3, STEP-3

Step-4: Provide Proper Fire Protection Assembly For Fire Wall

Openings a s Described in Section Five.

SECTION FIVE: PENETRATION PROTECTION

Penetrations in horizontal or vertical constriction elements are classified in the

code into two types.



221

1. Through-Penetration: which

penetrate the entire assembly

(wall, floor or ceiling). Refer to

Through-Penetration </

SBC-801, Section 4B.12.3.1.

2. Membrane Penetration: which
penetrate only one side of the
assembly (wall , floor or ceiling),
Refer to SBC-801, Section

4B.12.4.2

Membrane Penetration

Step-1: Protect all Door Opening Penetrating Fire—-R  esistive

Construction Walls, Barrier or Partition

Check the proper rating of the door assembly in accordance with SBC 801,

Table 4B.15.3.
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Step-1.2

Check the glazed openings limitation within the doors in accordance section

4B.15.3.6.1.
Step-1.3

Provides appropriate door closer in accordance with SBC-801, Section

4B.15.3.7

Step-2: Protect All Windows Opening Penetrating Fir e-—
Resistive Construction Walls, Barrier or Partition in
Accordance With SBC-801, Section 4B.15.4.

Check the proper rating of the glazing in accordance with SBC 801, Table

4B.15.4.
Step-2.2

Check the size of glazing in accordance with SBC 801, Table 4B.15.3 and 4.
The maximum area of glass per door leaf shall not exceed 0.065 m2 other size

shall be tested in accordance with NFPA-252.
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Important Note: Wired glass with minimum thickness of 6mm and installed in

steel frame is equivalent to 45 minutes, the wired glass shall not exceed the

maximum limit indicated in SBC-801, Table 4B.15.4.3

Step-3: Protect All Ducts and Air Transfer Openings
PENETRATING Fire-Resistive Construction Walls, Barr ier Or
Partition in Accordance with SBC-801, Section 4b.16

Step-3.1

Check if smoke damper, fire damper or combination of fire/smoke damper is
required in accordance with SBC-801, Section 4B.16.5, as summarized in
Table 2.4.

TABLE 2.4: Fire Damper and Smoke Damper Requirements

Saudi Building Code Wall Assembly | Fire Smoke
Reference Damper | Damper
1 | SBC-801,Section 4B.16.5.1 Fire Wall Yes -
2 | SBC-801,Section 4B.16.5.2 Fire Barriers Yes -
3 | SBC-801,Section 4B.16.5.3 Shaft Enclosure Yes Yes
4 | SBC-801,Section 4B.16.5.4 | Fire Partition Yes -
5 | SBC-801,Section 4B.16.5.4.1 | Corridors Yes Yes
6 | SBC-801, Section 4B.16.5.5 | Smoke Barriers - Yes

Important Note:
» Provision of sprinkler systems and the thickness of the duct may reduce

the dampers requirements (refer to the exceptions of each section).
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* Opening the exit enclosures and exit passageway is limited to require for

the ventilation and pressurization of these spaces. Refer to SBC-801,

Section 8.19.1.2 and Section 8.20.5.

Select the proper rating of the damper in accordance with SBC-801 Table

4B.16.3.1, or Table 2.5 below.

TABLE 2.5: Fire Damper Rating

Rating of the fire-resistive assembly

(fire wall, fire barrier , fire partition ,

Minimum Rating of the Damper

(Hour)
smoke barrier , smoke partition )
Less than 3 hour 1.5
Three hour or more 3

Step-3.3

Address the damper requirements in accordance with the manufacturer

recommendations, refer to SBC-801, Section 4B.16.2.
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_— Retaining Angle overlap the wall
& opening by at least 2.5 cm

P
i ~— Screw (Only in duct side)

alliny

.

n
| [y

i

— Duct

|- - - - - - - / /
| / / — Breakaway Joint

Refer to UL-555
OR UL-5555

Wil Opening / /

| '— Damper Sleeves extend
at least 15 cm beyond

| the damper edges
Damper —

QOutline of the required access door
at least 15¢cm x 15cm

LT Is

Recommended Installation of Dampers based on SMACNA

Step-3.4
Specify proper actuation method for the fire or smoke dampers in accordance

with SBC-801, Section 4B.16.3.1.1 and 4B.16.3.2.1

Fire Dampers: actuated by temperate-rated fusible link that will activate the
damper when it melts.
Smoke Damper: actuated by one of five means:
» Interlocked with the building smoke-detection system if required and
provided.

» By the smoke detectors installed within the corridors.
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* By spot type smoke detector located 1.5 horizontally of the damper for

non-ducted openings.

* By spot type smoke detectors listed for door releasing services in
smoke barriers.

* By listed smoke detector in the duct within 1.5 m away from the

damper.

Step-3.5
Specify the proper labeling and testing of the damper in accordance with
SBC-801, Section 4B.16.3

Fire Dampers: Shall be tested in accordance with UL-555.

Smoke Damper: Shall be tested in accordance with UL-555s.

Combination fire and Smoke Damper:  Shall be tested in accordance

with both UL-555 and UL-555s

Step-4: Protect All Thorough Penetrations around Du  cts,
Pipes, Conduits or Wiring in Accordance With SBC-80 1.

Identify the location of the openings in fire-resistive in vertical (walls) and
horizontal (floor) assembly.

Step-4.2

Check the required rating of such elements, if it is not required to be rated,
and then no need for fire stopping system.

Step-4.3

Select the proper and classified fire-stop systems as indicated in UL directory.
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Step-4.4
Specify the UL classified fire-stopping material as follows:
A. UL classified FS caulk, where openings is exposed to moister or
severs conditions.
B. UL classified FS collars (pipe choking) with intumecent material,
around plastic pipes penetrating the fire barrier.
C. UL classified FS pillows and putty around cable trays penetrating t
he fire barrier.
D. UL classified F.S stopping putty for sleeved and non-sleeved

conduits and cables.
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CHAPTER THREE

Means of Egress

The means of egress is a continuous and unobstructed path of egress
(vertical and horizontal) from any occupied point within the building to a public

way (exterior of the building)

The mean of egress consist of three major parts:
1. Exit access.
2. Exit.
3. Exit discharge.
Building occupant will utilize these three parts in sequence in order to reach a

safe place outside the building.

The following steps provide the fundamental steps to design the means of

egress properly.
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Step-1: Determine the Occupancy Classification of t he
Building or the Space. (Reference: SBC-801, Section 2A.2.)

* Refer to chapter one of these guidelines

Step-2: Calculate the Occupant Load. (Reference: SB  C-801,
Section 8.4)

* Refer to chapter one of these guidelines

STEP-3: Provide the right number of exit or exit ac  cess
doorways for the selected space or building.( Refer  ence:
SBC-801, Section 8.14 and Section 8.18)

Step-3.1
Section 8.14.1

Check the number of exits or exit access

Room

doorways required from each individual room

Exit ..%

and spaces within a floor as follows:

[ S SN S — .._T
m
*
-
i
1
._...-__.—-.___.—__._....—-.._._1

1. Based on the occupant load value as Floor /story

e LY W e A W she LG e———

illustrated in the Table 3.1 below



Table 3.1: Number of Exits
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Occupancy , . Three Four
Classification One Exit Two Exits Exits Exits
AB.E.F.MU 1-49 50-500 501-
persons persons 1000
1-3 4 -500 501-
H1, H2, H3 persons persons 1000
1-10 11-500 501-
H4,H5,IL1314.R persons persons 1000 mg;e
s 1-29 30-500 501- 1000
persons persons 1000
2 Section 1- 500 501-
8.13.2.2 persons 1000
Dav care 1-10 11-500 501-
y persons persons 1000

2. Common path of egress travel exceed the limitations as noted in step-5B.

3. Special use rooms :

Machinery, refrigerated room more than 93 square meter

Boiler, incinerator and furnace room more than 46 square meter

Step-3.2

Section 8.18.1

Check the number of exits from each

floor/story

The number of exits from each story,

basement, shall be as follows:

Floor /story

EXitym

Exib

%

_>

1. One exit: If the conditions of Section 8.18.2 are met.(Listed Below)

2. Two exits: Occupant load 1-500 persons



3. Three Exits : Occupant load 501 -1000 persons

4. Four Exits :

One Exit Conditions:

Occupant load more than 1000 persons
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Building is allowed to be provided with one exit if any of the following

conditions exists

1. In single level building with the occupant load values highlighted in

Table 3.2.

Table 3.2: Single Exit Occupant Load

Number of
occtpancy occupants
A,B.E.F.M,U 1-49 persons
H1, H2, H3 1-3 persons

H4,H5,11,13,14,R

1-10 persons

S

1-29 persons

2. Building of Group- R3.

3. In any building where the conditions illustrated Table 3.3 exists

Table 3.3: One exit Conditions

. Height above Maximum
occupancy Maximum Occupant Load Travel
grade .
Distance
A,B.E.,F.M,U | 50 persons 1 story 23m
H2, H3 3 persons 1 story 7.6m
H4, H5, 1, R | 10 1 story 23m
S 30 1 story 30.5m
B, F, M,S 30 2 stories 23 m
R-2 4 dwelling units 2 stories 15.3m
B 50 persons L s@ory & 305
sprinkler system

4 dwelling units, 15.3m

R-2 Sprinkler system 3 stories

Escape openings
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Step-4: Locate the Exits, or Exit Access Doorways a s

Described Below. (Reference: SBC-801, Section 8.14. 2)

Check the remoteness of exits or exit access doorways based on the
dimensional characteristics of the spaces. Exits or exit access doorways shall
be placed a distance equal to one half the maximum diagonal dimension (L)

as illustrated below:

CASE-1: Remateness of exterior or interior exit doors in non-sprinklered Buildings.
For sprinklered Buildings "L" colud be divided by 3.

L/2

Measurement line should be Measurement line could be
within the space go outside the space



CASE-2: Remoteness of interior exit stairways or exits in non-sprinklered Buildings.

Step-5: Examine the Maximum Travel Distance from th
Remote Point within the Story to the Entrance of an

Travel

For sprinklered Buildings "L" colud be divided by 3.

X
A/
/ //
/S
L/2
_/// //
/ J
)‘/ //
LS
]

non-interfocked interior enclosed

stairways

-\-

J )

]

non-interfocked interior enclosed
stairways or other exits conected
with 1-hour corridor

(Reference: SBC- 801, Section 8.15.)

Distance shall not exceed the Values in Tabl
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e Most
Exit. The
e 3.4.

The exit access travel path shall be measured as illustrated in the diagrams

below:

1.

w

IS

Using the legs of triangles instead of hypotenuse.

In centerline of door opening.

At least 30 cm of walls, corners columns.etc.

. Plane parallel and tangent to stair riser.



LY Y l‘\ if furnishing and equipments layout
NN\ isnotclear

Q ‘— 2. Centerline of doorways

\
\ 3. 30 cm of walls and corners

4. Travel distance —

measurement along stairway

made on a plane parallel and
tangent to stair riser.
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CASE-1: Single Stroy:

The travel distance measuerd from the most remote point to the entrance of

extrior exit door.

L Exterior Exit Door

The exit access travel
path. The length shall
not exceed the values
Listed in table 8.15.1

\

Most remote point
within the floor

CASE-2: Multiple Stories:

The travel distance measured from the most remote point to the entrance of

one of the following:

1. Door of fire-resistance exit enclosure stairway or horizontal exit.

2. exterior door at the grade level when interior exit enclosure or
exterior protected stairway is not required or provided. The
distance shall be measured through the stairway.

fire-resistance
exit enclosure

interior L

The exit access travel path. i
The length shall not exceed the
values Listed in table 8.15.1

— Most remote point
within the floor

235
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TABLE 3.4: Travel Distance

Occupancy Maximum Travel With Sprinkler With exterior
Distance system egress
Balcony
AEF-1,-1,MR,S-1 61m +152 m +30.5m
B 61m +30.5m +30.5m
F-2,5-2,U 91.5m +30.5m +30.5m
-2, 1-3,1-4 45.7m +15.3 +30.5m
F-1,S-1 122 m (max ) if one story, heat and smoke roof vents, sprinkler

throughout

In mall building

Maximum of 61 m (Section 2B.2.4.4)

Atrium

Maximum of 61m through the atrium (Section 2B.4.8)

Group H

Refer to Table 8.15.1

Step-6: Implement the Exit Access Arrangement
Requirements. (Reference: SBC-801, Sections 8.13.2, 8.13.3

and 8.16.3)

Check if any of the following cases arise within the exit access. These three

cases are a limitation for the travel distance within the exit access
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CASE-1:

Section 8.13.2 : Exit Through Intervening Spaces:

Exit through the follwing spaces or rooms is prohibted unless permitted

by this section :

1. Kitchen.

2. Store

3. Closet

4. Sleeping area

5. Bathroom and toilet

6. High hazard

8. Room that can be locked.

9. Multiple tenants.

10. Habitable rooms or
suites in Hospitals

\— Intervening/Adjoining room

CASE-2:
Section 8.13.3 : Common Path of Egress Travle
The distance measured from the most remote point within any space to
a point where the occupant has access to two required exits shall not exceeds 23 m
except as noted below:
1- Group B, F, S = 30.5 m (if the building is sprinklerd )
2- Group B,5,U = 30.5 m (if occupant load is less than 30 person)
3- Group I-3 = 30.5m
4-Group H1,2,3= 7.6 m

==

common path
/_ of Egress travel

Point where occupant
has access to two exits

A, B & C: represent

|

|

Y

|

|

|

\V different scenario of

Vi
SV

common path of
egress travel

N

5
— Exit-1

Exit-2 —
I IL
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CASE-3:
Section 8.16.3 : Dead Ends
were any space or floor is required to have two exits or two exit access doorway or more,

the length of dead ends shall not exceed 6.1 m except as noted below:

i- Group B, F = 15.3 m (if the building is sprinklerd )

3- Group I-3 = 15.3 m (with conditions)

4- Unlimted if the dead end length is less than 2.5 times
the least width

h—— | ———=] /

/
‘ >< ‘_‘_W; — IfL is less tahn
! L i 25*W,
L is unlimited
£ J K d l

.,
Exit-1 Exit-2 —
l L1

ﬂ Dead End : L = 6.1 (max) or as noted

Step-7: Design the Changes in Elevation in the Mean of
Egress that are less than 30 cm in accordance to on e of the
Following Alternatives whichever is Applicable. (Re ference:

SBC-801, Section 8.3.5)
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CASE-1: When change in elevation is less than 30 cm and more than 15 cm, a 5 % ramp shall be provided.

if the slope can not be achived then , follw the guidlines in section 4 or (SBC-801, Section 8.10)

T= 20 X H (Min).
H= Less than 30 cm
but more than 15 cm

CASE-2: When change in elevation is 15 cm or less the ramp shall contrast visually and physically with
the surrounding. Or handrail shall be provided.

T= 20 X H (Min).
H= 150 cm or less
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CASE-3: Provide one or two steps only if the building is not accessible by physically disabled persons
and design it as illustrated in the figure below.

e

Handrail within
76 cm of the
centerline.

centerline

T= 33 cm (Min).
R= 10 cm (Min) & 15 cm (Max)
H= 30 cm or less

Step-8: Calculate the Width of the Required Means o  f Egress
Using the Following Rules.( Reference : SBC-801, Se ction 8.5
and 8.8)

Rule-1:

For occupant load less than 150 persons, use the minimum width specified for

each mean of egress except group H and I-2 as noted in Table 3.2 below.
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Rule-2:

For occupant load more than 150 persons use the following formula:
W=(OLxC)/E
Where :
W : Width of mean of egress , it shall not be less than the
minimum width noted in the Table 3.5.
OL: Occupant load
C : width per occupant from Table 8.5.1 as modified below
E :
» For doors : number of available exits serves the
occupant load.
* For corridor: number of alternative directions
connected to an exit outside the space or floor.
» For stairway : number of available stairways that

are part of the means of egress
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TABLE 3.5: Means of Egress Width
C " width per occupant "
W "minimum | mm
Section clear width" | With Without
mm Sprinkler Sprinkler
System system
Stairway 8.9.1 5.1 7.6
1100
7.6 (Group- 17.8
(900 mm for
H & I1-2) (Group-H)
occupant
Corridor 8.16.2
load less
Ramp 8.10.5.1 3.8 5.1
than 50
Passageway 8.20.2 5.1 (Group- 10.2
persons )
Exit discharge | 8.23.5.1 H&I-2) (Group-H)
Doors 8.8.1.1 800
Aisle 8.13.4 900 3.8 5.1
(for Group-B | (for Group-B | (for Group-B
and M) & M) &M)
Important note : For occupancy in Group A refer to section 8.24
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Example:

Determine the required width for means of egreghimfloor plan.

Rogm-d Room-2 Room-3
Docuparttond 15 Qocupank Lakd 10 Occupant Load 400
D1

é h D D3A
KDB Corridor 101 Dy

Room-6 Room-7

Room-4 Room-5

Occupant Load 15 Occupant Load 15

Occupant Occupant
Load 5 Load 5

Dé

Solution:

Step-1: Check if the Occupancy Classification.

(Assume Group-B)

Step-2: Check if the Sprinkler System is Required oProvided .

(Assume No)

Step-3: Check if the Number of Exits and Exit Acces Doorways is Accepted.

(Refer to Step-3, Assume Yes)

Step-4: Check the Width of Doors

Doors#1,2,4,5,6,7
Apply Rule # 1: the occupant load is less thanfbs@ach individual room. The

width of each door shall not be less than 800 mm.

Door # 3 and 3A

Occupant load utilizing the two doors are 400
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W= (OL X C)/E

W= (400 X 5.1)/2

W=1020 mm,
The minimum width of door 3 and 3A shall be 1020mach.
Door# 8 and 9: The floor occupant load is 465

W= (OL X C)/E

W= (465 X 5.1)/2

W=1185 mm,
The minimum width of door 8 and 9 shall be 1185 ganh. Note that the maximum
leaf width is 1220 mm. if the door width exceeds thalue , double leaves shall be
provided.

Step-5: Check the Width of Corridor

The occupant load utilize the corridor is 465
W= (OL X C)/E
W= (465 X 5.1)/2
W=1185 mm,

The minimum width of the corridor shall be 1185mm.

Step-6 : Check the Width of Stairways

The occupant load utilize the stairway is 465
W= (OL X C)/E
W= (465 X 5.1)/2
W=1185 mm ,

The minimum width of each stairway shall be 1185mm.
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Step- 9: Check the Door Clear Width and Door Leaf S ize.
(Reference : SBC-801, Section 8.8)

Case-1: One leaf door minimum clear width

0.81 m (Min)

Clear wdith measred btween
the face of the door and the
stop

1.22 m (Max)

Door leaf size shall be limited
to 1.22 m maximum

Case-2: Two door leaves opening clear width

-

A

1.22m (max)

“— the other leaf can be of any size
with maximum width of 1.22m .
if mullion is proivded then each
leaf should be 81.3 cm minimum
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Step-10: Check the Door Height and the Allowable Pr  ojection
into the Door Clear Width and Height. (Reference: S BC-801,
Section 8.8.1.1 and 8.1.1.1)

Door Closer shall not be lower

/LT

B

L 51N
o
L ]
l...'
Ty
®

2.1 m (Min)

2m (Min) S
2.1 m (Min)

Projection is permitted
within this hight with maximum
width of 10 cm

No projection is permitted
within this hight

For additional requirements for revolving doors, power operated door |,
horizontal sliding doors, access control doors and security grilles , Refer to

SBC-801, Section 8.8.



Step-11: Check the Swing Direction of Doors. (Refer
SBC-801, Section 8.8.1.2)

Door shall swing in the direction

of egress travel only if the occupant

load exceed 50 persons or the occupancy is
classified as group-H.

Egress Travel —,
Direction N
— Door shall be side-hinged.
| if exceptions is requierd, refer
/  toSBC-801, Section 8.8.1.2

247

ence:

Step- 12: Check the Floor Elevation on Each Side of  all Doors

as lllustrated in the Following Cases. For More EXxc

eptions

Refer to Section 8.8.1.4. (Reference: SBC-801, Sect ion 8.8 .1.4)
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CASE-1: Floor Elevations on each side of the door must be the same

Door

Floor —
Elevation
=0.00 Floor

Elevatlon =

CASE-2: Floor Elevations on each side of the door is permitted to have a change of not
more than 12.7 mm due to differences in finishes materials.

Section 8.8.1.4 (4)

Door

Floor Finsh
elevation is
permitted to

Floor
be 0.048 Elevation=
0.00
{.2 .7 mm (Max)




CASE-3: Floor Elevations on each side of the door is permitted to have a change of not
more than 180 mm in Group ( F, H, R-2, R3,S and U) only if not accessible by
persons with disabilities

Section 8.8.1.4 (2), 8.3.5 (1)
Exterior Door (Only)

Floor Finsh
elevation is
permitted to
be 0.180 m
— Floor
Elevation=
0.00 m

QF.m:l mm (Max)

Step-13: Check the Details of Floor Landing. For Mo
Exception Refer to Section 8.8.1.4. (Reference: SBC

Section 8.8 .1.5)

Section 8.8.1.5

1Lim

%
|

e

'k W= Width of the door or
stairway whichever is greater

Maximum slope
for exterior landing
is 2%

249

re

-801,
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Step-14: Check the Details of the Thresholds at Doo  rways as
lllustrated Below. For Exceptions Refer to Section 8.8.1.6.
(Reference: SBC-801, Section 8.8 .1.6)

Threshold details at doorways

Section 8.8,1.6

Door

Threshold

2.7 (M) Above 6.4 mm to 12.7 mm
must be sloped 1:2 (Min)

,;‘_ 6.35 mm (Max) I
T, - FTETRER ML FERE, [ TR, 12.7 mm (Max)

N
6.35 mm (Max) |

e

Step-15: Locate the Door Hardware as Permitted by S  ection.
For Exceptions and Further Details Refer to Section 8.8.1.6.
(Reference: SBC-801, Section 8.8 .1.8)
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1. Security locks are permitted
at any hight Door Closer

2. Door operating hardware location
(door handles, pulils, latches -
locks , panic devices ..etc)

2 m (Min)

1.2 m (Max)

0.86 m (Min)

Step-16: Check the Specific Details for Locks, Latc hes and
Panic Hardwires. Refer to SBC-801, Section 8.8.1.8. 1 through
8.8.1.8.9. (Reference: SBC-801, Section 8.8 .1.8)

Step-17: Check that all required Exits are Obvious to the

Building Occupant and not Obstructed. (Reference: S  BC-801,
Section 8.8.1)
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No mirror, curtain, drapes or decoration is permitted to be attached to the

egress doors. Moreover, the egress door shall be obvious and distinguishable

for the adjutant walls or elements.

Step-18: Check the Space between Two Doors in Serie s.
(Reference: SBC-801, Section 8.8.1.7)

Clear unobstructed
space not less than A\

1.2 mx 77 cm \\

\
— N ——— —

kY
\ |

b

\
| ¥ |

7122 cm "Min"> ) Je-122 cm "Min" |
b mtimtrmias)

Case-1: Space between doors Case-2: Space between doors
Arrangend in straight line are not arrangend in straight line

Step-19: Check the Acceptable Projection into Mean s of
Egress. (Reference: SBC -801, Sections 8.5.2 & 8.9. 4)
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Case-1: Projection into Headroom for means of egress
(Not permitted for ramps or stairway)

2. Ceilling Projection

Section 8.3.3.1

1. Door Closer Maximum width is unlimited

provided that it does not exceed
50 % of the ceiling area.

Required barrier below ceiling
projection. the width shall not
reduce the minimum required
width of the mean of egress.

projection in the center
should not exceed 2.1 m.

|

68.5 cm (Max)

Case-2: Horizontal Projection into means of egress

Section 8.3.3.3

Structural elements, fixtures or
furnishings located above 68.5 cm
and below 2m.

68.5 cm (Min) Maximum projection

shall not exceed 10 cm




254

Case-3: Door projection into corridor, aisle
and passageway (90 degree fixed door
swing into path of egress)

Section 8.5.2

Corridor , aisle or passageway

Minimum Width = W - 18 cm

Case-4: Door projection into corridor, aisle
and passageway (180 degree door swing
into path of egress).

Section 8.5.2

Corridor , aisle or passageway

Minimum width = W/2

- ~ 18 ¢cm (Max)
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/

Case-5: Door projection into stairway landing.
Handrail projection
/  section 8.9.11.7

Section 8.9.4
jf
x U
11.4 cm (Max) /§ L
= 18 cm (Max)
|
/
,J

W/2 (Min) >

'

Section 8.8.1.5

1.1 m: (Min)

Case-6: Door projection into door landing

’\\ - 18 cm (Max)

L

-

W= Width of the door or
stairway whichever is greater
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Step-20: Check the General Requirements of Means o f
Egress as Listed Below. (Reference: SBC -801, Secti ons 8.3.4,
8.3.6 & 8.3.7.)

1. Walking service shall be slip resistance and attached securely
to the floor.

2. Path of egress travel shall not be obstructed by any building
element.

3. No escalator or elevator or moving walkway is permitted to be

part of mean of egress.
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Appendix —C

Survey Results
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TABLE C.1: Factor Ranking By General Administration of Civieiense

Extreme Strong | Moderate Slight Does not
Group Sub-Factors effect effect effect effect effect | o Total  [Importantindex| g,
— — esponse: =
x=4 x=3 Xx=2 x=1 x=0 Xi

A |Code Text and Language 75.93 Fourth

1 The pnglnal version of the Saudi code is written i 2 4 3 9 72.92 10
English languac

2 The t.ranslat.lon of the English Version of the ctale 5 3 1 9 86.11 3
Arabic Versiot

3 The Code_reqwrements are subject to.dn‘ferent 2 4 2 1 9 69.44 12
interpretations among the A/E professio

B Enforcement Practice 73.61 Sixth
Mixing of old regulations or other sanders requieets

4 2 1 5 1 9 61.11 14
with the new Saudi Building Code requirem«

5 Lack of a written bw@ng |nspect|<_)n policy and 2 5 1 1 9 72.92 10
procedures by the building authorit

6 the te_ndency of using a restricted implementatialicy( 4 a 1 9 83.33 5
violation, fee, stop work orders

7  |Lack of violations tracking system. 2 9 77.78 8

c Building Authorities and Design Offices Practice 7750 Second

8 Implgmentlng the Saudi .bundmg code increases the 1 P 5 1 9 62.50 13
working load of your offic

9 Lack olflcontmues Coordination between the buildindg 4 5 9 86.11 3
authoritie:

10 Lack of cgntlnues clt).ordlnatlon between the desfjnes 5 3 1 9 86.11 3
and building authoritie

1 Overla.p.plng of responsibilities between building 3 2 9 7778 8
authoritie:

12 |lack of Design office classification 3 4 1 1 9 75.00 9

D Public Awareness and Insurance Role 76.39 Third

19 Thg I_ow awareness of the public about the impogaic 5 P 2 9 83.33 5
building codt

20 |Lack of an effective role of insurance companies 3 3 1 2 9 69.44 12

E___[Construction Methods & Materials 75.4¢ Fifth

13 Thg t}/pe of construction methods specified in taads 3 4 1 8 81.25 6
Building Code¢

14 The t}/pe .of.matenals and equipments specifietién t 1 5 2 1 9 71.88 11
Saudi Building Cod

15 lack of a.uthor!zgd testing laboratories and ageniigest| 6 1 1 1 9 84.38 4
and certify building produc

16 lack of listed and classified building productstie local 4 P 3 9 7778 8
marke

17 The .code reqwrgments limit the flexibility of bdiihgs 0 3 4 1 1 9 56.25 15
architectural desic

18 Imglementlng the Saudi building code increases the 3 4 1 1 9 81.25 6
project cos

F Professionals & Labors Training and Qualifications 85.65 First

21 Ig(l)(;l;of specialized training canters in the fiefdailding 4 P 3 9 7778 8

22 |Lack of professionals accreditation programs 4 4 1 9 83.33 5

23 Laclf of an effef:tlve and related on job training fo 4 5 9 86.11 3
engineers and inspect

24 |lack of skilled and certified construction labors 7 2 9 94.44 1

25 LaFk_of certified and trained engineers in thedief 4 3 2 9 80.56 7
building codt

26 |Lack of certified and trained building inspectors 6 3 9 91.67 2




TABLE C.2: Factor Ranking By Design Offices
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Extreme Strong Moderate Slight Importance
Group Sub-Factors effect effect effect effect | P0%S MOt effet Total Responses Index Rank
x=4 x=3 Xx=2 x=1 x=0 xi

A Code Text and Language 62.53 Sixth

1 The erglnal version of the Saudi code is written i 5 4 8 6 3 26 58.70 24
English language

2 The t.ranslat.|on of the English Version of the ctale 5 7 7 3 5 27 65.91 16
Arabic Version

3 The Code.reqmremems are subject to.dlfferent 5 6 1 3 1 26 63.00 19
interpretations among the A/E professionals

B Enforcement Practice 69.46 Fourth
Mixing of old regulations or other standers requiesits

4 4 8 6 7 2 27 59.00 22
with the new Saudi Building Code requirements

5 Lack of a written bU|Itj|ng |nspect|9|j policy and 5 13 5 1 1 25 72.92 12
procedures by the building authorities

6 the tgndency of using a restricted implementatialicy( 6 8 7 5 1 27 64.42 18
violation, fee, stop work orders)

7 Lack of violations tracking system. 11 13 2 1 27 81.48 5

c Building Authorities and Design Offices Practice 74.07 Third

s Implgmentlng the Saudl.bwldlng code increases the 2 3 8 6 5 26 55.95 25
working load of your office

9 Lack of .contmues Coordination between the buildinge] 10 14 1 1 26 81.73 4
authorities

10 Lack of cgntmues cpprdlnatlon between the desftjoes 9 16 1 0 1 27 82.69 3
and building authorities

11 Overla.p.plng of responsibilities between building 12 6 4 3 1 26 77.00 7
authorities

12 [lack of Design office classification 9 7 6 2 3 27 73.96 11

D Public Awareness and Insurance Role 76.83 Second

19 Thg IAow awareness of the public about the imporarfc 14 9 1 2 1 27 83.65 1
building code

20 |Lack of an effective role of insurance companies 7 8 8 2 2 27 70.00 14

E Construction Methods & Materials 65.2¢ Fifth

13 Thfe type of construction methods specified in thads > 1 6 2 5 26 65.48 17
Building Code

14 The t}/pe .of'matenals and equipments specifietién t 2 9 7 4 4 26 60.23 21
Saudi Building Code

15 lack of guthor!zgd testing laboratories and ageritigest| 9 11 4 2 26 75.96 9
and certify building products

16 lack of listed and classified building productglie local 7 10 6 4 27 68.52 15
market

17 The F:ode requ|r§ments limit the flexibility of bdiihgs 3 5 8 4 7 27 58.75 23
architectural design

18 Implementmg the Saudi building code increases the 6 4 7 5 4 26 62.50 20
project cost

F Professionals & Labors Training and Qualifications 78.70 First

21 Lack of specialized training centers in the fiefcailding 10 1 3 3 27 75.93 10
Codes

22 |Lack of professionals accreditation programs 9 10 4 2 2 27 76.00 8

23 Lack of an effe.ctlve and related on job training fo 5 14 1 3 1 2u 72.83 13
engineers and inspectors

24 |lack of skilled and certified construction labors 10 14 2 1 27 80.77 6

25 La.ck_of certified and trained engineers in thecfief 12 1 3 1 27 83.65 1
building code

26 |Lack of certified and trained building inspectors 10 13 2 1 26 83.00 2




TABLE C.3: Factor Ranking By Municipality
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Extreme Strong Moderate Slight Importance
Group Sub-Factors effect effect effect effect Does not effect R ezmoai ses Index Rank
x=4 x=3 X=2 x=1 x=0 P xi

A |Code Text and Language 57.13 Sixth

1 The F)rlglnal version of the Saudi code is written i 2 2 4 3 2 13 56.82 16
English languag

2 The t.ranslatnlon of the English Version of the ctale 5 P 5 1 13 64.58 12
Arabic Version

3 The Code.requwements are subject to.dlfferent 1 > 5 4 12 50.00 18
interpretations among the A/E professio

B |Enforcement Practice 69.54 Fourth
Mixing of old regulations or other standers requieats

4 1 4 5 3 13 55.77 17
with the new Saudi Building Code requirements

5 Lack of a written building inspection policy and 5 5 2 1 13 76.92 8
procedures by the building authorit i

6 the tgndency of using a restricted implementatinlicp( > 6 2 1 1 12 70.45 1
violation, fee, stop work orders

7 |Lack of violations tracking system. 6 2 4 1 13 75.00 9

C |Building Authorities and Design Offices Practice 78.46 Third

s Imple_menung the Saudi .bU|Id|ng code increases the 3 2 3 3 2 13 61.36 14
working load of your offic

9 Lack ovacontlnues Coordination between the buildingde] 7 4 1 1 13 82.69 6
authoritie:

10 Lack of cgntinues c.o.ordination between the desfines 6 6 1 13 84.62 5
and building authorities

11 Overlgpplng of responsibilities between building 4 5 3 1 13 77.08 7
authoritie:

12 |lack of Design office classification 7 5 1 13 86.54 4

D |Public Awareness and Insurance Role 86.54 Second

19 Th.e I.ow awareness of the public about the impogafc 9 1 3 13 86.54 4
building code

20 |Lack of an effective role of insurance companies 7 5 1 13 86.54 4

E__|Construction Methods & Materials 61.3¢ Fifth

13 Thg t}/pe of construction methods specified in thads > > 4 > > 12 60.00 15
Building Codt

14 The type Vof.materials and equipments specifiethén t 3 4 3 2 12 50.00 18
Saudi Building Code

15 lack of a.ulhor!ze.d testing laboratories and agenttidest| 3 7 3 13 75.00 9
and certify building produc

16 lack of listed and classified building productgtie local 4 4 5 13 73.08 10
market

17 The .code requnements limit the flexibility of bdiihgs 3 3 4 3 13 47.50 19
architectural desic

18 Implemenung the Saudi building code increases the 2 5 2 3 1 13 62.50 13
project cos

F__|Professionals & Labors Training and Qualifications 88.01 First

21 Lack of specialized training centers in the fiefduoilding 7 5 1 13 86.54 4
Code:

22 |Lack of professionals accreditation programs 8 5 13 90.38 2

23 Lack of an eﬁe§tlve and related on job training fo 10 3 13 94.23 1
engineers and inspect

24 |lack of skilled and certified construction labors 4 6 1 2 13 73.08 10

25 La.ck.of certified and trained engineers in thedfief 7 5 1 13 8958 3
building codt

26 |Lack of certified and trained building inspectors 10 3 13 94.23 1




TABLE C.4: Factors Ranking By NCSBC
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Extreme Strong | Moderate Slight Does not Importance
Group Sub-Factors effect effect effect effect effect__| Total Responsefp Index Rank
x=4 x=3 x=2 x=1 x=0 Xi

A _|Code Text and Languag 54.24 Fifth

1 |The original version of the Saudi code is writtel 3 3 5 3 4 18 60.71 13

2 The t_ranslat_lon of the English Version of the ctale 2 1 8 3 4 18 53.57 16
Arabic Version

3 The Code .requlremems are subject to_dlﬁerent 1 2 8 5 2 18 48.44 18
interpretations among the A/E professionals

B |Enforcement Practice 66.32 Third
Mixing of old regulations or other standers requiesits

4 1 5 7 4 17 54.41 15
with the new Saudi Building Code requirements

5 Lack of a written bw@ng |nspect|9f1 policy and 3 8 6 1 18 70.59 8
procedures by the building authorities

6 the te.ndency of using a restricted implementatimicp( 6 2 6 2 18 63.89 12
violation, fee, stop work orders)

7 |Lack of violations tracking system. 4 11 3 18 76.39 6

c Building Authorities and Design Offices Practice 62.41 Fourth

8 Implgmentmg the Saudi .bU|Id|ng code increases the 0 4 4 6 3 17 46.43 20
working load of your offic

9 Lack of_contlnues Coordination between the buildinge] 3 8 3 4 18 63.89 12
authoritie:

10 Lack of Cfmtlnues cggrdlnatlon between the desfjnes 3 1 2 P 18 70.83 7
and building authoritie

1 Overlappmg of responsibilities between building 2 7 6 1 2 18 65.63 9
authorities

12 |lack of Design office classification 2 10 3 3 18 65.28 10

D |Public Awareness and Insurance Role 73.33 Second

19 Th_e I.ow awareness of the public about the impogafc 8 7 3 18 81.94 3
building codt

20 |Lack of an effective role of insurance companies 2 8 5 2 1 18 64.71 11

E__|Construction Methods & Materials 53.7¢ Sixth

13 Thg type of construction methods specified in taeds 1 3 2 7 4 17 4615 21
Building Code

14 The type .of.materlals and equipments specifiedién t 1 3 4 6 3 17 2821 19
Saudi Building Code

15 lack of guthor!zgd testing laboratories and agenitigest 9 7 P 18 84.72 1
and certify building products

16 lack of listed and classified building productstie local 3 3 9 2 1 18 60.29 14
market

17 The f:ode requlrgments limit the flexibility of bdiihgs 1 1 7 9 18 33.33 22
architectural design

18 Imp]emenung the Saudi building code increases the 2 7 4 5 18 50.00 17
project cost

F Professionals & Labors Training and Qualifications 81.54 First

21 Lack of specialized training centers in the fiefdaoilding 8 6 3 1 18 7017 5
Codes

22 |Lack of professionals accreditation programs 7 7 3 17 80.88 4

23 Lack of an effef:tlve and related on job training fo 7 10 1 18 81.94 3
engineers and inspectors

24 |lack of skilled and certified construction labors 7 9 2 18 81.94 3

25 Laf:k.of certified and trained engineers in thedfief 7 9 P 18 81.94 3
building code

26 |Lack of certified and trained building inspectors 8 8 2 18 83.33 2




TABLE C.5: Factors Ranking by SASO
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Extreme Strong Moderate Slight Importance
Group Sub-Factors effect effect effect effect Does not effect R eTSm;L ses Index Rank
x=4 x=3 x=2 x=1 x=0 P i
A |Code Text and Language 25.00 Fifth
1 The grlglnal version of the Saudi code is written i 1 1 2500 4
English languag
2 The t.ranslatvlon of the English Version of the ctale 1 1 25.00 4
Arabic Version
3 The Code.requlrements are subject to.dlfferent 1 1 25.00 4
|interpretations among the A/E professio
B |Enforcement Practice 43.75 Fourth
Mixing of old regulations or other standers requiests
4 1 1 25.00 4
with the new Saudi Building Code requirements
Lack of a written building inspection policy and
5 procedures by the building authorit 1 1 50.00 8
6 lhe te_ndency of using a restricted implementatiolicp( 1 1 50.00 3
violation, fee, stop work orders
7 |Lack of violations tracking system. 1 1 50.00 3
C _|Building Authorities and Design Offices Practice 60.00 Third
8 Implgmentlng the Saudi .bundlng code increases the 1 1 25.00 4
working load of your offic
9 Lack of‘contlnues Coordination between the buildinge] 1 1 75.00 2
authoritie:
10 Lack of cgnllnues c.o.ordlnallon between the desftjnes 1 1 75.00 >
and building authorities
11 Overlgpplng of responsibilities between building 1 1 75.00 2
authoritie:
12 |lack of Design office classification 1 1 50.00 3
D |Public Awareness and Insurance Role 75.00 Second
19 Thg I.ow awareness of the public about the imporafc 1 1 75.00 >
building code
20 |Lack of an effective role of insurance companies 1 1 75.00 2
E__|Construction Methods & Materials 37.5C sixth
13 Th_e type of construction methods specified in thads 1 1 25.00 4
Building Codt
The type of materials and equipments specifiethén t
14 Saudi Building Code 1 1 25.00 4
15 lack of guthor!zgd testing laboratories and agestigest| 1 1 50.00 3
and certify building produc
16 lack of listed and classified building productdtie local 1 1 50.00 3
market
17 The .code requugments limit the flexibility of bdiings 1 1 25.00 4
architectural desic
18 Implementlng the Saudi building code increases the 1 1 50.00 3
project cos
F__|Professionals & Labors Training and Qualifications 83.33 First
21 Lack of specialized training centers in the fiefduoilding 1 1 75.00 2
Code:
22 |Lack of professionals accreditation programs 1 1 75.00 2
2 Lac!( of an effetvztlve and related on job training fo 1 1 75.00 2
engineers and inspect
24 |lack of skilled and certified construction labors 1 1 100.00 1
25 La.ck.of certified and trained engineers in thedfief 1 1 75.00 2
building codt
26 |Lack of certified and trained building inspectors 1 1 100.00 1




TABLE C.6: Factors Ranking by Saudi Council of Engineers
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Extreme Strong Moderate Slight Importance
Group Sub-Factors effect effect effect effect Does not effect R eTSm;L ses Index Rank
x=4 x=3 X=2 x=1 x=0 P i

A |Code Text and Language 75.00 Third

1 The grlglnal version of the Saudi code is written i 1 1 50.00 3
English languag

2 The t.ranslatvlon of the English Version of the ctale 1 1 100.00 1
Arabic Version

3 The Code.requlrements are subject to.dlfferent 1 1 75.00 2
|interpretations among the A/E professio

B |Enforcement Practice 93.75 Second
Mixing of old regulations or other standers requiests

4 1 1 75.00 2
with the new Saudi Building Code requirements
Lack of a written building inspection policy and

5 procedures by the building authorit 1 ! 100.00 !

6 lhe te_ndency of using a restricted implementatiolicp( 1 1 100.00 1
violation, fee, stop work orders

7 |Lack of violations tracking system. 1 1 100.00 1

C |Building Authorities and Design Offices Practice 70.00 Fourth

8 Implgmentlng the Saudi .bundlng code increases the 1 1 25.00 4
working load of your offic

9 Lack of‘contlnues Coordination between the buildinge] 1 1 100.00 1
authoritie:

10 Lack of cgnllnues c.o.ordlnallon between the desftjnes 1 1 100.00 1
and building authorities

11 Overlgpplng of responsibilities between building 1 1 100.00 1
authoritie:

12 |lack of Design office classification 1 1 25.00 4

D |Public Awareness and Insurance Role 75.00 Third

19 Thg I.ow awareness of the public about the impogafc 1 1 100.00 1
building code

20 |Lack of an effective role of insurance companies 1 1 50.00 3

E__|Construction Methods & Materials 50.0¢ Fifth

13 Th_e type of construction methods specified in thads 1 1 50.00 3
Building Codt
The type of materials and equipments specifiethén t

14 Saudi Building Code L 1 0.00 4

15 lack of guthor!zgd testing laboratories and agestigest| 1 1 75.00 2
and certify building produc

16 lack of listed and classified building productdtie local 1 1 75.00 2
market

17 The .code requugments limit the flexibility of bdiings 1 1 50.00 3
architectural desic

18 Implementlng the Saudi building code increases the 1 1 50.00 3
project cos

F__|Professionals & Labors Training and Qualifications 100.00 First

21 Lack of specialized training centers in the fiefduoilding 1 1 100.00 1
Code:

22 |Lack of professionals accreditation programs 1 1 100.00 1

2 Lac!( of an effetvztlve and related on job training fo 1 1 100.00 1
engineers and inspect

24 |lack of skilled and certified construction labors 1 1 100.00 1

25 La.ck.of certified and trained engineers in thedfief 1 1 100.00 1
building codt

26 |Lack of certified and trained building inspectors 1 1 100.00 1
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Appendix —D

Experts Survey Form
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Expert Evaluation

To building code expert,

Please find attached a document that contains aofseguidelines to help A/E professionals

n

implementing the fire protection requirements af giroposed Saudi Building Code. It was prepared as

partial requirement of a master thesis presentetthdoArchitectural Engineering Department at Ki
Fahad University of Petroleum and Minerals in M&02 based on the draft edition of the propo
Saudi Building Code issued in 2007 and the Intésnal Code Council publications.

The following are not in the scope of these Gurdzsi
1. Structural requirements.
2. Maintenance or housekeeping related requirements.
3. Hazardous requirements.
4. Existing buildings requirements.

Based on your experience with international bugdimdes, please evaluate and rate the attached
Guidelines as follows:

g
sed

1 2 3 4 5
Criteria (Strongly | (Disagree)] (No (Agree) | (Strongly
Disagree) opinion) Agree)
1 Clear (In term of language)
2 Simple (effortless to comprehend by the reader
3 Consistenc (free from contradictory rational)
4 Comprehensive (content covers all cases or
scenaros covered by the scope )
5 Methodical (orderly displays the process
followed
Your years of experience with building cod | 1-5 5-10 10-15 | 15-20 | More
Year: Years Yeare | Years | than 2!
Recommendations
1
2
3




Name
Nationality

Address

Telephone

E-mail

VITAE

: ALl ABDURAHMAN YAHYA AL-MUDHEI

Saudi

: Saudi Arabian Oil Company

P.O. Box 11026
Dhahran 31311, Saudi Arabia

: +9663-872-8133

ali.mudhei@aramco.com




