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(2)Main Research Objectives

* 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 stone

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

Building inventory and Data Base Preparation.
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Republic of Yemen Building Damage and Loss

Building Distribution in Sana’a City Minstryof Qi & Minerals P ety

District Building Distribution Map
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Example for Classification of Building Types
According to Existing Database

Construction Type (1)

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)

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 — HAZUS

Masenry consisting of Rectangular Units

El . R1,R2 1-2
10 Burnt clay brick/ rectangular R3, R4 12
stone in mud martar
R3S 12
R1,R2 12
e Burnt Flay brick/ ref:tangular R3, R4 2
stone in lime-surkhi mortar Not Defined
14 R5,R6 1-2 ot Detine
15 Burnt clay brick/ rectangular RL, R2 1-2
16 stone/ concrete blocks in R3, R4 1-2 pre-code
17 cement 1-2
R5,R6
18 | MO m— 3+
PRurnt clay brick/ rectangu
L stone/ concrete blocks in 1-2 Not Defined
:etment. m:frtar and provided RS,R6
with seismic bands and
20 vertical reinforcement at 3+
MdJamM
Framed Structures
21 RC frame/ shear wall with 1-3 c3L
URM infill's — constructed
, ) Precode
22 without any consideration for a4-7 c3Mm
RC frame/ shear wall with N
23 URM infill’s - earthquake 13 L
forces considered in design
24 o 4-7 3m
——— but detailing of
: . Precode/Low code
reinforcement and execution
s not as per earthquake R6 2+ C3H
resistant guidelines (Low-
RC frame/ shear wall with
26 URM infill’s - designed, 13 3L
detailed and executed as per
27 earthquake resistant 47 M
P de/L de/Maoderate Cod
guidelines (Low-Code/ recode/Low code/Moderate Code
28 Moderate-Code/High Code) s c3n

Low-code

Example Results of Buildings classification

Low- rise Concrete Frame fill with Block, 1-3 story
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High-rise Concrete Frame fill with Block , > 6 story
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Application Of HAZUS Methodology in Sana’a

Earthquake Risk Assessment

Earthquake Neotectonics Digital Elevation . ._ ensus Data and
[ Catdoy l and Geology J l“"""“'wa“‘J l Model J [S’E""”'ma“J rLi[HineDala J

Probabilistic Earthquake

Hazard Assessment Layer Model of
i Subsurface
 Geology

Elements at Risk
(Buildings, Population
& Lifelines, etc.)

Vulnerability Curves
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Lifelines, efc.

Deterministic Earthgquake Building and
~ Hazard Assessment Lifeline Loss
- Estimation

Selection of Time of
Day Scenario

Mﬁmnn {PGA, &

l! at2% ﬂ-’ﬂlml IJ ??v'?s’i‘ﬁk | ” [Pupulmnn Severity | I Population Loss |

diagram show the methodology used for risk assessment analysis




Simulation of Earthquake Scenarios.

RESPONSE OF BUILDINGS

'EVALUATION OF
 SITE EFFECTS

'EVALUATION OF
BASE MOTION

DESIGN OF SCENARIO
EARTHQUAKE
(source parameters)

Fault_DHMAR Browser
FAULTX FAULTY
62 61
4437 1491
4437 1489
4438 148
4438 147




Site effects , Soil Conditions and Classification

Based on AVS30m and NEHRP guidelines
geological unites divided to 3 Groups

Geological Map - Sana'a Basin
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Attenuation Model and soil condition
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Seismic Intensity MAP

HAMDAN_EQ. SCENARIO DHAMAR_EQ. SCENARIO
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Spectral Acceleration MAP

Short period Spectral Acceleration MAP. 0. 2s Long period Spectral Acceleration MAP, 1. Os
DHMAR_EQ. SCENARIO DHAMAR_EQ. SCENARIO

w e

w e v ooe

DHMST

[ oo _i\
[ ooz

[ oot

[ Jootg = w

[ Joorg

o ane

DHM_SS

[Jooss

[ Joox
[ Joos2

[ Jooe
[ Jooes
[ Jooss
[ Joom
[oos e
[ Joost
[ Jooss
[ Jooss
Mo
Moot
Moo
Moo
Moo
Moo
Mo
Mo
Mons
o150

i

------

SV06-




Building Damage Analysis

1)Building Response Calculation

N 4

Stronger, More Ductile Construction

Demand
Spectra

Building Capacity Curves

Weaker. Less Ductile Construction

Medium

Qlhial i

Spectral Acceleration (g's)

Strong




2)Building Fragility Curves

a

1.0

Complete

Probability
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o
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Shaking  Shaking Shaking Spectral Response

S

Plds|S,;| = ©®| —
[s| d] Pas [ Sa.as

where: Sdds  is the median value of spectral displacement at which the building
reaches the threshold of damage state, ds.

Bas  1sthe standard deviation of the natural logarithm of spectral
displacement for damage state, ds. and

@ 1s the standard normal cumulative distribution function.

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

[2 Mapinfo Professi

Shap_area  District XC YC VS SOIL Blll B112  B121 B122 B132 B211 B212 B221 B222 B231 B232 B311
0.00015129 Old City 1536 530 [ [ 0 0 0 0 [
0.00125607 Shu'aub 4422 1539 600 449436 226.086 86.4024 11,791.13 593.145 226.68

0.000767229 Azzal 4424 1536 700 223058 112208 428821 5852.02 294382 112503

0.000618757 Assafi'yah 4424 1534 500 2,204.87 110915 423878 5,784.56 290989 111206
000256233 As Sabain 44221531 520 6377.22 320802 122509 16,730.87 841636 321644

0.000679087 Al Wahdah 4419 1534 530 223181 11227 429056 5.855.23 294544 112565

0000235143 At Tahrir 2421535 500 1,519.48 76.4365 292114 3,086.41 3200534 76,6372
0.00228402 Ma'ain 4417 1537 600 5.847.6 29416 112418 15341.39 771739 294932
0.00182809 Ath'thsorah 4419 1539 550 3,505.11 180.85 691146 94319 474466 181325

0.0224787 Bani Al Harith 4426 1551 430 306732 1543 58.968 918813 462203 176638
0048632 Dhawahi Hamdan 4411 1549 305234 153546 5.868 1,54831 77.8867 297656

00494554 Sanhan - Bani_Bahiol | 44311523 700 2,174.00 109.366 41796 6,360.08 210985 122287
0.107582 Arhab 4424 158 180 7521 194
0155212 Nihm 44,57 1575 773 3231 834 13

0.0318262 Bani Hushaysh 4438 1545 1, 156 6,511 168

0.0335035 Bilad Ar Rus 4425 1504 725 3033 78.3

0.0948752 Bani Matar 4405 1521 209 8733 225

00389825 Al Haymah Ad Dakhiliy 43.84 1527 167 6,979

0.0582513 Al Haymah Al Kharijiy | 43.85 1503 154 6439

00591618 Manakhah 4369 1507 198 8277

00146296 Sa'fan 4358 1507 3084

00498481 Khwlan 4476 1527 1, 224 9354

0.0360856 Attyal 4453 1539 249 10,404
0.146689 Bani Dhabyan 44,87 1505 1437

00308967 Al Husn 2451562 2,805

12,657.21
628186
620945

1795979
628531
4379.22

16468.25
101247
9,863.02
1,66204
6,828.21

1283

551
1111

517
1490
1,190
1008
1412

680
159

2|92 202 0200000000000 00C0c0 00
00000 000000000000 0000000 00

0.0467775 Jihanah 15.23 4750

records 1 - 28 of 28




Calculation Fault, fragility and capacity parameters
D e
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Fault_ DHMAR Browser
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Calculation Vulnerability curves for all URM(Block) buildings

Vulnerability Curves for Masonary (Block), 1-3 Stories, Buildings, Post-1982 [ 312 1
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Vulnerability Curves for RC with Masonary (Block), 6-12 Stories, Buildings, Post-1982 [ 132 ]
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Vulnerability Curves for Masonary (Block), 4-6 Stories, Buildings, Post-1982 [ 322 ]
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Calculation Vulnerability curves for all RM(Rc+stone) buildings

Vulnerability Curves for RC with Masonary (Stone), 1-3 Stories, Buildings, Post-1982 [ 212 1
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Vulnerability Curves for Masonary (Bricks), 1-3 Stories, Buildings, Pre-1982 [ 411 1

rves for all URM(bricks) buildings
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Calculation Vulnerability curves for all URM(clay) buildings

Vulnerability Curves for Masonry(Clay), 1-3 Stories, Buildings, Pre—1982 [ 511 ]
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Expected Damage on buildings caused by Dhamar EQ .Scenario

DHAMAR EARTHQUAKE SCENARIO
Probability of Total Building Damage _RM Class based on Hight level
(low-rise,Mid-rise and High rise )
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Expected Damage on buildings caused by Hamdan EQ .Scenario

Probability of Total Building Damage _RM Class based on Hight level
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Discussion and Conclusions

*The initial results of, expected damage on buildings shows overestimation 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:
e High an Moderate rise buildings (URM or RM) is the most vulnerable to
earthquake damage. Whereas low rise buildings is least vulnerable.

e Buildings located above soft sediments site have higher damage and more
vulnerable to risk comparing to buildings located on hard rock

e Buildings having structural properties similar to URML model type is damaged
more than RML type.

e 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 V1.

Discussion and Conclusions
Expected damage on buildings
Expected Damage On Building-Handan EQ-Scenario Expected Damage On Building-Dhamar EQ-Scenario
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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.
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