
 

 

 

 

 

 

Disclaimer 

 

This report was compiled by an ADRC visiting researcher (VR) from ADRC 

member countries. 

 

The views expressed in the report do not necessarily reflect the views of the 

ADRC. The boundaries and names shown and the designations used on the 

maps in the report also do not imply official endorsement or acceptance by the 

ADRC. 
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• Building Damage Prediction at Sana’a city by 

Developing Historical Earthquake Scenarios and 

investigate the behavior of buildings during the 

strong earthquakes. 

•Improvement our Disaster Management 

Planning through rising preparedness at city 

level.
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Earthquakes in Yemen and Sana’a region

Recent Earthquakes

Historical Earthquakes

Identified Yemenis Building Types



Example : Un-Reinforcement Masonry Building types (URM) 
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Example : Reinforcement Masonry Building types (RM) filled by  block stone and bricks  

Concrete Filled by stones ＆＆＆＆brick

Concrete Filled by block



Example : Reinforcement Masonry Building types (RM) filled by stone  

Concrete Filled by light stonesConcrete Filled by Heavy stonesConcrete Filled by Heavy stones

Building inventory and Data Base Preparation. 



Building Distribution in Sana’a City
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RC+Block

38 
40 

RC+Stone

Masonary block/stone

Masonary bricks

Masonary clay

Construction Type ( I )
1.Reinforced concrete building  filled with Blok

2.Reinforced concrete building  filled with Stone

3. Masonry  (Stone/concrete Block) buildings

4. Masonry  (Bricks) buildings

5. Masonry  (Clay) buildings

Number of stories ( J )

Example for Classification of Building Types

According to Existing Database

Number of stories ( J )
1. Low -rise (1-3 stories)

2. Mid -rise (4-6 stories)

3. High-rise (more than 6 stories)

Construction date ( K )
1. Construction year: Pre-1982

2. Construction year: Post-1982 



Seismic level Design in Buildings ーーーー HAZUS

pre-code

Low-code

Example Results of Buildings classification 
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Application Of HAZUS Methodology in Sana’aApplication Of HAZUS Methodology in Sana’a
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diagram show the methodology used for risk assessment analysis  



Simulation of Earthquake Scenarios.Simulation of Earthquake Scenarios.Simulation of Earthquake Scenarios.Simulation of Earthquake Scenarios.

Development of Earthquake Scenarios.Development of Earthquake Scenarios.Development of Earthquake Scenarios.Development of Earthquake Scenarios.

Sana’ city

HamdanEQ

Figure  shows the location of earthquakes used for scenario damage assessment  

DhamarEQ



ＳｉｔｅＳｉｔｅＳｉｔｅＳｉｔｅ ｅｆｆｅｃｔｓｅｆｆｅｃｔｓｅｆｆｅｃｔｓｅｆｆｅｃｔｓ ，，，，SoilSoilSoilSoil ConditionsConditionsConditionsConditions andandandand ClassificationClassificationClassificationClassification

Based on AVS30m and NEHRP guidelines 

geological unites  divided to 3 Groups 
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For reverse Slip earthquakes
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And 

Attenuation Model and soil conditionAttenuation Model and soil conditionAttenuation Model and soil conditionAttenuation Model and soil condition

Imm= 1.6 * Ln PGA+ 0.545 * Mw +5.78
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SA is spectral acceleration to be derived 

b1,b2,b3,b5,bv are constants provided with the equation

M is the magnitude of the earthquake 

rjb is the horizontal distance from epicenter 

Vs the shear wave velocity of the soil class 

provided by NEHRP classification
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ＢｕｉｌｄｉｎｇＢｕｉｌｄｉｎｇＢｕｉｌｄｉｎｇＢｕｉｌｄｉｎｇ Damage AnalysisDamage AnalysisDamage AnalysisDamage Analysis

１）１）１）１）Building Response CalculationBuilding Response CalculationBuilding Response CalculationBuilding Response Calculation



２）２）２）２）Building Fragility Curves

Set up Input building data base and  site condition ａｓａｓａｓａｓ HAZUS Method



Calculation  Fault , fragility and capacity parameters

Calculation Vulnerability curves for all URM(Block) buildings



Calculation Vulnerability curves for all RM(Rc+stone) buildings

Calculation Vulnerability curves for all URM(bricks) buildings



Calculation Vulnerability curves for all URM(clay) buildings

Expected Damage on buildings caused by Dhamar EQ .Scenario

DHAM AR EARTHQUAKE SCENARIO

Probability of Total Building Damage  _RM  Class  based on Hight le ve l

 (low-rise ,M id-rise  and High rise  )

0.00

5.00

10.00

15.00

20.00

25.00

Old CityOld CityOld CityOld CityShu'aubShu'aubShu'aubShu'aub Az'zalAz'zalAz'zalAz'zalAssafi'yahAssafi'yahAssafi'yahAssafi'yahAs SabainAs SabainAs SabainAs SabainAl WahdahAl WahdahAl WahdahAl WahdahAt TahrirAt TahrirAt TahrirAt Tahrir Ma'ainMa'ainMa'ainMa'ainAth'thaorahAth'thaorahAth'thaorahAth'thaorahBani Al HarithBani Al HarithBani Al HarithBani Al HarithDhawahi HamdanDhawahi HamdanDhawahi HamdanDhawahi HamdanSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ Bahlol ArhabArhabArhabArhab NihmNihmNihmNihmP
e

r
c

e
n

t 
o

f 
B

u
il

d
in

g
 D

a
m

a
g

e

Low-rise  bu i ldings

Mid-rise  bu i ldings

Hi gh -rise  bu i ldin gs

DHAMAR EARTHQUAKE SCENARIO

Probability of Total B uilding Damage  _URM Class  based on Hight leve l

 (low-rise  and Mid-rise  )
25.00Dhawahi HamdanDhawahi HamdanDhawahi HamdanDhawahi HamdanSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ Bahlol

District Nam e

0.00

5.00

10.00

15.00

20.00

25.00

Old CityOld CityOld CityOld CityShu'aubShu'aubShu'aubShu'aub Az'zalAz'zalAz'zalAz'zalAssafi'yahAssafi'yahAssafi'yahAssafi'yahAs SabainAs SabainAs SabainAs SabainAl WahdahAl WahdahAl WahdahAl WahdahAt TahrirAt TahrirAt TahrirAt Tahrir Ma'ainMa'ainMa'ainMa'ainAth'thaorahAth'thaorahAth'thaorahAth'thaorahBani Al HarithBani Al HarithBani Al HarithBani Al HarithDhawahi HamdanDhawahi HamdanDhawahi HamdanDhawahi HamdanSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ Bahlol ArhabArhabArhabArhab NihmNihmNihmNihm
District Nam e

P
er

c
e

n
t 

o
f 

B
u

il
d

in
g

 D
a

m
a

g
e

Low-rise  bui ldings

Mid-ri se  bu ildin gs



HAMDAN EARTHQUAKE SCENARIOHAMDAN EARTHQUAKE SCENARIOHAMDAN EARTHQUAKE SCENARIOHAMDAN EARTHQUAKE SCENARIOProbability  of Tota l Building Damage _RM Class based on Hight levelProbability  of Tota l Building Damage _RM Class based on Hight levelProbability  of Tota l Building Damage _RM Class based on Hight levelProbability  of Tota l Building Damage _RM Class based on Hight level ( low-rise,Mid-r ise and High r ise ) ( low-rise,Mid-r ise and High r ise ) ( low-rise,Mid-r ise and High r ise ) ( low-rise,Mid-r ise and High r ise )
0.005.0010.0015.0020.0025.00

Old CityOld CityOld CityOld City Shu'aubShu'aubShu'aubShu'aub Az'zalAz'zalAz'zalAz'zalAssafi'yahAssafi'yahAssafi'yahAssafi'yahAs SabainAs SabainAs SabainAs SabainAl WahdahAl WahdahAl WahdahAl WahdahAt TahrirAt TahrirAt TahrirAt Tahrir Ma'ainMa'ainMa'ainMa'ainAth'thaorahAth'thaorahAth'thaorahAth'thaorahBani Al HarithBani Al HarithBani Al HarithBani Al HarithDhawahi HamdanDhawahi HamdanDhawahi HamdanDhawahi HamdanSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ BahlolSanhan - Bani_ Bahlol ArhabArhabArhabArhab NihmNihmNihmNihmPercent of Buildinge
 Damage
Percent of Buildinge
 Damage
Percent of Buildinge
 Damage
Percent of Buildinge
 Damage Low-rise BuildingMid-rise BuildingHigh-rise Building

Expected Damage on buildings caused by Hamdan EQ .Scenario
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Discussion and Ｃｏｎｃｌｕｓｉｏｎｓ
•The initial results of, expected damage on buildings shows ｏｖｅｒｅｓｔｉｍａｔｉｏｎｏｖｅｒｅｓｔｉｍａｔｉｏｎｏｖｅｒｅｓｔｉｍａｔｉｏｎｏｖｅｒｅｓｔｉｍａｔｉｏｎ results

acceptable at the broad level evaluation. However, the results seem not to be very 

accurate for fine level risk evaluation.

The graphs indicates that:

• High an Moderate rise buildings (URM or RM) is the most vulnerable to 

earthquake damage. Whereas low rise buildings is least vulnerable. 

• Buildings located above soft sediments site have higher damage and more • Buildings located above soft sediments site have higher damage and more 

vulnerable to risk comparing to buildings located on hard rock

• Buildings having structural properties similar to URMＬ model type is damaged 

more than RML type.

• The highest Spectral ground acceleration was (0.05-0.07g) for long period and 

(0.1-0.15g) for short period aｎｄ ｌｏｃａｔｅｄ at central part of Sana'a city. 

Whereas maximum estimated seismic intensity around VI.

: 

Discussion and Ｃｏｎｃｌｕｓｉｏｎｓ
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The structural properties of Yemini’s buildings such as capacity, damage function, height of 

building  ,exact number of buildings per district, population  and location must be provided 

completely with accurate level in future work to get the more realistic results of risk evaluation of 

buildings in study area. 

0 Slight Moderate Extencive CompleteDamage state0 Slight Moderate Extencive CompleteDamage state
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