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SUMMARY

Ministry of Housing and Public Works formed a steering committee with the responsibility of
Updating BNBC 1993 by a G.O. having circular no. Section 8/IM-5/93(part) 812 (28) date:
15.09.2008. The Housing and Building Research Institute (HBRI) has been entrusted with the
task of providing secretarial service to the steering committee and managing the
implementation of the project. In response to the Request for Proposal (RFP) from HBRI,
Bureau of Research, Testing and Consultation (BRTC) of Bangladesh University of
Engineering and Technology (BUET) submitted Technical and Financial proposals for
updating the code. Consequently an agreement was signed between HBRI and BRTC on the
15t of December, 2009 giving the task of updating the Code to BRTC, BUET. According to
the TOR of the agreement the major tasks assigned to BRTC are;

e Review and Update of BNBC 1993
e Review and Update of the Building Construction Act 1952 and the Administrative
Arrangement and Implementing Provisions of it

A team of experts consisting of 33 Professionals from various disciplines (27 from BUET and
6 from outside) were gathered for updating the code. For management and co-ordination of
the work, a team leader and a coordinator has been assigned from among the consultants.

It is to be remembered that the present version of the BNBC was prepared in 1993. Since
then major changes have taken place in every discipline of the Building technology. To make
the Updated code time worthy and at par with the codes of both the neighboring and
developed countries, the codes and other related documents have been collected from these
countries. These documents, including books, journals, manuals, research reports etc.
available in the libraries of the Bangladesh University of Engineering and Technology (BUET)
have been preliminarily reviewed by the consultants to identify changes / maodifications of
BNBC 1993. The preliminary reviews and suggestions and the tentative table of contents
proposed for the Updated BNBC have been presented in the inception report. The process of
collection and review of documents will continue along with inclusion of the findings of the
review in the updated code at different stages of its preparation till finalization of the
Updated version.

It is proposed that the Updated BNBC will have 10 parts with a total of 54 chapters.
Moreover some chapters will contain a number of appendices wherein sample calculations,
design tables, graphs etc. will be provided for use by the readers for important analysis and
designs. Part-6 Structural Design has 13 chapters which is the maximum among all the
parts.

In the contents of the proposed Updated Code, almost all of the topics of BNBC 1993 have
been retained. Moreover some of these have been elaborated to accommodate the changes
identified during review of the BNBC 1993 and the various codes and documents collected
to make their scope wider, up to date and user friendly. In the following sections the
changes are discussed with emphasis on the needs for the changes and the inclusions
suggested.

Part-6 “Structural Design” chapter in the Updated Code will include two new chapters, one
on Bamboo Structure and the other on Steel-Concrete Composite Structures. The former is



intended for use in the rural areas. The use of well designed and economic bamboo
structures is expected to be attractive to the rural people. The Steel Concrete composite
structures are expected to be widely used in the industries. In urban areas this type of
structure is expected to find application in high rise construction.

Contrary to the presentation of Geotechnical engineering in BNBC 1993 wherein it has been
treated as “Foundation” having limited scope, in the Updated code the Geotechnical
engineering has been re-named as “Soils and Foundations” as revealed during review of
most of the codes. The scope of the proposed “Soils and Foundations” chapter has been
made wider by including topics such as ground improvement, geo-textiles, soil
reinforcement, slope stability, foundation on problematic soils and sanitary landfills,
dewatering, evaluation of liquefaction potential of soils. The new scope of the “Soils and
Foundations” chapter is in line with the codes reviewed and requirements of the
Geotechnical professionals of the country.

Depletion of energy resources and environmental changes is a major concern worldwide.
Bangladesh is no exception to it. Keeping these aspects in mind, changes and modifications
have been suggested in BNBC 1993 for use of energy saving appliances, non-conventional
fuels etc. in buildings. It has also been proposed that the Updated BNBC will contain
chapters addressing the issues of energy conservation, rainwater harvesting and distribution
mechanisms in the buildings. These are discussed in details below.

In Part 3, “General Building Requirements, Control an Regulation” new Chapter-4 “Energy
Efficiency and Passive Energy Design Features” has been proposed giving minimum code
requirements for achieving the efficiency, targeting solar energy use in buildings of 10% to
20% by 2020.

To reduce energy consumption in buildings provisions for use of variable refrigeration
system in HVAC applications, Variable Voltage, Variable frequency drives in elevator
applications has been proposed in Chapter-3 “Air Conditioning, Heating and Ventilation” of
Part-8 “Building Services”. Energy conservation in lighting using energy saving lamps,
Fluorescent lamps and GLS lamps has also been proposed in Chapter-2, “Electrical
Installation” of the same part.

To augment water supply in Buildings, Chapter-8, “Rainwater Management” in Part-8
“Building Services” has been included in the Updated Code containing specific guidelines for
harvesting, storage and distribution of rainwater.

To make the fire fighting services available to people residing in the congested urban areas,
rural areas and remote areas, special provisions have been proposed in the Chapter “Specific
Requirements for Rural Areas and Remote Areas of Part-4 “Fire Protection” of the Updated
Code.

Chapter-4 “Administration, Permit and Inspection” and Chapter-5 “Legal Proceedings” of
Part-2 “Planning, Environment, Administration and Legislation” have been included for
control and enforcement of the provisions of the Updated Code in all activities related to the
building planning and construction at all levels. It is proposed that the sections will
demarcate the administrative and legal issues more clearly for smooth management of the
building construction activities.
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5.3 LIST OF COLLECTED DOCUMENTS

Vi.

Vii.

viii.

Xi.

Xii.

Xiii.

Xiv.

XV.

XVi.

XVii.

Xviii.

XiX.

XX.

XXi.

ACI 2004. Detailing Manual, American Concrete Institute, USA, 2004.

ACI 315-99, Manual of structural and placing drawings of reinforced concrete,
American Concrete Institute, USA, 1999.

ACI 315R-04, Details and detailing of concrete reinforcement, American Concrete
Institute, USA, 2004.

ACI 318-02. Building code requirements for structural concrete, American Concrete
Institute, USA, 2002.

ACl 318R-02. Building code requirements for structural concrete-Commentary
American Concrete Institute, USA, 2002.

AISC 05 Basic Design Values, American Institute of Steel Construction, USA,
2005.

AISI 2001. North American Specification for the Design of Cold Formed Steel
Structural Members, American Iron and Steel Institute, USA, 2001.

AISC 05. Code of Standard Practice for Steel Buildings and Bridges, American
Institute of Steel Construction, USA, 2005.

AISC 05. Seismic provisions for Structural Steel Buildings, American Institute of Steel
Construction, USA, 2005.

AISC 2005. Specification for Structural Steel Buildings, American Institute of Steel
Construction, USA, 2005.

ASCE-48-05. Design of steel transmission pole structures, American Society of Civil
Engineering, USA, 2005.

ASCE-7-02. Minimum Design Loads for buildings and Other Structures, American
Society of Civil Engineering, USA, 2002.

ASCE-7-05. Minimum Design Loads for buildings and Other Structures, American
Society of Civil Engineering, USA, 2005.

BNBC 1993. Bangladesh National Building Code, Housing and Building Research

Institute and Bangladesh Standards and Testing Institution, Dhaka, Bangladesh.
Pakistan Code 2008. The Building Code of Pakistan, National Housing Authority, Islamabad, Pakistan,
2008.

EIA/TIA-F. Structural standard for Antenna supporting structures and antennas,
Telecommunications Industry Association, USA.

EIA-222-G-draft Structural standard for Antenna supporting structures and
antennas, Telecommunications Industry Association, USA.

Eurocode Parts 0-9. The European Standard, The British Standards Institution 2009.
IBC 2006. International building code, International Code Council, USA, 2006.

IBC 2009. International building code, International Code Council, USA, 2009.

Japan Code 2009. The Building Standard Law of Japan, The Building Centre of Japan,
Tokyo, Japan, 2009.
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XXii.

XXiii.

XXIiV.

XXV.

XXVi.

XXVil.

NBI 2005. National Building Code of India, Bureau of Indian Standards, New Delhi,
India, 2005.

Wind Speed Data for Bangladesh 1948-2009. Bangladesh Meteorological
Department, Dhaka, Bangladesh.

EN Standards for Testing and Inspection of Building Materials, The British Standards
Institution (partial).

ASTM Standards to Testing and Inspection of Building Materials, ASTM International,
100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA, 19428-2959 USA
(partial).

IS Standards for Testing and Inspection of Building Materials, Bureau of Indian
Standards, New Delhi, India (partial).

Bangladesh Standards for Testing and Inspection of Building Materials, Bangladesh

Standards and Testing Institution, Dhaka, Bangladesh (partial).

5.4 LIST OF DOCUMENTS TO BE COLLECTED

Vi.

Vii.

viii.

Xi.

Xii.

AISC 325-05. Steel Construction Manual, Thirteenth Edition, American Institute of
Steel Construction, USA.

Building Code of Australia, Australian Building Codes Board, Australia.

Building Code of New Zealand, Act and Regulations, Compliance Documents and
Building Code Handbook, Department of Building and Housing, New Zealand.

EN Standards for Testing and Inspection of Building Materials, The British Standards
Institution (partial).

ASTM Standards to Testing and Inspection of Building Materials, ASTM International,
100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA, 19428-2959 USA
(partial).

IS Standards for Testing and Inspection of Building Materials, Bureau of Indian
Standards, New Delhi, India (partial).

Bangladesh Standards for Testing and Inspection of Building Materials, Bangladesh
Standards and Testing Institution, Dhaka, Bangladesh (partial).

Geographical and Geopolitical Map of Bangladesh, Published by Survey of
Bangladesh, Dhaka, Bangladesh.

Geological Map of Bangladesh, Published by Geological Survey of Bangladesh, Dhaka,
Bangladesh.

Flood, Tidal Surge and Tsunami Zoning Maps of Bangladesh, Institute of Water and
Flood Modeling, Bangladesh University of Engineering and Technology, Dhaka,
Bangladesh.

Data for Historical Earthquakes, United States Geological Survey, USA.

Information for Rain, Temperature and Humidity, Bangladesh Meteorological
Department, Dhaka, Bangladesh.
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Xiii. Undergraduate, Postgraduate dissertations, reports, journal papers, conference
proceedings and individual’s research works (published/unpublished) but suitable

for adoption in the updated code in Bangladesh Context.

5.5 PRELIMINARY REVIEW OF DOCUMENTS AND TENTATIVE

STRUCTURE OF THE CODE FOR MATERIALS SUBGROUP

5.5.1 PRELIMINARY REVIEW OF COLLECTED DOCUMENTS

NATIONAL BUILDING CODE OF INDIA, 2005

The National Building Code of India (NBC), a comprehensive building Code, is a national
instrument providing guidelines for regulating the building construction activities across
India. It serves as a Model Code for adoption by all agencies involved in building
construction works by the Public Works Departments, other government construction
departments, local bodies or private construction agencies. The Code mainly contains
administrative regulations, development control rules and general building requirements;
fire safety requirements; stipulations regarding materials, structural design and construction

(including safety); and building and plumbing services.

The comprehensive NBC 2005 contains 11 Parts some of which are further divided into
Sections totalling 26 chapters. The salient features of the revised NBC include, apart from
other changes made, the changes specially in regard to further enhancing peoples response
to meet the challenges posed by natural calamities and reflecting the state-of-the-art and

contemporary applicable international practices.

The code makes it clear that the manufacturer/supplier shall satisfy himself' that materials
conform to the specifications and if requested shall supply a certificate to that effect to the
purchaser or his representative. List of IS standards includes those relating to all materials

required for building constructions.

BUILDING CODE OF PAKISTAN, 2008

The building code of Pakistan, 2008 is their latest version in Pakistan covering all aspects
regarding building construction in Pakistan. Part 10 of the code covers the minimum
requirements for materials generally used in the design and construction of buildings. The
code stipulates that all materials shall conform to the specifications of and shall be tested
by standard procedures given in the relevant standards of Pakistan Standards Institution. For
materials for which such Pakistan Standards are not available the code recommends the use
of ASTM, ANSI, BS and ISO standards.
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The construction materials covered by the code include masonry units, timber, reinforcing
and structural steel, plain, reinforced and prestressed concrete, precast and cast-in-situ
flooring materials, sealing and water proofing materials and insulating and facade materials
and materials for all other services required for a building. The code also covers the

materials used in mechanical and electrical works in buildings.

BANGLADESH STANDARDS

Bangladesh Standards and Testing Institution (BSTI) has prepared/adopted specification and
test methods for some building materials. These include clay bricks (including facing bricks.
and hollow bricks); Cement (EU); coarse and fine aggregates from natural sources for
concrete; abrasion characteristics (coarse aggregates), soundness, and sieve analysis of
aggregates; steel bars and wires for reinforcement; and sanitary pipes, pressure pipes;
asbestos sheets for roofing and cladding; steel sheets including galvanised corrugated
sheets: bitumen emulsion: concrete; ceramic wash basins and pedestals; vitreous sanitary
appliances (general requirements and specific requirements for water closets, urinals, foot
rests and squatting pans); cement concrete flooring tiles: hot rolled steel beam, column,

channel and angle sections: bend test on steel tubes; and acid resistant tiles and bricks.

INTERNATIONAL BUILDING CODE, 2009

The International Building Code, in its 2009 edition, is designed to meet the needs of
building construction through model code regulations that safeguard the public health and
safety in all communities, large and small. This comprehensive building code establishes
minimum regulations for building systems using prescriptive and performance-related
provisions. It is founded on broad-based principles that make possible the use of new

materials and new building designs.

This code is founded on principles intended to establish provisions consistent with the
scope of a building code that adequately protects public health, safety and welfare;
provisions that do not unnecessarily increase construction costs; provisions that do not
restrict the use of new materials, products or methods of construction; and provisions that
do not give preferential treatment to particular types or classes of materials, products or

methods of construction

5.5.2 PRELIMINARY REVIEW OF BNBC 1993

In BNBC, 1993 part 5 deals with building materials. However, several other parts and
chapters also contain specifications and details of building materials. In present update all
the relevant specifications and details of all relevant building materials may be incorporated
and placed in one part. Review of the present code shows the necessity of updating and

modification of the Part 5 i.e building materials along with other parts of the code.
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It is apparent from the preliminary review of various documents that specifications and test
methods of building materials are issued separately by relevant national authorities on
standards and materials. Building codes refer to these standards and do not in themselves

contain the details of the material standards.

National Building Code of India provides a list of the Indian Standards, which are available
for most common building materials. For any material not covered by the Indian Standards,

the code permits the use of standards issued by recognized authority.

Similarly, the Building Code of Pakistan refers to relevant Standards adopted by the Pakistan
Standards Institution wherever available. For materials for which Pakistan Standards are not
available, the Code permits the use of relevant standards of ASTM. ANSI, BS, and ISO. In this

way the Code recognizes the limitations of Pakistan Standards.

Presently, standards for building materials issued by Bangladesh Standards and Testing
Institution (BSTI) are not limited in number and scope. Standards have been adopted namely

from I1SO and EN for many required building materials.

5.5.3 TENTATIVE STRUCTURE OF RELEVANT PART OF THE CODE

In the present code (BNBC,1993) Part 5 deals with building materials. However, several other
parts and chapters also contain specifications and details of building materials. In the
present update all the relevant specifications and details of all relevant building materials
may be incorporated and placed in a separate part. The relevant materials of this part may
be quoted or referred to from other parts of the updated version. Different codes,
textbooks, manuals and other published literature will be utilized for preparing the

code provisions for these materials.

5.6 PRELIMINARY REVIEW OF DOCUMENTS AND TENTATIVE

STRUCTURE OF THE CODE FOR STRUCTURAL ENGINEERING

5.6.1 PRELIMINARY REVIEW OF COLLECTED DOCUMENTS

INTERNATIONAL BuILDING CODE (IBC), 2009

International Building Code (IBC), published by the International Code Council, is followed
widely in the United States. It is the successor to three former US codes namely BOCA/NBC,
SBC and UBC. IBC was first published in 2000 and since then its updated versions are being
published every three years. Presently, the latest edition is the 2009 edition. It is a model
code that provides minimum requirements to safeguard the public health, safety and
general welfare of the occupants of new and existing buildings and structures. The IBC

addresses structural strength, means of egress, sanitation, adequate lighting and
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ventilation, accessibility, energy conservation and life safety in regards to new and existing

buildings, facilities and systems.

The IBC 2009 code consists of about 33 chapters of which chapters related to structural
design of buildings and components are Chapter 15 (roof), Chapter 16 (structural design),
Chapter 17 (tests for structural design), Chapter 18 (soil), Chapter 19 (concrete), Chapter 20
(aluminum), Chapter 21 (masonry), Chapter 22 (steel), Chapter 23 (wood) etc. Provisions in
these chapters are mainly related to specifying basic design methodologies (e.g. allowable
stress design or limit state design), minimum gravity and environmental loads, serviceability
limits, material and test specifications etc. Details of the analysis and design procedures of
buildings are not dealt in IBC. Rather it refers other established codes for such procedures.
For example, IBC refers to ACI (American Concrete Institute) code for structural design of
reinforced concrete structures. Similarly for the detailed design procedure of steel

structures, AISC (American Institute of Steel Construction) is referred.

NATIONAL BUILDING CODE OF INDIA 2005

The National Building Code of India (NBC), a comprehensive building Code, serves as a
Model Code for adoption by all agencies involved in building construction works be they
Public Works Departments, other government construction departments, local bodies or
private construction agencies. The code mainly contains administrative regulations,
development control rules and general building requirements; fire safety requirements;
stipulations regarding materials, structural design and construction (including safety); and
building and plumbing services. NBC 2005 contains 11 Parts some of which are further
divided into Sections totaling 26 chapters. The salient features of the revised NBC include,
apart from other changes made, the changes especially in regard to further enhancing
response to meet the challenges posed by natural calamities and reflecting the state-of-

the-art and contemporary applicable international practices.

The NBC gives special importance to safe structural design of building which is clear from
the fact that about 33% of its total volume is dedicated to structural design of issues like
minimum design load, design methodology etc. covering concrete, steel, masonry, timber
and bamboo structures. In some cases it directly refers to other Indian standards. For
example, for pre-stressed concrete structures, it directly refers to a separate Indian
Standard called 1S-1343.

CODES AND STANDARDS BY AMERICAN CONCRETE INSTITUTE

Building Code Requirements for Structural Concrete (ACI 318-08): The Building Code
Requirements for Structural Concrete prepared by American Concrete Institute is the
flagship American code which covers materials, design, and construction of structural

concrete used in buildings and where applicable in non-building structures. The Code also
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covers the strength evaluation of existing concrete structures. Among the subjects covered
are: drawings and specifications; inspection; materials; durability requirements; concrete
quality, mixing, and placing; formwork; embedded pipes; construction joints; reinforcement
details; analysis and design; strength and serviceability; flexural and axial loads; shear and
torsion; development and splices of reinforcement; slab systems; walls; footings; precast
concrete; composite flexural members; pre-stressed concrete; shells and folded plate
members; strength evaluation of existing structures; provisions for seismic design;
structural plain concrete; strut-and-tie modeling in Appendix A; alternative design
provisions in Appendix B; alternative load and strength reduction factors in Appendix C; and
anchoring to concrete in Appendix D. The quality and testing of materials used in
construction are covered by reference to the appropriate ASTM standard specifications.
Welding of reinforcement is covered by reference to the appropriate AWS standard. ACI 318
fully follows strength based design of reinforced concrete elements. References to service
load analysis is only made in relation of deflection and crack control and other relevant

issues.

Details of Concrete Reinforcement (AClI 315-04): ACI detailing manual ACI 315 is a
complementary code for ACI 318 where standard procedure for detailing of reinforcement
for concrete structures and elements are specified. The 2004 edition of this comprehensive
detailing manual provides answers to many questions from design engineers, architects,
contractors, detailers, and engineering students. It is divided into three sections including
“Details and Detailing of Concrete Reinforcement (ACI 315-99),” “Manual of Engineering and
Placing Drawings for Reinforced Concrete Structures (ACI 315R-04),” and supporting

reference data.

Seismic Design of Punching Shear Reinforcement in Flat Plates (ACI 421-2R-07): During an
earthquake, the unbalanced moments transferred at flat plate column connections can
produce significant shear stresses that increase the vulnerability of these connections to
brittle punching shear failure. This report gives recommendations for designing flat plate-
column connections with sufficient ductility to go through lateral drift without punching

shear failure or loss of moment transfer capacity.

THE CODE OF PRACTICE FOR THE STRUCTURAL USE OF STEEL (HONG KONG, 2005)

The Code of Practice for the Structural Use of Steel published in 2005 by The Government of
the Hong Kong Special Administrative Region, gives recommendations for the design of
structural steel buildings and allied structures not specifically covered by other standards
following limit state philosophy. The code has been developed using worldwide best
practice and philosophy from international codes. Particular guidance has been introduced

to the Code to cover high rise building design, composite design, long span structures,
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stability issues, temporary works in construction, a wide range of steel grades, performance

based design and structural vibration.

CODES AND STANDARDS BY AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

Specification for Structural Steel Buildings (ANSI/AISC 360-05): This specification provides
the generally applicable requirements for the design and construction of structural steel
buildings and other structures. This ANSI-approved specification is the first edition to
incorporate both allowable stress design (ASD) and load and resistance factor design (LRFD)
methods. The design provisions for single angles and hollow structural sections are also

included.

Seismic Provisions for Structural Steel Buildings (ANSIZAISC 341-05): This ANSI-approved
specification is a companion to the Specification for Structural Steel Buildings (ANSI/AISC
360-05) that extends coverage to the connection detailing and member design
requirements for structural steel and composite structural steel and reinforced concrete
systems in high-seismic applications. This new standard, dated March 9, 2005, replaces and
updates the 2002 Seismic Provisions for Structural Steel Buildings as well as incorporating
provisions for two new systems: buckling-restrained braced frames and special plate shear

walls.

Prequalified Connections for Special and Intermediate Steel Moment Frames for Seismic
Applications (ANSIZAISC 358-05): This standard has been developed by the AISC Connection
Prequalification Review Panel in accordance with Appendix P of the Seismic Provisions for
Structural Steel Buildings (ANSI/AISC 341-05). The connections have been prequalified for
use in special and intermediate steel moment frames, without the need for additional
testing. The standard currently addresses three types of connections - the reduced beam
section (RBS) connection, the bolted unstiffened extended end plate (BUEP) connection, and

the bolted stiffened extended end plate (BSEP) connection.

EGYPTIAN CODE OF PRACTICE FOR STEEL CONSTRUCTION (LRFD, 2007)

This code of practice provides the generally applicable requirements for the design and
construction of structural steel buildings and other structures following the load and
resistance factor design method. It covers all the basic design methodology of common
structural components beams, columns, connections as well as topics like fatigue,
composite sections, cold formed sections, inspection and maintenance etc. all relavant to

steel buildings and structures.

EGYPTIAN CODE OF PRACTICE FOR STEEL CONSTRUCTION AND BRIDGES (ASD, 2001)
This code of practice provides the generally applicable requirements for the design and
construction of structural steel buildings and other structures following the allowable stress

design method. It covers all the basic design methodology of common structural
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components beams, columns, connections including bridges as well as topics like fatigue,
composite sections, cold formed sections, inspection and maintenance etc. all relavant to

steel buildings as well as bridges.

BUILDING STANDARD LAW OF JAPAN (2009)

The Building Standard Law of Japan is a collection of Japanese documents translated in
English by the Building Center of Japan (BCJ). BCJ contributes to international information
sharing in building-related areas, such as those of building regulations and technical
assessments, by publishing collections of English translations of Japanese laws and
regulations concerning building standards. It includes the mainly the Japanese regulations
which are in enforcement in Japan. It also contains guideline for estimating loads eg.
Earthquake load, wind load etc. However it does not elaborate any structural design

methodology.

EUROCODES (2002, 2006)

Eurocodes are a set of pan-European model building codes developed by the European
Committee for Standardisation. The Eurocodes are organised in 57 parts, each part
published as a separate European Standard. By 2002, ten Eurocodes have been developed
and published: EN 1990: Basis of structural design, EN 1991: (Eurocode 1) Actions on

structures

EN 1992: (Eurocode 2) Design of concrete structures, EN 1993: (Eurocode 3) Design of steel
structures, EN 1994: (Eurocode 4) Design of composite steel and concrete structures, EN
1995: (Eurocode 5) Design of timber structures, EN 1996: (Eurocode 6) Design of masonry
structures, EN 1997: (Eurocode 7) Geotechnical design, EN 1998: (Eurocode 8) Design of
structures for earthquake resistance, EN 1999: (Eurocode 9) Design of aluminium structures.
The Eurocodes form a common European set of structural design codes for civil engineering
work. By March 2010 the Eurocodes will be mandatory for European public works and likely
to become the de-facto standard for the private sector. The Eurocodes will therefore replace
the existing national codes published by national standard bodies (e.g. BS 5950), although
many countries will have a period of co-existence. Eurocodes extensively cover almost all
aspects of building design with special emphasis to fire resistant design of all types of

buildings and structures.

CODES BY AMERICAN SOCIETY OF CIvIL ENGINEERS (ASCE)
ASCE Standards provide technical guidelines, or instructions, for promoting safety,

reliability, productivity and efficiency across all areas of civil engineering.

Minimum Design Loads for Buildings and Other Structures (ASCE 7 — 05) : The new ASCE
Standard 7-05 Standard provides requirements for general structural design and includes

means for determining dead, live, soil, flood, wind, snow, rain, atmospheric ice, and
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earthquake loads, and their combinations that are suitable for inclusion in building codes
and other documents. A detailed commentary containing explanatory and supplementary

information to assist users of ASCE 7-05 is included.

This ASCE 7-05 edition is a complete revision of ASCE 7-02. The new Standard includes
revised and significantly reorganized provisions for seismic design of structures, as well as
revisions in the provisions for determining live, flood, wind, snow, and atmospheric ice
loads. The earthquake load provisions in ASCE 7-05 are substantially adopted by reference
in the 2006 International Building Code and the 2006 NFPA 5000 Building Construction and
Safety Code. Numerous other provisions of all other ASCE 7-05 sections are also adopted by
reference by both model building codes including the provisions for calculating wind loads
and snow loads. Structural engineers, architects, and those engaged in preparing and
administering local building codes will find the structural load requirements essential to

their practice.

Design of Latticed Steel Transmission Structures (ASCE 10-97): This standard, provides
requirements for the design of guyed and self-supporting latticed steel electrical
transmission structures. They are applicable for hot-rolled and cold-formed steel shapes.
Analysis techniques are outlined for the geometrical configurations presently in use.
Procedures for the design of individual members reflect extensive experience and test data
on steels with yield points up to 65 ksi. Connection design procedures allow the engineer to
match connection capability to the most suitable end and edge distances for detailing. If full
scale structure testing is required procedures are outlined to assist in obtaining critical
information. Design procedures cover structural steel members and connections used in

foundations. The commentary provides supporting background data.

AMERICAN WELDING SocleTy (AWS D 1.1 2008)

This code covers the welding requirements for any type of welded structure made from the
commonly used carbon and low-alloy constructional steels. Clauses 1 through 8 constitute a
body of rules for the regulation of welding in steel construction. There are eight normative
and twelve informative annexes in this code. A Commentary of the code is included with the

document.

5.6.2 PRELIMINARY REVIEW OF BNBC 1993

Since 1993 a lot of changes have taken place in design concepts of reinforced concrete
structures. Strength design method has been widely accepted all over the world with
serviceably restrictions on deflection and crack control. Shear strength evaluation procedure
for determining web reinforcement needs up gradation. So, it appears to update the

strength design method for reinforced concrete based on recent research findings.
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Another observation of BNBC 1993 was its inclusion of concrete materials in the structural
design (part-6) section. So, in the revision it is suggested to describe all structural materials

in the separate chapter on ‘Materials’ in part-5 of the code.

Further three new chapters on bamboo structure, steel concrete composite structure and

repair & retrofitting of concrete structures are proposed.

Bamboo structures are widely used in Bangladesh as a non-engineered construction. It will
be explored to include Bamboo structure under the purview of engineered design for safety

and economy.

Steel concrete composite structure is another important topic that needs to be included in

the revised version of BNBC. Possibility of its inclusion will be investigated.

Repair and retrofitting concrete structure had been left out of BNBC 1993. But recently,
damages in concrete buildings are quite common. So, guidelines for appropriate repair
methods should be included in the revised code. Several structural deficiencies are also
common in different concrete structures. Specially, to improve performance of existing
buildings under earth quake loading some retrofitting measures may be needed. So, this

topic is also proposed to be included in the code update.

5.6.3 TENTATIVE STRUCTURE OF RELEVANT PART OF THE CODE

Structural Engineering aspects are mostly discussed in Part 6 of the code. Part 6 of BNBC
1993 contains twelve chapters. It covers nearly all the important aspects of structural
design. As its revision is now undertaken in 2010, some new chapters are proposed for
inclusion. It is decided to keep the original get up of the chapters in this part as far as
possible. In this respect the basic title and contents of each chapter should preferably be
kept in line with the original document (BNBC 1993). However, as it appears that Chapter 5
“Concrete Material” should be transferred to Part 5 Materials, so change in the names of
chapters following chapter 5 is expected. In order to minimize such changes, chapter 4
(Masonry Structures) is shifted to 5t place and a new chapter on Bamboo Structures is
placed as chapter 4. This will retain all the chapters from 6 to 12 in their original positions.
Now the tentative structure of Part 6 of the Revised Code are briefly described below along

with major changes proposed -

CHAPTER 1 DEFINITIONS AND GENERAL REQUIREMENTS
The title is changed from ‘General Design Requirements.” Articles 1.2 and 1.4 are renamed
as ‘Definitions’ and ‘General Requirements’ respectively. Other article names are left

undisturbed.
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CHAPTER 2 LOADS

It has few inclusions like Loads due to Tsunami, Fire, Impacts and Collisions, Creep and
Shrinkage, Dynamic Loads due to vibrations, Moving Loads for Crane Movement and Fatigue.
Another new article on special combinations for Buildings with soft storey has been

proposed.

CHAPTER 3 FOUNDATION

Structure of this chapter is discussed in Chapter 6 of the present report.

CHAPTER 4 BAMBOO STRUCTURES (NEW ITEM)

A fresh chapter is proposed for inclusion in order to standardize our indigenous versatile
product used for low cost housing and other temporary structures. Its tentative contents
are foreword, scope, terminology, symbols, materials, permissible stresses, design,

considerations, design and techniques of joints, storage of bamboo

CHAPTER 5 MASONRY STRUCTURE (SHIFTED FROM 4™ TO 5™ PLACE)

Plain concrete has been included in the article (Art 4.2) on Materials. Design for
Concentrated loads and Design of Non-load Bearing Wall has been included in the article on
Design of unreinforced Masonry. Design for Concentrated load is also placed in another

article on Design of Reinforced Masonry.

CHAPTER 6 REINFORCED CONCRETE STRUCTURES: STRENGTH DESIGN

Its title is modified. New articles and sub-articles proposed for inclusion are serviceability
requirements for structural elements, crack control (of different structural members),
columns subjected to bi-axial bending, deflection of framed structures, (design of) Pre-cast
pile, cast-in-situ Pile, Dog legged and Open Well Stair, Free Standing Stair, Helicoidal Stair,

deflection (of stairs) and structural design for fire protection.

Article on precast and composite construction is reduced to precast construction as steel

composite construction is proposed to form a separate chapter.

CHAPTER 7 REINFORCED CONCRETE STRUCTURES: WORKING STRESS DESIGN”
It has a slightly modified title name. The contents are least disturbed with couple of

inclusions like columns subjected to bi-axial bending, crack control etc.

CHAPTER 8 DETAILING OF REINFORCED CONCRETE
Major revisions are proposed for special provision for Seismic Design. All the sub-article

names of this article are changed.

CHAPTER 9 PRESTRESSED CONCRETE
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A few inclusion proposed are Shape Selection, Minimum Temperature and Shrinkage

Reinforcement, Partial Prestressing, Crack Control and Fire Protection.

CHAPTER 10 STEEL STRUCTURES
Working Stress Design Method is renamed as Allowable Stress Design Method and Load
Factor Design Method is changed to Load and Resistance Factor Design Method. Other

inclusions are Consideration for Fatigue and Detailing of Steel Structures.

CHAPTER 11 TIMBER STRUCTURE

Major inclusions are Design of Nail Laminated Timber Beams, Design of Bolted Construction
Joints, Design of Timber Connector Joints, Glued Laminated Veneer Lumber, Design of Glued
Laminated Beams, Structural Use of Plywood, Trussed Rafter, Structural Sandwiches, Nail and

Screw Holding Power of Timber.

CHAPTER 12 FERROCEMENT STRUCTURES

Its content names has no proposed changes at the moment

CHAPTER 13 (NEW) STEEL-CONCRETE COMPOSITE STRUCTURE

A new chapter is proposed for inclusion. The tentative contents are General Provisions,
Nominal Strength of Composite Sections, Material Limitations, Shear Connectors, Axial
Members, Encased Composite Columns, Filled Composite Columns, Flexural Members,
Strength of Composite Beams with Shear Connectors, Flexural Strength of Concrete-Encased

and Filled Members, Combined Axial Force and Flexure and (some) Special Cases

5.7 PRELIMINARY REVIEW OF DOCUMENTS AND TENTATIVE

STRUCTURE OF THE CODE FOR CONSTRUCTION PRACTICES

5.7.1 PRELIMINARY REVIEW OF THE COLLECTED DOCUMENTS

Building codes of most countries specify safe practices for various stages and for various
elements of building construction. The following is an account of the preliminary review of

various documents for coverage of construction practices and safety.

THE INTERNATIONAL BUILDING CODE, 2009
The International Building Code, 2009, gives a brief coverage of construction safety under
the heading, “Special Construction”, “Encroachments Into the Public Right of Way” and

“Safeguards During Construction” in chapters 31, 32 and 33 respectively.

Chapter 31 Special Construction: This chapter contains a collection of regulations for a

variety of unique structures and architectural features. Pedestrian walkways and tunnels
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connecting two buildings are addressed in Section 3104. Membrane and air-supported
structures are addressed in Section 3102. Safeguards for swimming pool safety are found in
Section 3109. Standards for temporary structures, including permit requirements are
provided in Section 3103. Structures as varied as awnings, marquees, signs,
telecommunication and broadcast towers and automatic vehicular gates are also addressed
in Sections 3105 through 3108 and 3110.

Chapter 32 Encroachments into the Public Right-of-way: Buildings and structures are
designed to extend over a property line and into the public right-of-way. Local regulations
outside of the building code usually set limits to such encroachments, and such regulations
take precedence over the provisions of this chapter. Standards are provided for
encroachments below grade for structural support, vaults and areaways. Encroachments
above grade are divided into below 8 feet, 8 feet to 15 feet, and above 15 feet, because of
headroom and vehicular height issues. This includes steps, columns, awnings, canopies,
marquees, signs, windows, balconies. Similar architectural features above grade are also

addressed. Pedestrian walkways are required to comply with Chapter 31.

Chapter 33 Safeguards During Construction: Chapter 33 provides safety requirements
during construction and demolition of buildings and structures. These requirements are
intended to protect the public from injury and adjoining property from damage. In addition
the chapter provides for the progressive installation and operation of exit stairways and

standpipe systems during construction.

NATIONAL BUILDING CODE OF INDIA 2005

Part 7 of the National Building Code of India 2005 presents a comprehensive treatment of
the issue of construction practices. The part is organized into five sections. viz (1)
Constructional Practices, (2) Storage, Stacking and Handling Practices, (3) Safety in
,Construction of Elements of a Building, (4) Maintenance Management, Repairs, Retrofitting
and Strengthening of Buildings and (5) Safety in Demolition of Buildings. An Appendix on
Programme Evaluation and Review Technique and Critical Path Method is also included. An
Appendix on Check List for Stacking and Storage of Materials, Common Causes for
Maintenance problems, Format for Inspection Report, Guidelines for Maintenance of

Electrical Equipments are also included in this Version.

OTHER CODES
Part 5 of the Building Code of Pakistan deals with "Construction Safety Measures". The code
draws extensively from relevant sections of the Indian Code and many requirements of the

two codes match.
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Article 30 of the BOCA National Building Code of the USA. "Precautions During Building
Operations" is fairly comprehensive. A useful section on Scaffolds containing a table of

required live load capacity of scaffolds is included in this code.

As stated earlier, construction practice in Bangladesh is based on local technology, and as
such, many provisions of the codes of other countries may not apply here. For example,
construction techniques such as double flooring, and steel frame building construction are
not yet relevant in this country. On the other hand improved practices of handling and
storage of materials and safety procedures for workers, public and adjoining property are

essential and can be drawn from some of the codes reviewed.

5.7.2 ReviEw oF THE BNBC 1993

Construction industry in Bangladesh is highly labour intensive and the success of a project
lies to a great extent on proper site management and construction practices. Ensuring safety
of life during construction and minimization of construction hazards are the concern of Part
7. Constructional responsibilities regarding planning and control of the construction as well
as the protection of public, workers and property are specified in this part. The minimum
requirements of on-site welfare measure for health and sanitation of the workers are also
specified. The specifications additionally provide for the safe and scientific demolition of

buildings, where necessary.

This Part of the Bangladesh National Building Code 1993 presents a comprehensive
treatment of the issue of construction practices and safety. The part is organized into four
sections. viz (i) Constructional Responsibilities and Practices. (2) Storage, Stacking and

Handling Practices. (3) Safety During Construction (4) Demolition Work.

5.7.3 TENTATIVE STRUCTURE OF RELEVANT PART OF THE CODE

This Part of the Code emphasizes the importance of carrying out all constructional
operations in a safe and efficient manner. Workers in large number, both skilled and
unskilled, are engaged in the innumerable construction works. Due to increased tempo of
such a building activity and large scale mechanization, hazards of accidents could increase
considerably. It is, therefore, imperative that adequate safety rules are laid down for every

phase of construction work.

Planning the various constructional operations before hand and making adequate
arrangements for procurement and storage of materials, and the machinery to get the work
done is as important as carrying out these constructional operations in accordance with
good practice. Lack of planning or defective planning may result in avoidable delay in the
completion of work and consequently increased hazards from the point of view of fire,

health and structural soundness.
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The requirement of this part is that it will address safety aspects of personnel, property and

equipment during construction and demolition operations.
Basic structure of this part of the Code shall be as in the existing code, i.e.

e Construction Responsibilities and Practices
e Storage, Stacking and Handling Practices

e Safety in Construction Work

e Safety in Demolition Work

e Maintenance Management, Repairs, Retrofitting and Strengthening of Buildings

5.8 PRELIMINARY REVIEW OF DOCUMENTS AND TENTATIVE

STRUCTURE FOR SEISMIC PROVISIONS

5.8.1 GENERAL

As a general rule, building codes have developed based on consensus principle through a
net work of various technical committees on different subjects. Such committee comprises
representatives from Research and Development Organizations, Consumers, Industry,

Testing Labs and Govt. Organizations etc.

5.8.2 PRELIMINARY REVIEW OF COLLECTED DOCUMENTS

INDIAN CODE 2005

The Civil Engineering Division Council of the Bureau of Indian Standards is responsible for
the standardization in the field of Civil Engineering including Structural Engineering,
Building materials and components, Planning Design, Construction and Maintenance of Civil
Engineering Structures, Construction Practices, Safety in Building etc. This council took
initiatives for the preparation of a building code for India in 1967. The first version of the
National Building Code of India was published in 1970. 18 specialist panels prepared this
code. Based on comments and suggestions received, the building code was later revised in
1983. The third and final version of Indian National Building Code has been published in
2005.

Earthquake resistant design was first introduced as an Indian Standard through the
publication of IS 1893 “Recommendations for Earthquake Resistant Design of Structures in
1962” which was then revised in 1966. As a result of additional seismic data collected in
India and accumulation of further knowledge and experience, the standard was revised in
1970, 1975 and then in 1984 which is known as IS 1893:1984 “Criteria for Earthquake

Resistant Design of Structures”.
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One of the major changes in the Indian National Building Code of 2005 is the inclusion of
the latest version of earthquake resistant design IS 1893 (Part 1):2002. IS 1893 (Part 1):2002
covers general principles and design criteria, combinations, design spectrum, main
attributes of buildings, dynamic analysis and design procedures, seismic zoning map and
seismic coefficients of important towns, map showing epicenters, map showing tectonic
features and lithological map of India. Following are the major and important modifications

made in this revision of IS 1893:2002 (compared to previous version):

e The seismic zone map is revised with only four zones, instead of five. Zone | of previous
map has been merged with Zone Il and hence the present code has only Zones II, IlI, IV
and V. Parts of Eastern coast area is enhanced from Zone Il to Zone Il and connected
with Zone Il of Godavari Graben area.

e This revision adopts the procedure of first calculating the actual force that may be
experienced by the structure during the probable maximum earthquake, if it were to
remain elastic. Then the concept of response reduction due to ductile deformation or
frictional energy dissipation in the cracks is brought into the code explicitly, by
introducing the response reduction factor ‘R’ in place of the earlier performance factor.
The value of R varies significantly depending on building structure types.

e The values of seismic zone factors have been changed; these now reflect more realistic
values of effective peak ground acceleration considering Maximum Considered
Earthquake (MCE) and service life of structure in each seismic zone.

e Response acceleration spectra are now specified for three types of founding strata viz.
Hard, Medium and Soft.

e The empirical formula for calculating fundamental natural period T=0.1n for moment
resisting frames without bracing or shear walls is replaced with Ta=0.075h9-075 for RC
framed buildings. This formula applies to bare frames e.g. in industrial plant buildings.
The formula for framed buildings with in-filled masonry walls is Ta = 0.09h/d°5 where h
and d are the height and base dimension of the building along the considered direction
of earthquake.

e Accidental torsion is introduced.

e Irregularities of building shapes in plan and in elevation (including soft-storey buildings)
are defined and taken into consideration in design.

e More load combinations are required.

e A clause has been introduced to restrict the use of foundations vulnerable to differential
settlements in severe seismic zones

e The change in earthquake resistant design provisions of IS 1893 has resulted in an
increase of seismic loadings in moment frame buildings, the increase is more for
ordinary RC moment resisting frame (OMRF) buildings.

 New zoning factor Z introduced represents the effective peak ground acceleration to be
considered for design. Z values are given as 0.1, 0.16, 0.24 and 0.36 for zones I, IlI, IV
and V respectively.

e Increase in structure forces due to building irregularity such as soft storey has been
quantified.
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US CobEe 2009

IBC 2009 defines six design categories (SDC): A, B, C, D, E and F. It also defines four
occupancy categories: I, II, 1l and IV. To relate the SDC and the occupancy category, the
design spectral acceleration coefficient Sps and Sp; are used, which are obtained from
contour maps of maximum considered earthquake spectral response accelerations Ss, S; at
short and 1 sec periods respectively and multiplying them with site coefficient F, and F, and
a factor of two thirds. Site coefficients depend on soil type as well as Ss, Si. Site classes are
also termed as A to F which are different from SDCs. Design Acceleration Response
Spectrum Sa is calculated from Sps and Sp: and time period of the structure. SDC is
determined on the basis of Sps and Spi as well as occupancy category. The equivalent lateral
force is calculated by multiplying effective weight of structure by seismic response
coefficient Cs which depends on Sps, occupancy importance factor and response
modification factor R, values of which are also tabulated. The method is quite complicated

and requires contour maps of Ss, S1 which are tabulated for USA only.

The structural provisions given in IBC 2009 rely heavily on referenced standards, especially
the Minimum Design Loads for Buildings and Structures published by the American Society
of Civil Engineers (ASCE-7). The latest version ASCE/7SEI-05 published in 2006 contains a

number of chapters related to seismic provisions.

IBC 2009 also refers strongly to American Concrete Institute (ACI) Code 318-08 which gives
the procedure for design and detailing of structures subjected to earthquake loads but does
not address the calculation of seismic forces. Recent ACI Code (ACI 318-08) includes
updated provisions of Earthquake Resistant Structures. Chapter 21 contains requirements
for design and construction of reinforced concrete members of a structure for which the
design forces, related to earthquake motions, have been determined on the basis of energy
dissipation in the nonlinear range of response. This chapter contains provisions considered
to be the minimum requirements for a cast-in-place or precast concrete structure capable
of sustaining a series of oscillations into the inelastic range of response without critical

deterioration in strength.

5.8.3 ReviEw oF BNBC 1993

Earthquake engineering discipline has gone through major changes over the past 30 years
due to major research findings and experience gathered from structural damage in major
earthquakes in various countries of the world. As a result, earthquake resistant design
provisions in building codes have been subjected to major changes in this period. USA,
mainly due to its high seismicity in California, has been a major player in leading this
research initiative, and has an excellent program for updating their building code at regular

intervals. Current earthquake resistant design provisions of BNBC 1993, reflects many of the
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changes in building code introduced at that time in major international building codes.
BNBC93 has incorporated many of the seismic design provisions of Uniform Building Code
1991 (UBC91) and American Concrete Institute (ACI) Code 3128. As a result BNBC93 had
been a much improved seismic design code compared to the Indian earthquake resistant
design provisions IS 1893:1984 prevalent at that time. BNBC93 introduced a zoning map
along with the concept of zone factor Z representing the peak ground acceleration and a
response reduction factor R. BNBC93 specified response spectrum analysis procedures for

four types of soils, and provided detailed structural design procedures for buildings.

In BNBC93, the following articles of Part 6 (Structural Design) are related to seismic design

and will be evaluated and modified in light of current international standard building codes.

Chapter/A Title Comment

rticle No.

1.2 Basic Considerations Structure importance category

1.3 Structural Systems Lateral load resisting system, structural
irregularities

15 Design for Lateral loads Earthquake force, overturning requirements,
drift and building separation requirements

1.7 Detailed Design Requirements Structural framing system, ties and
continuity, anchorage, boundary elements
requirements

1.8 Foundation Design Requirement Special requirement for footings, piles etc. in
seismic zone 2,3

25 Earthquake Loads Seismic zoning, Equivalent Static Force
method, Response Spectrum method,

2.7 Combination of Loads Load combination for RC, masonry, steel
structures

4.8 Earthquake Resistant Design (of masonry Special requirements for masonry in zone 2

structures) and 3

Chapter 6 USD of RC structures USD Analysis and design method of
structural components i.e. beam, column, slab
etc.

Chapter 7 WSD of RC structures WSD Analysis and design method of
structural components i.e. beam, column, slab
etc.

8.3 Special provisions for seismic design Special requirements for zone 2 and 3

10.8.12 Seismic design provisions Special requirements for different steel
frames

5.8.4 TENTATIVE STRUCTURE OF THE RELEVANT PART OF THE CODE

Earthquake design provisions will be included in various portions of Part 6: Structural Design
adopting a structure similar to that of BNBC93. The Section 2.5 titled “EARTHQUAKE LOADS”
will be expanded and modified to include new design provisions for earthquake loading and
analysis procedures. Most notable changes will include updated seismic zoning map,
updated static force method, updated response spectrum analysis method etc. Major new
inclusions are regional seismotectonics and seismicity, seismic design category,
performance level requirements, non-linear static (pushover) analysis method, some seismic

design guidelines for base-isolated buildings and detailed procedure for assessing
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liguefaction possibility of site. Changes will also take place in other sections of Part 6 such
as combinations of loads (Sec.2.7), foundation (Chapter 3), earthquake resistant design for
reinforced masonry buildings (Sec 5.8), special seismic design provisions for reinforcement
detailing of reinforced concrete buildings (Sec.8.3), seismic design provisions for steel
buildings (Chapter 10). Retrofitting techniques for improving seismic resistant design of

existing buildings may be addressed in chapter 14.
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GEOTECHNICAL ENGINEERING

6.1 TERMS OF REFERENCE OF THE GROUP

a. Review of the Soils and Foundations/Foundation/Geotechnical Section of different
codes.

b. Review of the Bangladesh National Building Code (1993).

Review of existing Geotechnical Practice of Building and Structures in Bangladesh.

d. Extensive discussions with geotechnical academics, experts, professionals of this
country to determine the various needs and problems of geotechnical practice in
Bangladesh.

e. Determination of the necessity to extend the scope of the existing code.

f. Determination of the necessity to add further details in the relevant sections and
sub-sections of the existing codes.

g. Determination of the necessity to delete irrelevant/redundant parts of the existing

codes.

6.2 TERMS OF REFERENCE OF INDIVIDUAL CONSULTANTS

The individual consultants of the Geotechnical Group will contribute specifically to the

following major fields:
Professor Dr. Syed Fakhrul Ameen: Design of Foundations and Foundation Construction
Professor Dr. Abu Siddique: Geotechnical Investigations and Geotextiles

Professor Dr. Mohammed Kabirul Islam: Foundations on Sanitary Landfill, Slope Stability and

ground water contamination

Professor Dr. Md. Shariful Islam: Liquefaction Potential Analyses and Ground Improvement

6.3 LIST OF COLLECTED DOCUMENTS

The Soils and Foundations/Foundation/Geotechnical Section of the following code were

collected for preliminary review:

i. Bangladesh Nat