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Foreword

On October the 8th 2005, the Mw 7.6 Kashmir earthquake in northern Pakistan caused 73,338 casualties,
affecting about 3.5 million people and cost the country around USS$ 6 Billion. This devastation as a result of the
earthquake alerted the country to many mitigation efforts that could be put in place to reduce future damages
and deaths. The occurrences of earthquakes cannot be prevented, but their impacts on life, property and the
economy can be managed and minimized.

Despite the death and devastation, the 2005 earthquake has been considered as an opportunity to build
back better. Many positive actions were undertaken after the event to reduce the risks associated with
earthquakes. The Building Code of Pakistan — Seismic Provisions 2007 is a concrete example of this. It is the first
earthquake design code to be referenced in national policy, and it provides a strong platform for a potential
advance in earthquake engineering practice nationwide. It is considered an important milestone in
mainstreaming earthquakerisk reduction.

UNDP Pakistan has taken the initiative to explore in more detail, the practical implications of the Building
Codes and Bylaws and how it is enforced at the sub-national level. This publication explores how to translate
policy into practical actions for better earthquake risk reduction initiatives. As one of the front campaigners of
preparedness, UNDP believes that for every US$1 invested in resilience and prevention, between US$4 and US$7
aresavedinresponse.

We are hoping that this publication will bring more awareness of the importance of enforcing and
implementing the Building Codes and Bylaws in Pakistan. The risk reduction measures and recommended
activities must be translated into positive actions which will save lives, prevent more losses and damages and - in
thelong term-build a moreresilient Pakistan.

Marc-André Franche
Country Director
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Introduction

This publication discusses earthquake risk reduction in Pakistan and its relationship to building codes, building regulation,
andstructural engineering.

Part 1 reviews the status of building codes and bylaws, with a focus on the 2007 Building Code of Pakistan, or BCP. The BCP
represents Pakistan's first nationwide policy for earthquake-resistant construction. While its publication in 2007 was an
essential step forward, this report shows that local building regulations, or bylaws, still do not cite it and are not coordinated
withit. Further, the BCP's effectivenessis limited by pre-existing challenges in theimplementation of most bylaws.

Even where it is adopted and enforced, the BCP applies only to new construction. Part 2 of this publication discusses
earthquake risk reduction more generally, considering also the status and opportunities related to building inventory, repair,
loss estimation, and retrofit, especially for the existing building stock and for the many small or vernacular structures typically
exempt from building bylaws. In many parts of the country, valuable work was done after the 2005 earthquake to understand
the existing building stock, and this work should be continued. In the major cities, certain vulnerable structure types deserve
similar attention. Nevertheless, in the cities where development and building replacement is rampant, retrofit seems less
important and less effective than implementing the BCP on the new construction. There are more opportunities to avoid
addingtotheriskthan toreduce existing risk.

Finally, Part 3 offers a set of recommendations based on the findingsin Parts 1 and 2. The technical recommendationsinvolve
building code updates and continuation of inventory and retrofit studies. Just as important, however, are the less technical
recommendationsinvolving professional development for engineers and regulatory procedures for building officials.
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Part 1. Status of Buildina Codes and Bylaws

The Building Code of Pakistan — Seismic Provisions 2007 (BCP), represents a potential advance in earthquake engineering
practice nationwide and, more importantly, a crucial step in the mainstreaming of earthquake risk reduction. Still, all
stakeholders recognize that regulation of building design and construction throughout Pakistan still lacks certain
essentials; chief among these are the capacity to enforce the code for new buildings and provisions of any kind to
regulate risks posed by existing buildings.

Development of the 2007 BCP

The 2007 BCP, the country's first earthquake design code to be referenced in national policy, was plainly motivated by
the catastrophic 2005 earthquake (MOHW, 2007; Shabbir and llyas, 2007).! Before its adoption in 2008, guidance for
earthquake-resistant design and building regulation developed through the following broad phases (Shabbir and
Qadeer, 2009):

Pre-Partition: Seismic design provisions were added to the building code of the municipality of Quetta after a
damaging earthquake there in 1935 (Quetta, 1937).

1947 through the 1970s: British building codes remained in use after partition. Outside of Quetta, however,
careful earthquake design was rare. Some government agencies continue to use British codes even today,
though not necessarily for earthquake design of building structures (Qadeer, 2013).

1970s to 1986: Trained engineers began applying American codes, especially the Uniform Building Code (UBC).
Until the International Building Code (IBC) replaced it in 2000, the UBC was the leading model code throughout
California and the U.S. west coast. It was updated on a three-year cycle through its final edition in 1997.

1986 to 2007: Pakistan's first national building code was published in 1986 as “an advisory document” with
seismic provisions modeled on contemporary editions of the UBC (Rossetti and Peiris, 2008). Though perhaps
intended for adoption by local bylaw, the 1986 code was not officially adopted or enforced (Shabbir and llyas,
2007). Neither was the 1986 code regularly updated. While sometimes used as a reference, trained engineers
continued to use the triennially updated UBC (Lodi et al., 2013).

Soon after the 2005 earthquake, the Ministry of Housing & Works hired National Engineering Services Pakistan (NESPAK)
to develop seismic hazard maps and earthquake design provisions for a thorough update of the 1986 code. Ultimately,
NESPAK would collaborate with a committee of experts convened by the Pakistan Engineering Council (PEC), mostly
academics, to produce a consensus document that would become the 2007 BCP (MOHW, 2007, Preface; Shabbir and
llyas, 2007).

The 2007 BCP comprises eleven chapters:

Chapter 1 clarifies that the BCP applies only to building and “building-like” structures, as opposed to bridges,
dams, tunnels, and other civil or industrial facilities. It claims applicability to “reinforced concrete, steel and
masonry” structures, which account for nearly all engineered buildings in Pakistan. As noted below, the BCP has
no chapter for timber structures or for light gage steel framing, but its masonry chapter does provide guidance
for empirical, or prescriptive, design. Importantly, Chapter 1 makes no exemption by building size, location, use,
or occupancy. Unless exempted by local bylaws, the BCP would apply even to one-story buildings and single-
family residences (assuming the BCP is adopted locally in the first place).

Chapter 2 quantifies the seismic hazard for design at a given building site, breaking the country into five
mapped zones and providing a table of parameters by tehsil. The zones generally match those used in the 1997
UBC; each represents a level of expected ground shaking characterized as having a 10 percent probability of

' The earthquake of October 8, 2005, together with its aftershocks and effects, is cited variously as the Pakistan earthquake (for
example, in UNDP and USGS reports), the Northern Pakistan earthquake, the Kashmir earthquake (Wikipedia), the Muzaffarabad
earthquake, the AJK earthquake, etc. For clarity and simplicity, this report refers to the event by its date as the 2005 earthquake.
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exceedance in any 50-year period (or a return period of about 500 years). As with the design procedures in
Chapter 5, this reflects the pre-earthquake practice of many Pakistan engineers, but it is obsolete with respect to
the current American practice the BCP generally intends to follow. BCP Appendix A explains the derivation of the
hazard values, referring to separate reports for details (see, for example, PMD, 2007). As discussed below, the
code’s seismic hazard values reflect contemporary local practice, and some have characterized them as
unconservative.

Chapter 3 addresses site selection. For “important” buildings the BCP prohibits locations close to active fault
traces and requires mitigation of liquefiable soil, but it does not define what counts as an “important” building.
The chapter also requires investigation, and potential mitigation, of slope stability for all buildings on sloping
sites “in mountainous terrain.” It is possible that adequate local practices already account for these site issues,
but if not, the various undefined terms and vague criteria make this chapter practically unenforceable, if well-
intended.

Chapters 4 through 11 present technical code provisions on various topics, largely reprinting criteria from
American codes and standards (MOHW, 2007), principally:

o 1997 UBC, for soils and foundations related to earthquake design (Chapter 4), structural design criteria
and load combinations (Chapter 5 Division 1), snow loads (Chapter 5, Division Il), wind design (Chapter 5,
Division Ill), earthquake design (Chapter 5, Division |V), structural tests and inspections (Chapter 6), and
design of engineered masonry (Chapter 9 through Section 9.8).

ACl 318-05, the 2005 edition of Building Code Requirements for Structural Concrete, for concrete
structures. In particular BCP Chapter 7 follows ACI 318-05 Chapter 21, “Special Provisions for Seismic
Design” instead of 1997 UBC Chapter 19. By doing so, the BCP might be missing some of the ACI and
UBC quality assurance provisions.

AISC 341-05, the 2005 edition of Seismic Provisions for Structural Steel Buildings, for steel structures in
Chapter 8. In general, as long as the BCP incorporates appropriate quality assurance provisions, this
represents a substantial improvement over 1997 UBC Chapter 22 in terms of both content and
presentation.

ASCE 7-93, the out-of-print 1993 edition of Minimum Design Loads for Buildings and Other Structures, for
seismic anchorage of architectural components (Chapter 10) and building services equipment (Chapter
11). Presumably this obsolete document was selected because it represented the state of practice in
Pakistan in late 2005. (As noted below, either this source document or its transcription into the BCP
appears to be in error, with criteria prescribed for the wrong occupancy categories.)

ASCE 7-05, the 2005 edition of Minimum Design Loads for Buildings and Other Structures, sporadically. For
example, the load combinations in Chapter 5 generally follow the 1997 UBC but include some revisions
per ASCE 7-05. It is possible that this standard is listed as a source document only because it was the
latest update to ASCE 7-93 available at the time. In any case, ASCE 7-05 is substantially different in
terminology and even in substance from both the 1997 UBC and ASCE 7-93.

In addition, BCP Section 9.9 provides criteria for empirical, or prescriptive, design of “simple residential buildings,”
without restriction by seismic zone. The criteria are similar, but not identical, to those found in Guidelines for Earthquake
Resistant Non-engineered Construction (IAEE, 1986), which the BCP lists as a source document. Section 9.9 covers both
general masonry construction and so-called “confined masonry,” an idea that has received growing attention in the last
decade (Brzev, 2007; Meli, et al., 2011; Build Change, 2012).

The nature of the 2007 BCP as an amalgam of American standards reflects the speed with which the document was
compiled. Specific shortcomings and opportunities for improvement are discussed below. Here, with respect to the
code’s overall development, the essential point is that the BCP remains, six years after its publication, limited to structural
design and devoted almost entirely to earthquake design of new buildings. Key participants from NESPAK and the PEC
committee agree that the sense of urgency after the 2005 earthquake led to decisions that might have been made




Seismic Design in Pakistan: The Building Code, Bylaws, and Recommendations for Earthquake Risk Reduction \

differently had more time been available (Gilani, 2013; Lodi et al., 2013; Qadeer, 2013). The 2007 BCP is not the
comprehensive building code — with provisions for fire safety, exiting, mechanical and electrical design, etc. - that some
NESPAK staff had hoped and even planned to produce (Shabbir and llyas, 2007; Qadeer, 2013).

But even with respect to the seismic provisions, some experts and agencies, including the National Housing Authority,
have expressed regret that the development schedule required wholesale incorporation of American source documents
and prevented the creation of a truly Pakistani code, one suited specifically to the country’s established practices and
particular needs (NHA). In this regard, the 2007 BCP is unlike the building codes of India, Japan, or New Zealand (or, for
that matter, the U.S.), each of which is unique and reflective of its own history and society.

One unfortunate result of a “borrowed” code is that it might not give due attention to conditions endemic to Pakistan,
such as the ubiquitous use of masonry partitions and infill. More important, the American codes presume certain
materials and practices that might be missing in Pakistan. Borrowing source documents therefore calls for careful
customization to local conditions. But that effort would have been needed to produce a uniquely Pakistani code in any
case. Meanwhile, the use of borrowed American codes and standards might actually have some benefits: They provide a
now familiar model, or framework, for future code development in Pakistan to follow. They reference new material
standards and structural systems that can help advance Pakistani practice. The latest American codes, published by the
International Code Council, are themselves built from independent standards that each address a specific topic, giving
them a modular structure that can be developed or customized piece by piece. Finally, even as country-specific codes in
India, New Zealand, etc. continue to develop, they are coming closer to each other in concept. After all, the fundamentals
of earthquake science and engineering are the same everywhere.

Implementation through bylaws

As the new code was being completed and introduced in August 2007, the Prime Minister himself was encouraging local
adoption, asking provincial governments to enact bylaws and regulations to ensure compliance (Shabbir and llyas, 2007;
APP, 2007). Nevertheless, the current status of the 2007 BCP within actual building control regulations is unclear.

While the 2007 BCP is a document of national scope produced by national organizations, design and construction of
private buildings in Pakistan is regulated by local bodies through local regulations traditionally known as bylaws.” Most
current building bylaws are a vestige of British rule and have little to say about earthquake design or vernacular
construction. (The Quetta building code, discussed below, is a notable exception.)

In the major cities, most regulation is done by development authorities (DAs) with jurisdiction over the city and suburbs,
though specific parts of a city might be overseen by a Defence Housing Authority, a Cantonment Board, or a Tehsil
Municipal Administration (Dowall and Ellis, 2007). Government decentralization in 2001 was meant to distinguish the
responsibilities of provinces, districts, and tehsils, but overlaps remain and sometimes lead to conflicts, as a DA and a
TMA might both claim building control jurisdiction and issue contrary rulings (Dowall and Ellis, 2007; Memon, 2010;
Habib, 2011; Hanif, 2012). This report considered primarily the bylaws promulgated by DAs in the major cities. These DAs,
created to help manage rampant urban population growth after partition, now function as owner, developer, planner,
and regulator, performing functions that in most U.S. cities would be handled by separate planning, public works, and
building departments.

With respect to the BCP and structural or earthquake design issues, the bylaws of leading DAs are inconsistent,
incomplete, often obsolete, sometimes overlapping, and sometimes contradictory. The lack of a clear authority on such
basic questions as where, and to what buildings, the BCP applies, was confirmed in multiple interviews (Qadri, 2013;
Qadeer, 2013; Lodi et al., 2013; Basit, 2013; Aziz, 2013). Indeed, as shown below, no major jurisdiction actually cites the
BCP by name in its building control bylaws. This does not necessarily mean that design and construction are proceeding
entirely without oversight, or even that the BCP is being ignored; rather, it suggests only that responsibility for structural
design remains largely with the design professional, while legal precedents covering building code enforcement are not
yet as ingrained as long-standing rules covering planning and zoning.

? Described in this report as “bylaws,” the actual documents use a variety of spellings, some archaic or British, including by-laws, bye-
laws, and byelaws, and are sometimes titled simply as “regulations.”
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At least two pieces of national legislation reference the 2007 BCP directly. First, about a year after the BCP was published,
the PEC-maintained bylaws governing the practice of engineering (PEC, 1986) were modified (PEC, 2008a) to include a
new three-part bylaw number 10:

10. Application of Building Code of Pakistan (Seismic Provisions — 2007). (1) The provisions of the Building
Code of Pakistan (Seismic Provisions — 2007) shall apply for engineering design of buildings, building
like structures and related components.

(2) Construction of buildings in violation of the Building Code shall be considered as violation of
professional engineering work as specified under clause (xxv) of Section 2 of the Pakistan Engineering
Council Act, 1975 (V of 1976).

(3) The provisions of the Building Code shall be revised by the Pakistan Engineering Council after every
five years or earlier if so required by circumstances.

The obvious first question is whether this national bylaw is intended to supersede local regulations that, as noted below,
do not cite the 2007 BCP. A close reading raises a few additional questions:

Since this modifies only the bylaws governing the “conduct and practice of consulting engineers,” does it put
the burden of implementing the BCP on the design professional, as opposed to the development authority or
jurisdiction? Does this mean that application of the BCP is merely a matter of professional conduct, as opposed
to a law affecting owners?

Part (1) refers to “engineering design.” Does this mean the bylaw does not apply to empirical, prescriptive,
vernacular, or otherwise non-engineered construction (such as that envisioned by the IAEE source document for
BCP Section 9.9) or to owner- or contractor-designed buildings? Section 2 of the 1975 PEC Act includes
engineering design under “engineering services,” which it seems to limit to registered or qualified persons.
However, Section 2 also defines “professional engineering work” rather broadly, to include both “residential and
non-residential buildings.”

By contrast to part (1), part (2) refers to “construction of buildings,” without limitation. Does this make engineers
responsible for the work of contractors? Or is it meant to extend the engineers’ bylaws to contractors? Under this
bylaw, who precisely is in violation when a non-compliant building is built?

Part (3) would have required a code update around 2012; the five-year cycle matches the intent stated in the BCP
preface. Does the fact that this update did not occur have any effect on the liability of engineers to apply the
BCP, especially if newer codes and standards are available?

Two years later, the 1987 national bylaws governing “construction and operation of engineering works” added an
identical three-part bylaw (PEC, 2010). However, those same construction bylaws (Section 1, part (2)) exempt any project
valued at less than four million rupees. On one hand, this would (even in 2013) exempt many houses and small
commercial buildings. Is a small building not in compliance with the BCP considered a violation under the bylaws for
engineering practice, or is it exempt under the bylaws for engineering works? On the other hand, despite the wording of
the new bylaw, “engineering works” are normally considered to include industrial facilities, not buildings with residential
or commercial occupancy. Again, the question of when and where exactly the BCP is meant to apply remains
unanswered.

In late 2010, the Government of Pakistan Planning Commission issued a decision that “all development projects requiring
approval of Government should ... incorporate measures of disaster risk reduction at the project design, planning and
implementation stages” (Kayhar, 2010). The Commission developed checklists to be incorporated into existing project
pro forma documents; one checklist item asks, “Is the project prepared keeping in view the Building Codes [sic] of
Pakistan 2007?" Aside from the likely ineffectiveness of this simplistic approach, three years later the pro forma
documents posted on the Commission’s website still date from 2005 and do not mention the BCP or, for that matter,
earthquake risk reduction measures more generally (Planning Commission, 2013).
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The local bylaws are more concerned with planning and zoning than with the design of the structure itself. A review of
readily available bylaws finds a range of requirements for structural design and certification, but not a single mention of
the 2007 BCP. The closest reference comes from model regulations produced by the Punjab provincial government for
adoption by cities and towns (Punjab, 2007a). These model regulations are discussed in more detail below, but the key
provision is found in an otherwise administrative chapter about plan review procedures, effectively hidden in a section
on “Special Conditions” near the very end of the document:

10.11.2 Safety and Stability of Buildings. Every builder who carries out building works shall use
sound building material, of good quality and properly put together so as to ensure safety and stability
of the building and in accordance with Uniform Building Code, 1997, USA & International Building Code,
2006 or Building Code of Pakistan, 1986 till the revised Building Code are notified [sic].

While this paragraph does mention the 1986 BCP, along with two more recent (though rather different) codes, and while
it applies to all buildings regardless of size or occupancy, as written it applies only to builders, not engineers, and only to
the quality of construction, not design. Structural and earthquake design provisions, which do not cite the BCP, are given
elsewhere in the model regulations, where they apply only to larger buildings.

Except in Quetta, where earthquake design provisions have been in place since 1937, local regulations can be expected
to require code compliance in a general way, and to require a brief certification of adequacy by an architect or engineer,
but far more attention is given to lot setbacks, floor area ratios, and allowable uses (see, for examples, CDA, 1993, or
Punjab, 2007a). Indeed, the more complete bylaws address a number of topics typically covered in a comprehensive
building code, including height and area limits, fire safety, and administrative procedures. As a result, approval processes
spend far more time on those issues than on vetting the structural design, and professionals charged with obtaining such
approvals will devote their professional effort accordingly (Qadri, 2013; Lodi et al., 2013).

Following are notes regarding seismic and structural criteria referenced in a selection of provincial and city bylaws:

For Islamabad, the Capital Development Authority was expected to produce new building regulations along
with recent fire and life safety regulations (NDMA, 2012a, p37), but the Authority still posts online only its prior
residential regulations, now twenty years old (CDA, 1993). Section 6.01, regarding “Construction of buildings,”
states only that “No building or structure shall be constructed ... except ... [iln accordance with the building and
zoning regulations, or instructions issued by the Authority in this behalf from time to time.” No specific building
codes or structural design criteria are given.

Perhaps the most complete and current bylaws are the model regulations produced by the provincial
government of Punjab (Punjab, 2007a) for adoption by cities and development authorities. Section 10.1 clarifies
that the model regulations are intended to cover all new buildings including those developed by government
agencies, except for minor agricultural and temporary structures. As noted above, Section 10.11.2 references the
1986 BCP pending an update (which has since occurred) but is not specifically about design. Despite their
thoroughness, the model regulations’ structural provisions, in Chapter 7, apply only to multi-story buildings,
defined as buildings taller than three stories or 38 feet. The requirements include:

o 7.1.1 Earthquake Resistant Design: “The structural design ... shall conform to the requirements of the
applicable codes such as UBC 1997, for resisting earthquake forces. ... The seismic zone factor for
buildings shall be based on the Seismic Zone Map of Pakistan.” Presumably, this map would now refer
to 2007 BCP Figure 2.1, titled “Seismic Zoning Map of Pakistan.”

7.1.3 Compliance to Design Codes: “The structural design of buildings shall meet the requirements of
the current edition of the following design codes: i. Uniform Building Code, 1997 Edition ... ii.
International Building Code, 2006 Edition ... iii. Building Code Requirements for Structural Concrete (ACI
318-99) ...." This provision resolves the vagueness of Section 7.1.1, but as written, it requires compliance
with both the 1997 UBC and the more current 2006 IBC, which the BCP does not reference. Also, since
the 2006 IBC already adopts the 2005 version of ACI 318 (as does BCP Chapter 9), the reference to ACI
318-99 is either contradictory or, if intended as an option, obsolete.
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7.3.3 Structural Calculations: “The builder shall submit structural calculations and a certificate from a
qualified engineer to verify the structural stability of foundations and super structure [sic], if required by
the Authority.” Forms BR-6 through BR-9 are provided to meet the verification requirement.

In addition to Chapter 7, but still applicable only to multi-story buildings and “buildings of public
assembly,” Chapter 9 requires the builder to engage the services of a design Structural Engineer to
provide compliance with Section 7.1.3, a vetting Structural Engineer to review the work of the designer,
and a Resident Engineer to supervise construction. The Resident Engineer must also “cause such testing
and inspections to be carried out as are required, in his opinion, but such testing shall in no case be less
than prescribed by the Uniform Building Code, 1997, USA.” Contrary to the wording in Chapter 9,
Section 10.3.4 indicates that the vetting Structural Engineer is to be employed by the development
authority.

Section 9.6 covers the responsibilities of the development authority, including the following: “The
structural engineering staff shall ensure that the construction is taking place as per approved structural
designs and specifications and as per good engineering construction practices to ensure quality of
construction.”

Although no specific structural design criteria are given for other than multi-story buildings, Section
10.5.1 requires that apartment buildings, buildings of public assembly, and commercial and industrial
buildings on large lots must have plans approved by a committee including the Director Structural
Engineer.

As noted above, Section 10.11.2 requires builders to “use sound building material, of good quality and
properly put together so as to ensure safety and stability of the building and in accordance with” the
1997 UBC, the 2006 IBC, or the 1986 BCP pending its revision. This provision is not limited to buildings
of a certain size or occupancy, but as written it addresses only construction quality, not design.

In 2007, the Punjab provincial government directed the city governments of Lahore, Rawalpindi, Multan,
Gujranwala, and Faisalabad to adopt the model regulations described above (Hanif, 2007). Lahore and
Rawalpindi have each adopted the model regulations with minor procedural amendments (Punjab Gazette,
2008; RDA, 2007). (The other cities might have adopted the model regulations as well, but their versions are not
available online.) In 2011, Punjab province took steps to create a Divisional Building Control Authority that
would regulate construction throughout its 36 districts (Pakistan Today, 2011; Pakistan Observer, 2012). In all
likelihood, this province-wide DA will adopt the model regulations.

For Karachi, the Sindh Building Control Authority posts the city’s 2002 bylaws online, in 25 chapters with updates
through January 2013 (SBCA, 2013). Per Chapter 1, the bylaws do not apply to the cantonment area or to
security-related federal projects. They may also be replaced by “special low cost housing codes” in some cases.
The structural design criteria, given in Chapter 11, are vague but generally consistent with the intent of the 2007
BCP. The scope of the regulations is set by the approval rules in Chapter 3, which distinguish between buildings
of different sizes and uses.

Table 3.1 categorizes buildings by size and use, from modest houses and buildings up to 33 ft tall
(Category 1) to large public buildings and “essential facilities” (Category IV). Seismic design is not
explicitly waived for any category, but the professional responsibility and approval process varies by
category per Tables 3.2 and 3.3.

For houses (referred to as bungalows, in Category | or Il), Table 3.3 suggests that an engineered
structural design is required in all cases, but plans signed by the engineer need only be submitted for
bungalows on lots larger than 400 square yards. The same rule applies to other buildings whose size or
use does not put them in Category Ill or IV.

Category Il buildings have floor area greater than 20,000 square feet or height greater than 50 ft.
Category IV buildings include public buildings with floor area exceeding 10,000 square feet, “essential
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facilities” (not defined), and “public sale buildings.” For Category Ill and Category IV buildings, plans
must be signed by a structural engineer and vetted by a “proof engineer” hired by the developer.
Section 3-2.2.3 reads, in part, “The proof engineer will be equally responsible in case there is any error in
design, drawing and/or calculations.”

11-1. Loads and Design: “Structure analysis, design, detailing and loading shall be in accordance with
the requirements of current Uniform Building Code (UBC) and American Code or British relevant Code
or any other Code. Structure shall however be designed by only one approved Code.” Unlike the Punjab
regulations, this requirement appears to apply to all buildings. However, the specific criteria are to some
degree left to the discretion of the owner or permit applicant. This provision also clarifies that only one
code need be satisfied; the Punjab provision was less clear.

11-2. Seismic Design: “Seismic Risk Zone for Karachi will be zone~2B (with reference to UBC-97) which is
equivalent to Peak Ground Acceleration (PGA) of 16% g to 24% g.” This is consistent with the 2007 BCP.

Sections 11-8, 11-9, and 11-10 address quality assurance with provisions for material specifications,
testing, and construction supervision, respectively. The language is vague, however, with options and
overlaps that could allow either very loose or very strict application. Effective quality assurance will rely
greatly on the discretion and diligence of the developer, the engineer, the builder, and the DA staff.

e (Construction in the Defence section of Karachi is regulated separately, by the Defence Officers Housing
Authority (DHA). DHA regulations are posted online in 11 chapters (DHA, 2011). Among the relevant provisions
are:

Chapter Il, Section 6.b: “Every person intending to erect, re-erect or demolish, or carry out additions or
alterations in a building shall engage an architect or structural engineer as applicable, for residential
building and for high-rise flat sites, residential- cum-commercial and commercial buildings.” This is
followed by requirements for the architect or engineer to submit relevant forms, but these merely
record the design criteria that were applied and do not themselves make any requirements. Thus the
adequacy of design is made a matter of professional responsibility more than one of public policy.

Chapter II, Section 9.n: “Detailed structural drawing and calculation, on the basis of soil investigation
report prepared by registered geo tech [sic] consultant, are required for residential and commercial
projects taller than G+2 height duly prepared and vetted by the licensed and registered structural and
vetting engineers respectively on Form 4 as required under these regulations.” Thus, the submittal of
structural drawings and calculations is apparently not required for any residential or commercial
building up to three stories.

Chapter llI, Sections 30 through 33, cover residential structures, with requirements for everything from
heights and areas to permissible uses and the width of car gates. But the only mention of structural
design, in Section 33.r, relates to the installation of generators, which are “subject to sound structural
design duly verified/certified and documented by registered structural engineer.” Similar provisions are
made for commercial structures in Section 37.n and for amenity buildings in Section 39.e.

Chapter lIl, Sections 34 through 37, cover commercial structures. Section 37.h: “Structural design and
vetting is compulsory for all types of buildings higher than G+2 floors and for all amenity buildings
irrespective of height.” So-called amenity buildings, per the Chapter | definition of “amenity plot,”
include those housing “government offices, health, welfare, education, worship places, burial grounds,
parking and recreational areas.” Thus, DHA makes a procedural distinction by building use. The amenity
buildings are generally public facilities, but the list does vary somewhat from the occupancy categories
in BCP Table 5.10 that set importance factors for earthquake design.

Chapter lIl, Section 37.y: “Structure of commercial buildings to have inbuilt safety features against
seismic threat, basing on the applicable seismic zone parameters eq [sic] Karachi lies in 2-B seismic zone,
as such the building should be safe against an earth quake [sic] of 6.5 Richter Scale intensity. An
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endorsement on the right margin of the submission drawing shall be made by the structure engineer
duly signed by him as follows: - “The structure can withstand the seismic vibration upto [sic] 6.5 Richter
Scale”.” However well intentioned, this is an ill-advised provision, full of undefined terms and
inconsistent with DHA's own seismic criteria (in Section VIII, as described below). To the extent that it
contemplates a design basis earthquake larger than that implied by UBC provisions for Zone 2B, it
should be stated in more practical and enforceable terms.

Chapter lll, Sections 38 through 43, cover various amenity buildings but make no specific structural or
earthquake design requirements.

Chapter VIII, Sections 80 and 81, give structural design criteria with provisions essentially identical to
those in Sections 11-1 and 11-2 of the SBCA regulations described above: “current Uniform Building
Code ... and American Code or British relevant Code or any other Code,” and “Seismic Risk Zone for
Karachi will be zone-2B (with reference to UBC-97)."

Chapter VI, Sections 87 through 89, restate the vague provisions for material specifications, testing,
and supervision from Sections 11-8, 11-9, and 11-10 of the SBCA regulations described above.

e The most recent building regulations available for Peshawar date from 1985 and apply to the “urban areas of the
North-West Frontier Province” (PUDB, 1985). These bylaws have essentially no requirements for either structural
or earthquake design. The most relevant provisions include:

o Chapter 2, Section 7: Every building with more than 150 square meters of floor area must be designed
by an architect, but only buildings with more than 500 square meters of floor area or taller than 13
meters require an engineer as well, “for the supervision of the buildings.” The regulations thus imply
that smaller buildings are exempt from a specific design and presumed to be adequate based on
traditional or common practices.

Chapter 2, Section 8: Of the buildings larger than 500 square meters or taller than 13 meters, only
“commercial, industrial and public buildings” require the submittal of “detailed drawing [sic] and
structural calculations duly signed by the Civil Engineer.” Fully residential buildings appear to be
exempt, regardless of their size.

Chapter 5, “Building Structures — Constructional Requirements,” deals mostly with site preparation and
drainage. The only structural requirement is in Section 43, which requires foundations to properly resist
dead load, live load (called “imposed load”) and wind load but does not mention earthquake load.

Quetta was famously destroyed by an earthquake in 1935. In 1937, a building code was introduced with “rules
regulating the construction of private buildings within the limits of Quetta Municipality” intended to “afford a
reasonable degree of safety both to the occupants and to passers-by in the event of an earthquake” (Quetta,
1937). The provisions, while thoughtful for their time, are obviously out of date with respect to multistory
concrete construction, but it is not clear that they have been replaced by more current codes or bylaws (The
Nation, 2011), and relatively recent legal decisions have confirmed that they still apply (High Court Balochistan,
1997). While a Quetta Development Authority was created in 1978, its jurisdiction appears limited to “public
amenities” and “QDA’s own housing/commercial schemes” (Government of Balochistan, 2013).

The 1937 code’s primary technical focus is on limiting the use of unreinforced masonry construction. In addition,
and in contrast to the more recent bylaws of other jurisdictions outlined above, the Quetta code emphasizes the
role of the building official (called the Municipal Engineer) as an authority, as opposed to the role of a designer
as a certifier. Specific design requirements include the following:

o Rule 7(b) requires submittal of “stress diagrams, computations, and other data” normally produced by
an engineer for all concrete and steel buildings, as well as any other building at the discretion of the
Municipal Engineer.
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Rules 12, 15, and 25 specifically regulate work on existing buildings in ways that most municipal bylaws
do not. These rules raise questions of structural adequacy at appropriate points in the life of the
building, such as when additions, alterations, repairs, or changes of occupancy are proposed.

Rule 18 provides an early version of a tested principle of earthquake resistant design: “Every building
shall have its parts tied together in such a manner that the structure will act as a unit.” Rules 30, 31, 32,
34, and 39 apply the same principle for earthquake safety of ornamentation, parapets, chimneys,
“verandahs,” and stairs.

Rule 19 specifies a base shear coefficient of 12.5% for use in an early version of an equivalent lateral
force procedure.

Rule 21 provides an early version of increased allowable stresses for load combinations that include
earthquake effects.

Rule 44 sets design criteria for eight “types of earthquake proof buildings.” Despite the unfortunate
obsolete term “earthquake proof,” this is a thoughtful provision for its time, one that acknowledges
engineered and vernacular construction types so as “to give sufficient variety in cost and quakeproof to
suit the pockets of all classes.” Interestingly, Rule 52 exempts “government buildings” from the
prescriptive requirements of Rule 44 as long as they are “safe against an acceleration of 4 feet/sec?,”
approximately one eighth the acceleration of gravity. This indicates an intent to set a minimum design
base shear similar to Rule 19, but from a modern perspective the two rules would only be consistent for

buildings with certain structural systems and dynamic properties.

Table 1 summarizes the bylaws outlined above. Even with a limited review of provincial and local policies, it is easy to
draw two important lessons about the BCP and its adoption through bylaws:

Where bylaws cite structural or earthquake design criteria from a model building code, they do not cite the BCP.
Instead they directly cite the 1997 UBC or a more recent edition of the IBC. Further, the cited code might only be
required for buildings taller than three stories. Thus the BCP's influence is immediately limited by current bylaws,
not supported by them.

Local bylaws regulating design and construction and national bylaws regulating professional practice appear to
be in conflict. While the local bylaws fail even to mention the BCP, the national rules require its use. This reflects
the emphasis of local bylaws on design certification by professional consultants, as opposed to design approval
by public officials.

These lessons indicate how the content of local bylaws relates to their implementation.

Table 1. Structural and earthquake design codes cited by various bylaws

Jurisdiction and Building codes and Scope and applicability Specific
Bylaws reference standards cited exemptions
National, “Conduct and | BCP “Engineering design of None
Practice of Consulting buildings, building-like
Engineers” structures and related
(PEC, 2008a) components”
National, “Construction “Engineering design of Projects valued at
and Operation of buildings, building-like less than four
Engineering Works” structures and related million rupees
(PEC, 2010) components”
Islamabad Residential buildings None
(CDA, 1993)
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Jurisdiction and Building codes and Scope and applicability Specific

Bylaws reference standards cited exemptions
Punjab province model | UBC 1997, IBC 2006, ACI | All “multi-story” buildings (at | Small agricultural
regulations intended 318-99 least 3 stories or 38 ft tall), buildings,

for adoption by local including those built by temporary
development government agencies buildings
authorities
(Punjab, 2007)
Lahore Adopts Punjab model regulations
(Punjab Gazette, 2008)
Rawalpindi Adopts Punjab model regulations
(RDA, 2007)
Karachi, except for “[Clurrent Uniform All buildings
cantonment Building Code (UBC)
(SBCA, 2013) and American Code or
British relevant Code or
any other Code”
Karachi Defence “[Clurrent Uniform All residential buildings.
(DHA, 2011) Building Code ... and All commercial buildings
American Code or “higher than G+2 floors.”
British relevant Code or | All “amenity buildings.”
any other Code”
Peshawar None “Commercial, industrial and
(PUDB, 1985) public buildings” larger than
500 sq. meters or taller than
13 m

Quetta Building Code for All buildings

(Quetta, 1937) Quetta Municipality,
1937, with
amendments

Implementation in practice

The 2007 BCP is widely recognized as a major step forward for earthquake engineering practice in Pakistan. If it has not
yet had a major impact on risk reduction, and if its future impact is limited, the reasons will fall in several categories
related to the code itself, professional expertise, formal adoption, and implementation.

As described above (and itemized below), the current code is an amalgam mostly of recent (but not current)
American codes and standards. While reflective of leading practices in place in Pakistan in 2007, it does not focus
on specific characteristics of Pakistani construction, it might be un-conservative with respect to the presumed
seismic hazard, and it lacks provisions for mitigating risks posed by existing buildings. But all these issues can be
addressed through continuing research and regular revision cycles. Certainly Pakistan’s academics and
practicing engineers, including several interviewed for this report, are motivated to update and enhance the
code (TCDPAP, 2007; Gilani, 2013).

As a new document, the BCP provisions might be unfamiliar to some engineers, builders, and regulators, leading
to ineffective or inconsistent application. But this is merely a learning curve issue; the situation will improve with
time. Indeed, the universities have been teaching the codes referenced by the BCP for years already, and their
graduates have been applying its concepts on real projects (Lodi et al., 2013). Professional development among
motivated practitioners, facilitated by communications tools far newer than the code itself, can bridge any
anticipated education gap.

The code cannot be effective where it is not adopted or not applied. As shown above, six years after publication
the BCP is still not cited in the bylaws of any jurisdiction, and the codes that are cited are waived for