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Abstract

Seismic retrofitting of masonry building, current methods and application
Morteza Goodarzi Dehrizi

The frequent occurrence of earthquake in Iran and geological research conducted about
the existing faults all indicated that we are living in a seismic area. On the other hand, there
are a lot of buildings left for which there have been no specific plans for earthquake, mainly
because of ignorance of the engineering society. The statistics shows that most of the
buildings in the country are of masonry type, and more important than this, in the recent
earthquakes, most casualties and losses are caused by these types of buildings. Therefore, this
demands more attention to the retrofitting of masonry buildings.

In this thesis, most the existing instructions and resources have been collected, sorted
and given. With respect to opportunity gained in the retrofitting project of Broojerd city
which followed the earthquake happened in Farvardin, 11th, 1385 in Lorestan province, all
the items presented here have been collected along with pictures. With the empirical studies
during the implementation of the plans, the advantages and disadvantages of these methods of
retrofitting have been determined, and a different method has been introduced. Contrary to
other methods, this new method has been adopted with respect to inappropriate behavior of
masonry buildings in seismic load.

The characteristics of this method are its high safety with creating second security line,
using of the appropriate features of compound frames in seismic load, simple design,
constructionability, and the possibility of architectural changes, and even the ability in the
construction of another story above the building.
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ATC-20 Rapid Evaluation Safety Assessment Form
Inspection

Irspector ID; inspection dateand e [Jam Oem
| Affilation Acess inspectidt [ Exterior ondy [0 Extevior and interior )
4 Building Description Type of Construction )

Building name: O Wood frame [ Concrete shear wall

Addvess: O Steel frame [ Urveinforeed masonry

O Titwpeonoete [ Reinforced masonry
0 Concrete frame O O

Building contact/phone: _
Number of stories abowe ground __ below ground ___ I":"I"D"::“‘*"“'“’ = -
. . ling Cammercial Govemment
fpros. °F I_ Mifre.a .[ e fovt O Other residential [ Offices O Hasteric
Number of residential units: O Public assembly [ Industrial [ School
\  Number of residential units not habltable: [J Emergency sarvices [ Other: J
4 Evaluation Estimated Buitding D‘rmr-\l
Investigate the building for the conditions below and chedk the spgrogriats column, {enchuding contents)
Observed Conditions; Minor/None  Moderate Severe [J Nane
Collapse, partial collapse, or building off foundstion [ O a O 01w
Building or story leaning O O O O 1-10%
Racking damage to walls, other structural damage ([ O O O 10-30%
Chimney. parapet, or other faling hazard " ] [ O 30-60%
Ground slope movement o eracking O O | O 60-100%
Other (specify) O O O O 1w00%
Commenis:
N\ A
(" Posting S

Choosa a posting based on the evaluation and taam judgment. Severe conditions endangering the overall building are
grounds for an Ursafe posting. Localined Seveve and overall Moderafe conditions may allow a Restricted Lise posting.
Post INSPECTED placard at main entrance. Post RESTRICTED UISE and UNSAFE placards at afl ertrances.

[ INSPECTED (Grean placard) L] RESTRICTED USE (Yellow placard) [] UNSAFE {Red piacard)

Record &y use and entry restriclions exactly as written on placard:

. >y
(" Further Actions Check the bases belaw onfy if further actions are needed. N
[ Barricades needed in the following areas:
[ Detailedt Evalustion fecommendet [ Structwal [ Geotechnical O Oeher:
] Other recommendations:
Comments:
\. y,

ATC-20 Jorl g & byl b cand Sl gl wged YT S

o1
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Block __ Parcel No.
ATC-20 Detalled Evaluation Safety Assessment Form

BUILDING DESCRIPTION: OVERALL RATING: (Check One)

Name: INSPECTED (Green) ()
LIMITED ENTRY (Yellow) [

Address: UNSAFE (Red) O

No. of Stories .

Basement: Yes (] No(J Unknowa [ m&

Approsimate Age: Years Affiliation -

Approximate Ared; Square feet —

Structural System: INSPECTION DATE:

Wood Frame [] Unreinforced Masonry [ Mo/day/year , oo

Reinforced Masonry [J  Tilt-up [ Time am pm

Concrets Frame [] Concrete Shear Wall [
Stee] Frame [ Other

Primary Occupancy:

Dwelling ] Other Residential ] Commercial ]
Office ] Industrial [] Public Assembly [
School [] Government [] Emer. Serv. [J
Historic ]  Other
instructions; Complete bulding evaluaton 2nd cheekllst on next page and thea surnifariie
resuls balpw

Posting; Existing  Recommended

Nope 0O Posted at this Assessment:
Inspected (Green) () O OYes [ Ne

Limited Entry (Yellow) [0 O Existing posting by-
Unsafe (Red) (m] 0

Re¢ommendations:

[0 No further action required
[0 Engineering Evaluation required (circle one) Structural Geotechnical Other________
[0 Barricades needed in the following areas:
O Olhuoﬁfﬁngh:am‘nma!.ﬂmwmw.);

Comments (Why posted Unsafe, et ):

Sheet ___of

ATC-20 ool 55 gy i) 6l G S 51 (5l digas Y-¥ USS aalol
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ATC-20 Detadled Evaluation Safety Assessment Form (Continued)

Fostractons: Examine the building 1o determine if any huzardous condizion s exist, A “yes”
answer in calegonies 1, 7, ord s groonds (or posting Building UNSAFE, 1f condition i5 snapest

to be ansife and more review s neaded, check sppropriate Unknown box (es) and post LIMITED
ENTRY. A Tyes” aniwer [n calegory 3 requires posting and/er barrcading to indicate AREA
UNSAFE. Expslaim =Yea", *Unknown” findimgee anl exteat of damage under *Cosmmm enta ™

Hazardous Conditdon Fxists

Condiiian Yea Mo Mlebsowa Coamamenis

L Srowctnre Hozardoas Coerall
Collapse/partial collapee I~ i
Bu_il:l‘:'ng ar shary leaning ”! = E‘
(her 1 i:]

Ll (1 =1

2. Hazardous Structural Elements

Foundations
S koo
8
iaphragms/horizontal bracing

%‘:En/nrﬁcal bracing

OO

3. Nomstructural Hazards
Parapets/ormamentation
Cladding/glazing
Interior /partitions
Elevators
Stairs/exits
Electric/gas
Other

4. Geotecknical Harards

Slope failure/debris
Ground movement, fissures E

0000 oaooOoool DOooDoO0O000
00O

:

ATC-20 Joalljgims Sy b b)) slo cond S 5l gl diges £V IS

[515[0] 5 [F] FEMA (306-307-308) acgozxo Y- Y—¥

Ll laslo 5l g b Y(@‘)3')95) 129F 5 (L pleg) VAAR slo Jlo ;o Ls,adlS oaisS oyl g 305 90 51 5

bl a5 Sl asd 28T 13 e o TS ol 1y guilges slael sl Lawsy ol allae b L 22 slalsy

1- Loma Prieta

2- Northridge

3- Federal disaster assistance funding

oA
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55 |, FEMA 306-307-308) acgorme L [b,155 ol a5 ] o a8 )35 ¥ I 10 05, ol glis 0,5

slazal, yssic 4 [$] FEMA 308 4 Ls olezslo b)) &l [6] FEMA 307 4[¥] FEMA 306 .o

FEMA (306 —307 —308) Joxdlygiws gub yloislw b, V-¥-Y-Y
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1- Federal Emergency Management Agency
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FEMA 306 asb (0l bl p obj,l liole;T Y=Y Jgo

Structural Or Materi
PI'UPE":!“m.I e Test ID Test Type
fonf. ReME URM | (Section 38)
Crack Location and Size v I v KDE 1 Visunl observation
Spall Location and Size v v v NDE 1 Visual ohssrvation
v v v NDE 2 Sounding
Location of Interiar Cracks or v il v NDIE 6 Impact echo
Delzminations 7 NDE 7 Spectral Analysis of Surface Waves
v | + /| mi Selective removal
| Reinforcing Bar Buckling or ¢ | 7 NDE | Visual obssrvation
Fracturing v v IT1 Selective removal
Relative Age of Cracks v 4 o T2 Petrography
Relative Compressive Strength v ra o NDE 3 Rebound hammer
Compressive Strenpth v / v IT3 Material extraction and testing
_H-:ml'wcing Bar Location and v d NDE 4 Rebar detector
Size v " NDE B Radiography
v v NDE 9 Penel.nuiﬁg radar
v v i Sebective removal
Strengih of Redaforcing Bar 7/ o T3 Material extraction and testing
Wall Thickness v o o NDE 1 Vizual observation
v ' o NDE 6 Impact echo
—»/" ) v ¥ IT1 Selective removal
Presence of Grout in Masonry v v NDE 2 Suuu-dn'ng
Cells I v ¥ NDE 6 Impact echo
' ¥ NDE 7 Sp:r.'lr".d Analysis of Surface Waves
v v IT1 Selective removal
Strength of Masonry 4 v IT3 Materinl extraction and testing
v IT4,5 In situ testing T
| Mortar Propertics v ¥ T2 Petrography
' IT4,5 In situ testing

FEMA (306 —307 —308) _asll g0 ubs 4131 5l 00 el slb ylall payi Y=F—¥—¥
e dlas L b o gla gleislo sl d5 5l Jol> sla o3 peni slosal, (g (o0 1) Joadlygins (0
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