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Instructions for Relative seismic Rehabilitation of Common Buildings
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Introduction

- The last destructive earthquake in Ray
occurred in 1209 (1830), 189 years ago,
when Tehran was a small village on the
Ray outskirts. In historical documents, Ray
was destroyed at least one time by
destructive earthquake before.

- The occurrence of earthquakes in Tehran
with a magnitude of 7 to 7.5 Richter is
definite, although its timing is unclear, but
it has a period around 200 years, and its
magnitude will increase with delay.

- According to various studies over the
past 20 years, most residential buildings
as well as office, commercial, hospitals,
schools, universities, governmental and
public buildings, some bridges, life lines,
etc. cannot stand it.

FPR V-

2 QAT YA Jlu 53 (550 @y 3y op 3T -
Sz slwgy ol ailoj ools &y ey JLw 1AAQ
JElue (Fu )b obewl 3o .0l oyl pg (559 992 o dog> o

Sl 0uls (4l pg e A3 40 6y SN0 LSS

b Gl y VBBV Sy b oled 5o 35 999 -
Sy (J9 S pamin ol 589 ploj 4z 51 ol
L)‘ l.;))" ‘8935 UL°) J° )“’b b 9 0)‘0 Alw Yoo Sgus>

P51 akds Jlve jo e oldlae g -

(SHr (Gl aes g FeSwme gl pleisle
P T Y FEES IV PN 1 ESPNPN RV P TV PO

by Gl sl gl b b 5l (B oges g
2,l5 1y o o



- In a probable scenario of Tehran
earthquake around 1 million people will
kill and 2-3 million people injured +
destruction of buildings + inaccessibility
for relief and rescue due to narrow
passages , impenetrability and
congestion of buildings + widespread
wildfire due to gas network + explosion
at the gas stations, gas pumps and fuel
tanks + cut off water, electricity,
telecommunications and sewage
networks + ... will happen, which is a
phenomenon beyond the crisis, the
national catastrophe and the
catastrophe of the century. Itis a
security threat to the country.

- confronting with post-earthquake
conditions is practically impossible due
to dimensions and complexity of it, and
there is only one solution, that is
prevention.
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- Prevention at the city level, such as Tehran,
which has about 2 million residential and
commercial buildings, and is also the security,
political, economic, social and cultural center
of the country, is a very complicated problem
and needs creative solutions.

- Seismic rehabilitation studies of an ordinary
building in Tehran according to standard

( 360 or ASCE41) requires several measures to
be taken namely; visual assessment,
determining strength of materials by tests,
analytical assessment, Preliminary analysis of
alternatives and selection of the superior
alternative and detail design it, preparation of
bid document and selection of contractor. In
the best situation this procedure lasts around
6 months with a cost of around 30000-40000
Tomans per square meter, which make it
impossible to execute it for 1 to 2 million
buildings even within 50 years.
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The proposed solution for typical buildings in Tehran

- The idea of relative seismic rehabilitation, which I first
proposed for country’s schools in 2005, was welcomed
by the head of the Tehran Disaster Mitigation and
Management Organization in the same year.

After numerous meetings and determining the
description of services, as follow, the contract was
concluded in June 2007.

- The proposed solution is the feasible method of
"Relative Seismic Rehabilitation" for masonry, steel
structure, and concrete structure buildings with up to 4
stories.

The Target Building Performance level in "Relative
Rehabilitation," which is one of the broad range of
"Limited performance objectives," is;

hazard level = % hazard level (1)

target structural performance Level=collapse prevention
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Description of services

- Considered Area ; south of Enghelab Avenue

- Investigation of similar works across the
World

- Investigation of people's interest in

participation and cooperation in the project

- Investigation of how people participate
financially in the project

- Investigation of legal problems for
implementation of project
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- Solution should be such that residents do
not have to evacuate their homes

- Performing iaboratory tests to verify
rehabilitation details efficiency

- Design of operational cycle for execution
mass rehabilitation project all over Tehran

- Compilation of simple instructions for
providing relative seismic rehabilitation
drawings for common masonry, steel
structure, concrete structure buildings up to
4 stories in 10 days.

Important note :

The operationalization of retrofitting plan
over the city, regarding the huge number of
buildings, can only be achieved through
People participation and Governance
(Government, Parliament and Judiciary)
support
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Actions taken

- According to the Investigation carried out in
different countries, there have been some
limited actions that are not similar to the
intended purpose. The only important point
is that there is an Act in New Zealand that "If
the existing building has structural adequacy

2 . .
for the 3 risk level (1), there is no need for
retrofitting.”

- Selected hazard level( 2; hazard level (1)) is

similar to New Zealand Act, but selected
performance level (collapse prevention) is
different from that (life safety).

sy plaxil &loludl

Glio oo e 50 suel Jomy b owyp @b
A 090 Bud L a5 4Bl plxil goguxe Ololudl
Wb s HgS 5o Al e ST LSyl (Suelis
ColaS 5l Sgz g0 pleasle S a5 5,10 dg29 el

. e . 2 )
Wb 510,95 0 Joe (1) Hhas mhaw o lp ol sl
Moyl g ilw palie 4 (50

- ks 2 - .
o9l b () b ghw T ) bl hs mhe -
ailiwl) sl o )Sdos mhw oS ¢ alio Wil 90
23,10 Wyl (Gl (Sl T b (32599



- Through careful statistical studies using the
AHP method, up to 350 samples from all
three types of buildings were selected.

- Residents of selected buildings were
informed.

- Asbuilt drawings of selected buildings were
prepared by technical staffs.

-The related socio-economic forms were
completed.

- The vulnerability assessment of each

building's structure was done.

- Mathematical model and spectral analysis
according to ASCE41-06 for each structure
was done,then different seismic
rehabilitation alternatives were investigated
and the most appropriate alternative was
selected.
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- The existing laws in this field were studied,

and legal gaps identified.

- A cost estimation of each alternative was
performed. Depending on the type of
building and the executional details, the cost
of relative seismic rehabilitation execution is
(2015) % of the renovation cost.

- Two series of dynamic tests were carried
out to ensure function of seismic relative
rehabilitation details used in drawings, as

below;

# Cyclic pushover tests were performed on
the strong floor of the Structural Laboratory
of the Faculty of Engineering, University of
Tehran, on 21 types of masonry walls with
different aspect ratio, not reinforced and also
reinforced by different methods and details,
and the backbone curve of each type was
determined.
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The obtained results can be used for seismic
rehabilitation of masonry buildings as well as
infills of buildings with steel or concrete
framing systems.

The comprehensive report of the experiments
was prepared by the Faculty of Engineering of
Tehran University.

# 5 tests on masonry buildings constructed
by conventional method and also reinforced
according to the details of relative seismic
rehabilitation instruction with a scale of 1:1
were performed on the shaking table of Sharif
University of Technology and the efficiency
and reliability of the details were checked.

A comprehensive report of all experiments
was prepared.
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The result of the actions taken

- Compilation of three technical
instructions for relative seismic
rehabilitation for all types of common
buildings, masonry, steel structure and
concrete structure up to 4 floors, is the
result of multi-disciplines measures of
30,000 man per hour in various specialized
graded from technician to outstanding
expert in earthquake engineering in 30
month  duration and over 1500
mathematical models were analyzed and
designed.

How to use each of the instructions is
presented in the form of a flow charts in
the following pages.
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Relative seismic rehabilitation of
commaon masonry structures’
instruction

If drawings of building is not
available, as built drawings shall

be prepared

Control & modifying structural system;
1. Symmetry, distribution of bearing walls in

both main axes in plan

2. Openings
3. length of walls' span due to height and

Thickness

4. discontinuity of bearing walls in vertical

plane in adjacency floors

5. Setback
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Determining of minimum relative
bearing walls in each direction in each
floor and supplying the minimum
required by using different alternatives
defined in instruction

Integrity and reinforcement of
elements and structural members of
building by referring to details in
instruction (Integrating of jack arch
masonry slab of ceilings & ramp of
staircase, connecting ceilings to bearing
walls & bearing walls together)
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Relative seismic rehabilitation
of common steel structures’
instruction

If drawings of building is not
available, as built drawings shall
be prepared

Determining adjacency situation

Determining number of stories

Determining number of axis in
both directions and length of
spans

Determining location and
thickness of masonary infills

Integrating of jack arch
masonry slabs of ceilings and
ramp of staircases and their

connections by referring to
details in instruction

Reinforcing of structure along
with adjacency and
perpendicular direction by
referring to details in
instruction in different
alternatives
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Relative seismic rehabilitation of
Common reinforced concrete
structures’ instruction

If drawings of building is not
available, as built drawings shall
be prepared

Determining adjacency situation

Determining number of stories

Determining number of axes in
both Directions and length of spans

Determining location and
thickness of masonry infills

Reinforcing of structure along
with adjacency and perpendicular
direction with regard to number
of frames and dimension of
beams by referring to details in
instruction in different
alternatives
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Actions to be taken

The measures that must be taken by the
Tehran Disaster Mitigation and Management
Organization to implement the relative
seismic rehabilitation of common buildings in
Tehran are as follows;

- Publishing instructions for use by civil and
structural engineers

- Training junior engineers to use instructions
under the supervision of a senior consultant
engineers company

- Informing, promoting and encouraging
people to cooperate in this field through
public media and advertising in the city
through effective methods.

According to the results of social studies,
people are interested in cooperation but
should be informed.
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- Providing facilities with low interest rates
for low income people according to the
results of economic studies

- Training of technical staffs through
technical and professional centers to
perform seismic rehabilitation under the
supervision of a senior consultant
engineers company

- Equipping the Tehran Disaster Mitigation
and Management Organization offices in
the municipalities of the regions of Tehran
as the Project Executive Headquarters

- Providing relative seismic rehabilitation
construction drawings at no cost to the
owner(s) of building

- Introducing the qualified executive team
to the owner (s) to perform relative seismic
rehabilitation of building under the
supervision of a senior consultant
engineers company
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- Ratification of an Act for "Relative
Seismic Rehabilitation of Buildings" by
the Tehran City Council and the
parliament with an incentive approach,
such as eliminating annual licensing and
renovation fees and insurance coverage
for rehabilitated buildings

Important note :

According to the Tehran seismic
background, occurrence of a severe
earthquake is imminent and inevitable,
so the project should get operational
from today. Tomorrow is too late. In the
aftermath of the disaster, no excuse will
be accepted.
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Thank you for your kind attention
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