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DLISTRIY

CAPLTAL

CUADRC N® 13 TOTAL DE VIVIENDAZ POR CONDIC ON DE UCI_l.:."\CI-f’JN Y NL EOQ OF OCUFANTES, !jP:L;l:IN CLASE Y TIPC DE VIVIENDA
CENSO 2001
CONBICION DE OCURACLIEN
CLASE
¥ TOTAL OCUBADA
TIPO DE VIVIENDA
CCUPENTES | DESCCUPADA uzo EN
N° DE N® DE POR DCASTONAL |CONSTRUCCTON
CCUBEMTES | WVIVIZNDA
TOTAL: o & 3 s & 4 & & & % 191580 446226 1836286 1,1 23926 10603 5835
FAMILIARTS . . . . . . . - 488827 443463 1808982 4,1 28926 1
QUINT2 O CARSROOTHTE 1/ 14791 12119 S05RA Ei. 638
BEERL . L . .. ) 3351173 4,5 11148
TN ECIFICIO - 700546 3.6 15576
) EN QUINTA,
CASA . . . . . . . 46101 3,8 T8z 19z 128
VECLNDAL. . . . . k] 20,5 - -
G e e e . 59657 4,5 802 203 =
/ - - 2343 3.4 - — .
e e e e 2763 2763 27304 9,9 = - =
Municipio SUCRE
CUADRG N° 1: TOTAL DE VIVIENDAS POR CONDICION DE OCUBACION ¥ NUMERD DE OCUPANTES, SEGUN CL DE WIVIENDA
CENSC 2001
CONDICION DE OCUODECTON
CLASE
¥ TOTAL OCUPADA
TIPOQ DE VI
QCUPANTES | DESOCUPADE use EN
; CONSTRI
Municipic SUCRE. . . . . . . 153424 13434¢ 545766 4,1 12217 3613
FAMTLTARES . . . . . . . . . 153785 545339 4,1 2248 3
OUTNTA O CASBOUTHTA 1/ “080e 8647 4.7 573
CREA. . . . . . ... . 74563 3025620 4,4 514 1
LOERTANENTD ER EDITICIO " 5557 572 ) 2001 1
ABARTAMENTC EN QUINTA,
oG o s m . 2198 4611 3,9 65 47
o . 13 13 21,9 - -
. 5397 s068 4,5 33 -
N 232 232 3.z - - -
.. . . 135 135 1427 0,3 - - -
1/ INCLUYE LAS VIVIENDAS CLASIFICADAS COMO MANSIGN
Municipic CEACRC . . . . . . 27181 20098 €45248 3,2 43688 1587 1117
FAMTTTARES . . . . . . . . . 27080 9543 63693 3,2 4388 1587
OUTHNTA O CASaDUTHTE 1/ 238 168499 814 4 221 k]
. 168E 1268 65249 4,9 380 18
N 72518 EEIVE I0219 ] 3714 1453
. 367 Z81 932 3,3 73 11 2
. 3 g 39 4,3 - - -
. . 37 37 106 2,6 - - -
¢ . . 101 101 936 = = -

1/ INCLUYE LAS VIVI

Source: Census 2001, INA

NDAS CLASTIFICADAS C

MAMS TGN

Figure 3.2.11 Census Data of Person / Family
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The Damage Function for Damage Level 4 / EMS-98

Type of Structure

Vulnerability Class
A B CDEF

ribble stone, feldstone

O

earthgquake-resistant design (ERD)
frame with moderate level of ERD

trame with hugh level of ERD
walls without ERD
walls with moderate level of ERD

wallz with high level of ERD

adobe (earth brick) O--I

E stnple stone I O

% massive stone I_.O.I

= unreintorced, wath
manufactured stone units I o I
unreinforced, with RC floors I_.O.I
retnforced or confined I- O-—I
fr ithout

ame withoy : O‘

—5—
-

O'L

steel structures

WOOD |3TEEL |REINFORCED CONCRETE (RC)

timher structures

_LO(::..I_

Omost likely wvulnerahility class; == probable range,
----- rangz e of less probable, exceptional cases

Figure 3.2.13 Vulnerability Classes in EMS-98
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Classification of Damag

Masonry

RC Building

Grade 1:

Negligible to slight
damage

(no structural damage,
slight non-structural

damage)

Hair-line cracks in very few walls.

Fall of small pieces of plaster only.
Fall of loose stones from upper parts of
buildings in very few cases.

Fine cracks in plaster over frame members or in
walls at the base.
Fine cracks in partitions and infills

Grade 2:

Moderate damage

(slight structural damage,
moderate

non-structural damage)

Cracks in many walls.
Fall of fairly large pieces of plaster.
Partial collapse of chimneys.

Cracks in columns and beams of frames and in
structural walls.

Cracks in partition and infill walls; fall of brittle
cladding and plaster. Falling mortar from the
Jomts of wall panels

Grade 3:
Substantial to heavy
damage
(moderate structural
damage,
heavy non-structural

damage)

Large and extensive cracks in most walls.
Roof tiles detach. Chimneys fracture at the
roof line; failure of individual
non-structural elements (partitions, gable
walls).

Cracks in columns and beam column joints of
frames at the base and at joints of coupled walls.
Spalling of concrete cover, buckling of
reinforced rods.

Large cracks in partition and infill walls, failure
of individual infill panels.

Grade 4: Very heavy
damage

(heavy structural damage,
very heavy non-structural

damage)

Serious failure of walls; partial structural
failure of roofs and floors

Large cracks in structural elements with
compression failure of concrete and fracture of
rebars; bond failure of beam reinforced bars;
tilting of columns. Collapse of a few columns or
ofa smgle upper floor.

Grade 5: Destruction
(very heavy structural

damage)

Collapse of ground floor or parts (e. g. wings) of
buildings.

Figure 3.2.14 The Classification of Damage Proposed by European Macro-Seismic
Scale
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Figure 3.2.15 Building Damage Function Used in this Study
Safina, 2003

Evaluation of existing human damage data in Venezuela

Precious but very little data of the past two Earthquakes in Venezuela, i.e., Caracas
(1967) and Cariaco (1997), should be used for validation of local characteristics.

1l

Evaluation of existing human damage data out of Venezuela

The detailed data of the Quindio Earthquake (Colombia, 1999) was studied.
The correlation of the Quindio Earthquake can be basically applied to low-rise
buildings in the study area, though the correlation is difficult to be applied to middle & high-

rise buildings

Study on the summary of worldwide death damage

The data of Caracas (1967), Mexico (1984), Armenia (1986) earthquakes, of which
damage was mainly caused by damage of high buildings, are considered.

The proposed damage function of death for low-rise buildings is compared with the
data of the Cariaco (1997) and other earthquakes in the world.

Source: JICA Study Team

Figure 3.2.16 Flowchart of Human Casualties’ Estimation
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Source: Cronicas de Desasteres Terremoto de Cariaco, Venezuela, 1997, PAHO

Figure 3.2.17 Relation Between Number of Heavily Damaged Building and Number of
Death of Cariaco Earthquake (1997)

1000 /0
100 /

10 o

Death Toll

1 10 100 1.000 10.000 100.000
Heavily Damaged Building Number

Source: Social and Economic Dimensions of the Effects of the Earthquake in the Eje Cafetero. Diagnosis for the

reconstruction, 1999, DANE, National Administrative Department of Statistics, Colombia and the JICA
Study Team

Figure 3.2.18 Relation Between Heavily Damaged Building and Death Toll of Quindio
Earthquake (1999, Colombia)
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Figure 3.2.19 The Summary of the World Data

3-147



100.000

10.000

1.000 —

Injured

100 —®

1 10 100 1.000 10.000

Death
Source: Social and Economic Dimensions of the Effects of the Earthquake in the Eje Cafetero.

Diagnosis for the
reconstruction, 1999, DANE, National Administrative Department of Statistics, Colombia and the JICA
Study Team

Figure 3.2.20 Relationship Between Death and Injured of Quindio Earthquake (1999,

Colombia)
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ATC-21/  (NEHAP Map Arsas 567 High) | Address LA URBINA
Rapid Visual Screening of Sei;_;qicaﬂy 7;;: dous Buldings | Other Iderifiors - p,
et s i e | No. Stories __2 Year Buit __ 7770 —
e Inspector Date
, pa Total Floor Area (sq. fi) s
[ P,
W Zis .. | Buidng Name_HOM BEEDS DE (A URBNA
wﬁj!é/:/; Use_HBOMBEEOS
i/ s
...... / 7
e AT
: L
e T
. . 1ri E
,,,,, : Arovac )
N
20 Mis i
.............................. | yarfeef |
-
.... Q
W
s i i i ‘r k2
Scale: ; , ........ 2rd l"
OCCUPANCY & & STRUCTURAL SCCRES AND MODIFIERS
Residential  |No. Persons | BULDING TYPE W (S51) S2 53 84 Cl C2 Ca/ss FPC1 P2 FM  URM
Commercial — WA A M RCSW) MRA) (SWIWRMN W
. 0-10  {'Basc Score 4.5 3.0 6.5 3.5 2.0 3.0 1.5 2.0 1.5 3.0 1.0
nekistrial 0> | High Rise wa 20 -1.0 WA -1.0 =1.0 -1.0 0.5 wa 0.6 -1.0 0.5
strial 100+ Pogcr Condtion 0.5 0.5 05 0.5 0.5 0.5 -0.5 0.5 0.5 -0.5 0.5 -0.5
Pub. Assem. Vert. yrequarty 0.6 0.6 -0.6 0.5 -0.56 -1.0 -0.5 -0.5 -1.0 -1.0 -0.6 -0.5
Schoeal Soft Story -1.0 2,8 2.0 -1.0 2.0 -2.0 -2.0 -1.0 -1.0 -2.0 -2.0 -1.0
Govt. Bidg. Torsion -1.0 é% 2010 1.0 S0 1.0 210 aTio i1l 210t
4 Plan Freqularity -1.0 .5 0.5 0.5 0.5 0.5 -0.5 0.8 -1.0 -1.0 -1.0 -1.0
- T Pounding WA 0.5 0.5 NA 08 -0.5 NA NA NA 05 NA NA
Historic Bldg. l:wamyomnvyclam NMA -2.0 NA NA NA 1.0 NA WA NA {0 NA NA
Columns NA WA NA NA WA =10 -1.0 -1.0 MNA -1.0 NA NaA
o gl S Post Sectma Yenr_2.0 G2.0) 2,0, 1.0 2.0 2.0 2.0_WA_2.0 2.0 2.0_WA
sL2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 -0.3 0.3 0.3
DATA CONFIDENCE | g3 0.8 0.8 0.6 0.8 0.6 0.8 0.6 0.6 0.6 -0.6 -0.8 -0.6
%= Estimated, Subjective, |SL3A481020storles WA 0.8 -0.8 WA 08 -0.8 -0.8 -0.8 WA -0.8 -0.8 -0.8
or Unrelable Data
DMK = Do Not Know FINAL SCORE 4.5

COMMENTS Torsion will aet curlimd Earthguake  The base of all _
columnc < Pin Joirt “wid b~ fﬂém;boﬁs./lg‘rﬂoor He'lg‘rﬂ’ s g::lqn:ﬁon

B Required?
s \ory \arae , : ; Figure 4-1a Data collection form
=gy - Compare w%u+ h 2nd Clooc W L,}L‘—r - YES

54 RSP Method and the Data Collection Form ATC-21
Source: Rapid Visual Screening of Buildings for Potential Seismic Hazards: A Handbook FEMA 154 1968

Figure 3.3.1 The Scoring Sheet with Actual Record
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START

v v

IDENTIFY ORIGINAL IDENTIFY YEAR OF CLASSIFICATION

USE AND HEIGHT CONSTRUCTION ERAME OR BOX

IDENTIFIY
STRUCTURE
TYPE

'

PROCEDURE FOR
UNCERTAIN
BUILDINGS

ASSIGN LOWEST ASSIGN SCORE

Source: Rapid Visual Screening of Buildings for Potential Seismic Hazards: A Handbook FEMA 154

Figure 3.3.2 Work Flowchart for the Rapid Screening Procedure (RSP)
Identification Procedure
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Number of Buildings

O R, N W M~ Ol OO N 0 O

e el
O L N

BUnknown
083-

L b68-82
m56-67

r 1 m-55

| | B

3.5 4.5

0.0

Final Score

Source: The JICA Study Team

Figure 3.3.3 Result of RVS: Relation of Built Year and Final Score
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Start Evaluation for a Particular Building

Are Drawings, Calculations,
and/or Specifications
Available?

c Yes No 1
Review All Available Documents, Verify Accuracy Perform Site Visit and Prepare Drawigs
of Documents with Site Visit, Prepare Any New Necessary to Complete Qualitative
Drawings That Are Necessary to Proparly Present Portion of the Evaluation
Conditions of Building

v

Use Tables to Determine Building Classification,
Determine the Appropriate Model Building (s)
To Use in the Evaluation

Read Model Suilding Description (s) and
Loads and Load Path Information

A

Determaine Seismicity of Building Location |

Is The Building in a High, Moderate,
or Low Seismicity Zone?

High or Moderate Seismicity Low Seismicity

Use High or Moderate Seismicity Use Low Seismicity Evaluation
Evaluation Procedure (s) Procedure (s)

I |
y

Use All Avalable Data To Address

Each Statement and Related Concern

Is More Information Needed to
Compleate Proccess of Addressing
Each Statement?

Yes No

v
Return to the Building and Acquire
Necessary Additional Information

Are Answers To Any of
the Statements "Palse"

Source: Evaluating The Seismic Resistance Of Existing Buildings; ATC 14 1987
Figure 3.3.4 Seismic Evaluation Procedure (Continued on Next Page)
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Yes { No

— v
Use the Suggested Procedure Given for Information the Owner That There
the Related Statement to Perform is an Acceptable Level of —
Quantitative Evaluation Life Safety Risk

Is There Information
Needed to Complete the
Quatitive Evaluation?

Yes No
v v
L Return to the Site and/or Compare C/D Ratios to
Perform Materials Tests Allowable Values
Are Any of the C/D Ratios
Less than The Allowable?
Yes No
v v
Report All Life Safety Hazards Informthe Owner That is an Acceptable
to the Owner Level of Life Safety Risk

¢ !

Are There Any Features Not
Included in the List of Statements
That Could Be a Life Safety Hazard?

Yes No

v

Performan Appropriate Special Analysis
to Determine if a Life Safety Hazard
Bxists. Report Result to the Owner.

I ,

Is Damage To Nonstructural
Items a Concern To the Owner?

Yes No

| Perform Nonstructural Evaluation |

A
| Report Findings to the Owner. |

Source: Evaluating The Seismic Resistance Of Existing Buildings; ATC 14 1987

Figure 3.3.5 Seismic Evaluation Procedure (Continued from Previous Page)
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Selection of
Evaluation Method

Data Collection of Seismic
Damage in Venezuela

Bridge List from MINFRA

Ground Type

P

A 4

Site Survey

v

Update of Bridge List

v

Bridge Database

!

Evaluation Method
Calibration

l&—— Peak Ground Acceleration

Liquefaction

A 4

Damage Estimation

Figure 3.4.1 Procedure of Seismic Damage Estimation

Middle Column

I'd

_|_ -

<4 Side Wall

-+

Figure 3.4.2 Cut and Cover Type Tunnel

e L Water  |——=
Water T Purification Distribution
Transmission City Main

Distribuﬂon Pipe (main)

Service Pipe

| ¢—Distribution Pipe (minor)

End User

Figure 3.4.3 Water Supply System
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Damage function in general

Data Collection

v

Collection past damage data

v

Data input to micro zone

v

v

(PGV)

Correction factor adjustment

v

Damage function definition

Damage estimation

Peak ground velocity

Liquefaction evaluation

Sum of damage

Figure 3.4.4 Flow Chart of Damage Estimation for Water Supply

Standard Damage Ratio

Standard Damage Ratio

40

60

80 100 120 140 160 180 200

Peak Ground Velocity (cm/s)

Figure 3.4.5 Standard Damage Ratio
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. Governor [ Control == @=% [——=
C|ty Gate _______________ ContrOI End User

Station for Station for
x High Pressure x Middle Pressure

High pressure

Gas Pipeline Middle Pressure Low pressure

Gas Pipeline Gas Pipeline

Obiject for damage estimation

Figure 3.4.6 Natural Gas Pipeline Network

Standard Damage Ratio

—_
N

(point/km)
S » [ee] 5

Standard Damage Ratio

N
T

o

40 60 80 100 120 140 160 180 200
Peak Ground Velocity(cm/s)

Figure 3.4.7 Standard Damage Ratio for Gas Pipeline
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8 bk 4

Sub-station | | Primary Sub-station ‘ \4
Power For Super ~ — Sub-station [ for > End User
Plant High Distribution =

Tension E

End User

Electric Cable
(Underground)

Figure 3.4.8 Electric Power Supply Network
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Scenario Earthquake 1967
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Figure 3.4.14 PGA and No. of Gasoline Stations
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Figure 3.4.15 PGA and No. of Gasoline Stations
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Figure 3.5.7 Framing Elevation of Model 3
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Figure 3.5.8 Framing Elevation of Model 4
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Figure 3.5.9 Grade Beam Detail and a Frame for Measurement

3-171



FRAME A Y B SECTION B-B

(MODEL #4)

2 FLEXIMETER
FER GOLUMNS

REFERENCE
STRUCTURE

PARTIAL SECTION -

Figure 3.5.10 Detail of a Frame for Measurement
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Figure 3.5.11 Distribution of Concrete Strength by Cylinder Test, Tested by IMME
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Figure 3.5.16 Load Deflection Curve
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PURPOSE OF REHABILITATION

a

(@ e Adequate Performance
(b) e Life Protection

e Damage Control

yibuans

Required Seismic

(c) / Capacity

[
»

Ductility

(@) Increase the Resistance Capacity
(b) Improve Deformation Capacity (i.e. ductility)

(c) Combination (a) and (b)

Source: Seismic Code of Venezuela 2001 “NORMA VENEZOLANA COVENIN 1756-98”

Figure 3.5.17 Basic Concept of Seismic Reinforcement
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Figure 3.5.18 Seismic Reinforcement Methods for Existing RC and Steel Buildings
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where: CB15; Concrete block wall in thk. of 150mm w/ reinforcing bar of

Vertical; D10 @ 800mm, Horizontal; 10 2 @ 600mm

SWB8; RC shear wall in thk. of 80mm (Refer to Figure 3.2.7)

SW10; RC shear wall in thk. of 200mm (Refer to Figure 3.2.7)

SW12; RC shear wall in thk. of 1220mm w/ reinforcing bar of D10 @ 250mm e.w.,
Anchor bar of D16 @250 (Similar to Figure 3.2.7)

SW15; RC shear wall in thk. of 150mm w/ reinforcing bar of D10 @ 200mm e.w.,
Anchor bar of D16 @250 (Similar to Figure 3.2.7)

Grade Beam; W200mm x D300mm w/4D13, Strr. 62@200mm
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Figure 3.5.19(1) Recommended Seismic Reinforcement Methods for a Single Family
House
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Figure 3.5.19(2) Recommended Seismic Reinforcement Methods for a Single Family
House
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