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Foreword from Chief Engineer

Bangladesh is situated in one of the most tectonically active regions of the world where three tectonic plates,
namely: the Indian plate, the Eurasian plate and the Burmese plate, met. Over the last two hundred and fifty
years, Bangladesh has experienced eight major earthquakes of a magnitude over 7.0 on the Richter scale.
Due to its proximity to the plate boundaries, active faults and impact of past earthquakes in and around

Bangladesh, the probability of occurrence of strong earthquakes is considered high.

The risks of loss of life and damage to properties by an earthquake are almost entirely attributed to man-
made structures. The process of rapid urbanization and expansion of several cities, especially Dhaka,
Chattogram and Sylhet, during the last 30 years, with most of the buildings being poorly designed and

constructed, has been a big concern.

The first edition of the Bangladesh National Building Code (BNBC) was published in 1993 and was enacted
in 2006. PWD (Public Works Department) has been following the Code of the American Concrete Institute
(ACI) to design reinforced concrete buildings. But its strict adherence to the latest codes, especially the
seismic design provisions, have come into effect very recently. As a result, many existing buildings do not
meet the seismic requirements of the current BNBC 2020. This necessitates retrofitting of the vulnerable

buildings.

PWD has been facing difficulties in taking up projects to retrofit existing vulnerable public buildings due
to a lack of technical know-how. To overcome the deficiencies, PWD had taken up two projects with
technical cooperation from JICA titled, 1. “Project for Capacity Development on Natural Disaster Resistant
Techniques of Construction and Retrofitting for Public Buildings in Bangladesh (CNCRP, 2013-2017)”,
and 2. “Project on Promoting Building Safety for Disaster Risk Reduction (BSPP, 2017-2021)”. This has
significantly enhanced the capacity of the engineers of PWD for seismic assessment and retrofitting of

existing vulnerable buildings.
One of the important outputs of those two projects were the following eight manuals and guidebooks:

1. Manual for Seismic Evaluation of Existing Reinforced Concrete Buildings (First Edition:
CNCRP, 2015. Second Edition: BSPP, 2021).

2. Manual for Seismic Retrofit Design of Existing Reinforced Concrete Buildings (First Edition:
CNCRP, 2015. Second Edition: BSPP, 2021).

3. Manual for Retrofit Construction and Supervision of Reinforced Concrete Buildings

(First Edition: CNCRP, 2015. Second Edition: BSPP, 2021).




4. Manual for Seismic Design of Reinforced Concrete Buildings (First Edition: CNCRP, 2015.
Second Edition: BSPP, 2021).

5. Manual for Vulnerability Assessment and Damage Prediction of Reinforced Concrete Buildings
against Non-Seismic Hazards (First Edition: CNCRP, 2015).

6. Fire Safety Design Guidebook (First Edition: BSPP, 2021).

7. Handbook for Architectural Design Work Considering Seismic and Other Issues (First Edition:
BSPP, 2021).

8. Handbook of Geotechnical Engineering: Assessment of Bearing Capacity, Liquefaction Potential

and Slope Stability (First Edition: BSPP, 2021).

It is evident from the above list that the manuals or guidebooks covered a range of technical issues and
subjects. Apart from assessment and retrofitting of buildings, they also covered design of new buildings,
construction & quality control, fire safety design, geotechnical issues for foundation design, and
architectural design works taking into consideration seismic and other safety issues. All of these manuals/
guidebooks have been helpful to the engineers and architects in their design and construction work and
making safe and disaster-resilient buildings, particularly against earthquakes and different natural and man-

made hazards.

These manuals and guidebooks will not only help the engineers of PWD and architects of the Department
of Architecture (DoA) but also the professionals of other organizations, including those in the private sector.
These are going to be useful in designing and constructing new buildings, assessing and retrofitting existing
vulnerable buildings, ensuring safety and resilience against disasters related to earthquakes and other

hazards.

I deeply appreciate the members of the Editorial Advisory Board consisting of respected members from
Japan and Bangladesh for their valuable contribution to the eight manuals prepared under CNCRP and
BSPP. I also thank both Japanese and Bangladeshi team members of CNCRP and BSPP for their assistance

in writing the manuals and guidebooks.

Finally, I want to thank the Government of Japan, JICA and the Government of Bangladesh for their whole-

hearted support and cooperation throughout the project phases.

(Mohammad Shamim Akhter)
Chief Engineer, PWD
November, 2021




Foreword from Chief Architect

The public buildings in Bangladesh are designed and constructed mainly by the two representing
governmental organizations, DOA (Department of Architecture) is responsible for providing Architectural
designs and PWD (Public Works Department) is responsible for providing structural, electrical, mechanical

and plumbing designs as well as construction management.

Established in 1981, DOA is the only comprehensive Architectural design office of the Government of
Bangladesh. This department is responsible for providing Architectural designs, in the formulation of program
of any project, for providing master plans of various projects & detailed working drawings and supervising the
site during the construction period of any project. PWD (Public Works Department) is responsible for
providing structural, electrical and related support services for various development projects of government
and semi-governmental organizations. DOA’s scope of work is not limited to general construction plans but
also includes rules and regulations regarding land use and human settlement and providing advisory services to

the government regarding effective use of land and building code.

On the other hand, PWD has a long history of providing structural design, building service design and
construction management for public buildings as collaborator PWD is working in close collaboration with
DOA, especially with abundant experience and knowledge on seismic design and structural design issues of

buildings.

Intensive training courses organized by BSPP for Architects and Engineers have enriched their
knowledge on various technical aspects and created intelligent experts within these bodies. I hope, this
Handbook will help the Architects of DOA to acquire and apply the knowledge and ideas for designing

disaster resilient public buildings.

I wish to thank both the Japanese and Bangladeshi members of BSPP project, including the Architects of
DOA and the Engineers of PWD, for undertaking the initiative to prepare the Handbook.

Finally, I want to take this opportunity to thank JICA and GOB for their continuous support to the BSPP

project.

Mir Manzurur Rahman
Chief Architect
Department of Architecture
Dhaka, Bangladesh




Preface

In Bangladesh, architectural designs and construction works for the public buildings have been
organized by the two representing government organizations, Department of Architecture (DOA) which is
responsible for architectural design, and the Public Works Department (PWD) which provides structural,
electrical, mechanical and plumbing design, and construction management.

The design and construction of buildings by these departments have been carried out in compliance with the
Bangladesh National Building Code (BNBC).

One of the purposes of BNBC 2020 is “to establish minimum standards for design, construction, quality
of materials, use and occupancy, location and maintenance of all buildings within Bangladesh in order to

safeguard, within achievable limits, life, limb, health, property and public welfare.”

To meet the objective of design, construction and maintenance of buildings that will be functional, safe,
sustainable and aesthetically pleasing, a well-coordinated and concerted team effort by the architects, structural

engineers, civil engineers, building services engineers are essential.

It is essential for the stakeholders of building construction to develop an appropriate design through
discussions and communications among the parties concerned, based on the knowledge and experience of
safety issues by the respective parties. By acquiring knowledge about the structure, electrical, mechanical,
plumbing, and fire protection, will be enable the architect to develop a building design which will be

architecturally beautiful and structurally safe against disasters caused by natural or man-made hazards.

Based on these considerations, this handbook has been developed to provide useful and important ideas
for designing disaster-resilient buildings that could be useful for the architects, structural engineers, and

building service engineers.

This handbook has five Chapters and an Annexure.

In the first chapter, the purpose and outline of this handbook has been presented.

In Chapter 2, the points to keep in mind at each stage and the points and timing that should be discussed
among the parties concerned as mentioned has been discussed. As mentioned above, these are described in
accordance with the flow of the design activities divided into three stages (Stage I: Initial Stage / Basic Design,
Stage II: Intermediate Stage / Preliminary Design, and Stage III: Finalizing Stage / Detail Design). In addition,
the classification of buildings in BNBC 2020 is presented in also presented in this Chapter, while its reference

data for design is provided in the Annexure.

In Chapters 3 to Chapter 5, discussed the points to be considered along with relevant solutions, and
examples mainly focusing to ensure safety of the buildings against disasters. Accordingly, the safety aspects in
the fields of structural design, building service design consisting of electrical, mechanical, plumbing, and fire

protection design issues has been provided.




We sincerely hope that this Handbook will help the architects, structural engineers, electrical,
mechanical and plumbing engineers in their design practice and to build safer and more comfortable buildings

in Bangladesh.

Ms. Fahmida Sultana: Team Leader, Superintending Architect, Department of Architecture
Ms. Izumi Kasai: Architect, JICA Expert of BSPP
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CHAPTER 1

General




1-1 Introduction - Design for the Safer Buildings

This handbook is published as a part of the “Project on Promoting Building Safety for Disaster Risk
Reduction in The People’s Republic of Bangladesh (herein after “BSPP”)”. The project of BSPP aims to

“Enhance capacity for promoting seismic safety in public buildings in urban areas of Bangladesh”.

One of the key objectives of the BSPP was to provide capacity development support for constructing safer
public buildings in different stages of architectural design. The need for capacity building support was
identified at the initial phase of architectural design, as well as in its different stages to the final output
Therefore, the handbook has focus on architectural design, taking disaster resilience into consideration. An
Architect sometimes gets carried away by artistic forms and geometry and doesn’t take into consideration such
serious issues as seismic, structural, electrical, mechanical, plumbing, and fire safety. That is why, during the
time of providing working drawings, plans to specify the safety measures to be adopted. As a result, the
Architects need to do repetitive work, which can sometimes make them frustrated. Therefore, this handbook
with an overview of basic information required by the Architects, was prepared to help them execute their
architectural designs by taking disaster resilience and safety concepts into consideration right at the start of the

process.

1-2 Importance of Communication for Design

A building design starts with an Architect who provides spatial design. After that, comes the role of a
structural Engineer who provides an effective structure to embody it. To make the building functional, a
building service Engineer designs the services and equipment required for the purpose. Therefore, in depth
discussions with all the designers involved in the design process is necessary for the architect to finalize the

trajectory among themselves.

However, if communication between the parties concerned is insufficient, problems may occur not only in the

design phase but also during the construction process.

For this reason, general descriptions related to design are left to the main textbooks that have been distributed
among all concerned people. Instead, items to be confirmed among related parties are listed along the stream of

architectural design work.

1-3 How to use this Handbook

Architects need to manage and coordinate not only the architectural design issues, but also undertake
collaborative work with other design parties. Therefore, it is indispensable for an Architect to grasp the entire
design work as a series of action points. In this context, Chapter 2 of the handbook shows the work procedures
in line with their three main design stages. In addition, the items and the timings are indicated that should be
discussed with the concemned parties. Thereby, not only the Architect but also the parties involved in the
project will be able to identify what type of intervention is needed when and at which stage of the architectural

design.




Chapter 3 provides some essential knowledge and information to address the problems related to structural
and seismic risks that is deemed most critical for an Architect. The chapter also gives suggestions for
coordination between structural and architectural design units to satisfy the safety recommendations regarding

dynamic building response or behavior during earthquakes.

Chapter 4 prepares the adjustment items with the building service Engineer necessary to realize the
architectural design for the Architect. Basic information on electrical, mechanical and plumbing equipment for

architectural design are provided in this chapter.

And Chapter 5 presents the basic items on fire safety that are required to be considered in architectural design
process. Regarding fire safety, BSPP has separately prepared a detailed fire safety design guidebook which

could also be used by the engineers and architects.

Finally, this handbook can be helpful for the Architects and building service Engineers to safely embody the

shape and spatial composition of a plan with adequate safety measures.







CHAPTER 2

Basic Consideration for Architectural Design




2-1 Introduction

Architectural designs are initiated by the spatial data of the physical space and the requirements of the client.
Later on, the idea becomes more functional with the input of Structural and Building Service Designs,

including Electrical, Plumbing and Fire safety considerations.

Chapter 2 mainly describes the workflow an Architect needs to follow at different stages of the design process.
This chapter will also provide details about the roles of the concerned people with whom effective

communication and coordination need to be established.

2-2 Responsibility and Liability of Design Works

Architectural design work guides the other sectors on their engineering design. A proper engineering design
that complements the architectural work will ensure an appropriate functional space. Simultaneously, an
architectural design also needs to complement the engineering design to ensure structural safety and backup

services.

The main items of design work and responsible organizations are shown in the figure 2-1.

Project administration

eAdjustment of project
conditions like volume,
form, function, budget
and duration, etc.)

T

Architectural Design

Requiring
Body

Structural Design eExamination of building
—\ volume
- S s ePlanning of function of
*Soil investigation required FHOTS
for design ;
S | id . eSpatial Arrangement
L[] . . . . . .
(s:crutcturaMconsbl er)atlon eSelection of equipments for Building service design
y_s e{n, (.em ers the building service (Air A
*Seismic resistance conditionner, Lift, Plumbing, ] - )
eStructural calculation etc.) eElectrical facility design
eFire safety consideration eDecision for meeting result *Mechanical facility design
and design in each stages ePlumbing facility design
eEstimation of the eCordination between person oFire safety consideration
construction costin concerned. and design
accordance with design eFire safety consideration
and design

J

DOA:Department of Architecture
PWD: Public Works Department
EM&P: Electrical, Mechanical & Plumbing

*Bidding
eProcurement
eConstruction supervision

Figure 2-1 Responsibility and Liability Diagram




An Architect’s work is complex because she/he normally stays involved from the beginning of a project to its
end. He/she has to present the design and negotiate the requirements and allocated space with the requiring
body and at these stages the involvement is nil for the other design engineers because of their specific job

nature.

Later, as noted before, it sometimes becomes difficult to accommodate the engineering requirements in the
preliminary architectural drawing. It is therefore, necessary to go through it and conduct a detailed examination
by each specialized Engineers to confirm that the design of the structure can withstand various loads safely. The
same is required with regard to the facilities to be provided in a building. Through this Handbook, it’s the

intension to help an Architects to refine their work from the initial steps.

2-3 Description of Various Design Works

In this section, the workflow of architectural design has been detailed out in relationship with the stages of
design.
In those stages of design, the procedural steps that an architect needs to follow in consultation with other

offices/persons have been pointed out.

- In the Initial Stage, the Architect at first makes sole communication with the requiring body. He/she visits

the site, studies the requirements and learn about the site-specific rules and regulations provided by the
requiring body The Architect then checks if the information received are sufficient or not. He/she also
assesses the proposed site of construction and based on the complexity of the site makes a decision if other

relevant technical persons are needed to be involved or not.

- In the Intermediate Stage, the design Architect starts the Preliminary design. He/she envisions the form of

the structure, visualizes it, and discusses with the responsible officer of the controlling organization. He/she
takes structure and EM&P related opinion and with these makes a preliminary drawing that reflects the
requirements of the concerning parties to a logical extent. He/she then takes approval of the design from the
requiring body and places the approved papers to the concerned office for preparing estimation and other

project related issues.

- In the Finalizing Stage, detailed design for construction will be prepared by incorporating the calculation

and detailed feedback from Structure design engineers and EM&P divisions as a general practice. Necessary
adjustment to the design will be made after consultation with all concerned people at this stage. The Architect
will now summarize the design reflecting the received feedback provided and deliver the drawing to the

concerned party to proceed with construction.

As noted above, the Architects will lead the discussions among different designers to produce a synchronized
version of the design and obtain approval of the owner or the organization. Thus, this kind of efficient

management work should act like a driving force for an appropriate design.
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2-4 Work Flow Process of Design Works

As previously mentioned, the design and construction of public buildings in Bangladesh are carried out by
DOA and PWD. DOA is responsible for architectural designs, PWD is responsible for structural & building
service design (i.e. electrical, mechanical and plumbing). Supervision for the construction is conducted by the

working divisions and sub-divisional offices of PWD, and DOA is also responsible for supervision from the top.

In this chapter, we will briefly discuss the “Work Flow Chart of Architectural Design Work™ for public
buildings in Bangladesh. In parallel, the process to be considered in each stage of the plan is also chalked out to

create an ideal working arrangement.

2-4-1 Work Flow Process of Architectural Design Work - Explanation of Work Flow

The process for architectural work flow process in the government sector mainly consists of three broader
stages, | : Initial stage for information gathering, II : Intermediate stage for preliminary design preparation and

approval and III : Finalizing stage for creating detailed design (see below Figure 2-3).

9% 4¢

In the Initial stage, some basic information for analysis is required; such as “Detail digital survey”, “Prevailing
site situation”, “Site specific regulatory requirements”, “Space requirements and organizational aspiration”.
These information are to be provided by the "Requiring Body (denoted as R.B)" (Main responsible section) and

PWD. This initial information helps the architect to determine the scope, extent and volume of the design work.

The Intermediate stage is to establish a design concept, along with the preparation of a preliminary functional
plan. The functional plan is site-specific, and is governed by the prevailing rules and regulations. It should also
satisfy the requirements of the R.B. The preliminary plan also addresses the structural and EMP issues to the

extent possible.

Furthermore, the functional relation and volume of the required spaces and other criteria of the preliminary
drawings are examined internally in DOA before sending to the R.B for approval. After the approval, DOA
prepares a finished schedule and sends the approved drawing and finish schedule to PWD for an estimate.

DOA also needs to go through the rough DPP to ensure if all the required items are included or not.

Before initiating the detailed design in the Finalizing stage, it is necessary for the R.B to take the approval of
the Development Project Proposal (denoted as DPP) from the Executive Committee of the National Economic
Council (known as ECNEC). ECNEC operated by "Bangladesh Planning Commission" evaluates the DPP and
after rationalizing gives administrative approval. The finalizing work at DOA starts only after the approval of
the DPP is received so that the drawings can be translated into a physical structure. Based on the detailed design
and drawings prepared in the Finalizing stage, the process of “tendering” work is carried out by PWD, and the

construction phase starts after a contractor is selected.

In the Figure 2-3, the building owners as government and semi-government organization are abbreviated as
"Requiring Body (denoted as R.B)", and the relationships during the design wo