Yy

Pal

flapll Cilipdll yalyblg poki§eain Gglgsdl Jhelses &15Y Lealsgll 5 el
Municipal Development & Lending Fund

Resilience Guidelines for Critical

Infrastructure

Deliverable No. (6.1)

November, 2022

Page 1 of 72
Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



These principles were implemented under the supervision of the Municipal Development and Lending
Fund (MDLF) and the National Disaster Risk Management Center (NDRMC), as part of the
Municipal Development Program — Phase 111 Cycle Il funded by the World Bank

Consultancy Team/ Urban Planning and Disaster Risk Reduction Center (UPDRRC) at An-
Najah National University:

- Eng. Abdelhakim Al Jawhari (Specialist in Construction Engineering)

- Eng. Karim Aljawhari (Specialist in Seismic Risk Mitigation)

- Prof. Dr. Jalal Al-Dabeek (Team Leader, Specialist in Risk Assessment & Management)
- Dr. Jamal Al-Dabeek (Specialist in Disaster Risk Analysis & Modeling)

- Dr. Issam Jardaneh (Specialist in Soil Mechanics)

Page 2 of 72
Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



TABLE OF CONTENTS

1. Introduction and BaCKEIrOUNG .......ccccuvvieiiiiiiiiiiiirieiee e eciiieree e e e e eesetarreeeeeeeeseenasabeaeeeseeeeesnnnsssens 9
1.1. Report Contents and Organization.......cccccccuuruuururuiuiriiiiiiiiireuierrrrrnrrreerar.........————————————. 13

2. Implementation MethOdOIOZY .......uiiiiiiiiciiiiiiie e e e e e e eaaareeeeeeees 14
0% W \V/ 11 d g To Yo o] [o =4V D L=TYol g1 ] 4 o] o F NN OO 14
2.1.1. Assessing the current situation connected to critical facilities/infrastructure............ 14
2.1.2. Propose actions towards resilient critical facilities/infrastructure...........ccccccevvenennnee. 15

2.1.3. Advise the World Bank and the partner PA authorities on how structural resilience,
including retrofitting and upgrading, can be implemented under the MDPIII.........ccccvvueee.... 16

2.1.4. Reviewing proposals from participating pilots and other proposed projects for MDPIII

and identifying opportunities for structural resilience, among other possible approaches.....16

2.2.  Preparations of IMplementation ... e 16
2.3. Data Collection and FieldWork..........coouiiiiiiiiiiiiee e 17
2.4.  Joint MEetings and DiSCUSSIONS ....ccceiiieiiieieieiiieccccceeeeeee e e e e e e e e e e e e e e e e e e e e e e eeeeeens 18
3. Resilience Assessment of Palestinian Buildings and Public Facilities: ........ccocvveeveiiiiiiinnveeennnen. 18
3.1. Existing Policies and GUIAEIINES.......covcuiiiiiiiiiieeeiiee et e e s sanee e 18
3.2. Existing Construction Typologies in Palestine: ........ccccocuveeiiiiiiiiiiniiiie e 18
3.3. Survey on Existing Policies for Supporting Resilience in Palestine........ccccceeevvivieiiriineeenns 24
3.4. Existing Factors that Affect the Resilience of Buildings in Palestine........cccccceeevvevnnveennnnen. 30
3.4.1.  GeOMEIiCIITRBUIATITIES cuuvrrrieiiei ettt e e e e s e srra e e e e e e e e e seaasrres 30
3.4.2. Neglecting the effects of non-structural elements.......cccceevuvveeeiiiiiiiiiiiieeeeeec e, 35
3.4.3. Geotechnical aspects (site selection and land-use planning) .......c.cccceeevevevieeencieeenen. 38
3.4.4. Quality assurance/quality control and site SUPErvision.........ccccceceveeveeecieeneesireesieeenne. 38
3.4.5.  Site (WOTrKPIace) SAfEtY ...cccvuvreeiiiiiiiiiiieeiie et e e e e arrres 39
3.4.6.  ENnvironmental reqUIrEMENTS. .....cooieiiiieeiieeee ettt e e e e eesarreer e e e e e e e s asrres 39
3.4.7. Implemented design codes and standards ........ccccceeeieeiiiiiiiiieeeeeiee e 39
3.4.8. Assessment and rehabilitation of existing buildings.........cccccevvvviiiiiiniiiiiiiiieeeee, 40
3.4.9. Roles/responsibilities of local government institutions ..........ccccccvvevieeviiecieciveecieeee. 41

4. Guidelines for Improving the Resilience: New BUildings ........coccvueeeiiiiiiiiiniiiieeiiniiee e 44
Page 3 of 72

Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



4.1. Initial AsSeSSMENT AN St SEIEBCTION ....vviiiiiiieiieee ettt ettt eeeeeeeeerarresseeeeeeeens 44

4.2, Planning and DESIZN .....ueiiiriiiieiiiiiiie ettt e esite e sttt e e s ssaee e e st e e s ssbae e e e s sabe e e e s s braeessnaaaaeeens 45
4.2.1. Engineers qUAlIfiCatioNs ......coiiiiiieiiiiie e s 45
4.2.2. Design codes and standards: structural SYStEMS ........eeeevieeiiiiiiinreeeeeeeeeieireeeeeeeeeeenns 45
4.2.3. Design codes and standards: non-structural components .......ccccceeeeeeeiieiiirereeeeeeennnns 46
4.2.4. Provision for people With SPECial NEEAS ......evviiiiiiciiiieeiie e 49
4.2.5. Specifications and LiCENSING reqUIreMENTS.....cccccuvieeirriiieeeiniiiee e e ssire e e s 53
4.2.6.  ENVIrONMENTAl ISSUES ..coouniiiiiiiiiiiieeiee et e 53

N TR 0o Y [ d ¢ VTt d o ] B = =R 53
4.3.1. Quality assurance/control and site SUPEIrVISION.........cccveeeeeriveeeeeeiireeee e e 53
4.3.2. Safety and environmMental CONCEINS .......uvvveeiiiiiiiiiiiiieeeee e e e e e serrrereeeeeeeeenns 54

4.4, Operation and MaintenanCe STAZE .....cuuiviiriiiiii i e e s aeeeeens 54

4.5. Further Recommendations: Geotechnical Issues — New Proposed Aspects..........cccuveeenne 54

5. Guidelines for Improving the Resilience of Existing Buildings .........cccccevvvivieiiniiieeiinieee e, 57
6. Guidelines for Improving the Response of People and Community........ccccevvvveeereeeeiincinnneeennnen. 59
7. Roles and Responsibilities of Different Stakeholders/Public Institutions.........cccccccevevveeeeennen.. 60
A0 3aIL JRBES ...ttt ettt b st ettt et e b et e st ebeeb e st ese e b et ereeteete s eseebeseneerenaan 64
RETEIENCES ...ttt ettt et e e h e s bt e e st e e s bt e e s bt e e sabe e e e abe e e ean e e enneas 65
FAY o] 01T g Lo PP PPPRTPPRT 67
Al. Field Inspection of Selected BUIldINGS ........coovvieiriiiiieiiiiiiiieeeec et e e serrereee e e e e eeaes 67
A2, JoIiNt Meetings aNd DiSCUSSIONS ...uuuuuuuruiuiuiurururururssnrsrssssrrrrrsersssrssssssararerarsrerrsssssarsrmssssssn... 69
Page 4 of 72

Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



LIST OF FIGURES

Figure 1. Reinforced concrete frame DUIAINGS .....cccvvveeeiiiiiiiiiiiieeeee e e 20
Figure 2. Masonry Walls, Concrete, Hollow block with Stone cladding .........cccceevvveeiiiiiiieeiniiienenn, 20
Figure 3. Concrete block exterior walls covered with plastering........ccceevvvveeeeiieiiiiiiiieeeeiee e, 20
Figure 4. One-way ribbed slab with dropped beams (left) and two-way ribbed slab (right) ............ 21
Figure 5. Stone cladding of a shear-wall bUilding ........ceeviiiiiiieiiiieiiee e 22
Figure 6. Masonry walls of a school building in Nablus City ........cccccvviiiiiiiniiiiii e, 23
Figure 7. Masonry walls of a school building in Nablus City ......cccccveiiiiiiiiiiieeeei e 23
Figure 8. One-way Solid Slab with Dropped beams .........cocciiiiiiiiiiieiiiiee e 24
Figure 9. Masonry with composite section for slabs (Solid resting on steel | beams)..........ccc......... 24

Figure 10. Response to Q4: Are implemented standards/guidelines compliant with international
references? Are they consistent with Palestinian construction reality? ........cccccoovviieiiniiieeiniiieeenns 27

Figure 11. Response to Q5: Do you implement the same guidelines/standards/policies for the
assessment of eXisting DUIAINGS? ...ccooiiiiiiiiie e e s raae e e s s araee s 27

Figure 12. Response to Q6: Do you believe that the currently implemented guidelines/standards are
suitable to provide resilient critical infrastructure in case of disasters?.......ccccoeevvveeereieeiiiiinreeennnen. 28

Figure 13. Response to Q12: Do vyou believe that the currently implemented
guidelines/standards/policies require modifications, updates, or improvements? ............cc.c......... 28

Figure 14. L-shaped SChOO! BUIIAING ......coiviiiiiiiiie e e e 30

Figure 15. A school building with a regular plan shape and irregular distribution of vertical elements

............................................................................................................................................................ 31
Figure 16. Buildings with high slenderness ratio in plan........cccoeciieeiiiiiei e 31
Figure 17. Buildings with setback vertical irregularities ........cccovveeeieiiiiiciiiiieee e, 32
Figure 18. Buildings with SOft (WEaK STOIIES) ..cuuiieiiiiiiiieciii et 32
Figure 19. Formation of short columns in school bUildings.......cc.eeeviiiiiiiiiiiieeeeiceeceeeee e, 33
Figure 20. A building with different structural systems/materials across different floors ............... 33
Figure 21. Improper separation between buildings..........cccvveiirieiiiiiiiiiee e 34
Figure 22. Buildings with long and heavily loaded cantilevers.........cccocueviiriiiiiiiniieeiciieee e, 34

Page 5 of 72

Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



Figure 23. Parapet on the top of @ School bUilding........ccooviiiiiiiiiiii e, 35

Figure 24. Infill walls made of cement hollow BIOCKS ........coovveirivieiiiiiii e, 36
Figure 25. Water tanks installed on the roof of a residential building ..........ccccccevviiiiiiiiiieiiniiieennn, 36
Figure 26. Heavy shelves in @ NOSPItal ...c.uuvveeieiiiiiiiiiieeiei et e e 37
Figure 27. Fixation of stone cladding units to the masonry cement block exterior wall................... 37
Figure 28. Bracing and fixing a parapet in @ Masonry StrUCLUIE .........coovvvivrereeeeeeiiiiirrreeeeeeeeeeeenenee 48
Figure 29. Seismic bracing of suspended-ceiling SYStemMS.......ccooviiiiiiiiiiee e 48
Figure 30. Isolation of infill walls using external steel frames.......cccccccvvevvrvveeeiceiieiceeee e, 49
Figure 31. Fixing storage racks to the Sround.........ccccciiiiiiiiieiiiiiiee e e e 49
Figure 32. Accessibility related to the site arrival POINtS......ccccvvvveeiiiiiiiii e 50
Figure 33. Accessibility needed Within @ SIte .....c.ueiiiiiiiiiiii e 51
Figure 34. Accessibility needed within the buildings and facilities..........ccovvveeeviieiiiiciiieeeieeee, 52

Figure 35. Distribution on CBR in West Bank using partial FRP method, after Dabbeek and Silva

70710 ) SRR 58
LIST OF TABLES

Table 1. Main features of existing construction typologies in Palestine.......ccc..ccccevvvvvveeerieeiincnnnnee. 19
Table 2. Questionnaire circulated among different municipalities and stakeholders....................... 25
Table 3. Classification of non-structural components with examples.......ccccccvveeieevciieeeeeeeeeeenennnnee, 35

Table 4. Current responsibilities and roles of different stakeholders with respect to projects of
critical infrastructure, in addition to recommendations on improving those roles and responsibilities
10 ENNANCE MESHIENCE cceieeeeeee e e e et e e e e e e e e et re e e e e e e e e e e nsaaaeeeeaeeeesennnsrens 61

Page 6 of 72
Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



LIST OF ACRONYMS:

ACI

AFD

ASCE

DRM

EMP

ESMP

EU

EU-OSHA

FEMA

Glz

IBC

IDA

IStructE

JSC

Kfw

LGUs

LTCs

MDLF

MDP

MoE

MoLG

MoUs

American Concrete Institute

Agence Francaise pour Development
American Society of Civil Engineers
Disaster Risk Management

Environmental Management Plan
Environment and Social Management Plan
European Union

European Agency for Safety and Health at Work
Federal Emergency Management Agency
German Technical Cooperation

International Building Code

International Development Association
Institution of Structural Engineers (IStructE)

Joint Service Councils

Kreditanstalt fir Wiederaufbau (German Bank for

Development)

Local Government Units

Local technical consultants

Municipal development and lending fund
Municipal Development Program
Ministry of Education

Ministry of Local Government

Memorandum of Understandings

Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure

Page 7 of 72



NDRMC

OPEN

OSHA

PNA

RC

SDC

SDIP

TMS

ToR

UNDRR

UBC-97

UNRWA

VNG

WB

National Disaster Risk Management Center
Organizations Preparing for Emergency Needs
Occupational Safety and Health Administration
Palestinian National Authority

Reinforced concrete

Swiss Agency for Development and Cooperation
Strategic Development and Investment plan

The Masonry Society

Terms of Reference

United Nations Office for Disaster Risk Reduction
Uniform Building Code (International Code Council 1997

United Nations Relief and Works Agency for Palestine Refugees.

International Cooperation Agency of the Association of
Netherlands Municipalities

West Bank

Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure

Page 8 of 72



1. INTRODUCTION AND BACKGROUND

In response to a request from the Palestinian Authority (PA), the World Bank extended additional
funding support to local government units (LGUS) in the West Bank and Gaza as they manage the
adverse impacts of the COVID-19 global pandemic. The efforts and resources of the PA alone are
inadequate to address the large financing gap created by the social and economic challenges that arose
from the pandemic. As a result, the ongoing Third Municipal Development Project (MDPIII) was
restructured to channel some USD15 million to affected municipalities. The Palestine Liberation
Organization, for the benefit of the PA, has received an initial financing of EUR 130 million from the
World Bank-International Development Association (IDA), PA, KFW, Denmark, SDC, VNG, GIZ
and AFD towards the cost of the 3rd phase of the Municipal Development Program (MDPIII).

The MDPIII retains its original project development objective of enhancing the institutional capacity
of municipalities for more accountable and sustainable service delivery. However, the project was
enhanced to address the impacts of the public health emergency, and at the same time, contribute to
the long-term resiliency of municipalities. The project allows to finance the costs of municipal
activities that respond to the COVID-19 pandemic, sustain the provision of critical activities, and
provide relief to vulnerable communities during the crisis. Further, a Contingency Emergency
Response Component was added to finance response to forthcoming crises or emergencies throughout
the life of the project.

The additional funds will finance:

e Priority investments contained in local Strategic Development and Investment Plans (SDIPS);
e Capacity development interventions;
e Projects with potential for private sector engagement.

Being at the forefront of the battle against COVID-19, LGUs could definitely benefit from resources
to provide basic services critical for controlling the pandemic and facilitating the recovery of their
communities. Therefore, governments, whether at the central or local levels, shall be resilient to
emerging complex emergencies, brought by either natural or man-made hazards. While the impacts
of such hazards could differ, there is a clear convergence in the aim of ensuring that communities
have the capacities to absorb and recover from disaster consequences. Similarly, governments must
equally have the means to mitigate and address the human and economic toll from disasters.

Under this restructured project, a capacity building component will be implemented to create
knowledge and practice for building resilience at the local level. The project will likewise support
efforts to institutionalize these efforts through the leadership of the National Disaster Risk
Management Center (NDRMC). The target outcome is to lay the foundation for integrating resilience
in LGUs via the production of technical knowledge, information, and guidelines and the conduct of
the corresponding institutional capacity development.

To achieve this target, the assignment is composed of the following activities detailed in the terms of
reference (ToR):
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Conduct of a Multi-Hazard Risk Assessment and Mapping;
Development of Guidelines on Local Resilience Planning;

Formulation of Resilience Plans for Pilot Local Governments;

o o w >

Formulation of Resilience Guidelines for critical infrastructure;
E. Capacity building of the National Disaster Risk Management Center (NDRMC).

The Assignment will be carried out in consideration of the following:

e Participatory engagement;
e Efficient and effective implementation;
e Practical, but sound approaches.

Apart from producing the above technical outputs, the Assignment will:

e Identify the gaps and capacities that exist among national institutions to sustain this
undertaking;

e Provide guidance on how such capacities can be built by identifying key actions that can be
integrated into the national DRM strategy;

e Recommend priority infrastructure (buildings) for retrofitting or rehabilitation which the
municipalities can pursue in future projects targeting infrastructure e.g., MDPIII and other
initiatives within scope of the assignment.

The current report focuses on Activity D in the ToR, which places emphasis on formulating resilience
guidelines for critical infrastructure/facilities (e.g., hospitals, schools, civil defense, town halls). Such
facilities are expected to perform strongly and remain operational in the event of disasters due to their
vital role in supporting the resilience of Palestinian community and bringing in back normalcy. This
indicates that new public facilities must be designed and built in accordance with state-of-the-art
codes/standards. Quality control shall be maintained during both the design and construction phases.
Regular assessments and maintenance must be also carried out during the operation phase to address
any issues. The most challenging issue, however, pertains to existing public facilities, as a significant
portion of those do not comply with modern building codes/standards and/or they may suffer from
structural deficiencies due to their poor design and construction quality. This makes them highly
susceptible to hazards (e.g., earthquakes, flooding, landslides), thus, the enhancement of their
performance through structural rehabilitation (retrofitting) might be required. These public facilities
covered the targeted twenty cities/municipalities agreed upon with NDRMC and MDLF.

Based on the previous discussion, the current report looks specifically at enhancing the resilience of
Palestinian community by providing engineering guidelines for assessing and improving the
structural performance of both existing and new critical public facilities during and upon disaster
events. This is achieved mainly through assessing the current situation by reviewing the existing
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policies or guidelines pertaining to the promotion of structural resilience, particularly for critical
infrastructure. This is followed by proposing actions that can assist in improving the resilience of both
new and existing critical infrastructure/facilities. Among such actions is providing detailed and
comprehensive guidelines that can be implemented by different stakeholders to assess the
performance of existing public facilities against user-specific objectives and design appropriate
rehabilitation (retrofitting) strategies for non-compliant facilities. This report finally identifies the
roles of actors and the corresponding capacities required to formally adopt and implement such
standards across government agencies and the local engineering practitioners. Hence, these partners
have been consulted throughout the different phases of preparing this assignment.

Prior to discussing the details and findings of this work, it is important first to identify the concept of
resilience and highlight its particular importance for the Palestinian community. According to the
United Nations Office for Disaster Risk Reduction (UNDRR), resilience can be formally defined as
“the ability of a system, community or society exposed to hazards to resist, absorb, accommodate,
adapt to, transform and recover from the effects of a hazard in a timely and efficient manner, including
the preservation and restoration of its essential basic structures and functions through risk
management”. Hence, enhancing the performance of susceptible critical public facilities to prepare
for potential hazards clearly represents a vital part in the resilience of the Palestinian community,
especially that a significant portion of such facilities are characterized by serious structural
deficiencies. Those include the practice of design regulations that do not comply with modern
building code standards, poor quality control during construction phase, or lack of proper
maintenance. It is important to explain that the resilience of individual buildings can be characterized
according to Bruneau et al. (2003) using four different pillars:

e Robustness: the strength and capability of different structural elements to withstand the
demands resulting from hazards without significant degradation or loss of stability.

e Redundancy: it means that the local failure of a few structural elements will not cause any
collapse or instability in the overall structure. In other words, the failure of a few elements
will create a redundant structural system that at least maintains stability.

e Resourcefulness: efficiency in the identification of issues, prioritizing solutions, and resource
mobilization in the context of damage or disruption of some building components.

e Rapidity: the capacity of meeting priorities, achieving goals, and recovering from the
consequences of a strong event, effectively and efficiently.

Structural retrofitting (re-habilitation) mainly targets the first two pillars of resilience (robustness and
redundancy), whereas the last two rely significantly on the preparedness, awareness, and
understanding of policy makers and stakeholders for the potential hazards and their effects on the
Palestinian community. It should be noted that those stakeholders are, but not limited to:

e Construction and property industry professionals such as material companies, designers,
engineers, architects, builders, and building owners;
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e Investors and financial institutions such as banks, inhabitants, and users of buildings including
tenants and workers;

e Governments at the local, regional, and national levels;
e Communities, especially homeowners, small business operators.

The above stakeholders have varying understanding or interests in promoting resilience in the West
Bank and Gaza. However, it is important to build a consensus on their specific roles and capacities,
as well as establish a decision-support system across different institutions. To achieve this goal, this
report proposes a plan leading to the formal adoption of guidelines/standards among government
agencies and local engineering practitioners via a consultative and participative process. A plan must
be also set to formally adopt the guidelines/standards proposed in this report amongst government
agencies and the local engineering practitioners, which constitutes part of the objectives of the current
task. The UPDRRC will assist in this aspect by providing support and communication with different
stakeholders on equal basis as they all constitute part of the Palestinian community, regardless of the
level of interest and role.

The UPDRRC has selected experienced staff with a combination of management and technical skills.
The team includes a number of distinguished well-qualified experts and engineers, who have been
working, or worked, over long years, in relevant projects in the Palestinian territories as well as in
regional and international infrastructure projects covering all subjects about resilient infrastructure
and thus has an important input. The team has also a very rich professional experience in different
relevant fields and topics that will be beneficial for the accomplishment of the current task:

1. Engineering and international development, design, implementing and management of
municipal and community infrastructure programs/projects in WB & G areas. They included
critical infrastructure and buildings like schools, fire brigades, hospitals, and town halls.

2. Performing post disaster assessments, vulnerability studies, repair and strengthening and
recovery initiatives and reconstruction. The UPDRRC also participated in the strengthening
and restoration of various historical buildings in Palestine.

3. Providing support for hundreds of local government units including big municipalities,
building their capacity through training, participatory process, identify needs and priorities,
plan for projects, and empower them to improve their role towards sustainability.

4. Experience in social vulnerability studies that provide special attention to the needs of
vulnerable populations such as elderly, women, children, low-income people, and disabled.

5. Remarkable expertise in environmental monitoring and green initiatives such as adopting
solar photovoltaic systems and storm water collection.

6. Studying the local geology condition (seismic site effect) and the locations of buildings and
whether they are vulnerable to landslides.
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1.1. Report Contents and Organization

Based on the aforementioned discussion, the current report is divided into the following parts:

Chapter 2: presents the implementation methodology in which the current situation with
respect to existing buildings and guidelines/standards/codes is assessed by means of
professional experience, field work, and survey among selected municipalities and various
stakeholders/authorities;

Chapter_3: provides a detailed review of the current situation with respect to resilience. It
highlights the factors affecting the resilience of critical infrastructure and generic buildings,
particularly with respect to predominant construction practices, quality assurance/control, site
supervision, site selection, assessment of existing buildings, in addition to the roles and
responsibilities of relevant public authorities and stakeholders. The results of the
questionnaires circulated among the selected municipalities and public organizations are also
presented through simplified statistical bar and pie charts;

Chapter 4: summarizes relevant guidelines and rules, as well as recommendations to help
improve the resilience of the new buildings and critical facilities, which apply to the different
phases of building life cycle (e.g., planning, initial assessment, design stage, construction
stage, repair and maintenance). Key recommendations are also presented regarding the update
of the current codes and standards to be in line with state-of-the-art ones, which help
accounting for multiple hazards and improve resilience;

Chapter 5: offers a brief description of the guidelines developed in another report?* for the
systematic evaluation of existing building structures in accordance with user-specific
performance objectives that rely on the importance of the building under consideration. The
techniques and strategies that can be used for the rehabilitation (strengthening or retrofitting)
of non-compliant existing buildings are also briefly discussed.

Chapter 6: provides a multi-dimensional responsibility matrix that determines the exact role
and tasks to be accomplished by each one of the stakeholders and relevant authorities. It also
organizes the communication between them to maintain appropriate coordination at different
levels. Such information will guide the efforts towards more resilient structures.

! Guidelines for Retrofitting of Existing Buildings, Prepared by UPDRRC as part of Integrating Resilience in Local
Governance in West Bank and Gaza — Municipal Development Program (Phase Il - Cycle I1).
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2. IMPLEMENTATION METHODOLOGY

The current assignment aims mainly to provide standards/guidelines for improving the resilience of
critical public facilities/infrastructure in Palestine. It also looks at identifying the roles of actors and
the corresponding capacities required to formally adopt and implement such standards across
government agencies and the local engineering practitioners. To achieve those objectives, a
systematic methodology has been implemented, in addition to conducting the following preparatory
actions.

2.1. Methodology Description
2.1.1. Assessing the current situation connected to critical facilities/infrastructure

This step involves first the review of existing policies or guidelines pertaining to the promotion of
structural resilience, particularly for critical infrastructure, such as hospitals, civil defense, town halls,
and schools, knowing that the latter facilities can be used as shelters during hazards. The
governmental institutions that own, construct, and utilize these buildings are the following:

e Ministry of Health for hospitals;

e Ministry of Education and municipalities for schools;

e Ministry of Local Governance (MoLG) and municipalities for town halls;
e Civil Defense for fire stations and civil defense facilities.

It is worth highlighting that a representative sample of the above critical facilities/buildings in the
West Bank and Gaza were also identified, in coordination with NDRMC and concerned institutions,
and were included on the multi-hazard risk maps, as part of Phase A of the project.

The assessment of the current situation incorporated the following critical steps:

e Coordination with the major licensing institutions that are in charge of issuing permits, and
monitoring infrastructure’s safety and construction requirements. Those are specifically the
municipalities, MoLG, Civil Defense, and the Engineers Association.

e Review the current state-of-practice and construction trends to identify any potential
weaknesses and deficiencies affecting the resilience of Palestinian buildings.

e Check whether the engineering codes/standards adopted in the design of critical buildings are
appropriate and in compliance with state-of-the-art provisions.

e |dentify the roles and responsibilities of local institutions in Palestinian National Authority
(e.g., Engineers Association, Civil Defense, municipalities and others) for regulating the
construction at the central and local levels. For example, discussions are conducted with the
relevant licensing authorities, mainly municipalities, who are the responsible body for issuing
building permits/licenses in accordance with master plans. Additionally, discussions with the
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2.1.2.

Engineer’s Association as the main body regulating the sector and giving license to all
engineers were also conducted.

Circulate interview questionnaires among the largest 20 municipalities (selected upon the
coordination with MDLF) to benefit from their input on the existing standards/policies related
to resilience and the current roles/responsibilities of governmental institutions and different
stakeholders.

Conduct meetings/discussions with Engineers Association, the selected 20 municipalities, and
the Civil Defense departments and MoLG to gather all the required information using
templates relevant to resilience policies and guidelines.

Propose actions towards resilient critical facilities/infrastructure

The second part of the implemented methodology pertains to proposing actions that can assist in
improving the resilience of critical infrastructure, based on the investigation results for the current
situation. The proposed actions incorporate the following points:

Propose the adoption of appropriate state-of-the-art codes/guidelines/standards for the design
of new buildings. Those standards/guidelines are applicable for several types of structures
and account for multiple hazards (e.g., earthquakes, landslides, flooding);

Provide detailed guidelines for the systematic evaluation of the performance of existing
buildings with respect to user-specific performance objectives that depend on the building
importance. This helps in the decision-making process, particularly to understand whether a
building requires rehabilitation and to assist in resource prioritization when implementing
major rehabilitation plans at a building portfolio level. The proposed guidelines are based on
state-of-the-art standards and codes and are applicable to Palestinian building structures;

Prepare a full report that discusses the potential rehabilitation (strengthening, retrofitting)
strategies to improve the performance of existing buildings that are non-compliant with the
desired performance objectives mentioned in the previous point. The rehabilitation strategies
will be classified based on the type of structural deficiency (e.g., strength, local detailing,
stiffness, and layout) and form of intervention (e.g., add new elements, enhance the existing
ones, selective removal of elements, and reduce demands);

Various techniques for the rehabilitation strategies are discussed, with special focus on their
cost, disruption, and applicability/constructability. Numerous design formulas and structural
detailing drawings for those techniques will be also provided,

Propose ideas to improve and develop the planning process towards encouraging the
integration of the structural resilience as a priority within the recovery plans, in addition to
fostering the effective coordination between different stakeholders;
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2.1.3.

Encourage the relevant institutions to allocate budgets in the long term to be used for
retrofitting and upgrading the critical buildings towards sustainability. This could be
supported by public private partnerships initiatives and will help in maintaining the capacities
of the communities at different levels;

Encourage the relevant institutions through meetings and specialized training to adopt a long-
term strategy towards building the capacities of the communities at different levels;

Present the new findings and guidelines to different stakeholders and decision-makers within
the community, including the Higher Education Institutions.

Advise the World Bank and the partner PA authorities on how structural resilience, including
retrofitting and upgrading, can be implemented under the MDPIII.

This will include the following activities:

2.1.4.

Coordinate with MDLF to inform about the sectors and the types of projects that can be within
the scope of MDPIII program. Possible desk review of the program proposal.

Prepare a checklist or a template with the relevant conditions and submit to MDLF to be
requested from beneficiaries (i.e., World Bank and partner PA authorities).

Through MDLEF, to request from the beneficiaries to submit the request for funding keeping
in mind possible including new critical buildings and upgrading or retrofitting existing ones.

Reviewing proposals from participating pilots and other proposed projects for MDPIIl and
identifying opportunities for structural resilience, among other possible approaches.

The UPDRRC will do the following:

® Collect from MDLF the proposals requesting funding for certain projects from the

beneficiaries after being screened by MDLF;

® Perform a second level of screening to select those that can be considered within the categories

or sectors identified before as critical infrastructure;

® Submit a list of subprojects from LGUs that can be prioritized for structural resilience under

the MDPIII based on the above analysis.

2.2. Preparations of Implementation

To launch the implementation of this activity, and other activities within the project, the following
preparations and actions were accomplished by UPDRRC; supported by MDLF and NDRMC:

1.

The NDRMC sent letters to all concerned stakeholders covering ministries of health,
education, local, government, civil defense, the twenty municipalities, and others. This was to
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inform about the project and requesting from them to nominate focal points from each
institution;

2. The MDLF also sent letters to concerned municipalities in support of the work and to facilitate
the UPDRRC team and assign representatives to participate in the activities of the project;

3. The UPDRRC started efficient coordination with the focal point nominated from the MoLG
in order to contact the different municipalities;

4. The UPDRRC in support of MDLF collected all information about the municipalities’ teams
received from the different municipalities and sent letters to all about the project activities;

5. The UPDRRC prepared a questionnaire in both Arabic and English languages; (see attached)

6. The UPDRRC forwarded the questionnaire to all 20 municipalities in West Bank and Gaza,
selected in coordination with MDLF;

7. The UPDRRC also forwarded the questionnaire to other stakeholders including:
e The universities in West Bank and Gaza that have engineering faculties;
e The Ministry of Health;
e The Ministry of Education;
e The NDRMC members;
e The Engineers Association;
e The Ministry of Local Government;
e The Civil Defense;
e The Ministry of Al Waqf
e The Palestinian Contractors’ Union.

8. The UPDRRC got the answers using both interviews and distribution and collection of
answers;

9. The analysis and evaluation were done after that, using the feedback presented in the answered
questionnaire to be integrated in the guidelines;

2.3. Data Collection and Fieldwork

The critical buildings/facilities have been visually inspected by the UPDRRC field team through
conducting site visits and rapid checks. Such visits covered almost all the governorates in the West
Bank, in addition to Gaza Strip. More details can be found in Appendix Al.
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2.4. Joint Meetings and Discussions

The UPDRRC conducted joint meetings and discussions with the nominated focal points
representatives from each department/stakeholder institution. Such meetings incorporated extensive
discussions on the concept of resilience and its importance to the Palestinian Community. More
details can be found in Appendix A2.

3. RESILIENCE ASSESSMENT OF PALESTINIAN BUILDINGS AND PUBLIC FACILITIES:

3.1. Existing Policies and Guidelines

Based on the meetings conducted with different stakeholders and responses to the questionnaire, in
addition to the site inspections, it was realized that the currently adopted standards/guidelines are not
appropriate to promote the resilience of critical buildings and facilities. This can be mainly attributed
to the following reasons:

e Lack of awareness on the concept of resilience and its critical role in supporting disaster
response and preparedness, especially in a country subjected to multiple natural hazards;

e Absence of codes, guidelines, or even simplified recommendations that allow engineers and
decision-makers to address resilience in constructing and operating critical buildings;

e The use of obsolete building codes that do not necessarily account for multiple hazards;

e Disregarding non-structural elements during the design of buildings, even though they are
essential to maintain building operability during times of disaster and their falling hazard
could pose a substantial threat to life of occupants;

e Lack of appropriate guidelines for the retrofitting of existing buildings to upgrade their
structural performance and enhance their resilience.

The previous issues resulted in a significant portion of buildings, including critical ones, that do not
maintain sufficient levels of hazard resilience. Many of those buildings as well are characterized with
several structural deficiencies, as explained later, that could adversely affect their performance against
natural hazards, which can potentially lead to devastating consequences in the future.

3.2. Existing Construction Typologies in Palestine:

The type of structural systems used in building construction has a major effect on their performance
during a hazard event such as earthquakes or flooding. Different structural systems are used in the
Palestinian building industry, which vary depending on construction materials, type of lateral force-
resisting system, and configuration. Those systems behave differently against various hazards;
therefore, it is quite vital to understand their performance attributes, potential deficiencies, and
vulnerability indicators. The main features of common building typologies used in Palestine are
summarized in Table 1 and explained in detail afterwards.
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Table 1. Main features of existing construction typologies in Palestine

Propertv/Buildin Reinforced concrete | Shear-wall Unreinforced masonry
perty. g (RC) frames buildings buildings
Construction material Cast in-situ RC Cast in-situ RC Natural stone
Lateral-load resisting Beam-column frame Shear walls Masonry bearing walls
system system
Ribbed or solid slabs | Ribbed or solid Composite slab systems
Flooring system (one way or two-way | slabs (one way or | of RC panel supported
loading) two-way loading) by steel joists
Typical number of floors | Less than 15 51020 1t03

Reinforced-concrete (RC) frame buildings

This building typology is the most common in the West Bank. It mainly consists of in-situ cast
reinforced concrete (RC) slabs supported by beams and columns. The system develops its lateral
strength through the rigid connections between its individual members. This type is mostly used for
buildings characterized by residential occupancy with height not exceeding 15 floors (see Figure 1).
Ordinary concrete materials are usually used in those buildings. The cylindrical compressive strength
of such a material ranges between 24 and 32 Megapascal (MPa). The reinforcement material is
composed of deformed bars with a yield strength of 420 MPa.

In RC frames, floor height ranges between 3.0 to 3.5 m, usually governed by the number of stone
cladding layers and the width of the bays ranges from 4 to 6 meters in both horizontal directions of
the RC frame. Internal partitions in those buildings are made of hollow concrete blocks with 100 to
200 mm thickness. It should be noted that the exterior panels in-between beams and columns are
infilled with masonry walls that could be in one of the following forms:

1. Three-layered walls composed of a layer of hollow concrete blocks with a 100 mm thickness,
weak plain concrete layer of about 150 mm thick, and an external layer of stone cladding with
a thickness of 30 to 50 mm. Figure 2 shows a cross section of this type of exterior walls. The
range of weight of those external walls varies between 6 to 7 Kilonewton per square meter
(KN/m?).

2. Hollow concrete blocks with thickness of 150 to 200 mm. The range of weight for those walls
varies between 2 to 2.5 KN/m? (reference DB1). Such infills are illustrated in Figure 3.

It is important to realize that the presence of those exterior walls has a significant effect on the
performance of RC frames. In fact, masonry infill walls provide a considerable increase in lateral
strength, stiffness, and energy dissipation capability. However, it might cause localized stress
concentration at column edges due to frame-infill interaction, which can lead to brittle failure.
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Figure 3. Concrete block exterior walls covered with plastering

With respect to flooring systems, RC slabs with two different configurations are typically used in the
Palestinian construction practice/industry:

1. Ribbed slabs with hidden beams: slabs of this type are cast as either one-way or two-way
ribbed slabs using hollow concrete blocks for this purpose. Each hollow block has 400 mm
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length, 200 mm width and thickness in the range of 140 mm to 320 mm. Figure 4 shows details
of both systems. Typical depths of such slabs vary from 200 to 500 mm. The rib width is
generally in the range of 100 to 200 mm. The weight of one-way slabs is in the range of 4 to
7 kN/m?, while that of two-way slabs ranges between 5 and 8 kN/m?. This is in addition to a
superimposed dead load in the range of 3 to 4 kN/m?. The beams are usually hidden as they
have the same thickness as the slab.

2. Solid slab with dropped beams: slabs here are made solid with a typical thickness from 150 to
300 mm, supported on dropped beams. The weight of the slab ranges between 3 and 6 kN/m?.
This is in addition to a superimposed dead load in the range of 3 to 4 kN/m?. Depth of the
beams may range from 400 to 800 mm. Such a high beam depth allows for large spans for
slab panels, ranging from 6 to 8 m in both directions. This type of floor system is typically
implemented for heavily loaded slabs such as those used as parking lots and commercial
buildings. It has been adopted recently for school buildings as well.

Figure 4. One-way ribbed slab with dropped beams (left) and two-way ribbed slab (right)

Shear-wall buildings

Shear-wall buildings have gained an increased popularity upon enforcing the seismic design by law
in 2015 based on the request of the Engineers Association. Typically, such buildings range from 5 to
20 floors in height. RC shear walls are between 200 and 300 mm in terms of thickness. The seismic
resistance in shear-wall buildings is usually provided by the dual action of the shear walls and frame
elements (i.e., beams and columns). However, shear walls have significantly larger lateral strength
and stiffness compared to frame elements, thus, the vast majority of the lateral resistance of such
buildings is provided by the shear walls. Many engineers even prefer to assume that the lateral-load
resistance is provided by the shear walls only, while they assume the frame elements resist solely the
gravity actions. Shear walls are typically covered with stone cladding, similar to RC frame buildings
as schematically illustrated in Figure 5. The range of weight for external walls including cladding
stone varies between 8 to 10 kN/m2. The total weight consists of slab weight ranging from 4 to 7
kN/m? and superimposed dead load of 3 to 4 kN/m? (depending on the occupancy category).
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Figure 5. Stone cladding of a shear-wall building

Unreinforced masonry buildings with bearing wall system

Masonry buildings used to be common in the West Bank up to the 1970s. They consist of double-leaf
masonry walls made of natural stone units. Those walls directly support solid RC concrete slabs. The
stone units used to construct such walls are typically 250 mm in height, 300-600 mm in width, and
150-200 mm in thickness. They are generally placed on a row-by-row basis with lime mortar to fill
the joints between stone units. Plain concrete of generally low compressive strength fills the inside
cavity of the double-leaf walls. The cavity thickness is between 100 and 150 mm and the overall
thickness of the wall could be between 400 and 500 mm. Unreinforced masonry buildings are
generally low rise, i.e., they are between 1 and 3 floors only.

Another less common type of masonry construction also existed in the West Bank, in which the walls
are composed of a single leaf, with a layer of plain weak concrete cast behind the wall via an
appropriate formwork. The wall thickness in such a case could be up to 350 mm. As a rule of thumb,
the cross-sectional area of walls represents around 10 to 30% of the floor area due to their large
thickness. Figure 6 and Figure 7 report some examples of masonry school buildings in the West Bank.
Stone masonry walls have a very high shear strength and lateral stiffness. Their main issue, however,
Is the lack of ductility and improper connection between walls and floors (diaphragms). Also, there
IS no experimental data on the behavior and shear resistance of such walls, therefore, engineers
conservatively assume the shear strength of cement block walls. Such a strength ranges between 40
kN/m? to 100 kN/m?.
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Figure 7. Masonry walls of a school building in Nablus city

Regarding slabs in unreinforced masonry buildings, two forms of slab construction exist. The first
one is two-way solid slabs with typical thickness around 200-250 mm as per Figure 8 (dropped beams
might be used to support such slabs). The second type is a composite floor consisting of an RC slab
(or deck) supported by steel joists of an I-shaped cross section. The latter slabs are usually thinner
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than the former ones (100-120 mm in terms of thickness) as indicated in Figure 9. While the first type
slab might span between 4 to 5 m, the spans of the second type are larger, and could reach between 5
and 7 m in both directions. The weight of the slab and the superimposed dead load comprise about 5
to 10 kN/m2. The unit weight of the masonry wall is about 25 kN/m®.

Figure 9. Masonry with composite section for slabs (Solid resting on steel | beams)

3.3. Survey on Existing Policies for Supporting Resilience in Palestine

For the purpose of involving the municipalities and different stakeholders in understanding the current
situation, a specifically-developed questionnaire has been circulated over the largest 20 municipalities
in the West Bank and Gaza (as agreed with MDLF, NDRMC and World Bank), which incorporate
the vast majority of buildings. The questionnaire has been also sent to key stakeholders, including:

e Ministry of Education;
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e Ministry of Local Governance;

e Civil Defense — Nablus;

e Civil Defense — Gaza;

e The Engineers Association;

e Environmental Quality Authority;

e Palestinian Agricultural Disaster Risk Reduction and Insurance Fund (PADRRIF);
e Palestine Technical University — Kadoorie (PTUK);

e Ministry of Social Affairs and Development.

It should be noted that other stakeholders were also contacted regarding the questionnaires but have
not yet provided any feedback. The questionnaire generally aims to (a) review existing
policies/guidelines pertaining to the promotion of structural resilience particularly of critical
structures; (b) identify the roles and responsibilities of public institutions in the Palestinian National
Authority involved in the regulation of the construction at the national and local levels; (c) check and
discuss the roles and responsibilities of the relevant licensing and planning authorities. The
questionnaire is composed of 15 different questions, which are summarized in Table 2 below.

Table 2. Questionnaire circulated among different municipalities and stakeholders

Q1 | What is the role of your entity/organization? Does your organization have a role in spatial
planning? If yes, do you adopt land use policy?

Q2 | How many buildings do you own, operate and maintain? Do you have annual resources?
Are they enough?

Q3 | What design guidelines/standards/policies do you normally implement? Do they apply for
all building occupancy categories? (e.g., commercial, residential, public facilities, health-
care facilities, education).

Q4 | Are these guidelines/standards/policies based on international codes/references? If yes, are
they compatible with the local construction practices?

Q5 | Do you implement the same guidelines/standards/policies for the assessment of existing
buildings? If not, please specify any guidelines/standards that you normally follow.

Q6 | Do you believe that the currently implemented guidelines/standards/policies are suitable to
provide resilient critical infrastructure (e.g., schools, hospital, civil defense, town halls) in
case of disasters?

Q7 | Do you conduct any review for the design documents if they are submitted to your
organization/entity? If yes, what does the review process incorporate and what engineering
aspects? (Quick screening, detailed peer-review, structural, architectural)?
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Q8 | In your opinion, what is the level of quality control during the construction process? Who
is responsible to do and monitor that?

Q9 | What is the level of coordination between the relevant authorities involved in the process?
Do you think it requires improvement? How?

Q10 | What do you think about the level of public awareness and agreement among all concerned
regarding the resilience of our critical buildings and the priority for resilience enhancement?

Q11 | What do you think about the status of existing buildings with respect to resilience? What
measures can be implemented to improve it?

Q12 | Do you believe that the currently implemented guidelines/standards/policies require
modifications, updates, or improvements, and why? If yes, can you propose any other
international references, standards, or codes that could be applicable?

Q13 | What challenges do you face performing your mandate related to structural resilience?

Q14 | Towards resilient infrastructure, do you have any comments, recommendations or actions
towards improvements you would like to propose regarding the following:

Current practices,

Implemented codes/standards,

Licensing process

Roles of stakeholders

Other

Q15 | What do you advise regarding disaster insurance?

The majority of municipalities and stakeholders have completed the questionnaire, with an overall
response rate equal to 60%. Upon analyzing and grouping the answers, some critical findings and
conclusions are drawn regarding the current situation of critical buildings/infrastructure with respect
to resilience. Figure 10 reflects the opinion of the selected municipalities and stakeholders on the
compliance of the current guidelines/codes/standards with international standards, and whether they
are compatible with the engineering construction reality (Q4). It can be observed that more than 50%
of the stakeholders believe that the current standards and guidelines related to resilience are partially
compatible with international codes and Palestinian construction reality, mainly because they require
major updates to be in line with state-of-the-art knowledge. They also require modifications that make
them more applicable to the local construction practice. On the other hand, 30% of the stakeholders
and municipalities believe that the current guidelines and standards are appropriate and fully
compatible, whereas 17% do not agree on this.
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53%

= Yes - compatible Yes - partially compatible = No

Figure 10. Response to Q4: Are implemented standards/guidelines compliant with international references?
Are they consistent with Palestinian construction reality?

Another important point concerns Q5, i.e., the availability of guidelines/standards dedicated for the
evaluation and rehabilitation (strengthening) of existing structures. Figure 11 demonstrates that more
than 90% of the municipalities and stakeholders use the codes dedicated for the design of new
buildings to conduct evaluation of existing building structures. Only 6% reported that they use
additional guidelines in such a situation, but without specifying what type of guidelines. This
represents a major problem as the codes used for the design of new buildings significantly differ from
those dedicated for existing buildings with regard to demand estimation procedure, factors of safety,
margin of acceptable risk, and expected performance. More discussion and details on such a major
issue are provided in later sections.

100%
80%
60%
40%
20%
0% [ I
Yes No

Figure 11. Response to Q5: Do you implement the same guidelines/standards/policies for the assessment of
existing buildings?

The municipalities and stakeholders were also asked whether the currently implemented codes and
standards are suitable for providing resilient critical buildings/infrastructure in the event of disasters
(Q6). Almost half of the respondents, as per Figure 12, were partially satisfied that the current
codes/standards are suitable for maintaining resilience for two reasons: 1) because those codes
require updating; and 2) most of those codes are strictly applied to schools and hospitals only rather
than the entire building population and facilities. Around 30% of the questioned stakeholders and
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municipalities believe that the current codes/standards are not suitable for resilience, whilst only 23%
claim that they are satisfactory. Such results reflect a good level of understanding by Palestinian
public organizations with respect to the urgent need of up-to-date practical standards to maintain the
resilience among the Palestinian community.

® Yes m Partially yes No

Figure 12. Response to Q6: Do you believe that the currently implemented guidelines/standards are suitable
to provide resilient critical infrastructure in case of disasters?

Adding to the previous information, the selected municipalities and stakeholders were asked if they
believe the current codes/standards/guidelines require major modifications and/or updates (Q12). As
shown in Figure 13, more than 70% believe that modifications are required so that the current
guidelines become in line with state-of-the-art knowledge/standards and more applicable to the
Palestinian construction reality. On the contrary, 29% of those parties believe that the current
standards/guidelines are sufficient to maintain the resilience of critical infrastructure. However, they
stressed on the fact that the construction industry lacks mechanisms and procedures that effectively
monitor the implementation of the current guidelines and correct any deviations. Therefore, they
believe that efforts must be directed towards improving quality control and quality assurance, in
addition to site supervision and monitoring.

100%

80%

60%

40%

20%

I

Yes No

0%

Figure 13. Response to Q12: Do you believe that the currently implemented guidelines/standards/policies
require modifications, updates, or improvements?
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It is interesting to highlight that almost all the municipalities and stakeholders who responded to the
guestionnaire pointed out the issue of lack of effective coordination between the different relevant
authorities (Q9). They proposed developing a unified digital system (and a platform) that can be
accessed by interested parties. Through such a platform, authorities can maintain appropriate levels
of coordination, conduct a faster review process, share results with others, and remain on track
regarding any updates or issues that might arise, etc.

Regarding the insurance against disasters (e.g., earthquake, flooding) as per Q15, the vast majority of
municipalities and stakeholders recognized the value of insurance. However, mandatory
implementation of which would be difficult as this could be costly considering that most of the
existing buildings do not comply with modern codes and standards. The UPDRRC will review
previous experiences and studies about the vulnerability levels and expected evaluated losses in the
critical infrastructure and its reflection on the economy. A benefit cost analysis is an additional tool
that can be used by stakeholders to demonstrate the financial benefits of retrofitting (an example is
discussed later in Figure 35 for such analysis).

The selected municipalities and stakeholders were also questioned about the most important
challenges that could hinder the efforts of developing resilient critical infrastructure (Q13). Almost
all those entities highlighted several common challenges as listed below:

e Lack of proper understanding on guidelines/standards/policies;

e Insufficient financial and human resources for the relevant authorities to support the
implementation and monitoring of resilience guidelines/standards/policies;

e Absence of firm and effective monitoring/supervision procedures to ensure that building
owners and investors are complying with the resilient design and building license;

e Lack of public awareness about the importance of developing resilient infrastructure;

e Most of the existing critical facilities/infrastructure are relatively old, so they were not
designed and built in accordance with modern codes/standards. Some of the critical facilities
constitute typical residential buildings that have been rented due to the limited availability of
spaces and land within urbanized areas;

e Institutional constrains regarding the ability of amendment/modifying or adding new laws;
e No specific rules/guidelines on the regular maintenance of critical facilities/infrastructure;
e Lack of awareness with respect to disaster insurance.

Overall, the previous questionnaire results can be characterized by some general trends that must be
taken into consideration when working on improving the resilience of critical infrastructure. Such
trends incorporate: 1) A general belief by the municipalities and stakeholders that the current
guidelines must be updated to be consistent with state-of-the-art references/standards; 2) appropriate
monitoring, quality control, and site supervision procedures must be developed to ensure that every
building, especially critical ones, are designed following the permits, licenses, and standards; 3) the
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communication and coordination between relevant authorities shall be maintained in a modern and
effective manner; 4) there are no specific unified rules and guidelines that can be implemented for
the assessment and rehabilitation of existing buildings.

3.4. Existing Factors that Affect the Resilience of Buildings in Palestine

A significant portion of the Palestinian buildings, including public facilities, is highly susceptible to
hazard-induced damage, thus reducing their resilience during times of disaster. This is due to various
issues that can be found in the common construction practices, implemented design and assessment
codes/guidelines, enforced policies, etc. Those are thoroughly discussed in this section.

3.4.1. Geometric irregularities

A major part of the issues related to construction, which adversely affect the resilience of buildings
in Palestine, is related to the extreme geometric irregularities that could drastically make buildings
highly vulnerable. Those irregularities can be classified into plan (horizontal) irregularities, vertical
irregularities, and other irregularities. More details on each of those are provided as follows:

Plan (horizontal) irreqularities:

Plan irregularities mostly result from asymmetrical geometric plan shapes, such as L-shaped and
irregularly shaped buildings, thus creating an eccentricity between the centers of mass and stiffness
in the building. This leads to a torsional behavior that causes a high stress concentration in corner
elements (i.e., columns), which results in an early conductible failure. Such a severe irregularity is
unfortunately quite common in the Palestinian construction practice due to the lack of appropriate
regulations that enforce more regular building plan shapes. Figure 14 shows an L-shaped 3-story
school building located in Palestine.

Figure 14. L-shaped school building

It should be noted that the plan shape could be irregular, but the asymmetric distribution of vertical
structural elements (e.g., shear walls, columns) could lead to a large eccentricity between the mass
and stiffness centers, leading eventually to a torsional brittle behavior. An example is provided in
Figure 15, where a school building located in Nablus city is regular with respect to plan shape, but
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the position of the staircase shear wall on the edge of the building causes a considerable eccentricity,
therefore, a torsional behavior is more likely to occur.

Figure 15. A school building with a regular plan shape and irregular distribution of vertical elements

Another example of plan irregularity is the high plan slenderness ratio. In such a case, the diaphragm
behavior in the weak direction of the building can potentially change from rigid to flexible, thus
leading to uneven distribution of stresses over the vertical structural elements such as columns and
shear walls. An illustration is provided in Figure 16 for buildings with high slenderness ratio.

Figure 16. Buildings with high slenderness ratio in plan
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Vertical irreqularities:

The presence of vertical irregularities can cause uneven distribution as well as abrupt changes in mass
and/or stiffness among different floors. Discontinuity of vertical structural elements is another impact
of such type of irregularities. A very common example of vertical irregularities in Palestine is the
setbacks, where a particular floor is reduced in size from one or multiple sides. This causes a clear
discontinuity in the vertical structural elements, and large stresses are expected to occur at the
columns or shear walls located at the edge of the setback area. Examples of setbacks in Palestinian
buildings are illustrated in Figure 17.

Figure 17. Buildings with setback vertical irregularities

The most prevalent form of vertical irregularities in Palestine is the presence of soft (weak) story in
the building, which has at least 30% lower stiffness and lateral strength compared to the adjacent
stories. Due to such severe reduction in strength/stiffness, stresses and deformation demands will be
concentrated in those soft (weak) stories, leading them to a dangerous early collapse, whereas the
remaining stories experience little-to-no deformation and remain elastic in most of the cases. This
type of irregularity in Palestinian buildings is usually formed by removing the infill walls on the
ground floor, which is commonly used for commercial activities or as a car-parking space. Such a
construction trend is reported in Figure 18.

Figure 18. Buildings with soft (weak stories)
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Another common vertical irregularity is formation of short columns. This happens when the effective
length of the column that can undergo lateral sway becomes significantly less than the actual column
height. This causes a drastic increase in the lateral stiffness of the column, leading to absorbing more
shear stresses, which can cause an early non ductile shear failure. This case is very common in school
buildings as shown in Figure 19 as the windows are relatively very big.

Figure 19. Formation of short columns in school buildings

The final vertical irregularity that exists in many buildings in Palestine is the use of different structural
materials and/or systems across different floors. This case usually exists when new RC floors and
frames are added on top of an old existing building made of unreinforced masonry for instance. This
type of irregularity has drastic effects on the integrity of structural elements. It also creates significant
differences in terms of mass and stiffness amongst different floors. Figure 20 provides an example of
a building composed of unreinforced masonry, RC frames with concrete-steel composite slab, and
RC frames with ribbed slabs.

s

Figure 20. A building with different structural systems/materials across different floors

Page 33 of 72
Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



Other irreqularities:

There are some other types of irregularities that cannot be classified as either horizontal (plan) or
vertical. The most common one is the lack of appropriate separation between individual buildings,
which could increase the pounding potential in case of earthquakes for example. A graphical
illustration is provided in Figure 21 for such a case.

Figure 21. Improper separation between buildings

The presence of long and heavily loaded cantilevers in buildings, which are typically utilized as
balconies, could be another significant irregularity that must be taken into account. In fact, such
cantilevers might be significantly affected by the vertical component of ground-shaking, leading to
heavy damage. Figure 22 shows example structures with those cantilevers.

Figure 22. Buildings with long and heavily loaded cantilevers
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3.4.2. Neglecting the effects of non-structural elements

The performance of non-structural elements during hazard events is usually neglected by designers
and engineers, although the failure of those elements constitutes the main contributor to seismic
losses. The falling hazard associated with some types of non-structural elements such as shelves and
false ceilings could pose a major threat to the lives of building occupants. In critical public facilities
like hospitals, the non-structural damage might lead to loss of functionality, thus leading to adverse
consequences. It should be noted that the non-structural elements are those components that cannot
be classified as part of the lateral-force resisting system. Those elements can be categorized based on
their purpose/functionality type as shown in Table 3:

Table 3. Classification of non-structural components with examples

Non-structural component Examples

Chimneys, parapets, false ceiling, infills, partitions, stone

Architectural cladding, curtain walls

Electrical Chandeliers, lighting fixtures, power generators, sockets

HVAC devices, heating pipes, potable-water pipes, boilers,

Mechanical and plumbing water tanks

Contents Furniture, storage cabinets, shelves

Figure 23 to Figure 26 illustrate photos of some non-structural elements, which are: parapets, infill
walls, water tanks, and loaded shelves, respectively. Nonstructural elements are typically
incorporated in the structural design process by considering their own weight; in other words, they
are treated as an extra live load acting on the structural system. However, for critical buildings like
hospitals, the functionality and stability of such elements must be taken into account. This must be
done through using specific fixtures that tie them to the main structural elements to prevent falling
hazards and avoid sudden damage/collapse. Designers can refer to Chapter 13 in the ASCE 41-16
(ASCE 2017) for more details on the seismic design of non-structural elements.

Figure 23. Parapet on the top of a school building
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Figure 25. Water tanks installed on the roof of a residential building
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Figure 26. Heavy shelves in a hospital

Another major threat stems from the exterior masonry infills walls covered by stone cladding, which
exist in almost all the buildings in Palestine. The stone cladding units are susceptible to falling during
a hazardous event, posing a significant risk of injury or even death. An effective practice in this case
could be fixing those cladding units to the exterior masonry walls as clarified in Figure 27, where
steel dowels are drilled inside stone units then connected with a reinforcement mesh that lies in the
cavity between the cladding and cement blocks.

Figure 27. Fixation of stone cladding units to the masonry cement block exterior wall

In order to prevent the interaction between the infill walls/partitions and the main structural system,
a good practice is to isolate those elements from the main frame. However, the falling hazard must
be prevented, which can be easily done by designing steel dowel fixtures to connect the walls to the
surrounding beams or diaphragms.
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3.4.3. Geotechnical aspects (site selection and land-use planning)

It is mandatory by the Engineers Association to implement site investigation for the design and
construction of new buildings or structures, as well as for additions and alterations to existing
structures. The general main purpose of site investigation is to help in selecting the type and depth of
foundation suitable for the structure and the site; evaluating the bearing capacity, estimating the
probable settlement of the structure; and determining the location of the water table. In general, two
steps precede site investigation as shown below.

Collection of Preliminary Information

e This step involves obtaining information regarding the type of structure, approximate column
loads, spacing, local code and any other information that will help to fulfill the purpose of site
investigation.

e Other information can be obtained from google maps, geological and geotechnical maps,
hydrological maps, agronomy maps, and highway department maps.

Reconnaissance

e In this step the engineer makes a visual inspection of the site to obtain information about
general topography, soil stratification from nearby existing cuts, such as those made
construction, evidence of slope instability, water marks, types of construction especially
foundation construction, problems in existing structures, such as cracks, etc.

The typical site investigation consists of planning, determining the number and depth of boreholes,
drilling boreholes, sample collection, and field testing. Those steps are usually carried out by local
geotechnical laboratories. The code to carry out these steps is based mainly on the Jordanian Code.
Usually, the Engineers Association — Jerusalem Center checks the elements of the site investigation
report and states whether the report fulfills all requirements. Through the revision of the site
investigation processes carried out by local geotechnical laboratories, it is found out that:

e Municipalities and LGUs require only the acceptance of Engineers Association on the site
investigation report, and they do not check the contents.

e The site investigation reports prepared by local geotechnical laboratories typically focus on
the general purpose, such as type and depth foundation, bearing capacity. However, some
elements in those reports are neglected, despite their major influence on the construction of
foundation as they might lead to unsuitable design, safety problems, and extra costs. Such
elements include expansive soil, collapsible soils, landfill, cavities, soils with possible sliding
(slope instability), sites with deep excavation, site with special seismic characteristics. etc.

3.4.4. Quality assurance/quality control and site supervision

The quality assurance/control and site supervision are among the major challenges affecting the
resilience of buildings in Palestine. While such procedures are compulsory regarding governmental
and internationally-funded construction projects, buildings belonging to private sector are usually
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constructed with little-to-no site supervision. This is attributed to the lack of resources and strict
monitoring policies, in addition to the low commitment levels by some municipalities and investors.
Those issues are pervasive in rural areas, but they are still considerable in urbanized regions.

The Engineers Association has tried recently to tackle such issues by getting a decision from the
cabinet in 2021 to make engineering supervision and quality control obligatory through the entire
construction phases of any project. Moreover, several memoranda of understanding were signed
between the Engineers Association and most of the big municipalities in the West Bank with respect
to the same challenges. The Engineers Association also issued a detailed book of guidelines for site
supervision. These guidelines are dependent on the size and nature of projects, and they cover all
aspects related to the role of engineers and required level of expertise. The guidelines are made
publicly available through the Engineers Association website?.

Nevertheless, construction projects are still not subjected to obligatory site supervision, therefore,
more efficient monitoring/follow-up procedures are strongly required to ensure quality control. Also,
the guidelines of site supervision are not followed in all municipalities due to the lack of proper
legislation.

3.4.5. Site (workplace) safety

Site-safety monitoring is applied almost only in the projects constructed through international
donations given as such a procedure is always a main requirement from international donors. For
public/governmental projects, site safety is a requirement, but strict monitoring procedures are not
implemented, making the safety questionable. The Ministry of Labor is responsible for that, but their
resources are quite limited. The municipalities on the other hand have no influence regarding the
safety inside construction sites, but rather in the area surrounding the building, including pedestrians
and adjacent infrastructure. There are high records of accidents that caused various deaths and injuries
throughout the recent decades. Those could be effectively reduced, or even avoided, if safety
procedures are applied and monitored by qualified safety engineers.

3.4.6. Environmental requirements.

There are good initiatives towards environmental sustainability by MDLF. The main focus here is to
ensure the soundness of social and environmental impact assessments and determine adequate
mitigation measures that reflect sound analysis are in compliance with the MDLF Environmental and
Social Framework (ESMF). For each project, the local technical consultants (LTCs) contracted by
MDLF are requested to prepare and submit an Environmental and Social Management Plan (ESMP)
for approval before going for tendering. An environmental specialist is required to monitor
compliance with the ESMP during requirements and to submit the required reports.

3.4.7. Implemented design codes and standards

The Engineers Association is the body solely responsible for enforcing design codes/standards and
quality control guidelines for buildings and infrastructure. Even though the seismic hazard is

2 https://www.paleng.org/
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considerable in Palestine, the seismic design has been enforced by the Engineers Association only a
few years ago. This applies to all critical buildings (e.g., hospitals, schools) and ordinary ones with
more than three stories. Although this represents a major step towards producing more resilient
buildings during the event of hazards, the Engineers Association implements obsolete design codes
that were developed more than 25 years ago, such as the 1997 Uniform Building Code (International
Code Council 1997), also known as UBC-97, and the Jordanian code of practice, which was issued
in 1997 and updated between 2006 and 2008. This code is entirely based on obsolete standards like
UBC 97 and ACI 318-95 (ACI Committee 318 1995).

Despite the major initiatives by the Engineers Association towards enforcing seismic design, the use
of obsolete codes can negatively affect the resilience of buildings. In fact, modern design codes
provide more optimal design procedures and more accurate evaluation of structural demands (e.qg.,
internal forces, displacements) resulting from earthquakes or any other hazards. They also embrace
the concept of resilience and sustainability. Therefore, a major update in such a regard needs to be
discussed with the Engineers Association. It should be noted that special design provisions for
vulnerable people groups such as elderly, handicapped, and those with special needs, are not part of
the mandatory requirements for ordinary structures and many public facilities. Such a vital point must
be also taken into consideration by the Association in any future update of codes/standards.

3.4.8. Assessment and rehabilitation of existing buildings

As mentioned earlier, seismic design was imposed by the Engineers Association a few years ago,
which indicates that the majority of existing buildings are designed to sustain gravity loads only. This
means that such buildings might demonstrate a weak structural performance during any type of hazard
event (mainly earthquakes), thus affecting the overall resilience of the Palestinian community.
Therefore, it is strongly required to assess the performance of existing structures to understand
whether a structural intervention is needed or not and prioritize retrofitting efforts towards buildings
in critical situations.

It is important to note, however, that there are no specific standards/guidelines/codes in Palestine for
the assessment of existing buildings. Instead, engineers rely on their personal judgment and use the
traditional seismic codes, which are originally dedicated for new buildings, to assess the existing
ones. This represents a major challenge, as the seismic performance of new buildings can be easily
predicted and determined because the designer has full control over material properties, sectional
dimensions, and structural detailing (reinforcement). On the contrary, predicting the performance of
existing buildings is more cumbersome, and requires special analysis and modeling procedures.
Moreover, design codes for new buildings are more conservative as they include many factors of
safety. The margin of acceptable risk in new buildings is also lower than that accepted for existing
ones. This reveals that addressing the performance of existing buildings using the same standards of
new ones can prove to be over conservative, infeasible, and impractical.

On the other hand, if a building is found non-compliant with performance requirements, engineers
working in the Palestinian construction industry usually use personal judgement and experience, in
addition to overly simplistic models, to design structural rehabilitation (retrofitting, strengthening)
without a real measure of seismic behavior with respect to performance objectives or acceptance
criteria. This happens primarily due to the lack of specific guidelines/standards that provide
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systematic procedures for the assessment of existing buildings using appropriate performance
metrics. A specific document discussing the applicable rehabilitation strategies, in addition to their
pros, cons, applicability to the Palestinian construction reality, is not available until this moment.
Therefore, such guidelines must be proposed and introduced to the construction practice.

3.4.9. Roles/responsibilities of local government institutions

This subsection explains the roles/responsibilities of different public institutions and stakeholders in
Palestine with respect to the construction industry. Those have been identified based on the results of
questionnaires, and relevant personal experience of the UPDRRC as follows.

Municipalities and local councils:

The roles of municipalities in construction regulation can be summarized in the following points:

e Preparation of the urban master plan for the municipal jurisdiction. This generally includes
classification of the areas and land parcels which govern the types of occupancy categories
like residential, housing, commercial, industrial, agricultural, etc. The master urban plan is
subject to the approval of the Ministry of Local Government (MoLG).

e Sets limitations when it comes to the maximum height and number of stories for buildings, in
addition to setbacks. Such limitations depend mainly on the master urban plan.

e Issues building licenses after assuring that all the required approvals by various institutions
(e.g., the Engineers Association, Civil Defense) are obtained.

e Issuing permits or no objection letters to owners in order to use buildings.

Despite the critical role of municipalities in the resilience of communities, there are several issues in
terms of their roles and responsibilities. For example, the preparation of master urban plans is quite
generic, without appropriate spatial planning. Such master plans mainly determine the locations of
potential future expansion with land use. However, more refined and systematic planning is usually
needed, which takes into account different hazards and their effect on community resilience.
Moreover, although the municipality is the official body for issuing building licenses, they assume
no responsibility in the construction process. In other words, they do not take place in monitoring
technical procedures, quality of work, and structural safety. Instead, municipalities only recommend
technical supervision by qualified engineers in cooperation with the Engineers Association. Some of
those municipalities enforce site supervision, but those are the ones which signed MoUs with the
Engineers Association. These MoUs are not mandatory and subject to possible freezing or even
cancellation by the municipal councils. Another major challenge is that a considerable number of
municipalities do not have a sufficient number of engineers and technical staff to appropriately
monitor construction sites. This problem becomes more serious, especially with the lack of
appropriate financial resources. Some of the municipalities, such as in Gaza Strip, are still following
obsolete municipal laws that have not been updated since the British Mandate on Palestine in 1936.
Based on this discussion, it is obvious that some responsibilities and roles of municipalities must be
reviewed/modified.
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The Ministry of Local Government (MoLG):

The MoLG is responsible for the spatial planning and the building permits outside the boundaries of
the municipalities. The MoLG also reviews and checks issues related to licensing requirements for
areas outside the responsibility of municipalities. It should be noted that the requirements and
limitations imposed by the MoLG regarding construction work might be different from those issued
by municipalities. But the main difference is that the MoLG has no role/responsibility with respect to
site supervision and quality control of construction work. No real monitoring/follow-up procedures
are used to ensure application of licensed construction drawings, mainly due to the lack of human
resources. This results in owners/investors not abiding by building licenses and construction
drawings. Therefore, it is quite important to strengthen the role of MoLG and implement strict
monitoring procedures to mitigate such major challenges.

The Joint Service Councils (JSC):

As an important step towards improving the services submitted to the citizens in different rural
communities located close to each other and to achieve some decentralization and delegation of
authorities, the MoLG founded the JSCs. These councils are given the role of the municipalities
covering most of the responsibilities mentioned previously including building licenses. Those JSCs
encounter quite similar challenges to regular municipalities, even more difficult.

The Engineers Association:

This association is responsible for critical tasks related to construction work, such as:

e Manages all consultancy work related to construction of buildings and infrastructure.
e Pre-qualification of consultancy firms.

e Review designs submitted by consultancy institutions/firms to make sure all requirements are
followed and grant no objection accordingly.

e Extra review for adding new construction over existing buildings.

e Coordinates with relevant authorities, like the Civil Defense and Ministry of Labor for site
safety requirements.

e Adopts and recommends design codes/standards/guidelines.

e Coordinates with all concerned governmental institutions and municipalities to make sure that
all requirements are integrated in the designs and drawings of the buildings.

e Conducts several capacity building programs covering seismic design, relevant codes, site
supervision, quality control, testing, site safety, retrofitting, green buildings, design and
analysis computer programs.

e Participates in the licensing and planning committees within the MoLG.
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The Engineers Association has also a significant role in maintaining the quality control and site
supervision of construction work, which is related directly to the resilience of buildings. In fact, they
work closely with the government towards the obligation of engineering site supervision by qualified
engineering firms in all construction projects. As mentioned earlier, a first step has been taken in
2021, where a decision by the council has been made to oblige engineering supervision and quality
control on construction projects. However, multiple difficulties have been encountered during the
application of such rules, mainly due to the lack of resources and effective monitoring procedures, in
addition to the low cooperation on the owners/investors side. Therefore, appropriate engineering
supervision and quality control is almost limited to internationally-funded projects and governmental
construction.

Vulnerable populations such as children, handicapped, and those with special needs are amongst the
highly susceptible people to hazard consequences. Therefore, they require special provisions in the
design and construction of buildings, regardless of their occupancy categories. Although the
Engineers Association has started giving more attention to such a vital aspect, the application of such
provisions is limited to some governmental and critical buildings. Therefore, more work is needed
towards integrating those requirements into typical design standards/codes.

The Ministry of Education (MoE):

The MoE mainly manages the education sector covering public, private and UN-related schools, in
addition to kindergartens. More importantly, they prepare, issue and update guidelines for the design
of school buildings (in line with the Engineers Association). They are also responsible for schools
planning, design, supervision, operation and maintenance, which is accomplished in collaboration
with private consultancy firms and/or contractors. The MoE is the governmental body that conducts
detailed review of school designs to make sure they are compliant with the MOE requirements and
approves construction documents upon the initial approval by the Engineers Association. Although
the MoE has a vital role, they encounter several issues that can affect the resilience of school
buildings, despite their role in the Palestinian community as critical infrastructure. Examples include:

e Funding is usually insufficient for continuous maintenance and retrofitting of old school
buildings. Some of the school buildings are rented from private landlords, indicating that they
were not initially designed and constructed in accordance with the strict specs and
requirements of school buildings.

e Not all school buildings have special provisions for handicapped and people with special
needs due to the lack of resources.

e The seismic design for school buildings has been enforced in 2005. A peer-review for such a
design is usually done by the UPDRRC (or any third party) to make sure the requirements are
fully met. Nevertheless, this means that numerous school buildings built before 2005 do not
comply with seismic provisions, and therefore they need extensive and special performance
assessment in order to proceed with rehabilitation. The lack of funds represents the major
challenge in this process, as well as the absence of specific standards/ guidelines for the
assessment and rehabilitation of existing structures. The latter issue is tackled within the scope

of the current task.

Page 43 of 72
Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



Based on the previous discussion, more efforts must be exerted to identify a clearer and stronger role
for the MoE in order to support their actions towards improving the resilience of school buildings.

Civil Defense:

The Civil Defense has a major role in the resilience of Palestinian community. They also have
representation in all key committees related to building safety such as municipalities, the Engineers
Association, and others. Its main task is to guarantee and maintain all safety requirements based on
the number of stories, occupancy category, and number of inhabitants. Previously, many problems
occurred as a result of applying local old instructions for safety. Therefore, the Civil Defense adopts
now the Jordanian code of practice until having a Palestinian national code.

Several challenges can hinder the role of Civil Defense. They always endeavor to maintain a high
level of coordination with other concerned institutions and investors, but the lack of resources makes
things difficult to implement and monitor. This leads to non-commitment on the side of investors and
building owners with respect to providing safety requirements. Moreover, the Civil Defense has
guidelines for fire protection, but they lack guidelines covering other natural hazards. Those aspects
must be improved in the future to increase the resilience of Palestinian community.

Coordination between different authorities:

Coordination between the aforementioned stakeholders and public institutions is a must. However,
the coordination level that exists now is not to the required level. This can be improved through using
networking, adopting state-of-the-art technology (e.g., electronic review of the requirements and
documents). However, each institution should take the responsibility to apply its mandates and
guarantee the needed resources and seek support from possible resources including the central
government. There is also an urgent need to integrate all institutions into a single system through
adopting unified requirements to avoid possible contradictions between different areas, which might
affect the quality level. Similar technology can be used to integrate plans for the purpose of
development and improvement. These cover the preparation of master plans, land use, with the need
to update and unify the prevailing laws.

4. GUIDELINES FOR IMPROVING THE RESILIENCE: NEW BUILDINGS

This chapter provides some guidelines and specifications intending to improve the resilience of
critical public facilities and communities in Palestine. Those guidelines are divided into several stages
(or groups) based on the phase of construction as detailed and presented below.

4.1. Initial Assessment and Site Selection

When it comes to critical buildings and vital public facilities, an assessment must be done by a
qualified team of engineers and other specialists in order to select the most appropriate project in
terms of location, scope, functionality, cost effectiveness, target groups, sustainability, and other
important considerations. Discussions and effective communications must also be maintained with
end-users and other beneficiaries to encourage their active participation in the decision-making
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process, so that their needs can be understood and addressed. It is important as well to make sure that
owners, investors or operators of critical public facilities such as schools and hospitals, have the
capacity, sufficient budget and human resources to fully operate and maintain the facilities. A plan
must be set for that, and it must also address the effects of natural hazards (e.g., earthquakes,
flooding).

With respect to site selection, it must comply with the rules of licensing authorities and the urban
master plans. The following points must be taken into account, to improve the resilience of critical
facilities during the times of disaster:

e As near as possible to the beneficiaries with good accessibility and easy transportation.

e The area is sufficient in order to cover the scope and other requirements, like parking and
emergency situations.

e Easy connection to lifeline systems and other services.

e Perform the required testing and calculations for the soil dynamic characteristics to avoid
possible amplification of seismic waves.

e Perform slope stability analysis to avoid potential landslides. If a landslide is quite likely to
occur, it is recommended to change the planned location, or at least take required precautions
with respect to excavations.

4.2. Planning and Design

Several aspects must be taken into account during the planning and design phase of buildings,
especially critical public facilities. Those aspects incorporate the qualifications of engineers, building
codes/standards, legislation, safety, etc. More details are provided below.

4.2.1. Engineers qualifications

Design must be accomplished by a qualified consultancy firm, which is accredited by the Engineers
Association. For important and special projects, pre-qualification of engineers for the design and
supervision must be done following specifically developed criteria.

It is always important to conduct advanced capacity-building programs covering seismic design,
design for other hazards like floods, relevant codes, site supervision, quality control, testing, site
safety, retrofitting, green buildings, design and analysis computer programs. This will help improve
the technical skills, qualifications, and knowledge of engineers.

4.2.2. Design codes and standards: structural systems

As mentioned previously, seismic design is only mandatory for buildings with more than three stories.
The engineers also rely on obsolete design codes such as the UBC-97 and ACI 318-95 that do not
implement state-of-the-art design and calculation procedures. In order to improve resilience of
buildings, it is recommended to adopt the following points regarding the codes and standards:
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e Enforce seismic design requirements through legislation and to cover for all new buildings
regardless of the number of stories or occupancy category.

e Enforce the implementation of state-of-the-art design codes/standards for new buildings.
e Incorporate the design for different hazards, e.g., wind, earthquakes, flooding.

e |t is recommended to use the “2018 International Building Code”, or simply IBC-2018
(International Code Council 2017) and the “Minimum Design Loads for Buildings and Other
Structures”, also known as ASCE 7-16 (ASCE 2017), for the estimation of design forces
resulting from multiple hazards such as earthquakes, wind, and flooding. The same references
can be also used to satisfy the requirements for handicapped and people with special needs,
in addition to the fire safety design.

e For structural design procedures, evaluating strength (capacity), and detailing provisions of
structural RC components, it is recommended to use the ACI 318-14 (ACI Committee 318
2014) - “Building Code Requirements for Structural Concrete”.

e For structural design procedures, strength evaluation and detailing requirements for steel
structures, it is recommended to use the “2016 Specification for Structural Steel Buildings”,
also known as AISC 360-16 (American Institute of Steel Construction 2016).

The previous codes are applicable to the Palestinian construction industry. However, specific data
like site hazard information can be obtained from local hazard maps prepared by the UPDRRC. It is
important to understand that such major updates are not expected to take place immediately, so a
gradual change must be allowed. This should be accompanied with training courses for engineers,
capacity-building programs, and continuous updating of university programs. The changes will also
allow commencing the work on a specifically-developed Palestinian code of practice.

4.2.3. Design codes and standards: non-structural components

It is quite critical to consider special design provisions for non-structural components against seismic
hazard due to the severe effect of ground shaking on them. This is particularly important for critical
public facilities, where operability must be maintained during and after the event of hazards.
Moreover, many research studies have demonstrated that the damage to non-structural elements
constitutes the largest contributor to seismic losses, especially at low levels of ground-shaking
intensity (e.g., De Risi et al. 2018; Del Gaudio et al. 2019). The importance of those elements is even
larger for critical buildings such as hospitals, as they could cost more than the structural system itself,
and they are also required to remain functional.

Both the ASCE 7-16 and IBC-2018 can be adopted to estimate demands acting on non-structural
elements and design fixtures and dowels accordingly. It should be noted that the non-structural
components here include any component that does not qualify as part of the lateral load-resisting
system and does not exceed 25% of the seismic weight of the structure. Non-structural elements can
be generally classified in accordance with their importance as per ASCE 7-16. Thus, such elements
are deemed highly important if they meet the following conditions:
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1. Non-structural elements that are required to function during and after hazard events due their
importance to life safety such as fire protection systems and steel emergency stairs;

2. Non-structural components that are used to store toxic, explosive, or hazardous materials;

3. Non-structural elements placed inside critical buildings such as schools, hospitals, civil
defense, police stations, and shelters.

Any other non-structural elements that do not belong to the aforementioned ones can be deemed of
normal importance. Such a classification is required to determine the design requirements for those
elements. For instance, the seismic design forces acting on the elements with high importance must
be at least 50% higher than the forces acting on the same elements if they were with normal
importance. It should be noted that some non-structural elements are fully exempted from any design
requirements, mainly because they do not hinder a building’s functionality, or they are not expected
to affect the life safety of the occupants. A few examples are listed below:

e Furniture (except cabinets used for storage);
e Temporary equipment;

e Mechanical and electrical components installed in non-critical buildings located in regions
characterized with low-to-moderate seismicity.

The seismic design of non-structural components aims at two main targets:

e Prevention of falling hazard, primarily through attaching the non-structural elements to the
main structural system via anchorage systems (e.g., dowels, fixtures, nails);

e Ensuring that the non-structural element itself is capable of sustaining the seismic demands
such as shear forces, deformation, and large drifts (or relative displacements).

The calculation of the required seismic design force acting on non-structural elements can be
accomplished in accordance with Section 13.3 in the ASCE 7-16. This incorporates both horizontal
and vertical seismic force components. The design of anchorage for fixing non-structural building
components can be performed using the following references:

1. Reinforced-concrete buildings: ACI 318-14
2. Masonry buildings: TMS 402/602-16 (The Masonry Society 2016).

Steel anchorage must be governed by shear or tensile strength. Some seismic design provisions for
non-structural elements are shown here for the sake of clarity. For example, Figure 28 shows the
anchorage and bracing mechanism to be used for protecting parapets from falling in masonry
structures. Figure 29 on the other hand illustrates seismic bracing of suspended-ceiling systems.

Masonry infills, which represent a dominant construction practice in Palestine, could be isolated from
the surrounding structural frame to prevent frame-infill interaction that leads to demand concentration
and brittle shear failure. This can be done by surrounding them with steel frame as schematically
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displayed in Figure 30. A gap must be left between the main building frame and the steel frame
surrounding the infill wall. It is important to highlight that the isolated infill wall must be protected
from falling due to seismic forces. In such a case, it can be fixed using any form of anchorage with
the upper and lower floors, but not with the columns in order to avoid infill-frame interaction. Storage
racks are another example of important non-structural elements that need to be fixed to the ground to
prevent falling as reported in Figure 31, especially if they are carrying heavy equipment. The storage
rack itself can be designed as a non-building structure as per the classification of ASCE 7-16 in order
to make sure that it can sustain earthquake-induced ground shaking. Finally, stone cladding is part of
the architectural components that are very common in Palestinian buildings. Those can be attached
to the walls to prevent falling using different mechanisms, which are explained in Chapter 3.

NEW STEEL
ANCHOR

NEW STEEL
ANGLE

NEW STEEL
ANGLE BRACE

BRICK MASONRY
PARAPET

NEW STEEL
BRACKET

EXTG ROOF
NEW STEEL STRUCTURE
ANCHOR

|
#

Figure 28. Bracing and fixing a parapet in a masonry structure

Figure 29. Seismic bracing of suspended-ceiling systems
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Figure 30. Isolation of infill walls using external steel frames

Figure 31. Fixing storage racks to the ground

4.2.4. Provision for people with special needs

Vulnerable populations such as handicapped, women, children and those with physical disabilities
are amongst the highly susceptible people to the devastating consequences of hazards. Therefore,
accessibility must be facilitated in buildings, especially critical ones. The details related to the design
and construction for accessibility means can be found in Chapter 11 of the IBC-2018. Extra technical
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details can be also found in ADA 2021 (Department of Justice 2010). For clarification, a brief
summary of the most important rules and highlights is provided.

Also, it is advisable to implement the handbook prepared and published by the Engineers Association
and can be found and downloaded at the website of the Association https://www.paleng.org/. It is
important to exert all efforts towards legislating these guidelines and to be applied on all types of
buildings with the required level of mandatory monitoring. A key point here is to create an accessible
route for people with special needs at different levels, as explained below:

Site arrival points:

At least one accessible route shall be provided at the site. This route must have public transportation
stops, accessible parking, accessible passenger loading zones, and public streets or sidewalks to the
accessible building entrance served. Figure 32 provides a schematic illustration for the accessibility
related to site arrival points.

An accessible route must connect site Accessible routes must coincide with,
arrival points to each accessible entrance or be in the same vicinity as, general
they serve. circulation paths (§206.3).

Figure 32. Accessibility related to the site arrival points
Within a site:

At least one accessible route shall connect accessible buildings, accessible facilities, accessible
elements and accessible spaces that are on the same site, as clarified in Figure 33. It should be noted
that such a route is not required if the only means of access in between different buildings, facilities,
or elements, is a vehicular way that does not provide pedestrian access. The accessible routes within
a site must also serve all accessible spaces and elements on a site, even the exterior ones such as
courtyards and drinking fountains. If security barriers such as bollards and security checkpoints exist
within buildings, they shall not obstruct accessible routes. If security barriers incorporate elements
that cannot comply with these requirements (e.g., metal detectors, fluoroscopes or other similar
devices), accessible routes shall be provided adjacent to security screening devices. The accessible
route shall permit people with disabilities to pass around security barriers to maintain visual contact
with their personal items to the same extent as others.
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An accessible route must connect site An accessible route within the

arrival points such as accessible parking boundary of the site must connect each
spaces, passenger loading zones, and facility on a site (except those
transportation stops to each accessible connected only by a vehicular way that
facility they serve. does not provide pedestrian access).

An accessible
route must serve
all accessible
spaces and
elements on a site,
including those that
are exterior, such
as courtyards and
drinking fountains.

An accessible route from public streets and sidewalks must connect
directly or indirectly to all accessible facilities and elements on a site.

Figure 33. Accessibility needed within a site

Employee work areas:

Common-use circulation paths located within the work areas for employees must be accessible routes.
This procedure is preferable compared to providing accessibility routes different from the common-
use circulation paths. The former practice promotes equivalency and precludes accessible routes that
are obscure, hard to find, or diverge from circulation paths more than necessary.

Accessible Routes within a Building or Facility

At least one accessible route must connect all accessible spaces and elements. If a circulation path is
interior, the accessible route also must be interior. Accessible vertical interior circulation must be in
the same area as stairs and escalators, not isolated in the back of the facility. Where only one
accessible route is provided, the accessible route shall not pass through kitchens, storage rooms,
restrooms, closets, or similar spaces. Such requirements are depicted in Figure 34.
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Vertical access between stories is required

An accessible route from facility in most multi-story facilities, but exceptions
entrances is required to each are permitted for some non-govemmental
accessible room, space, and element. facilities under a certain size or number of

stores. I

Accessible routes must serve each level on a B e s o s s

floor required fo be accessible. Vertical access ihobathetod s of the tléar Toor

can be achieved by ramps, curb ramps, - -
clevalors o, where permiiot plakfoe s space required at accessible elements.

Figure 34. Accessibility needed within the buildings and facilities

Multi-story structures:

In the case of multi-story buildings, at least one accessible route must connect each accessible story,
mezzanine, and any occupied roofs. Some exceptions apply, which can be found in the IBC-2018.

Besides the accessibility related to site and buildings, the entrances must be also applicable. In fact,
it is required that at least 60% of all public entrances to be accessible. This means that accessibility
must be provided in the following situations:

The direct access for pedestrians from parking structures to buildings and facilities;
e Entrances for pedestrians from tunnels or elevated walkways to a building or facility;
e If restricted entrances exist, at least one of them must be accessible;

e In the case a service entrance is the entrance to a building, it must be accessible;

e At least one accessible entrance shall be provided in each sleeping unit or dwelling.
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The reader is referred to the IBC-2018 for more details regarding accessibility requirements of other
building components such as parking facilities, dwellings, sleeping units, medical care units, and any
structures characterized with special occupancies.

The previous brief summary of part of the accessibility requirements has gained more attention in
Palestine during the past few years. However, its application is still limited to some governmental
buildings and hospitals. Therefore, more work is needed towards integrating those requirements into
typical design standards/codes.

4.2.5. Specifications and Licensing requirements

In cooperation with all concerned parties, work must place emphasis on adopting unified requirements
and specifications that can be applied for all projects. This includes mainly the adoption of the
requirements issued by the Palestinian Standard Institution (PSI), in conjunction with regulations
related to technical aspects, testing and inspection, quality and certification, etc. Continuous
development and improvement of the adopted specifications must be also maintained based on
international references that apply to local context and engineering industry.

With respect to urban planning, it is important to legislate and adopt a land use policy that informs
city plans and licensing requirements. It is also recommended to unify building licensing requirements
and conditions among all urban areas in the West Bank, with special regulations to be applied in the
case of rural areas.

4.2.6. Environmental issues

Adopt relevant initiatives to demonstrate good practice. One of the most impactful is the introduction
of an Environmental and Social Framework (ESMF) by MDLF, which made it mandatory in all its
projects inside the West Bank and Gaza. In fact, MDLF considered the preparation of an
Environmental and Social Management Plan (ESMP) as part of design requirements that must be
accomplished by Local Technical Consultants (LTCs). LTCs are also in charge of monitoring the
implementation of such plans during the construction phase.

4.3. Construction Stage
4.3.1. Quality assurance/control and site supervision

As mentioned previously, appropriate quality assurance/control and site supervision have key roles
in supporting the resilience of buildings in Palestine. However, this practice only applies to projects
funded by international donors and critical governmental priorities, despite the efforts of Engineers
Association in making quality control/site supervision mandatory starting in 2021. Such a problem
can lead to many structural deficiencies and performance issues with damage during hazard events,
thus adversely affecting resilience. This is because the major portion of the construction industry
comes from the private sector, which suffers a lot from the above deficiencies.

Accordingly, the following can be proposed to account for such issues:
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e Incorporate the site supervision and quality control by qualified engineering consultancy firms
as part of the legislation, so they become applicable to all buildings regardless of their
importance, type, and occupancy category.

e Sign obligatory and binding MoUs with all municipalities and MoLG in order to unify the
requirements of construction work among different areas, both in the West Bank and Gaza.

e Adopt effective monitoring procedures, such as the formation of external independent
committees from the municipalities, the Engineers Association, the civil defense and other
concerned institutions to conduct regular site visits to make generic checks on the construction
work and degree of compliance with the technical requirements of engineering supervision
and quality control.

4.3.2. Safety and environmental concerns

It is recommended to adopt international safety standards such as the Occupational Safety and Health
Administration (OSHA)?, affiliated with the United States Ministry of Labor, and the European
Agency for Safety and Health at Work (EU-OSHA)*. Such publicly-available resources will provide
valuable information regarding the prevention of illness at work, job health, and practices during
construction work for health and safety, etc.

For site environmental issues, it is recommended to adopt the relevant frameworks such as the
Environmental and Social Framework (ESMF) introduced by MDLF and prepare the Environmental
and Social Management Plan (ESMP) and monitor that during construction.

4.4. Operation and Maintenance Stage

The license to operate (J&Y) 03) must be granted through a specialized committee that include all
concerned intuitions, under the leadership of the Municipality. Potential members of the committee
include: the Engineers Association, Civil Defense, electricity provider, telecommunication
companies, Contractors’ union, and other institutions depending on the type of occupancy.

Special attention must be given to industrial buildings and facilities as their operation is directly
linked to environmental, sustainability, and safety issues. Therefore, especially for such buildings,
the license to operate must be subjected to annual review for renewal upon conducting an appropriate
inspection. It is further recommended to adopt and apply the guidelines for operation and maintenance
of buildings and roads, which has been developed by MDLF.

4.5. Further Recommendations: Geotechnical Issues — New Proposed Aspects

Upon revising the site investigation processes (refer to sec 3.4.3) implemented by local geotechnical
laboratories, it is found out that:

3 https://www.osha.qgov/
4 https://osha.europa.eu/
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e Some requirements are neglected although they significantly influence the construction of
building foundations, leading to unforeseen consequences such as unsuitable design, safety
issues, extended construction duration, extra costs, etc.;

e Some soils are challenging in terms of construction and require special considerations, such
as expansive soils, soils with high water level, collapsible soils, landfill, cavities within the
foundation soils, soils with possible sliding (slope instability), site with deep excavation, site
with special seismic characteristics. etc.

Slope Stability Analysis

A large part of the Palestinian territories is composed of hilly and mountainous regions; therefore,
landslides are considered as a major problem, therefore, a site investigation report should consider
slope stability analysis especially for sites that are located on slopes. Additional guidelines covering
the process of excavation and installation of suitable excavation support systems are necessary to
ensure safe conditions for the construction sites and neighboring structures. Moreover, sites that have
previous slope instability problems (landslides) should be considered as special sites and correction
measures should be suggested by the site investigation report. As a guideline, the following measures
are to be considered for correction of landslides:

e Geometrical methods: flattening of slope; excavation at top of slope; fill at toe of slope.

e Hydrological methods: surface drains; drain holes; sand drains; inverted filters. The purpose
of hydrological methods is the drainage of surface water and lowering of ground water level.

e Mechanical methods: compaction; freezing; grouting; rock bolts; piles; retaining walls;

Protective measures can be also taken into account through land use policy for sites that have
experienced landslides before. In this case, maps are prepared by municipalities or LGUs to limit the
types of structures and buildings to be constructed at specific sites that have previous landslides or
are susceptible to landslides or other expected problems due to foundation soil.

Areas of High-Water Level

In some cases, mostly in winter seasons, high water levels may lead to problems in construction,
especially foundation construction. Dewatering system should be designed to overcome such a
problem both during and after the construction throughout the entire service life of the structure.

Expansive Soils

Silty clay soils of high plasticity (expansive soils) have high swelling potential. Such types of soil are
common in many regions in Palestine. Precautions should be considered to overcome those problems.
A potential solution could be to change the properties of expansive soil, control water, insert non-
expansive soils (base course) on top of the silty clay soil, etc.

Cavities and Joints

Cavities with no soil or cavities filled with fine soil (joints) are common in Palestine, especially in
mountainous areas, which consist of Karst (lime or marl) formation. Where these cavities or joints
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are discovered, they should be cleaned and filled with rubble concrete under the direct supervision of
both the geotechnical and structural engineers. If these are not discovered and the area is well known
to have such a problem, the foundation type should be either continuous or mat (raft) foundation. It
is possible to use of certain instruments available at the university centers to deduct these cavities.

Collapsible and landfill Soils

It is very common in Palestine to have collapsible soils, where large thickness of dumped soil is
placed in a single site neither having suitable type of soil nor compacted according to standards. These
sites are usually unsuitable for construction of multi-story buildings and several problems will occur
in these sites. Also, they are usually very sensitive to earthquakes, so the dynamic properties of the
soil layers should be included in the site investigation report, including shear waves velocities, natural
frequencies, etc.

On the other hand, landfills in Palestine are not common, however, there are few landfill areas and
sooner or later they will be closed and may be used as construction sites. Again, land use policy
should deal with this problem. Accordingly, land-use policy maps prepared by municipalities or local
governments should limit the type of structures to be constructed in such sites and prescribe the
appropriate methods of construction as well.

Excavation Support Systems

Deep excavations in many sites are nowadays necessary for construction of several basements below
the ground surface. This requires preparing a plan for a suitable method of excavation with bracing
systems or scaffolding system, if necessary. Otherwise, safety within the site and surrounding areas
will not be fulfilled. A special excavation support system should be designed, implemented, and
monitored for such sites.

Retrofitting of Foundation for Existing Buildings

Existing buildings might require retrofitting if they do not comply with performance requirements,
especially seismic ones. In other cases, building owners might decide to build new stories on the top
of old buildings, leading to increasing stress levels on the foundations. This might require retrofitting
of these foundations, which should be performed by an authorized person that has knowledge and
experiences to do this task (Refer to Section 5 for more details on structural retrofitting).

Liguefaction of Soil (Gaza Region only)

In the Gaza region, the existence of high-water levels close to the seashore and the type of soil (sandy)
makes the soil susceptible to liquefaction during earthquakes. This should be checked, and correction
measures should be adopted to overcome such problems

Seismicity of the Site

Palestine is seismically active due to the existence of several active faults. Therefore, all structures
should be designed to resist potential ground shaking. As the site has a great influence on the seismic
design and the possibility that the soil layer has an amplification factor due to matching of natural
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frequency of the soil and the proposed building. This point should be considered in the site
investigation report. It is necessary for suitable design of structures to be done for both shear wave
velocity for all foundation soil layers as well as for the natural frequency.

Land Use Policy (Planning)

Preparing maps of land use policy by Municipalities and Local Government is of great importance as
they help regulate the construction processes and activities. In fact, some sites may not be suitable to
construct structures on them, so they should be designated as special structures or as green areas.
Some sites that have previous landslides (slope instability) and are not suitable for construction of
structures either. This can be controlled as well by land use policy. In the same way landfills,
collapsible soils, and sites with liquefaction susceptibility are to be included in the land-use policy.

5. GUIDELINES FOR IMPROVING THE RESILIENCE OF EXISTING BUILDINGS

Despite the presence of a large portion of existing buildings that are not particularly designed to
withstand different hazards (earthquakes, flooding, wind), specific codes/standards that can be used
for the assessment of their performance with respect to appropriate objectives are not available. On
the top of that, there are no dedicated guidelines that provide comprehensive documentation for the
design of rehabilitation (retrofitting) strategies for different structural typologies and their
applicability in the Palestinian construction industry. Engineers, instead, rely on the guidelines and
codes for new buildings, in addition to their judgment/experience.

Therefore, a full report has been prepared, including guidelines for the systematic assessment of
seismic performance for existing building structures, in addition to the appropriate rehabilitation
(retrofitting) strategies that can be implemented to improve such a performance. This report adopts
state-of-the-art codes, standards, and guidelines that have been developed in the US by various
specialized institutions such as the Federal Emergency Management Agency (FEMA), the American
Society of Civil Engineers (ASCE), and the American Concrete Institute (ACI). Examples for those
codes/standards/guidelines incorporate:

e FEMA 356 (FEMA 2000)

e ASCE 41-13 (ASCE 2013)

e FEMA P-58 (Applied Technology Council 2018)
e ACI 440 (ACI 440.2R 2008)

e FEMA 547 (FEMA 2006)

The measured seismic performance of existing buildings can be then compared to a set of acceptance
criteria that corresponds to the selected performance objective. The latter varies according to the
importance of the building. Critical public facilities are usually assigned with higher performance
objectives as they are always required to maintain functionality during hazard events. The report
prepared for the assessment and rehabilitation of existing buildings also proposes some retrofit
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(rehabilitation) strategies for structures noncomplying with the assigned performance objectives.
Those strategies are systematically classified based on the following:

e Type of structural deficiency (e.g., lack of global strength, low stiffness, irregular layout,
inappropriate structural detailing).

e Type of structural intervention (e.g., add new elements, enhance the performance of existing
elements, remove selected elements, reduce seismic demand).

e Typology of the structure (e.g., moment-resisting RC frame, unreinforced masonry, shear-
wall RC building.

The applicability, advantages, and limitations of each rehabilitation strategy are discussed in detail.
Some design/detailing guidelines for such strategies are also provided (e.g., Aljawhari et al. 2022).

An example of the benefits of improving the resilience of buildings in the West Bank and Gaza is
depicted in Figure 35. Those benefits are expressed in terms of the reduction in seismic risk upon
adopting a rehabilitation (retrofitting) plan in comparison with the risk related to existing building
conditions. This in turn, is weighed against the cost of rehabilitation to produce a benefit cost ratio
(BCR) that reflects the effectiveness of the rehabilitation. The adopted retrofitting technique in Figure
35 is wrapping the columns with the Fiber Reinforced Polymers (FRP). It can be observed that the
economic benefits are generally higher than the cost of implementation for the retrofitting, especially
in areas close to high and moderate seismic hazard along the Dead Sea fault. These results were
obtained assuming 2% discount rate and 100 years for the time horizon. It should be noted that the
intangible benefits e.g., saved lives or benefits arising from reduced indirect losses, are not included
in the BCR calculations, although they could pose a profound positive impact on the feasibility of
retrofitting especially when considering critical infrastructure buildings such as hospitals and schools.
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Figure 35. Distribution on CBR in West Bank using partial FRP method, after Dabbeek and Silva (2020).
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6. GUIDELINES FOR IMPROVING THE RESPONSE OF PEOPLE AND COMMUNITY

Resilience is often described in lay terms as ‘the ability to bounce back’ after a disaster in accordance
with the definition of the Institution of Structural Engineers® (IStructE) in the United Kingdom. As
Palestine is subjected to multiple hazards, it is important for all the communities to be resilient
through developing abilities to:

Successfully mitigate against prospective hazards;

Prepare for disaster event scenarios;

Resist the effects of disaster events;

Respond to these effects;

Recover from such effects in a timely and efficient manner.

Part of the resilience is related to the response of the built environment, especially critical facilities
and their ability to maintain functionality. Another important part is related to the response of people
and their preparedness in the event of a hazard, and their adaptability to new conditions. Therefore,
appropriate emergency preparedness and response plans will contribute to the reduction of casualties
and minimize damage, in addition to improving resilience and post-disaster recovery. This requires a
sufficient level of understanding among the community members themselves and among local
authorities on the role and importance of emergency preparedness and effective response. Such
aspects need major improvement across the Palestinian community, which can be achieved through
increasing awareness, fostering capacity, and effective training. The United Nations Office for
Disaster Risk Reduction® (UNDRR) identifies several points that can be achieved to improve the
aforementioned aspects:

e Develop and regularly update emergency preparedness plans, and communicate it to all
stakeholders;

e Conduct regular training and exercises for all aspects of the wider emergency response system
involving all members of the community and volunteers;

e Schedule and conduct periodic exercises to ensure that team members know their roles and
responsibilities;

e Invite representatives from first responder organizations to review and critique emergency
drills and simulation exercises as well as critique team members following each exercise.

e Teach children about preparedness and its importance;

5 https://www.istructe.org
6 https://www.unisdr.org/
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e Integrate risk reduction and emergency response with key groups such as engineers,
contractors, university programs, to be able to effectively engage in preparedness, response
and recovery;

e Assign adequate funds for post-disaster response and recovery.

Extensive materials are available online, which can be used as basis for conducting training for both
individual citizens and emergency teams. Some of the recommended ones are provided below:

e Community preparedness by the Federal Emergency Management Agency (FEMA)’, which
also developed a program called “Organizations Preparing for Emergency Needs (OPEN)®";

e A Framework for Major Emergency Management® — Department of the Environment,
Heritage and Local Government, Ireland. This is designed to enable principal response
agencies to prepare for and make a coordinated response to major emergencies.

e North Shore Emergency Management Officel® — City of North Vancouver, Canada. The
website incorporates a variety of manuals including: Earthquake and Tsunami Smart Manual.

7. ROLES AND RESPONSIBILITIES OF DIFFERENT STAKEHOLDERS/PUBLIC INSTITUTIONS

As discussed previously, part of the challenges related to improving the resilience of Palestinian
buildings and communities is related to the lack of clear and appropriate roles and responsibilities
with respect to construction of critical public facilities, or even ordinary buildings. Under the
prevailing regulations, different relevant parties such as the Engineers Association, municipalities
and MoLG are not sufficiently involved in the construction process, licensing, and monitoring, which
could lead to buildings with poor quality and multiple deficiencies, thus making them non-resilient
during hazard events. Therefore, this chapter proposes a responsibility matrix that provides a clear
definition of the responsibilities and roles of different institutions. This, in turn, will provide those
institutions with a better vision of what is expected from them and make coordination and
communication easier. Table 4 provides a summary of the current roles of all stakeholders during the
whole project phases (i.e., initial planning, design stage, project implementation, operation, and
maintenance). A set of recommendations are proposed in the same table to improve such roles and
set clearer vision on anticipated responsibilities.

l https://community.fema.gov/PreparednessCommunity/s/?language=en_US
8 https://community.fema.gov/PreparednessCommunity/s/open-training?language=en_US
9 https://www.gov.ie/en/collection/cal82-a-framework-for-major-emergency-management/

10 https://nsem.ca/
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Table 4. Current responsibilities and roles of different stakeholders with respect to projects of critical infrastructure, in addition to recommendations on improving those roles and responsibilities to enhance resilience
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APPENDIX

Al. Field Inspection of Selected Buildings

In coordination with all concerned, Selection of the buildings for visual inspection covering
schools, hospitals, town halls, civil defense facilities,

Based on the above, the inspected buildings incorporated:

e All hospitals in the West Bank and Gaza Strip, including both private and public ones,
and those associated with the United Nations Relief and Works Agency for Palestine
Refugees (UNRWA)

e All civil defense buildings in West Bank and Gaza
e 55 buildings, all town halls in the selected 20 municipalities;

e About 170 schools in the West Bank and Gaza, covering private, public, and those
associated with the UNRWA (dedicated mainly for refugees).

It should be noted that the field visits for schools focused mainly on old buildings designed and
constructed before 2003, as the vast majority of them were not designed to resist earthquake-
induced ground shaking. Some of those are even very old buildings that suffer from major
structural deficiencies. Selected schools were diversified across geography, ownership
(public/private), gender (male/female), age group (primary secondary), and development
(urban/rural). Figures Al, A2 and A3 show the field inspection and data gathering accomplished
for a public high school building in Yasid town, which belongs to Nablus Governorate.

b= ",’-‘-"-\F)"i':f' ;

Figure A1: Inspection of roof conditions for a public high school in Yasid — Nablus governorate

Page 67 of 72
Integrating Resilience in Local Governance in West Bank and Gaza (WB&G)
RFP No.:GZ-MDLF-245788-CS-QCBS
Resilience Guidelines for Critical Infrastructure



Figure A2: Inspection of structural deficiencies for a public high school in Yasid — Nablus governorate

Figure A3: Structural elements condition for a public high school in Yasid — Nablus governorate

The information gathered during the field visits has been documented through the accomplishment
of forms developed by the UPDRRC team. The forms include critical information related to the
geometric features of buildings (i.e., number of stories, existence of basement floors, presence of
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external walls, size of openings in ground floor, geometric irregularities, type of construction
material and lateral load-resisting system), which are directly related to the structural performance
of the building during different hazard events. The form also looks at the presence of factors that
could increase the building vulnerability such as orientation, its location with respect to
surrounding buildings, presence of fire protection systems, and site slope. This information can
serve as a baseline for conducting multi-hazard risk assessment for the critical facilities/buildings
as they help in the prediction and modeling of the seismic response of such structures. It should be
highlighted that for practicality, the forms mentioned earlier were digitized via the Google Forms®!
platform.

A2. Joint Meetings and Discussions

The UPDRRC conducted joint meetings and discussions with the nominated focal points
representatives from each department/stakeholder institutions through different approaches:

e Zoom meetings with all stakeholders.

e Face to face meetings with part of the stakeholders from municipalities, civil defense,
universities, engineers association, etc.

e Contacts using e-mails, phone calls, others.

Such meetings incorporated extensive discussions on the concept of resilience, besides its
relevance and importance for the Palestinian community. Those meetings also introduced the
objectives of the current project to facilitate effective interaction and improve the contribution
provided by the aforementioned stakeholders. Figures A4 to A7 show photos of meetings
conducted with several stakeholders (e.g., the Engineers Association, NDRMC, MDLF, and
Municipalities).

Meeting with the Civil Defense Meeting with NDRMC

11
pPnrPXvYgmKjnASBwn2EFh0zpi2m0GrmPtNFww/viewform

https://docs.google.com/forms/d/e/1IFAIpQLSc6AfOAL4T-
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https://docs.google.com/forms/d/e/1FAIpQLSc6Af0A14T-pPnrPXvYgmKjnASBwn2EFh0zpi2m0GrmPtNFww/viewform
https://docs.google.com/forms/d/e/1FAIpQLSc6Af0A14T-pPnrPXvYgmKjnASBwn2EFh0zpi2m0GrmPtNFww/viewform

Meeting

W S T T Ve ey B P T W Henen =0 1T me

BB Zcuu N EYEEUNNENANAY

Zoom Meeting

Activities include:

1

Mabulrob

Moamar Ishtayy...

Zoom Meetings

. Assessing the current situation connected to critical
Infrastructure

Review existing policies or guidelines :Almost done through the
questionnaires and discussions. To be completed

Assess whether these codes require updating or enhancement
based on the multi-hazard risk assessment. Will use the results of
D3.2 after completion and further discuss with the team

Identify the roles and responsibilities of local institutions ; Done
through the questionnaires and discussions

Assess the policy and institutional weaknesses in the current
system and propose reforms that may be taken up by the
di e .

Zoom Meeting
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Participants (35}

Abdelhakeem . elr: B Raida Hanania-... @ e
o -
hiba alriface 0
- o i
[ A Mohamed Imam dskaik Ziad Jallad NDRMC-PALEST... P a A
) ¢ - g -
Samira_AlOstath Hadeel2021* Muath Morrar Husam Shweiki a
Deir El Balah . Abeer Jawabreh Shatha Al Qasra... nedal rustom NDRMC samah... @ Hisham Girass
.
we  (CHED
Figure A5: Workshops with Municipalities
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Figure A7: Meeting with the head of technical department at the Engineers Association (left); and a
workshop organized by APLA following that meeting (right)
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