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9-2-8 Slope Failure Risk 

Slope gradient is an important factor that is used for assessing the potential for slope failures to 
be triggered by an earthquake.  The average slope gradient was calculated for each commune by 
using GIS.  The slope gradient was determined from 5m digital elevation model data for the 
built-up areas within the Study Area.  Figure 9-17 shows the distribution of the average slope 
gradients within the Study Area. 

Legend

Average slope gradient: degree
0.00 - 5.00 
5.01 - 10.00 
10.01 - 15.00 
15.01 - 20.00 
20.01 ? 31.38 

Borders of communes

 
Source: JICA Study Team 

Figure 9-17  Distribution of Slope Gradients within the Study Area 

Table 9-15 shows the average slope gradient of the built-up areas within each commune. 

The built-up areas within OUED KORICHE, RAIS HAMIDOU, BOUZAREA, BOUZAREAH, 
BOLOGHINE IBNOU ZIRI and EL MADANIA have relatively high average slope gradients.  EL 
BIAR, EL MOURADIA and HYDRA follow these five (5) communes and they have relatively 
high average slope gradients. 

Table 9-15  Average Slope Gradient of Built-up Areas within Each Commune 

Code Commune Average 
slope gradient (degree) Class 

1608 OUED KORICHE 17.0 5: High 
1625 RAIS HAMIDOU 14.8 5: High 
1611 BOUZAREAH 14.6 5: High 
1606 BOLOGHINE IBNOU ZIRI 14.5 5: High 
1603 EL MADANIA 12.5 5: High 
1610 EL BIAR 11.0 4: Moderate to high 
1627 EL MOURADIA 10.3 4: Moderate to high 
1628 HYDRA 9.5 4: Moderate to high 
1609 BIR MOURAD RAIS 8.6 3: Moderate 
1605 BAB EL OUED 8.3 3: Moderate 
1607 CASBAH 8.1 3: Moderate 

20.01 - 31.38 
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Code Commune Average 
slope gradient (degree) Class 

1601 ALGER CENTRE 7.5 3: Moderate 
1631 EL MAGHARIA 7.1 3: Moderate 
1612 BIRKHADEM 6.9 3: Moderate 
1624 EL HAMMAMET 6.7 3: Moderate 
1618 KOUBA 6.6 3: Moderate 
1619 BACH DJARAH 6.3 3: Moderate 
1632 BENI MESSOUS 6.3 3: Moderate 
1602 SIDI M'HAMED 5.9 2: Low to moderate 
1604 HAMMA EL ANNASSER 5.7 2: Low to moderate 
1626 DJASR KASANTINA 5.1 2: Low to moderate 
1616 BOUROUBA 5.1 2: Low to moderate 
1622 BEN AKNOUN 5.1 2: Low to moderate 
1623 DELY  BRAHIM 4.3 2: Low to moderate 
1644 AIN BENIAN 4.2 2: Low to moderate 
1640 EL MARSA 3.5 2: Low to moderate 
1617 HUSSEIN DEY 3.1 2: Low to moderate 
1629 MOUHAMMADIA 2.8 1: Low 
1613 EL HARAACH 2.6 1: Low 
1621 BEB EZZOUAR 1.4 1: Low 
1630 BORDJ EL KIFFAN 1.3 1: Low 
1639 BORDJ EL BAHRI 0.9 1: Low 
1615 OUED SMAR 0.9 1: Low 
1620 DAR EL BEIDA 0.3 1: Low 

Source: JICA Study Team 

 

9-2-9 Ease of Evacuation/Rescue 

(1) Road Network 

The road network within the study area was evaluated in terms of the ease of 
evacuation/rescue activities if a hazardous earthquake occurred.  The evaluation was done in 
GIS by using road network data prepared by the JICA Study Team.  In this evaluation for the 
Study Area, the following criteria were used to identify roads that would be suitable to use for 
evacuation (on foot) and for regional rescue activities.  These criteria are based on the 
experience gained from the South Hyogo Earthquake which occurred in Japan on January 15, 
1995: 

- All roads having a width of 8 m or more. 

-  Roads having a width between 4 m and 8 m that would not be influenced by any 
collapsed buildings. 

-  Of the roads that met the first two conditions, above, only those roads that formed a 
continuous corridor within the regional road network that extends into the 34 commune 
areas were determined to be “suitable” roads for evacuation/rescue activities.  For 
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example, a road that is generally 4 meters wide, but the width decreases to just 2 meters 
in some places, would be excluded. 

By analyzing the distribution of suitable roads, areas that are likely to be isolated from the 
regional road network were identified.  Figure 9-18 shows a possible evacuation/rescue road 
network for the 34 communes. 

Legend
Borders of communes
Relative built-up areas
Possible road network for evacuation / rescue activities

 
Source: JICA Study Team 

Figure 9-18  Possible Road Network for Evacuation/rescue Activities 

Figure 9-19 shows areas that have a high potential to be isolated because they are not 
serviced by the possible evacuation/rescue activity road network defined above. 

Details of the analysis work that was done using GIS are described below. 

Legend

Isolation potential due to 
road network discontinuity

Low
High

 
Source: JICA Study Team 

Figure 9-19  Relative Isolation Potential Due to Road Network Discontinuity  
within the Study Area 
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(2) Using GIS to Identify Possible Evacuation/Rescue Roads and Potentially Isolated Areas  

1) STEP I-1: Splitting roads by the micro-zoning GRID 

All road lines (vectors) were split using the micro-zoning GRID. 

A

A1 A2

A3 A4

A5
A6

 
Source: JICA Study Team 

Figure 9-20  An Example of Splitting a Road by the Micro-zoning GRID 

For example, splitting road line ‘A’ with a GRID (4 x 3 cells) gives five (5) road line 
segments (‘A1’, ‘A2’, ‘A3’, ‘A4’, ‘A5’, and ‘A6’), as shown in Figure 9-20 above. 

2) STEP I-2: Ranking roads according to width 

Each road line was given a rank value according to ‘Criteria I’ below: 

Criteria I: To be applied to all roads 
Roads having a width of 8m or more: Rank A 
Roads having a width between 4m and 8m: Rank B 
Roads having a width of less than 4m: Rank C 

3) STEP I-3: Ranking roads according to the potential for blockages to occur due to 
building collapse 

Each of the roads that were assigned Rank B (above) was given a rank value 
according to Criteria II below: 

Criteria II: To be applied to all Rank B roads 
Rank B roads that do not intersect a 3m-buffer zone outside of building 
footprints: Rank Ba 

  

 

 

 

 

 

3m-buffer

Building foot-print

Road line

Source: JICA Study Team

Figure 9-21  Generalized View of a Rank “Ba” Road 
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Rank B roads that do intersect a 3m-buffer zone outside of building 
footprints: Rank Bb 

Building 
foot-print

Road line

3m-
buffer

 
Source: JICA Study Team 

Figure 9-22  Generalized View of a Rank “Bb” Road 

4) STEP I-4: Preliminary selection of ‘safe’ roads 

The Rank A and Rank Ba roads were selected and temporally classed as ‘safe’ roads 
for input to the next step (STEP I-5 below). 

5) STEP I-5: Connectivity assessment of preliminary ‘safe’ roads 

The connectivity of the Rank A and Rank Ba roads selected above was assessed.  
Those roads that had unbroken connectivity to the regional road network that extends 
into the 34 commune areas were classified as “safe” roads.  Safe roads could be used 
for evacuation/rescue activities following an earthquake.  Isolated roads, i.e. those roads 
that were not connected to the regional road network, were classified as being unsuitable 
for evacuation/rescue activities.  These isolated roads can be created where the road 
width changes along the road length. For example, a road that is generally 5 m wide may 
narrow to a width of only 3 m in some places.  The presence of these narrow sections 
could lead to the road becoming blocked at these locations if they are affected by rubble 
from damaged buildings.  Therefore, these roads would not be suitable for use during 
evacuation/rescue activities.  Figure 9-23 shows a conceptual view of ‘Safe’ roads and 
‘Unsafe’ (unsuitable) roads. 

 
Source: JICA Study Team 

Figure 9-23  Conceptual View of ‘safe’ Roads and ‘unsafe’ Roads 

6) STEP I-6: Road suitability classification of cells in the micro-zoning GRID 

The network of suitable (‘safe’) roads was reviewed, and areas that were likely to be 
isolated from the regional road network were identified.  Cells in the micro-zoning 
GRID that are joined to the regional ‘safe’ road network were assigned a value of one 
(1).  All other cells were assigned a value of zero (0), as shown in Figure 9-24. 

Legend 
Green: ‘safe’, Red: ‘unsafe’ 
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Source: JICA Study Team 

Figure 9-24  Conceptual View of Cell-based Isolation Risk 

(3) Availability of Evacuation Point 

The availability of evacuation points in the Study Area that can be used as refuges for 
residents was reviewed.  Public parks and open-air sports fields were targeted as suitable 
disaster management resources in this review.  The following criteria were applied for the 
review: 

- A suitable disaster management resource has to have an area equal to at least one (1) ha. 
- The urban area that is to be serviced by the evacuation point must lie within a 500 m 

radius of the disaster management resource. 
- All evacuation points must be accessible from the evacuation road network previously 

described. 
- All evacuation points must be located at least 250 m away from highly flammable 

facilities/fuel tanks. 

The above criteria were used to determine the distribution of suitable evacuation points 
within the 34 communes.  Figure 9-25 shows the relative availability of disaster management 
resources, i.e. evacuation points (that meet the above specifications), within the Study Area. 

Legend

Relative availability of evacuation places
Low
High

Borders of communes

 
Source: JICA Study Team 

Figure 9-25  Availability of Evacuation Points within the Study Area 

Details of the analysis work that was done using GIS are described below. 

Legend 
Green cells (1): Isolation risk is low, W 
hite cells (0): Isolation risk is high 
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1)  STEP II-1: Selection of evacuation/rescue sites 

Public parks and ‘open-air’ sports fields were selected as evacuation/rescue sites.  
Initially, all parks and sports fields that had an area of 1 ha or more were selected as 
potentially being suitable for use by evacuated people in an emergency. 

2)  STEP II-2: Buffering of potentially suitable evacuation sites for use in an emergency 

In this step, the service area of the potential sites selected in the previous step was 
determined.  This was done by creating a 500 m wide buffer (circle) around each site, as 
shown in Figure 9-26. 
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Source: JICA Study Team 

Figure 9-26  Conceptual View of a 500 m Wide Buffer around a Site,  
and Its Classification 

3) STEP II-3: Classification of evacuation site cells within the micro-zoning GRID 

Where a cell in the micro-zoning GRID was completely included within a 500 m 
wide buffer surrounding an evacuation site, this cell was assigned a value of one (1).  
All other cells were assigned a value of zero (0), as shown in Figure 9-26 above. 

(4) Evacuation Accessibility 

Each cell in the micro-zoning GRID was assigned a new value according to the following 
formula: 

[New cell value (accessibility value)] = ([Assigned cell value from STEP I-6] x 2) + 
[Assigned cell value from STEP II-3] 

In the above formula, the road suitability (access) is emphasized by weighting it as being 
two times as important as the evacuation site suitability (location). 

By using the above formula, the new calculated cell value would be one of four numbers: 0, 
1, 2 or 3.  In general, it is considered that a value of three (3) indicates good accessibility to 
at least one evacuation place; however, values of zero (0) or one (1) indicate poor 
accessibility. 
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If a cell has a value of zero (0), this suggests that the roads included within the cell are not 
connected to a suitable/safe road network that can be used for evacuation/rescue in an 
emergency and that the cell is not located within 500 m of at least one potentially suitable 
evacuation site for use in an emergency.  If a cell has a value of (1), this suggests that the 
area included within the cell is located within 500 m from at least one potentially suitable 
evacuation site for use in an emergency; however roads within the cell are not connected to 
the regional road network.  If a cell has a value of three (3) , this suggests that roads within 
the cell are connected to the regional road network, and that the cell is within 500 m of at least 
one potentially suitable evacuation site for use in an emergency. 

Figure 9-27 shows the distribution of the accessibility values within the Study Area and 
Table 9-16 shows the sum of the accessibility value of all cells in each commune. 

 

Legend
Borders of communes

Accessibility value
0
1
2
3

 
Source: JICA Study Team 

Figure 9-27  Distribution of Accessibility Values in the Study Area 

Table 9-16  Accessibility Value for Each Commune 

Code Commune Accessibility Value Value Class 
1608 OUED KORICHE 74 5: High 
1606 BOLOGHINE IBNOU ZIRI 90 5: High 
1628 HYDRA 96 5: High 
1612 BIRKHADEM 107 4: Moderate to high 
1625 RAIS HAMIDOU 119 4: Moderate to high 
1630 BORDJ EL KIFFAN 142 3: Moderate 
1611 BOUZAREAH 148 3: Moderate 
1624 EL HAMMAMET 160 3: Moderate 
1619 BACH DJARAH 165 2: Low to moderate 
1610 EL BIAR 166 2: Low to moderate 
1644 AIN BENIAN 167 2: Low to moderate 
1616 BOUROUBA 168 2: Low to moderate 
1627 EL MOURADIA 168 2: Low to moderate 
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Code Commune Accessibility Value Value Class 
1617 HUSSEIN DEY 169 2: Low to moderate 
1609 BIR MOURAD RAIS 170 2: Low to moderate 
1631 EL MAGHARIA 175 2: Low to moderate 
1603 EL MADANIA 176 2: Low to moderate 
1620 DAR EL BEIDA 183 2: Low to moderate 
1618 KOUBA 183 2: Low to moderate 
1626 DJASR KASANTINA 184 2: Low to moderate 
1632 BENI MESSOUS 185 2: Low to moderate 
1607 CASBAH 188 2: Low to moderate 
1621 BEB EZZOUAR 191 1: Low 
1629 MOUHAMMADIA 197 1: Low 
1639 BORDJ EL BAHRI 200 1: Low 
1604 HAMMA EL ANNASSER 200 1: Low 
1640 EL MARSA 200 1: Low 
1615 OUED SMAR 202 1: Low 
1605 BAB EL OUED 205 1: Low 
1622 BEN AKNOUN 208 1: Low 
1602 SIDI M'HAMED 212 1: Low 
1623 DELY  BRAHIM 216 1: Low 
1613 EL HARAACH 217 1: Low 
1601 ALGER CENTRE 219 1: Low 

Source: JICA Study Team 

9-2-10 Preparation of Earthquake Vulnerability Charts 

The available data were reviewed and evaluated taking into account the matters mentioned 
above.  This allowed the JICA Study Team to set the following criteria for determining the 
vulnerability of urban areas to earthquake disasters.  These criteria were applied to the 34 
communes in the Wilaya of Alger.  Six (6) classes of criteria were defined, as listed below: 

A. Population density: Relative population density within each commune; 
B. Building age: Ratio (%) of relatively old buildings constructed before 1981 within each 

commune; 
C. Economic value: Extent (area) of the economically active areas within each commune; 
D. Landslide risk: Average slope gradients within each commune; 
E. Ground surface motion potential: Ground amplification factor within each commune; and 
F. Ease of evacuation/rescue: Road networks and availability of open-spaces (public parks and 

sports fields) within each commune. 

Each of the above criteria was evaluated for each commune and rated on a five-point scale, 
based on the calculated data.  For each commune, the rating (score) for each of these criteria was 
integrated into an earthquake vulnerability chart, as shown in Figure 9-28.  Table 9-17 shows the 
rating that was applied to each of the above criteria. 
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Table 9-17  Vulnerability Criteria and Rating 

Vulnerability Rating 
Vulnerability 

Criteria Description High 
 
5 

Moderate 
to High 

4 

Moderate
 
3 

Low to 
Moderate 

2 

Low 
 
1 

A. Population 
density (People/ha) 60010 to 

74486 
45532 to 
60009 

31055 to 
45531 

16577 to 
31054 

2099 to 
16576 

B. Building age 

(Ratio (%) of 
relatively old 
buildings 
constructed 
before 1981 
within each 
commune) 

80.1 to 
100 

60.1 to 
80.0 

40.1 to 
60.0 

20.1 to 
40.0 

0.0 to 
20.0 

C. Economic value 

(Relative density 
of economically 
active areas 
(extent) within 
each commune 

85 to100 69 to 84 53 to 68 37 to 52 20 to 36 

D. Ground surface 
motion potential 

(Ground 
amplification 
factor; 
dimensionless) 

1.4613 to 
1.6055 

1.3169 to 
1.4612 

1.1726 to 
1.3168 

1.0282 to 
1.1725 

0.8838 to 
1.0281 

E. Slope failure 
risk 

(Average slope 
gradient within 
each commune) 

0.3 to 3.6 3.7 to 7.0 7.1 to 
10.3 3.7 to 7.0 0.3 to 3.6

F. Ease of 
evacuation/ 
rescue 

(Accessibility 
value) 

0.74 to 
1.03 

1.04 to 
1.32 

1.33 to 
1.61 

1.62 to 
1.90 

1.91 to 
2.19 

Source: JICA Study Team 
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A: Population density; B: Building age; C: Economic value; 
D: Ground surface motion potential; E: Slope failure risk; F: Ease of evacuation/rescue 

Source: JICA Study Team 

Figure 9-28  Typical Earthquake Vulnerability Chart for a Commune 

 
 

Green = Difficulty of evacuation/rescue 

Blue = Exposure vulnerability

Red = Seismic hazard risk 



Chapter 9 : Evaluation of Urban Vulnerability 

  
9-49 

An earthquake vulnerability chart is a useful way of representing the potential impact on urban 
areas.  The overall vulnerability, in terms of vulnerability exposure, seismic hazard risk and 
difficulty of evacuation/rescue can be assessed as follows: 

• Exposure vulnerability: A + B + C (blue zone) 
• Seismic hazard risk: D + E (red zone) 
• Evacuation/rescue difficulty: A + F (green zone) 

Figure 9-29 shows the earthquake vulnerability chart that was prepared for each of the 34 
communes in the Wilaya of Alger. 
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9-2-11 Earthquake Vulnerability by Sector 

The rating for each of the six (6) criteria shown in the previous section were re-classified into 
three (3) categories as shown in Table 9-18. 

Table 9-18  Re-classification of Ratings for Each of the Six (6) Vulnerability Criteria 

 
Class 

A. 
Population 

density 

B.  
Building 

age 

C. 
Economic 

value 

D.  
Ground surface 
motion potential

E. 
Slope 

failure risk 

F. 
Ease of 

evacuation/
rescue 

High 5, 4 5, 4 5, 4 5, 4 5, 4 5, 4 
Moderate 3, 2 3, 2 3, 2 3, 2 3, 2 3, 2 

Low 1 1 1 1 1 1 

Source: JICA Study Team 

(1) Exposure Vulnerability 

Communes within the Study Area were classified into 11 categories representing exposure 
vulnerability, as shown in Table 9-19.  These 11 categories were derived from the relative 
vulnerability/risk ratings of the communes for three (3) criteria: (A) population density, (B) 
building age, and (C) economic value. 

Table 9-19  Categories of Exposure Vulnerability for Communes 

 
Category 

A.  
Population 

Density 

B.  
Building 

Age 

C. 
Economic 

Value 

Number 
communes in this 

category 
HHH High High High 2 
MHH Moderate High High 6 
LHH Low High High 3 
MHM Moderate High Moderate 1 
LHM Low High Moderate 2 
MMH Moderate Moderate High 3 
LMH Low Moderate High 5 
LMM Low Moderate Moderate 2 
LML Low Moderate Low 3 
LLH Low Low High 1 
LLM Low Low Moderate 6 

Source: JICA Study Team 

Exposure vulnerability in the Study Area is relatively high in the communes that are 
located along the southwest coastline of Alger Bay where it has been heavily urbanized and 
developed.  Figure 9-30 shows the distribution of exposure vulnerability within the Study 
Area. 

1) High Vulnerability: HHH/MHH/LHH/MHM/LHM 

There are fourteen (14) communes that are categorized as having a high exposure 
vulnerability (HHH, MHH, LHH, MHM or LHM). Various important or central facilities 
for governance, economy, education, and medical treatment are located within these 
communes.  The exposure vulnerability for these communes is characterized by 
particularly high ratios of aging buildings.  This implies that the highest level of risk for 
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people and the economy exists within these communes.  BAB EL OUED and CASBAH 
were both evaluated as HHH and are the most vulnerable communes in terms of 
exposure vulnerability. 

BOLOGHINE IBOU ZIRI, OUED KORICHE, ALGER CENTRE, HAMMA EL 
ANNASSER, and EL MAGHARIA follow the above two (2) communes in terms of 
exposure vulnerability, as they all have a relatively high exposure vulnerability.  
Relative population densities EL BIAR, EL MOURADIA and HUSSEIN DEY are low 
within the Study Area; however, these three (3) particular communes have high ratios of 
aging buildings, and therefore, there are likely to be many casualties when an earthquake 
occurs.  Other communes are likely to incur the loss of human lives or economic value 
if a strong earthquake occurs. 

2) Moderate Vulnerability: MMH/LMH/LMM/LML 

There are thirteen (13) communes that are categorized as having a moderate exposure 
vulnerability (MMH, LMH, LMM or LML).  These communes are characterized by 
moderate ratios of aging buildings that were constructed before 1981. 

Depending on the condition of the buildings, there is a possibility that a lot of damage 
might occur within these communes.  Among the 13 communes that have a moderate 
exposure vulnerability, EL MADANIA, BACH DJARAH, BOUROUBA, and BEB 
EZZOAUR have relatively higher exposure vulnerabilities than the rest. 

3) Low Vulnerability: LLH/LLM 

There are seven (7) communes that are categorized as having a low exposure 
vulnerability (LLH or LLM).  These are DJASR KASANTINA, DAR EL BEIDA, 
BORDJ EL KIFFAN, DELY BRAHIM, BEN AKNOUN, RAIS HAMIDOU, and BENI 
MESSOU. 

Communes that are categorized into LLH or LLM are in areas that are characterized 
by relatively low population densities and fewer aging buildings; however the economic 
value within these areas is moderate to high. 

 
Source: JICA Study Team 

Figure 9-30  Distribution of Exposure Vulnerability 
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(2) Seismic Hazard Risk 

Communes within the Study Area were classified into seven (7) categories representing the 
potential seismic hazard risk, as shown in Table 9-20.  These 7 categories were derived from 
the relative vulnerability/risk ratings of the communes for two (2) criteria: (D) slope failure 
risk and (E) ground surface motion potential. 

Table 9-20  Categories of Seismic Hazard Risk for Communes 

Category 
D. 

Ground Surface 
Motion Potential 

E. 
Landslide 

Risk 
Number communes in 

this category 

HM High Moderate 5 
HL High Low 6 
MH Moderate High 4 
MM Moderate Moderate 10 
ML Moderate Low 1 
LH Low High 4 
LM Low Moderate 4 

Source: JICA Study Team 

Figure 9-31 shows the distribution of seismic hazard risk within the Study Area. 

1) High Risk: HM/HL 

There are eleven (11) communes that are categorized as having a high seismic risk 
(HM or HL).  These 11 communes are characterized by high levels of ground surface 
motion potential and slope failure risk. 

HUSSEIN DEY, EL MAGARHIA, BACH DJARAH, BOUROUBA and DJASR 
KASANTINA were evaluated as HM.  BORDJ EL KIFFAN, DAR EL BEIDA, OUED 
SMAR, EL HARRACH, BORDJ EL BAHRI and MOHAMMADIA were evaluated as 
HL. 

2) Moderate Risk: MH/MM/ML 

There are fifteen (15) communes evaluated as having a moderate seismic risk (MH, 
MM or ML) within the Study Area.  These 15 communes have moderate ground surface 
motion potential.  Of these 15 communes, EL BIAR, HYDRA, EL MOURADIA and 
EL MADANIA have relatively higher slope failure risks, compared to other communes.  
The other communes (ALGER CENTRE, SIDI M’HAMED, HAMMA EL ANNASSER, 
KOUBA, BIRKHADEM, BIR MOURAD RAIS, BEN AKNOUN, DELY BRAHIM, 
BENI MESSOUS, AIN BENIAN and BORDJ EL BAHRI) have a low to moderate slope 
failure potential. 

3) Low Risk: LM/LH 

There are eight (8) communes evaluated as having a low seismic risk (LM or LH).  
Of these communes, RAIS HAMIDOU, BOLOGHINE IBNOU ZIRI, BOUSAREAH 
and OUED KORICHE have relatively higher slope failure risks.  El HAMMAMET, 
BEB EL OUED and EL MARSA follow these four (4) communes. 
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Source: JICA Study Team 

Figure 9-31  Distribution of Seismic Hazard Risk 

In terms of seismic hazard risk, the communes in or adjacent to the Sahel Hills region 
have a relatively high slope failure risk, and communes in the Mitijya Plain have a 
relatively high ground surface motion potential within the Study Area. 

(3) Evacuation/Rescue Difficulty 

Communes within the Study Area were classified into eight (8) categories representing 
evacuation/rescue difficulty, as shown in Table 9-21.  These 8 categories were derived from 
the relative vulnerability/risk ratings of the communes for two (2) criteria: (A) population 
density and (F) ease of evacuation/rescue.  Figure 9-32 shows the distribution of 
evacuation/rescue difficulty within the Study Area. 

Table 9-21  Categories of the Evacuation/rescue Difficulty for Communes 

 
Category 

A. 
Population 

Density 

F.  
Evacuation/Rescue 

difficulty 

Number 
communes in 
this category 

MH High Moderate 2 
LH Low High 3 
HM Moderate High 1 
MM Moderate Moderate 4 
LM Moderate Low 12 
HL Low High 1 
ML Moderate Low 4 
LL Low Low 7 

Source: JICA Study Team 

1) High Level of Difficulty: MH/LH 

There are five (5) communes categorized as having a high level of emergency 
evacuation/rescue difficulty (MH or LH).  BOLOGHINE IBNOU ZIRI and OUED 
KORICHE are evaluated as having a difficulty rating of MH, and RAIS HAMIDOU, 
BIRKHADEM and HYDRA are evaluated as having a difficulty rating of LH. 
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The above communes have a relatively high difficulty of evacuation in an emergency.  
Of these, BOLOGHINE IBNOU ZIRI and OUED KORICHE have the highest difficulty. 

2) Moderate Level of Difficulty: HM/MM/LM 

There are seventeen (17) communes categorized as having a moderate difficulty of 
evacuation/rescue in an emergency.  Only CASBAH was evaluated as having a 
difficulty rating of MH; EL MADANIA, EL MAGHARIA, BACH DJARAH and 
BOUROUBA were all evaluated as having a difficulty rating of MM; and another 12 
communes were evaluated as having a difficulty rating of LM. 

Within the 17 communes having a moderate difficulty of evacuation/rescue in an 
emergency, CASBAH has the greatest difficulty. 

3) Low Level of Difficulty: HL/ML/LL 

There are twelve (12) communes categorized as having a low difficulty of 
evacuation/rescue in an emergency.  Only BAB EL OUED is evaluated as HL difficulty; 
ALGER CENTRE, SIDI M’HAMED, HAMMA EL ANNASSER and BEB EZZZOUAR 
are each evaluated as ML difficulty; and EL MARSA, BORDJ EL BAHRI, 
MOUHAMMADIA, OUED SMAR, EL HARAACH, BEN AKNOUN and DELY 
BRAHIM all have the same lowest difficulty rating within the Study Area. 

Although there is a relatively low difficulty of evacuation within the above 12 
communes in the Study Area, in the case of a big earthquake disaster, there is likely to be 
a shortage of open spaces for use as temporary shelters in an emergency. 

 

 
Source: JICA Study Team 

Figure 9-32  Distribution of Evacuation/rescue Difficulty 

9-2-12 Review of Existing Urban Vulnerability and Micro-zoning Results 

(1)  Earthquake Models 

Of the six (6) earthquake models proposed for use in this study, two (2) of these models 
were selected and applied for damage estimation by using the micro-zoning technique.  The 
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models that were selected are: a) Khair al Din Scenario Earthquake (Khair al Din Model), and 
b) Zemmouri Scenario Earthquake (Zemmouri Model), as mentioned in the previous chapters. 

Tests conducted for the study area using all six models that were proposed showed that 
seismic intensity is relatively high on the Mitidja Plain and relatively low in the Sahel Hills 
region. 

Of the proposed six (6) models, the Khair al Din model showed the highest seismic 
intensity distribution pattern within the Study Area.  Using the Khair al Din model, the 
seismic intensity for each commune was estimated to be at least 8 or more on the MSK scale.  
The Zemmouri model showed a relatively moderate to high seismic intensity distribution 
within the Study Area compared to the other the six (6) models.  For the Zemmouri model, 
seismic intensity (MSK scale) was estimated to range between 8 and 10 on the Mitidja Plain 
and range from 6 to 7 in the Sahel Hills region. 

(2)  Estimated Building Damage 

Figure 9-33 shows the distribution of estimated building damage for both the Khair al Din 
model and the Zemmouri model. 

Borders of communes

26%
Estimated Ratio of heavily/collapsed buildings

Khair al Din Model
Zemmouri Model

 
Source: JICA Study Team 

Figure 9-33 Comparison of the Estimated Distribution of Heavily 
Damaged/collapsed Building Ratios due to the Khair al Din 
and Zemmouri Models 

1) Distribution of Damage Predicted by the Zemmouri Model 

In general, communes having a relatively high ratio of predicted heavily 
damaged/collapsed buildings are the communes that have a relatively high seismic 
hazard risk (HM/HL).  These communes are located on the Mitidja Plain.  It is noted 
that the Zemmouri model gives seismic hazard risk a stronger emphasis than exposure 
vulnerability. 

2)  Khair al Din Model 

Under the Khair al Din model, all communes have a higher ratio of heavily 
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damaged/collapsed buildings as compared to the Zemmouri model.  In addition to seismic 
hazard risk, the impact of exposure vulnerability tends to be emphasized more strongly 
in this model (seismic intensity was estimated to be 8 or more on the MSK scale). 

(3)  Estimated Social Damage 

As for social damage, the death toll, number of seriously/slightly injured survivors, and 
number of homeless victims predicted to result from an earthquake were estimated using the 
micro-zoning technique. 

Figure 9-34 shows the distribution of the estimated death toll for both the Khair al Din 
model and Zemmouri model. 

Borders of communes

370

Khair al Din Model
Zemmouri Model

Estimated number of human death

 
Source: JICA Study Team 

Figure 9-34  Comparison of the Distribution of the Death Toll Estimated  
by the Khair al Din and Zemmouri Models 

The death toll in the Study Area estimated by the Zemmouri model is relatively high in 
areas where the seismic hazard potential is also relatively high.  For the Khair al Din Model, 
the estimated death toll is likely to be high in the communes having a relatively high exposure 
vulnerability in addition to the communes that have a high seismic hazard risk. 

Of the 34 communes within the Study Area, BORDJ EL KIFFAN and adjacent communes 
located on the Mitidja Plain have extremely high estimated death tolls predicted by both 
models, in spite of the relatively low population density in these localities. 

BORDJ EL KIFFAN has the highest maximum PGA value (1,047 gal was predicted by the 
Kahair al Din model and 1,141 was predicted by the Zemmouri model).  This commune also 
has the highest level of maximum seismic intensity (9.6 was predicted by the Kahair al Din 
model and 9.8 was predicted by the Zemmouri model), compared to other communes. 

It is noted that BORDJ EL KIFFAN and adjacent communes, which are located mainly on 
the Mitidja Plain, are the most likely communes to have high death tolls of the 34 communes 
in the Study Area.  This is due to the high seismic hazard risk (especially high ground surface 
motion potential) that was predicted by all seismic models, in spite of these communes having 
a lower exposure vulnerability. 
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As for the predicted number of injured and homeless victims, the distribution pattern of 
these numbers within the Study Area is similar to the distribution pattern of the death toll 
predicted by the Khair al Din model and Zemmouri models, as shown in Figures 9-35 and 
Figure 9-36. 

Borders of communes

Khair al Din Model
Zemmouri Model

Estimated number of heavy/slightly injury
1,400

 
Source: JICA Study Team 

Figure 9-35 Comparison of the Distribution of the Estimated Number of 
Injured Victims due to the Khair al Din and Zemmouri Models 

It is also noted that the damage estimated for AIN BENIAN due to the Khair al Din model 
is relatively high, in spite of this commune’s low to moderate urban vulnerability when 
compared to all the 34 communes.  The major reason for such high damage levels being 
predicted for AIN BENIAN due to the Khair al Din model is attributed to this commune 
having the highest PGA value (max. 1,200 gal) and seismic intensity (max. 9.8 on the MSK 
scale) of all the 34 communes.  In the Khair al Din model, seismic intensity for AIN 
BENIAN is estimated to be nine (9) or more within the vicinity of AIN BENIAN, such as 
BORDJ EL KIFFAN. 

Borders of communes

Khair al Din Model
Zemmouri Model

Estimated number of heavy/slightly injury
23,000

 
Source: JICA Study Team 

Figure 9-36 Comparison of the Distribution of the Estimated Number of Homeless 
vulictims Estimated by the Khair al Din and Zemmouri Models 
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(4) Analysis of Current Urban Vulnerability within the Study Area 

Table 9-22 shows a comparison of the current urban vulnerability and estimated damage 
using the micro-zoning technique. 

Urban vulnerability within the Study Area is discussed further below. 

Table 9-22  Comparison of Current Urban Vulnerability and Estimated Damage 
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1601 ALGER CENTRE MHH MM ML 1,395 748 2,766 38,820 379 206 1,201 10,532
1602 SIDI M'HAMED MHH MM ML 922 686 2,615 37,129 235 136 908 9,490
1603 EL MADANIA MHM MH MM 1,435 523 2,194 23,093 492 121 842 7,974
1604 HAMMA EL ANNASSER MHH MM ML 834 433 1,941 22,351 265 50 480 7,184
1605 BAB EL OUED HHH LM HL 616 548 2,260 28,083 155 56 519 7,126
1606 BOLOGHINE MHH LH MH 899 246 1,341 13,026 212 0 0 3,122
1607 CASBAH HHH LM HM 1,067 515 2,173 19,133 282 50 479 5,150
1608 OUED KORICHE MHH LH MH 978 437 1,952 19,755 246 15 218 5,058
1609 BIR MOURAD RAIS LMH MM LM 1,249 211 1,219 11,294 331 0 0 3,046
1610 EL BIAR LHH MH LM 3,393 513 2,167 23,570 820 32 360 5,785
1611 BOUZAREAH LMM LH LM 2,633 392 1,821 18,178 454 0 0 3,206
1612 BIRKHADEM LMH MM LH 1,852 306 1,551 15,489 617 11 179 5,248
1613 EL HARRACH LHM HL LL 2,076 435 1,946 21,489 1,555 316 1,582 16,106
1615 OUED SMAR LMH HL LL 1,339 80 650 8,214 1,352 82 662 8,290
1616 BOUROUBA MMH HM MM 1,892 482 2,079 30,008 1,259 311 1,567 19,979
1617 HUSSEIN DEY LHH HM LM 2,155 486 2,093 22,747 1,024 199 1,173 10,838
1618 KOUBA LMH MM LM 2,884 623 2,456 33,329 1,195 260 1,391 13,812
1619 BACH DJERAH MMH HM MM 1,895 585 2,359 27,670 1,119 362 1,727 16,319
1620 DAR EL BEIDA LLM HL LM 2,941 273 1,439 15,990 3,848 379 1,781 20,895
1621 BAB EZZOUAR MMH HL ML 1,490 511 2,162 26,219 1,531 523 2,194 26,943
1622 BEN AKNOUN LLH MM LL 1,009 47 464 5,885 166 0 0 978
1623 DELY BRAHIM LLM MM LL 1,309 152 974 10,347 198 0 0 1,585
1624 HAMMAMET LML LM LM 687 43 436 6,032 98 0 0 866
1625 RAIS HAMIDOU LLM LH LH 1,047 38 401 6,662 200 0 0 1,277
1626 DJASR KACENTINA LLM HM LM 785 375 1,767 18,408 424 151 969 9,988
1627 EL MOURADIA LHH MH LM 1,675 328 1,619 14,754 512 9 159 4,597
1628 HYDRA LHM MH LH 1,967 185 1,116 9,885 417 0 0 2,133
1629 MOHAMMADIA LMH HL LL 1,671 335 1,641 15,938 1,304 246 1,340 12,449
1630 BORDJ EL KIFFAN LLM HL LM 4,637 712 2,680 43,340 4,911 735 2,736 45,916
1631 EL MAGHARIA MHH HM MM 974 178 1,085 11,043 493 17 233 5,667
1632 BENI MESSOUS LLM MM LM 821 33 367 6,338 125 0 0 973
1639 BORDJ EL BAHRI LML ML LL 1,799 148 956 10,480 2,022 188 1,126 11,754
1640 EL MARSA LMM LM LL 504 0 0 3,329 556 0 0 3,672
1644 AIN BENIAN LML MM LM 2,986 504 2,143 24,061 385 0 0 3,166

Total 55,817 12,109 54,831 642,088 29,176 4,453 23,826 311,121

Estimated Damage: Zemmouri ModelEstimated Damage: Khair al Din ModelCommune
Code

Commune name Existing urban vulnerability

 
Source: JICA Study Team 

 

- Of the six (6) earthquake models proposed in this study, the Khair al Din model gives 
the highest level of building/social damage within the Study Area, and this model is 
considered to represent a special and worst case scenario.  In comparison, the 
Zemmouri model is considered to represent one of the possible and typical earthquake 
disasters that may occur within the Study Area. 

- Total damage estimated by the Khair al Din Model is about two (2) or three (3) times 
greater than that estimated by the Zemmouri model. 
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- Damage rapidly becomes greater when the seismic intensity exceeds about 8 on the 
MSK scale in any area when using the models described above. 

- Within the Study Area, communes located on the Mitidja Plain have a relatively high 
vulnerability to earthquakes, compared to the communes in/around the Sahel Hills. 

- As a result of doing the urban vulnerability assessment and the damage estimation 
using a micro-zoning technique in this study, the following points were noted: 

• When seismic intensity reaches or exceeds seismic intensity 8 on the MSK scale, 
communes having a high seismic hazard risk and communes having a high exposure 
vulnerability are both likely to be heavily damaged. (For example, as predicted by 
the Khair al Din model.) 

• When seismic intensity is less than seismic intensity 8 on the MSK scale, communes 
having a high seismic hazard risk are likely to be heavily damaged. (For example, as 
predicted by the Zemmouri model.) 

- It is considered that the Khair al Din model is more suitable than the Zemmouri model 
for emphasizing the threat that earthquake hazards present within the Study Area.  
This is because the former model predicts seismic damage, not only for communes 
having a high seismic hazard risk, but also for communes having a high exposure 
vulnerability. 

9-2-13 Comprehensive Evaluation of Urban Vulnerability 

Through doing the assessment and analysis work mentioned above, urban vulnerability and 
potential solutions within the Study Area can be evaluated comprehensively. 

The communes within the Study Area can be classified into five (5) groups, based on their urban 
vulnerability characteristics, as shown in Table 9-23. 

Table 9-23  Commune Groups by Urban Vulnerability Characteristics 

Group Code Commune Population 
density 

Building 
Age 

Economic 
value 

Ground 
surface 
motion 

potential 

Slope 
failure 

risk 

Evacuation
/rescue 
difficulty

1601 ALGER CENTRE M H H M M L 
1610 EL BIAR L H H M H M 
1627 EL MOURADIA L H H M H M 
1617 HUSSEIN DEY L H H H M M 
1631 EL MAGHARIA M H H H M M 
1609 BIR MOURAD RAIS L M H M M M 
1618 KOUBA L M H M M M 
1619 BACH DJERAH M M H H M M 

I 

1616 BOUROUBA M M H H M M 
1605 BAB EL OUED H H H L M L 
1604 HAMMA EL ANNASSER M H H M M L 
1602 SIDI M'HAMED M H H M M L 
1607 CASBAH H H H L M M 

II 

1603 EL MADANIA M H M M H M 
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Group Code Commune Population 
density 

Building 
Age 

Economic 
value 

Ground 
surface 
motion 

potential 

Slope 
failure 

risk 

Evacuation
/rescue 
difficulty

1606 BOLOGHINE IBNOU ZIRI M H H L H H 
1608 OUED KORICHE M H H L H H 
1628 HYDRA L H M M H H 
1612 BIRKHADEM L M H M M H 
1625 RAIS HAMIDOU L L M L H H 

III 

1611 BOUZAREAH L M M L H M 
1629 MOHAMMADIA L M H H L L 
1615 OUED SMAR L M H H L L 
1621 BAB EZZOUAR M M H H L L 
1613 EL HARRACH L H M H L L 
1630 BORDJ EL KIFFAN L L M H L M 
1620 DAR EL BEIDA L L M H L M 

IV 

1626 DJASR KACENTINA L L M H M M 
1622 BEN AKNOUN L L H M M L 
1623 DELY BRAHIM L L M M M L 
1639 BORDJ EL BAHRI L M L M L L 
1640 EL MARSA L M M L M L 
1624 HAMMAMET L M L L M M 
1644 AIN BENIAN L M L M M M 

V 

1632 BENI MESSOUS L L M M M M 

H: High, M: Moderate, L: Low 
Source: JICA Study Team 

Figure 9-37 shows the distribution of commune groups by Urban Vulnerability Characteristics 
within the Study Area. 

 

 
Source: JICA Study Team 

Figure 9-37  Distribution of Commune Groups by Urban Vulnerability Characteristics 

 

Group I  
Group II  
Group III  
Group IV  
Group V 
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(1) Characteristics of Urban Vulnerability 

1) Group I 

There are nine (9) communes that have been allocated to Group I.  The communes in 
this group contain areas that are economically very important and they have a relatively 
high exposure vulnerability.  Within these communes, there are many old buildings 
constructed before 1981.  These buildings are relatively fragile and prone to damage by 
seismic motion because of lack of seismic-resistant construction measures.  The seismic 
hazard potential is moderate to high, and evacuation/rescue difficulty is moderate within 
the Study Area. 

In addition to the characteristics mentioned above, there are many narrow and sloping 
communal roads within each community.  The current high level of car ownership in 
the communes has resulted in a serious lack of car parking spaces.  Usually, both sides 
of communal roads are occupied by parked cars and commercial vehicles during the day.  
Such parking on the streets often causes traffic jams at many points.  This situation may 
result in heavy casualties during seismic hazards due to the difficulty of access for rescue 
operations. 

“Potential Solutions” 

- Renovation of buildings having lower seismic-resistance 
- Increasing the number of car parking spaces, and decreasing the number of cars 

that are parked on narrow roads 
- Restricting building construction on sites close to steep slopes, and building slope 

protection structures 
- Widening narrow roads 
- Increasing the amount of open space 
-  Relocation of central city facilities or relocation of residents 

2) Group II 

There are five (5) communes that have been allocated to Group II.  The communes 
in this group contain areas that are economically very important (similar to Group I) and 
they are characterized by a higher relative population density than Group I.  Therefore, 
the communes in Group II have the highest level of exposure vulnerability.  The seismic 
hazard potential is lower than for Group I.  However, the Group II communes have a 
relatively high level of evacuation/rescue difficulty. 

“Potential Solutions” 

- Renovation of buildings having lower seismic-resistance 
- Increasing the number of car parking spaces, and decreasing the number of cars 

that are parked on narrow roads 
- Restricting building construction on sites close to steep slopes, and building slope 

protection structures 
- Widening narrow roads 
- Increasing the amount of open space 
- Relocation of central city facilities or relocation of residents 
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3) Group III 

There are six (6) communes that have been allocated to Group III.  The communes 
in Group III are located on sloping land in the Sahel Hills.  Therefore, the communes in 
this Group have a high slope failure risk in an earthquake.  However, the ground surface 
motion potential is low to moderate.  The Group III communes have high levels of 
evacuation/rescue difficulty due to lack of connectivity with the regional road network. 

Of the 6 communes in Group III, BOLOGHINE IBOU ZIRI, OUED KORICHE, 
HYDRA and BIRKHADEM have higher levels of exposure vulnerability. 

“Potential Solutions” 

- Restricting building construction on sites close to steep slopes, and building slope 
protection structures 

- Increasing the amount of open space 
- Improving road connectivity to the regional road network (accessibility) 
- Renovation of buildings having lower seismic-resistance 

4) Group IV 

Group IV comprises seven (7) communes that are located on the Mitidja Plain.  The 
communes in Group IV have a high level of ground surface motion potential and contain 
areas having a moderate to high level of economic importance within the Study Area. 

Of the 7 communes in Group IV, MOHAMMADIA, OUED SMAR, BEB EZZOUR 
and EL HARRACH have higher levels of exposure vulnerability and the other 
communes have a low to moderate exposure vulnerability. 

“Potential Solutions” 

- Preparation for seismic motion.  For example, securing unstable fixtures such as 
infrastructure, machines and instruments in factories, furniture in buildings, etc. 

- Renovation of buildings having lower seismic-resistance 

5) Group V 

Group V comprises seven (7) communes.  The communes in Group V have a low to 
moderate urban vulnerability. 

“Potential Solutions” 

- Introducing the above points into communal land use plans 

9-2-14 Case Study 1: Evacuation Point Capacity and Other Potential Refuge Sites 

The potential damage estimated by using the micro-zoning technique gives an estimated number 
of about 640,000 homeless victims for the Khair al Din model and an estimated number of about 
310,000 homeless victims for the Zemmouri model.  These people will be homeless due to the 
destruction of their houses by earthquakes.  The homeless victims might have to move to safe 
evacuation points and need to be accommodated in temporary shelters.  These people might be 
located in community or regional evacuation points until when they are able to return to their 
original homes or move to new destinations. 
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As a case study, the capacity of existing evacuation points was reviewed, as described below. 

(1) Evacuation Point Definitions Used in Japan 

There are two (2) types of evacuation points that are defined in Japan.  These are: 

1) Community evacuation points; and 
2) Regional evacuation points. 

1)  Community Evacuation Points 

A community evacuation point is for people who have to evacuate temporarily (then 
be moved to a regional evacuation point).  Public parks, sports fields, schools or other 
suitable places are usually selected for community evacuation points in Japan.  Open 
space requirements for a community evacuation point are recommended to be 2 m2 or 
more per person in Japan.  The population area served by each community evacuation 
point should be circular and have a radius not exceeding approximately 500 m, or stated 
another way, no person should have to travel more than 500 m straight line distance to 
reach a community evacuation point.  In Japan, a community evacuation point should 
have a total area of at least one (1) ha. 

2) Regional Evacuation Points 

A regional evacuation point is an open space such as a large park or large sports fields 
where evacuated people will finally be moved to through evacuation activities.  The 
open space requirement for a regional evacuation point is recommended to be 3 m2 or 
more per person in Japan.  The population area served by each regional evacuation 
point should be circular and have a radius not exceeding approximately 2 km.  In Japan, 
a regional evacuation point should have an area of at least ten (10) ha. 

In this case study, only public parks and open-air sports fields are considered as being 
potential community/regional evacuation points.  These facilities have been targeted by 
DGPC as possible evacuation points in an emergency. 

(2) Selection of Possible Community/Regional Evacuation Points 

A total of 118 public parks and 132 open-air sports fields were identified by the disaster 
management resource survey that was undertaken by the JICA Study Team. 

Of all the public parks and open-air sports fields identified within the Study Area, 34 parks 
and 29 open-air sports fields can be considered as being suitable for use as community 
evacuation points.  These places are connected to the road network for possible 
evacuation/rescue (mentioned in Section 9-2-8) and they have areas of at least 1ha.  In 
addition, these places are located at least 250m away from highly flammable facilities/fuel 
tanks. 

Out of the suitable community evacuation points mentioned above, six (6) community 
evacuation points (4 parks and 2 open-air sporting fields) having areas of at least 10 ha are 
considered to also be suitable for use as regional evacuation points. 
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(3) Capacity of Community Evacuation Points for Homeless Victims 

There are nine communes that do not have suitable community evacuation points within 
the boundary of the commune.  These are EL MADANIA, HAMMA EL ANNASSER, 
BOLOGHINE IBNOU ZIRI, CASBAH, OUED KORICHE, RAIS HAMIDOU, EL 
MOURADIA, BENI MESSOUS and EL MARSA. 

The total area (ha) of evacuation points within the Study Area is 264.1 ha.  The capacity 
(number of homeless victims that can be accommodated) within the Study Area is calculated 
according to the following formula: Capacity = [Gross area of open space] / [space needed for 
one person], i.e. Capacity = [264.1 ha] / [2 m2 per person].  Therefore, the total capacity of 
community evacuation points for homeless victims in the Study Area is calculated to be 
1,320,500 people.  The calculated capacity of evacuation points within each commune is 
shown in Table 9-24. 

Table 9-24  Capacity of Evacuation Points for Homeless Victims 

Code Commune 
Number of open 

spaces (parks and 
open-air sports fields)

Gross area (ha) 
of 

open space 

Capacity for 
homeless 

victims 
1601 ALGER CENTRE 5 20.5 102,500 
1602 SIDI M'HAMED 1 1.8 9,000 
1603 EL MADANIA 0 0.0 0 
1604 HAMMA EL ANNASSER 0 0.0 0 
1605 BAB EL OUED 3 4.9 24,500 
1606 BOLOGHINE IBNOU ZIRI 0 0.0 0 
1607 CASBAH 0 0.0 0 
1608 OUED KORICHE 0 0.0 0 
1609 BIR MOURAD RAIS 2 4.0 20,000 
1610 EL BIAR 2 3.1 15,500 
1611 BOUZAREAH 1 1.3 6,500 
1612 BIRKHADEM 1 1.1 5,500 
1613 EL HARRACH 2 4.4 22,000 
1615 OUED SMAR 2 4.1 20,500 
1616 BOUROUBA 1 11.3 56,500 
1617 HUSSEIN DEY 1 1.3 6,500 
1618 KOUBA 2 6.8 34,000 
1619 BACH DJERAH 1 3.3 16,500 
1620 DAR EL BEIDA 2 5.4 27,000 
1621 BAB EZZOUAR 5 23.8 119,000 
1622 BEN AKNOUN 4 26.9 134,500 
1623 DELY BRAHIM 5 71.8 359,000 
1624 HAMMAMET 5 10.3 51,500 
1625 RAIS HAMIDOU 0 0.0 0 
1626 DJASR KACENTINA 1 8.5 42,500 
1627 EL MOURADIA 0 0.0 0 
1628 HYDRA 1 1.4 7,000 
1629 MOHAMMADIA 1 3.7 18,500 
1630 BORDJ EL KIFFAN 7 17.6 88,000 
1631 EL MAGHARIA 1 3.2 16,000 
1632 BENI MESSOUS 0 0.0 0 
1639 BORDJ EL BAHRI 4 16.5 82,500 
1640 EL MARSA 0 0.0 0 
1644 AIN BENIAN 3 7.1 35,500 

Source: JICA Study Team 
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(4) Comparison of the Capacity of Evacuation Points and Estimated Number of Homeless 
Victims 

In the micro-zoning in this study, about 55,000 homeless victims were estimated by the 
Khair al Din model and about 24,000 homeless victims were estimated by the Zemmouri 
model.  These numbers of estimated homeless victims are smaller than the calculated 
capacity of the evacuation points for homeless victims within the Study Area. 

However, of the 34 communes included within the Study Area, 17 communes do not have 
enough evacuation point capacity for the number of homeless victims predicted by the Khar al 
Din model, and 11 communes do not have enough evacuation point capacity for the number of 
homeless victims predicted by the Zemmouri model, as shown in Table 9-25.  

Table 9-25  Balance of Capacity of Evacuation Points for Homeless Victims 

Estimated number of 
homeless victims 

Estimated excess capacity 
for homeless victims 

([Calculated Capacity] - 
[Estimated number of 
homeless victims] ) 

Code Commune Calculated 
Capacity 

Khair al 
Din model

Zemmouri 
model 

Khair al Din 
model 

Zemmouri 
model 

1601 ALGER CENTRE 102,500 38,820 10,532 63,680  91,968 
1602 SIDI M'HAMED 9,000 37,129 9,490 -28,129  -490 
1603 EL MADANIA 0 23,093 7,974 -23,093  -7,974 
1604 HAMMA EL ANNASSER 0 22,351 7,184 -22,351  -7,184 
1605 BAB EL OUED 24,500 28,083 7,126 -3,583  17,375 
1606 BOLOGHINE IBNOU ZIRI 0 13,026 3,122 -13,026  -3,122 
1607 CASBAH 0 19,133 5,150 -19,133  -5,150 
1608 OUED KORICHE 0 19,755 5,058 -19,755  -5,058 
1609 BIR MOURAD RAIS 20,000 11,294 3,046 8,706  16,954 
1610 EL BIAR 15,500 23,570 5,785 -8,070  9,715 
1611 BOUZAREAH 6,500 18,178 3,206 -11,678  3,294 
1612 BIRKHADEM 5,500 15,489 5,248 -9,989  252 
1613 EL HARRACH 22,000 21,489 16,106 511  5,894 
1615 OUED SMAR 20,500 8,214 8,290 12,286  12,210 
1616 BOUROUBA 56,500 30,008 19,979 26,492  36,522 
1617 HUSSEIN DEY 6,500 22,747 10,838 -16,247  -4,338 
1618 KOUBA 34,000 33,329 13,812 672  20,188 
1619 BACH DJERAH 16,500 27,670 16,319 -11,170  181 
1620 DAR EL BEIDA 27,000 15,990 20,895 11,010  6,105 
1621 BAB EZZOUAR 119,000 26,219 26,943 92,781  92,058 
1622 BEN AKNOUN 134,500 5,885 978 128,615  133,522 
1623 DELY BRAHIM 359,000 10,347 1,585 348,653  357,415 
1624 HAMMAMET 51,500 6,032 866 45,468  50,634 
1625 RAIS HAMIDOU 0 6,662 1,277 -6,662  -1,277 
1626 DJASR KACENTINA 42,500 18,408 9,988 24,092  32,512 
1627 EL MOURADIA 0 14,754 4,597 -14,754  -4,597 
1628 HYDRA 7,000 9,885 2,133 -2,885  4,867 
1629 MOHAMMADIA 18,500 15,938 12,449 2,562  6,052 
1630 BORDJ EL KIFFAN 88,000 43,340 45,916 44,660  42,084 
1631 EL MAGHARIA 16,000 11,043 5,667 4,958  10,333 
1632 BENI MESSOUS 0 6,338 973 -6,338  -973 
1639 BORDJ EL BAHRI 82,500 10,480 11,754 72,020  70,746 
1640 EL MARSA 0 3,329 3,672 -3,329  -3,672 
1644 AIN BENIAN 35,500 24,061 3,166 11,439  32,334 
Total 1,320,500 642,088 311,121 678,412 1,009,379

Source: JICA Study Team 
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For communes located on the Mitidja Plain, where the seismic hazard risk is relatively 
high and the exposure vulnerability is relatively low, there is enough evacuation point capacity 
for the predicted number of homeless victims.  However, for communes located in the Sahel 
Hills region, where the seismic hazard risk is relatively low and the exposure vulnerability is 
relatively high, the evacuation points often do not have sufficient capacity for the predicted 
number of homeless victims.  This is especially the case for the Khair al Din model, which 
predicts greater numbers of victims.  Therefore, the following potential countermeasures 
might be required in order to accommodate homeless victims in the 17 communes that are 
predicted to have insufficient capacity, as listed above: 

• Option A: Move victims to evacuation points that are located in communes that are 
immediately adjacent to the affected communes, and which have enough 
excess capacity to accommodate the additional homeless victims 

• Option B:  Move victims to evacuation points that are located in the general vicinity 
(i.e. further away than the adjacent communes), which have enough excess 
capacity to accommodate the additional homeless victims 

• Option C: Evacuate victims to other types of open spaces such as grasslands, 
agricultural lands, etc. 

Of the three (3) options listed above (A - C), when applying option A and B, but excluding 
option C, the following evacuation plan for homeless victims within the 17 communes is 
suggested as a possible countermeasure. 

Communes listed in Table 9-26 can take Option A if needed, and communes listed in Table 
9-27 can take Option B if needed. 

Table 9-26  Communes Needing to use Evacuation Points in Adjacent Communes 

Commune Capacity 
shortfall 

Targeted communes and capacity for additional 
homeless victims 

EL MARSA 3,329 BORDJ EL BAHRI 72,020
BACH DJARAH 11,170 BOUROUBA 26,492
BIRKHADEM 9,989 DJASR KASANTINA 24,092
RAIS HAMIDOU 6,662 EL HAMMAMET 45,468
BENI MESOUS 6,338 DELY BRAHIM 348,653
BOUZAREAH 11,678 DELY BRAHIM 348,653
EL BIAR 8,070 BEN AKNOUN 128,615
HYDRA 2,885 BEN AKNOUN 128,615
OUED KORICHE 19,755 ALGER CENTRE 63,680
CASBAH 19,133 ALGER CENTRE 63,680
SIDI M’HAMED 28,129 ALGER CENTRE 63,680

Source: JICA Study Team 
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Table 9-27  Communes Needing to use Evacuation Points in the General Vicinity 

Commune Capacity 
shortfall 

Targeted communes and capacity for additional 
homeless victims 

BOLOGHINE I. Z. 13,026 EL HAMMAMET 45,468
BAB E. OUED 3,583 EL HAMMAMET 45,468
HAMMA. E.A. 22,351 BEN AKNOUN 128,615
EL MOURADIA 14,754 BEN AKNOUN 128,615
EL MADANIA 23,093 BEN AKNOUN 128,615
HUSSEIN DEY 16,247 BOUROUBA and EL MAGHARIA 31,450

Source: JICA Study Team 

(5) Other Potential Sites Required in an Emergency 

In order to construct temporary shelters for homeless victims, or temporary hospitals for 
injured people and others, additional open spaces might be needed.  Table 9-28 shows the 
potential available area by commune. 

The area of land that may be used in the future for potential sites in an emergency or for 
future development projects was calculated using the GIS.  For this calculation, the 
generalized land cover map for 2000/2001 (as mentioned in Section 9-2-1 above) was used as 
the base data. 

The calculation was based on the following assumptions: 

• Exclusion of the “Forest” and “Water” classes (land to be conserved); 

• Exclusion of the “Bare Land” and “Shrub” classes. (The area of these two (2) classes is 
very small within the study area, and these two (2) classes are often located on slopes 
that are unsuitable for urban development or use as potential sites in an emergency.); 

• Exclusion of the “Urban”, “Industrial” and “Infrastructure” land cover classes. 
(“Urban” land is already urbanized, and both the “Industrial” and “Infrastructure” areas 
would be unsuitable for urban development); 

• 50% of the “Mixed Urban” class area could be utilized; and 

• 100% of the area of the “Grassland” and “Cropland” classes could be utilized. 

Based on the calculation that was done using the GIS, it was determined that a total of 
5,664 ha could potentially be utilized for emergency response in a hazardous earthquake such 
as is predicted by the Khair al Din model. 

Of the 34 communes in the Study Area, DAR EL BEIDA has the largest potential for 
future development (about 1,500 ha).  This comprises 65% of the DAR EL BEIDA commune 
area.  The commune with the next largest available area is BORDJ EL KIFFAN.  This 
commune has an area of 890 ha that is available for potential urbanization after 2000/2001. 
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Table 9-28  Potential Land Area Available for Future Utilization, by Commune 
Commune Name Area (ha) Commune Name Area (ha) Commune Name Area (ha)

ALGER CENTRE 2 EL HARRACH 316 D. KACENTIAN 498 
SIDI M’HAMED 8 OUED SMAR 150 EL MOURADIA 8 
EL MADANIA 16 BOUROUBA 0 HYDRA 145 
H. E. ANNASSER 2 HUSSEIN DEY 0 MOHAMMADIA 108 
BAB EL OUED 1 KOUBA 13 BORDJ EL IFFAN 890 
BOLOGHINE I. Z. 21 BACH DJERAH 0 EL MAGHARIA 0 
CASBAH 0 DAR E. BEIDA 1,532 BENI MESSOUS 174 
OUED KORICHE 6 BAB EZZOUAR 146 BORDJ EL BAHRI 196 
BIR MOURAD RAIS 7 BEN AKNOUN 48 EL MARSA 100 
EL BIAR 26 DELY BRAHIM 232 AIN BENIAN 682 
BOUZAREAH 61 EL HAMMAMET 20   
BIRKHADEM 180 RAIS HAMIDOU 76   

Source: JICA Study Team 

9-2-15 Case Study 2: Safety of the Regional Evacuation/Rescue Road Network in an 
Emergency 

(1) Possible Road Bridge Collapse Predicted by the Khair al Din Model 

There are 148 road bridges that were checked by the JICA Study Team within the Study 
Area.  Of these 148 road bridges, the Khair al Din model predicts that three (3) road bridges 
have a high probability of falling off their foundations and 19 bridges have moderate 
probability of falling off their foundations.  When the Khair al Din model was used, the 
remaining bridges were considered to have a low probability of collapse. 

(2) Potential Road Cuts and Possible Problems Predicted by the Khair al Din Model 

In this case study, it was assumed that the road bridges having a moderate/high risk of 
collapse, as predicted by the Khair al Din model, would cause roads to be cut. 

Figure 9-38 shows the locations where the ‘Autoroute’ (highway) and National Road 
R.N.05 may be cut, as predicted by the Khair al Din model.  These roads are important 
transport links that follow generally along the southwest coastline of Alger Bay. 
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Source: JICA Study Team 

Figure 9-38 Location of Possible Road Cuts on the ‘Autoroute’ (Highway) and 
National Road R.N.05 between ALGER CENTRE and MOUHAMMADIA 

If roads are cut due to the collapse of road bridges in accordance with the above assumptions, 
the following problems may affect the evacuation/rescue road network within the Study Area: 

- A section of National Road R.N.05 might be not be usable between MOUHAMMADIA and 
ALGER CENTRE. 

-  Alger Port, located between ALGER CENTRE and SIDI M’HAMED, might be isolated 
from the evacuation/rescue road network within the Study Area.  Therefore, accessibility to 
communes located between the southwest coastline of Alger Bay and the Alger International 
Airport, located in DAR EL BEIDA, might be restricted. 

- If sections of National Road R.N.05 and the ‘Autoroute’ (highway) located along the 
coastline of Alger Bay are cut, access between MOUHAMMADIA and HUSSEIN DEY 
might be restricted.  Communes located to the west of HUSSEIN DEY and communes 
located east of MOUHAMMADIA might only be accessible by using the remaining ‘active’ 
roads via the Alger International Airport, which is located in DAR EL BEIDA. 

-  EL MADANIA might not be serviced by any highways, national roads or communal roads 
that are suitable to be used as evacuation/rescue routes within the Study Area.  As a result, 
only local roads might connect EL MADANIA to other communes. 

-  Five (5) communes (AIN BENIAN, EL HAMMAMET, RAIS HAMIDOU, BOLOGHINE 
IBOU ZIRI and BAB EL OUED) might be almost completely isolated from other communes 
within the Study Area. 

-  Within the Study Area, National Road R.N.24 might be the only route that connects 
communes located west of BORDJ EL BAHRI and EL MARSA to the other communes. 

National Road R.N.05 
‘Autoroute’ (highway) 

Legend 

Road cut due to road bridge collapseX
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Source: JICA Study Team 

Figure 9-39 Location of National Road R.N.24 between BORDJ EL KIFFAN  
and BRODJ EL BAHRI 

(3) Important Issues Relevant to the Evacuation/Rescue Road Network within the Study Area 

- Marine transport or aerial transport might be needed in an emergency for communes 
that are likely to be isolated along the Alger Bay coastline.  It is vital that these 
communes prepare for all kinds of disasters. 

- Seismic-resistance measures should be installed on road bridges, especially those on the 
‘Autoroute’ (highway) and National Road R.N.05 that are located along the coastline of 
Alger Bay. 

- Narrow roads and streets should be widened; illegal car-parking on roads should be 
controlled. 

- Existing (local) roads in EL MADANIA and adjacent communes should be improved so 
that they are suitable for use in an emergency such as that predicted by the Khair al Din 
model. 

- Improvement of National Road R.N.24, or construction of a new road parallel to 
R.N.24, might be needed to ensure accessibility to BORDJ EL KIFFAN, BORDJ EL 
BAHRI and EL MARSA. 

- Possible regional evacuation points that have enough space for evacuation/rescue 
activities in DELY BRAHIM and BEN AKNOUN might play an important role for 
communes that might become isolated in by a disaster of the scale predicted by the 
Khair al Din model.  This is especially important for the five (5) communes that are 
located in/around the Sahel Hills region (AIN BENIAN, EL HAMMAMET, RAIS 
HAMIDOU, BOLOGHINE IBOU ZIRI and BAB EL OUED).  In an emergency, 
National Road R.N.11 will be a vital route for accessing these potentially isolated 
communes. 
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- Access roads between regional evacuation points located in DELY BRAHIM and BEN 
AKNOUN and the above five (5) communes should be improved so that they are 
suitable for evacuation and rescue use in an emergency. 

9-2-16 Case Study 3: Possible Methods for Towns to Mitigate the Effects of Earthquake 
Disasters 

This case study suggests possible methods for selected built-up areas in SIDI M’HAMED and 
EL HARRACH to mitigate the effect of earthquake disasters in terms of urban development. 

(1) SIDI M’HAMED 

1) Area of Interest 

An area of about 210 ha in SIDI M’HAMMED and adjacent communes was selected 
for this case study.  Figure 9-40 shows the extent of the case study area and the existing 
conditions relevant to the study that are present in this area. 

2) Risks in an Earthquake Disaster 

The following points can be identified as risks in an earthquake disaster.  The 
locations of Areas A - F, which are described in the following sections, are shown on 
Figure 9-40. 

‘A’ Area 

- Almost of all the buildings were constructed before 1981, which indicates that 
they have a relatively low resistance to seismic shocks. 

- The area includes important buildings and facilities for government, the economy, 
education, etc. 

- The area has a relatively high population density. 
- Both sides of communal roads are usually occupied by illegally parked cars that 

are owned by residents and visitors.  Illegal parking occurs because there is a 
shortage of car-parking places. 

‘B’ Area 

- The area is located on the Alger Port site and there are flammable or explosive fuel 
storage tanks. 

- The area has high potential for liquefaction and ground surface motion caused by 
seismic shocks. 

‘C’ Area 

- There are many narrow communal roads having a width of less than eight (8) 
meters.  These roads are likely to be blocked by rubble induced by building 
collapse due to seismic shocks.  It might become difficult for evacuation/rescue 
activities to be carried out in an emergency following a hazardous earthquake. 

- A Civil Protection station is located in the southeast part of the area.  Narrow 
communal roads in this area might block activities related to their emergency 
response work.  Illegal car-parking on roads will also cause difficulty for rescue 
activities.
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‘D’ Area 

- The area is located between two open spaces that can be used for communal or 
regional evacuation points. 

- There are many narrow roads that might be blocked by rubble from collapsed 
buildings and densely built-up housing sites.  Residents might not have access to 
the evacuation points described above. 

‘E’ Area 

- The area is located in gently sloping land and has densely built-up housing sites.  
The area shows a pattern of urban sprawl. 

- The area lacks open spaces that can be used for community evacuation points and 
evacuation routes. 

Roads are less than eight 8 m wide and some of the roads are less than 4 m wide.  In 
an emergency, such as a hazardous earthquake, this area might be isolated from 
adjacent areas. 

‘F’ Area 

- There is an important road bridge connecting the coastal highway (‘autoroute’) 
and National Road R.N.05.  The bridge might fall off its foundations in a severe 
earthquake, such as that predicted by the Khair al Din model.  If the road bridge 
that connects the coastal highway and R.N.05 is damaged or destroyed, the road 
network in the area might be cut and the areas mentioned above would experience 
extreme difficulty in an emergency situation. 

3) Suggestions on Urban Development 

The following points are important for possible urban development projects and in 
terms of disaster management. 

‘A’ and ‘C’ Areas  

- The areas have already been densely built-up.  Therefore, in the short term, it 
might be difficult to promote new urban development plans that have advantages 
for disaster management. 

- In order to upgrade safety in evacuation/rescue activities for residents, 
accessibility to communal roads should be secured by positive measures, such as 
restricting illegal car-parking on narrow roads. 

- In addition to securing the safety of roads for evacuation/rescue activities, the 
number of potential road network cuts should be reduced by improving the 
seismic-resistance of old buildings that currently have a low resistance to seismic 
shocks. 

- At present, there are not enough open spaces to accommodate the residents.  
Existing facilities/buildings, e.g. schools that are not part of the open spaces 
resources should have their seismic-resistance improved.  These facilities could 
then be used as temporary shelters for evacuees or as rescue operation bases in an 
emergency. 
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‘B’ Area 

- Checking the resistance of fuel storage tanks to seismic shocks is recommended as 
soon as possible. 

- Access roads to the tanks must always be kept clear by restricting parking on the 
roads. 

‘C’ Area 
- Road accessibility around the emergency services facility in this area should be 

secured by widening the roads. 

‘D’ Area 

- The same measures that are recommended for Area ‘A’ should also be applied to 
Area ‘D’. 

- In particular, accessibility to open spaces in the adjacent communes should be 
secured. 

‘E’ Area 

- The same measures that are recommended for Area ‘A’ area should basically be 
taken in ‘E’ area. 

- Accessibility to other areas should be secured by widening existing roads. 
- Restrictions might need to be applied on new building construction projects in 

steeply sloping areas. 
- Slope protection work is recommended for residential sites and communal roads 

where it is needed. 

‘F’ Area 

- The road bridge between the coastal highway (‘autoroute’) and National Road 
R.N.05 should be checked in terms of its seismic-resistance.  If needed, 
countermeasures and renovation work should be implemented. 

- In a severe earthquake, the bridge may fall off its foundations.  Therefore, 
alternative routes that would be usable in an emergency should be considered 
based on the existing road network. 

(2) EL HARRACH 

1) Area of Interest 

An area of about 200 ha in EL HARRACH and adjacent communes was selected as 
another area to be evaluated in this case study.  The selected area coincides with the 
town centre located in the northern half of EL HARRACH.  Figure 9-41 below shows 
the extent of the case study area and the existing conditions on the ground. 

2) Risk in an Earthquake Disaster 

The following points were identified as risks in an earthquake disaster (See Figure 
9-41 below). 
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‘A’ Area 

- The area is located on sloping ground that has been eroded and formed a valley. 

- There are many old buildings that were constructed before 1981, which have a 
relatively low seismic-resistance. 

- Densely built-up areas extend from northeast to southwest along the valley axis 
within ‘A’ area. 

- The area comprises small shops and dwellings, with relatively narrow roads 
having widths of less than 8 m.  If a seismic shock occurs, the narrow roads in 
this area might be blocked by rock falls and rubble from collapsed buildings. 

- There is heavy non-stop traffic passing through this area because it is a junction 
point connecting communes located to the east and west of this area. 

‘B’ Area 

- The area includes industrial sites and is economically important. 

‘C’ Area 

- The area includes a NAFTAL fuel (gasoline) factory (a distribution depot). 

‘D’ Area 

- There is a drinking water production facility in this area. 

‘E’ and ‘F’ Areas 

- There is vacant land having enough space for disaster management on the Mitidja 
Plain.  The ‘F’ area is located in the riverbed along the Harrach River. 
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Locations ‘I’, ‘II’ and ‘III’ 

- Road bridges located at points ‘I’, ‘II’, ‘III’ shown above in Figure 9-41 have 
moderate to high potential to be thrown off their foundations in severe seismic 
shocks like those predicted by the Khair al Din model. 

- If the roads were cut due to bridges collapsing, road traffic beyond the Haraach 
River will experience great difficulty. 

3) Suggestions for Urban Development 

Important points to be considered by future urban development projects or for disaster 
management are listed as follows: 

‘A’ Area 

- The area is already densely built-up.  Therefore, it might be difficult to promote 
new urban development plans that have advantages for disaster management in the 
short term.  This also applies to SIDI M’HAMED. 

- In order to upgrade the safety of residents in evacuation/rescue activities, access to 
communal roads should be secured by measures such as restricting illegal 
car-parking on narrow roads. 

- In addition to securing the safety of roads for evacuation/rescue activities, the 
number of sites where the road network could potentially be cut should be reduced.  
This can be done by improving the seismic-resistance of old buildings that have 
low resistance to seismic shocks. 

- Existing facilities/buildings, e.g. schools that are not open spaces should have their 
seismic-resistance improved so that they can be used as temporary shelters for 
evacuees or as rescue operation bases in an emergency.  This is because there 
are not enough open spaces for residents.  For example, mosques might be 
usable as temporary shelters for evacuees in an emergency.  However their 
seismic-resistance condition should be checked, and improved where required so 
that they can be safely used as evacuation sites. 

- The area is likely to be isolated from the regional evacuation/rescue network, as 
mentioned in previous sections. 

- An alternative by-pass road for this area might be needed as a long term measure. 
(Currently, only National Road R.N.05, which is located in the eastern portion of 
this area, is used as a bypass route.  However, R.N.05 might be cut if any bridges 
are thrown off their foundations in a severe seismic shock such as is predicted by 
the Khair al Din model.) 

- Accessibility to other areas should be secured by widening roads. 

- Restrictions might need to be applied for new building construction in steeply 
sloping residential sites. 

- Slope protection work is recommended for residential sites and communal roads. 
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‘B’ Area 

- It is recommended that the stability of factory facilities during a seismic shock be 
checked as soon as possible.  

- Toxic waste and substances used for industry should be secured against seismic 
shocks, so that such waste and substances do not pose a safety risk around the 
factory sites. 

- Fire fighting training for employees might be required for large facilities. 

‘C’ Area 

It is recommended that the resistance of fuel storage tanks to seismic shocks be 
checked as soon as possible. 

- Open spaces (buffer zones) around the tanks should be secured. 

- Access roads to the fuel tanks must always be kept clear by restricting car-parking 
on these roads. 

- New residential sites should be placed far enough away from NAFTAL’s fuel 
tanks. 

- A new bypass road could be constructed, so that through traffic could avoid the 
NAFTAL site. 

‘E’ Area 

- The area has large open spaces for future development.  In the short term, the 
area could be used for large scale disaster management, such as a regional 
evacuation point or a tent town for evacuees. 

‘F’ Area 

- The area also has large open spaces on one bank of the Harrach River.  This area 
does not seem to be suitable for a tent town or use as an important temporary base.  
However, it might be usable as a community evacuation point.  The area might be 
also used for car-parking, not only in an emergency but also under usual 
conditions.  The area could also be used as a temporary heliport in case of need. 

Locations ‘I’, ‘II’ and ‘III’ 

As mentioned in previous sections of this report, a stability assessment of the 
bridges within locations ‘I’, ‘II’ and ‘III’ is urgently required.  If it is found that the 
stability is not sufficient to resist seismic shocks, repair work should be undertaken 
in the near future. 



Draft Final Report 

  
9-80 

9-3 Earthquake Disaster Scenario   

Based on the results of damage estimation, a consequence scenario of earthquake disaster was 
formulated in consideration of the present situation and the past experience of Algeria.  For the 
preparation of the contents of the scenario, blank form of the scenario was distributed to members 
of the steeling committee and study team, and then, descriptions of the members were collected and 
combined as shown in Tables 9-29 to 9-52.   

It should be noted that this scenario is not a prediction of future situation.  The purpose of this 
scenario is to provide a material for formulation of realistic disaster management plan and enhance 
disaster management activities, but not for criticize the present condition.  From that standpoint, 
this scenario was arranged in the following form.   

- Scenario earthquake: Khair al Dim earthquake occurred at 20:00; the most serious damage 
was foreseen among the six cases examined in this study.   

- Subjects of the scenario: 24 kinds related to emergency response; (1) Emergency 
headquarters, (2) Base of support, (3) Accommodation and shelters, (4) Rescue and fire 
fighting, (5) Public security, (6) The injured and medial treatment, (7) Sanitation, (8) Missing 
persons, (9) Mortuary treatment, (10) False rumor and panic, (11) Psychological care, (12) 
Education, (13) Reception of support, (14) Food, (15) Drinking water, (16) Electric power, 
(17) Gas, (18) Telecommunication, (19) Media, (20) Air transportation, (21) Marine 
transportation, (22) Land transportation – Bridges, (23) Land transportation – Roads, and 
(24) Debris disposal  

- Scenario of each subject: For each subject mentioned above, two kinds of scenarios were 
prepared; one for the worst case and another for an improved case, and then, recommendable 
measures are described in the third column   

- Time axis: in order to display consequent scenario vividly, the scenario was described in 5 
steps in time axis; that are (1) immediately after the earthquake to one hour later, (2) one 
hour to twenty four hours later, (3) one day to three days later, (4) three days to seven days 
later, and (5) seven days and much later  

In the future, the scenario should be updated, following to the evolution of investigation and 
damage estimation as well as social, economic, and political situations.  The recommendable 
measures to be promoted can be used as reference for formulation of policy and plans on disaster 
management of each sector or the nation.  The contents are summarized in Chapter 10. 
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Chapter 9 : Evaluation of Urban Vulnerability
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Chapter 9 : Evaluation of Urban Vulnerability
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 c
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 b
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The worst case 
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Chapter 9 : Evaluation of Urban Vulnerability
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Chapter 9 : Evaluation of Urban Vulnerability
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Final Report   
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Chapter 9 : Evaluation of Urban Vulnerability
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Chapter 9 : Evaluation of Urban Vulnerability
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Chapter 9 : Evaluation of Urban Vulnerability

Ta
bl

e 
9-

41
  

C
on

se
qu

en
ce

 S
ce

na
rio

 (t
he

 w
or

st
 c

as
e,

 im
pr

ov
ed

 c
as

e,
 a

nd
 n

ec
es

sa
ry

 m
ea

su
re

s)
 K

ha
ir 

al
 D

in
 S

ce
na

rio
 E

ar
th

qu
ak

e 
at

 8
 P

M
 

(1
3)

 R
ec

ep
tio

n 
of

 su
pp

or
t 

  

 

0 
to

 1
 h

ou
r l

at
er

 
1 

to
 2

4 
ho

ur
s 

la
te

r 
1 

to
 3

 d
ay

s 
la

te
r 

3 
to

 7
 d

ay
s 

la
te

r 
7 

da
ys

 la
te

r o
r m

or
e 

The worst case 

S
in

ce
 th

er
e 

is
 n

ei
th

er
 p

la
n 

no
r 

ag
re

em
en

t o
n 

em
er

ge
nc

y 
su

pp
or

t 
fro

m
 th

e 
ou

ts
id

e,
 it

em
s 

an
d 

co
nt

en
ts

 o
f t

he
 s

up
po

rt 
ca

n 
no

t b
e 

as
su

m
ed

 a
nd

 e
xp

ec
te

d.
  

 

P
eo

pl
e 

in
 th

e 
pe

rip
he

ra
l a

re
as

 w
ho

 
ar

e 
no

t d
am

ag
ed

, d
o 

no
t i

nt
en

d 
to

 
pa

rti
ci

pa
te

 s
up

po
rt 

ac
tiv

iti
es

, 
be

ca
us

e 
th

ey
 a

re
 n

ei
th

er
 in

fo
rm

ed
 

no
r e

du
ca

te
d 

ab
ou

t n
ec

es
si

ty
 a

nd
 

im
po

rta
nc

e 
of

 v
ol

un
te

er
s’

 s
up

po
rt.

  

S
in

ce
 m

an
y 

of
fe

rs
 o

f e
m

er
ge

nc
y 

su
pp

or
t a

ris
e 

fro
m

 fo
re

ig
n 

co
un

tri
es

, 
as

si
st

an
ce

 re
ce

pt
io

n 
m

od
ul

e 
ca

n 
no

t c
or

re
sp

on
d 

pr
op

er
ly.

  
 

M
uc

h 
ov

er
se

as
 s

up
po

rt 
ca

n 
no

t b
e 

re
ce

iv
ed

 b
ec

au
se

 th
e 

ai
rp

or
t 

fa
ci

lit
ie

s 
ha

ve
 n

ot
 re

st
or

ed
 y

et
. 

  

St
af

fs
 o

f m
ili

ta
ry

 fo
rc

e 
an

d 
pr

ot
ec

tio
n 

ci
vi

l s
up

po
rt 

as
si

st
an

ce
 

re
ce

pt
io

n 
m

od
ul

e,
 re

ce
pt

io
n 

of
 

of
fic

ia
l d

el
eg

at
io

ns
 fr

om
 fo

re
ig

n 
co

un
tri

es
 is

 g
et

tin
g 

sm
oo

th
, b

ut
 

su
pp

or
t o

f N
G

O
, p

riv
at

e 
co

m
pa

ny
, 

an
d 

in
di

vi
du

al
 le

ve
ls

 a
re

 n
ei

th
er

 w
el

l 
re

ce
ip

te
d 

no
r w

el
l a

rr
an

ge
d,

 
re

su
lti

ng
 in

 in
ef

fic
ie

nt
 a

ct
iv

iti
es

. 
  

O
ve

rs
ea

s 
su

pp
or

t g
ro

up
s 

an
d 

pe
rs

on
s 

ar
e 

no
t s

at
is

fie
d 

w
ith

 th
ei

r 
re

su
lt,

 a
nd

 fe
el

in
g 

of
 ti

re
dn

es
s 

an
d 

irr
ita

tio
n 

is
 a

cc
um

ul
at

ed
. 

  

An improved case 

B
as

ed
 o

n 
a 

da
m

ag
e 

es
tim

at
io

n 
re

su
lt,

 e
m

er
ge

nc
y 

re
sp

on
se

 p
la

n 
an

d 
ag

re
em

en
ts

 h
av

e 
be

en
 m

ad
e,

 
an

d 
co

nt
en

ts
 o

f e
xp

ec
ta

bl
e 

su
pp

or
t 

fro
m

 th
e 

ou
ts

id
e 

ha
ve

 b
ee

n 
ar

ra
ng

ed
 fo

r q
ui

ck
 re

sp
on

se
. 

  

N
ec

es
si

ty
 a

nd
 im

po
rta

nc
e 

of
 

vo
lu

nt
ee

rs
 h

av
e 

be
en

 re
co

gn
iz

ed
, 

an
d 

vo
lu

nt
ee

rs
’ o

rg
an

iz
at

io
ns

 h
av

e 
be

en
 e

st
ab

lis
he

d,
 a

nd
 th

er
eb

y,
 

vo
lu

nt
ee

rs
 a

re
 g

at
he

rin
g 

in
 th

e 
af

fe
ct

ed
 a

re
as

 fr
om

 th
e 

ou
ts

id
e.

  
 

S
in

ce
 th

e 
pr

oc
ed

ur
e 

of
 re

ce
pt

io
n 

of
 

vo
lu

nt
ee

rs
 h

as
 b

ee
n 

pr
es

cr
ib

ed
 in

 
O

R
S

E
C

 P
la

n,
 re

ce
pt

io
n 

of
 

vo
lu

nt
ee

rs
 is

 m
an

ag
ed

 p
ro

pe
rly

. 
  

R
eq

ue
st

 fo
r s

up
po

rt 
to

 b
e 

pr
ov

id
ed

 
fro

m
 th

e 
ou

ts
id

e 
is

 p
ro

m
pt

ly
 

an
no

un
ce

d,
 b

as
ed

 o
n 

th
e 

si
tu

at
io

n 
of

 d
am

ag
es

. 
  

A
ss

is
ta

nc
e 

re
ce

pt
io

n 
m

od
ul

e 
ca

n 
de

al
 w

ith
 th

e 
of

fe
rs

 o
f e

m
er

ge
nc

y 
su

pp
or

t f
ro

m
 th

e 
ou

ts
id

e,
 a

cc
or

di
ng

 
to

 th
e 

m
an

ua
l p

re
sc

rib
ed

 in
 O

R
S

E
C

 
P

la
n.

  
 

A
ss

is
ta

nc
e 

re
ce

pt
io

n 
m

od
ul

e 
di

st
rib

ut
es

 n
ec

es
sa

ry
 s

up
po

rt,
 s

uc
h 

as
 re

sc
ue

, f
oo

d,
 m

ed
ic

al
 c

ar
e,

 to
 

re
qu

es
tin

g 
ar

ea
s,

 b
as

ed
 o

n 
da

m
ag

e 
si

tu
at

io
n 

pr
ov

id
ed

 b
y 

in
fo

rm
at

io
n 

m
od

ul
e.

  
 

R
ec

ep
tio

n 
m

an
ag

em
en

t o
f N

G
O

, 
P

riv
at

e 
co

m
pa

ni
es

, a
nd

 in
di

vi
du

al
s 

ar
e 

ha
nd

le
d 

by
 d

om
es

tic
 N

G
O

 s
uc

h 
as

 re
d 

cr
es

ce
nt

 a
nd

 la
bo

r 
co

m
m

itt
ee

s 
in

 o
rd

er
 to

 c
ov

er
 la

ck
 o

f 
st

af
fs

 o
f a

ss
is

ta
nc

e 
re

ce
pt

io
n 

m
od

ul
e,

 re
su

lti
ng

 in
 p

ro
pe

r 
di

sp
at

ch
in

g 
su

pp
or

t t
o 

re
qu

es
tin

g 
ar

ea
s.

  
 

A
ss

is
ta

nc
e 

re
ce

pt
io

n 
m

od
ul

e 
sh

ou
ld

 re
qu

es
t n

ec
es

sa
ry

 a
dd

iti
on

al
 

su
pp

or
t t

o 
th

e 
ou

ts
id

e,
 b

as
ed

 o
n 

in
fo

rm
at

io
n 

of
 s

ho
rta

ge
 th

ro
ug

h 
ot

he
r m

od
ul

es
. 

  

S
up

po
rt 

re
la

te
d 

to
 e

m
er

ge
nc

y 
re

sp
on

se
 is

 re
du

ce
d 

in
 p

ro
po

rti
on

, 
ac

co
rd

in
g 

to
 tr

an
si

tio
n 

of
 s

itu
at

io
n,

 
an

d 
ot

he
r k

in
ds

 o
f s

up
po

rt 
su

ch
 a

s 
id

en
tif

ic
at

io
n 

of
 m

is
si

ng
 p

er
so

ns
, 

m
en

ta
l c

ar
e,

 a
nd

 e
va

cu
at

io
n 

lif
e 

co
nt

in
ue

. 
  

O
ut

co
m

es
 o

f s
up

po
rt 

fro
m

 th
e 

ou
ts

id
e 

ar
e 

su
m

m
ar

iz
ed

 a
nd

 
ev

al
ua

te
d,

 a
nd

 a
gr

ee
m

en
ts

 a
re

 
m

ad
e 

w
ith

 o
rg

an
iz

at
io

ns
 fo

r f
ur

th
er

 
co

op
er

at
io

n 
in

 th
e 

fu
tu

re
. 

  

Measures 

Em
er

ge
nc

y 
re

sp
on

se
 p

la
n 

fo
r 

re
ce

pt
io

n 
of

 s
up

po
rt

 s
ho

ul
d 

be
 

pr
ep

ar
ed

, b
as

ed
 o

n 
da

m
ag

e 
es

tim
at

io
n 

re
su

lt,
 a

nd
 it

em
s 

an
d 

co
nt

en
ts

 o
f e

xp
ec

ta
bl

e 
su

pp
or

t f
ro

m
 

th
e 

ou
ts

id
e 

sh
ou

ld
 b

e 
de

fin
ed

 in
 th

e 
pl

an
. 

  
A

gr
ee

m
en

ts
 o

n 
em

er
ge

nc
y 

su
pp

or
t s

ho
ul

d 
be

 m
ad

e 
w

ith
 

pe
rip

he
ra

l a
re

as
 a

nd
 fo

re
ig

n 
co

un
tri

es
. 

  

B
as

ed
 o

n 
da

m
ag

e 
es

tim
at

io
n 

re
su

lt,
 

a 
co

lla
bo

ra
tio

n 
pl

an
 w

ith
 

vo
lu

nt
ee

rs
 s

ho
ul

d 
be

 p
re

pa
re

d 
an

d 
tr

ai
ni

ng
 s

ho
ul

d 
be

 d
on

e 
fo

r 
co

op
er

at
iv

e 
ac

tiv
ity

. 
  

In
st

itu
tio

n 
fo

r p
ro

m
pt

 re
qu

es
t f

or
 

em
er

ge
nc

y 
su

pp
or

t f
ro

m
 th

e 
ou

ts
id

e 
sh

ou
ld

 b
e 

es
ta

bl
is

he
d 

be
fo

re
ha

nd
. 

 

A
ss

is
ta

nc
e 

re
ce

pt
io

n 
m

od
ul

e 
sh

ou
ld

 
pr

es
cr

ib
e 

th
e 

pr
oc

ed
ur

e 
fo

r 
re

ce
pt

io
n 

of
 s

up
po

rt
 fr

om
 th

e 
ou

ts
id

e 
an

d 
th

e 
pr

oc
ed

ur
e 

fo
r 

in
fo

rm
at

io
n 

ex
ch

an
ge

 w
ith

 o
th

er
 

m
od

ul
es

 in
 a

n 
O

R
S

E
C

 P
la

n.
  

 

A
ss

is
ta

nc
e 

re
ce

pt
io

n 
m

od
ul

e 
sh

ou
ld

 m
ak

e 
ag

re
em

en
ts

 o
r 

co
ns

en
t w

ith
 N

G
O

s 
an

d 
pr

iv
at

e 
co

m
pa

ni
es

 a
bo

ut
 re

ce
pt

io
n 

an
d 

m
an

ag
em

en
t o

f s
up

po
rt

 fr
om

 th
e 

ou
ts

id
e,

 p
re

pa
re

 th
e 

pl
an

, a
nd

 
co

nd
uc

t t
ra

in
in

g.
  

 

P
ro

ce
du

re
 fo

r t
ra

ns
iti

on
 fr

om
 

em
er

ge
nc

y 
re

sp
on

se
 to

 lo
ng

-te
rm

 
su

pp
or

t s
ho

ul
d 

be
 p

re
sc

rib
ed

 
be

fo
re

ha
nd

, a
nd

 th
e 

pr
oc

ed
ur

e 
sh

ou
ld

 b
e 

ad
ju

st
ed

 in
 a

cc
or

da
nc

e 
w

ith
 a

ct
ua

l s
itu

at
io

n.
  

 
A

gr
ee

m
en

ts
 w

ill
 b

e 
m

ad
e 

w
ith

 
or

ga
ni

za
tio

ns
 w

hi
ch

 h
av

e 
pr

ov
id

ed
 

su
pp

or
t f

or
 fu

rth
er

 c
oo

pe
ra

tio
n 

in
 

th
e 

fu
tu

re
. 

  

 



  

 
9-94 

Final Report   
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Chapter 9 : Evaluation of Urban Vulnerability
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Chapter 9 : Evaluation of Urban Vulnerability
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In order to arrange materials for preparation of suggestion on disaster management, important 
matters to be enhanced and important particular matters in each item of emergency response are 
selected through the following procedure, based on the above-mentioned consequence scenario.   

1) Based on the consequence scenario, matters to be promoted or enhanced in each items of 
emergency response (see the upper portion of Table 9-53) are categorized.  In the result, 12 
categories (a. to l.) are picked up as shown on the left portion of Table 9-53.   

2) For each item of emergency response, importance of each matter were evaluated and 
ranked into the following four classes.   

◎: High priority matter, ○: Priority matter, …: Related matter, ・: Less related matter.   

3) Among the 12 matters, the following six (6) matters were selected as important matters, 
because the matters were evaluated to be high priority in many items.   

a.  Seismic diagnosis and reinforcement of major facilities  

d.  Education and prior information to the public  

f.  Formulation of plan and training for emergency response in each sector 

g.  Storing emergency supplies and materials  

j.  Clarification of the procedure of formulation of rehabilitation/reconstruction plans  

l.  Preparation and retention of activity records, together with summary and improvement 
plans 

4) Particular matters/measures to be promoted/enhanced were selected for each items of 
emergency response.   

In the result, 27 matters were selected as shown in the lower portion of Table 9-53.  The 
contents are summarized as follows.   

- Among 27 matters, 17 matters are to be promoted or enhanced by initiative of 
administration (green-colored in Table 9-53).  Most of the matters will be 
implemented in accordance with the prescription on detailed procedure in disaster 
management action plan.  It is considered that formulation of systematic and 
comprehensive disaster management plans in accordance with damage estimation in 
this study will be a key issue for the promotion of these matters.   

10 matters are to be promoted or enhanced in individual- or community-based activities 
(blue-colored in Table 9-53).  In this occasion that peoples’ awareness is raised through the 
Boumerdes earthquake, it is expected that individual- or community-based activities is 
promoted by means of adequate support from administration.  Recommended contents of the 
support are summarized in Sub-clause 10-2. 
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Chapter 10. Suggestions for Reduction of Seismic Damage 

10-1 Clarification of Important Issues   

In order to select important issues on seismic disaster management, several issues were picked 
up and assessed in the forms of three matrices.  The contents of the matrices were compiled by the 
JICA Study Team based on the inputs from the Steering Committee members of the Algeria side in 
blank forms.  The matrices are as follows.   

(1) Damage scenario (see Chapter 9)   

Twenty-four (24) functions necessary for emergency response were assessed along the 
time axis starting at the occurrence of an earthquake, assuming damage by the Khair al Din 
scenario earthquake.  The consequence scenario was prepared in two versions, one for the 
worst case and the other for the improvement case, together with recommendations for a 
realization of the improvement scenario.  In so doing, important issues were extracted as 
shown in Table 9-40.   

(2) Assessment of the present situation on preventive activities   

For the assessment of the present situation on preventive activities or measures, the 
following (7) major categories were selected.   

- Citizen  
- Policy and planning 
- Institution and organization  
- Disaster management resources 
- Information and communication  
- Public awareness 
- Education and training   

In the seven (7) categories, sixty-two (62) sub-items were picked up for the assessment.  
Status quo on each sub-item was assessed, and summarized into strong points and weak points, 
together with recommendable points for improvement of the weak point as shown in Tables 
10-2 to 10-10.  Based on the assessment, forty-two (42) important issues were extracted as 
shown in Table 10-1.   

Most of the issues extracted are to be addressed in decrees for the enforcement of Law 
n° 04-20.  Implementation of measures on the issues will be realized, according to a series of 
decrees, which is expected to be formulated with coordination of the National Committee on 
Major Risk (DNRM) after its establishment.  Thus, the establishment of DNRM 
(promulgation of a decree to establish the committee) is most crucial.   

(3) Clarification of important issues according to the disaster management cycle and the 
participating entities   

Although this matrix partly overlaps with the above analysis, seventy two (72) matters to 
be addressed in the aspect of seismic disaster management in Algeria were picked up in a 
matrix of disaster management cycle (preparation, mitigation, emergency response, and 
rehabilitation/reconstruction) and participating entity (official support, mutual support, and 
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individual support) for assessment.  The results of the assessment were summarized in terms 
of three elements (issue, the current situation, and responsible organization) as shown in 
Tables 10-11 to 10-18.   

Each matter was further evaluated from the following viewpoints and classifications.   

- Significance  
A: High significance  
B: Moderate significance  
C: Low significance 

- The current status of implementation 
I: Not implemented, or slow progress 
II: Implemented somewhat 
III: Well implemented 

- Urgency  
a: High urgency  
b: Moderate urgency 
c: Low urgency 

Since this evaluation directly concerns disaster management measures to be implemented, 
it is recommendable that Algerian stakeholders will conduct the assessment by themselves, 
based on good understanding of the administrative, economic and social environments of the 
country, in light of the national strategy and plan for disaster management.  Thus, the 
evaluation presented herein is a proposal.   

The proposal regards the following items as high in terms of all the importance, the 
progress, and the urgency.   

- Preparedness (official support):  

1) Formulation of the national strategy and plan for disaster management (1-5 
in Table 10-12)  

2) Task sharing and collaboration among the organizations concerned (1-8 in 
Table 10-12)  

3) Consideration on risk reduction in land use (1-7 in Table 10-12)  

- Preparedness (individual support):  

4) Understanding of the results of damage estimation and information on 
disaster management resources (9-1 in Table 10-11) 

5) Preparation for emergency response at each family (9-3 in Table 10-11)  
6) Acquisition of information on disaster management (9-7 in Table 10-12)  

- Mitigation (mutual support): 

7) Education and raising awareness (2-9 in Table 10-14)  

- Recovery and rehabilitation (official support):  

8) Preparation of rehabilitation and reconstruction plans (4-4 in Table 10-18)  
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The importance and necessity for measures on the above-mentioned issues have been 
prescribed in Laws n° 04-20 and n° 04-05 as priority issues.  The conceivable flow for the 
realization of the measures on the issues is as follows.   

1) Establishment of DNRM  
2) Formulation of the national strategy and plans (guidance) on comprehensive disaster 

management with coordination of DNRM 
3) Promulgation of decrees for implementation of the measures  
4) Formulation of action plans for the implementation by Wilaya and concerned 

organizations 
5) Implementation of the measures by all concerned entities  
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Table 10-1  Important Issues extracted from Assessment on the Present Situation on  
Preventive Activities 

 

Item Issue 

D
N

R
M

 

C
en

tra
l 

G
ov

er
nm

en
t 

Lo
ca

l 
go

ve
rn

m
en

t 

Policy and Plan Formulation of national policy and national plan on DM ◎   

Establishment of DNRM (National delegation for Major risk) ◎   

Formulation of systematic plan for comprehensive DM, covering preventive measures 
– emergency response – rehabilitation and reconstruction  ○ ◎ ◎P

ol
ic

y Policy on 
comprehensive 
DM 

Formulation of comprehensive DM plan at national, Wilaya, and Commune level  ○ ◎ ◎

Formulation of decrees for implementation, managed by DNRM ◎   Comprehensive 
DM Establishment of an organization, exclusively dealing with DM in Wilaya   ◎

Risk reduction Clarification of task and responsibility for risk reduction measures ◎ ○ ◎

Stipulation of a guideline for formulation of POS in PDAU   ◎Land use 
Preparation of a guideline for formulation of risk reduction plan (PPR) ○ ○ ◎

Installation of supporting system such as subsidy for adherence to building code ◎  ◎

Fostering agencies and engineers on construction  ○ ◎ ○

Introducing of inventory book on registered buildings ○ ○ ◎

Building 

Installation of incentive system for promotion of retrofitting ◎  ○

Improvement of modules, prescribing detailed procedure in ORSEC plan ○  ◎Emergency 
response Promotion of measures for securing function of capital ◎ ○ ◎

Rehabilitation Preparation of a guideline for formulation of rehabilitation and reconstruction  ◎   

Promotion of having insurance, introducing incentive system ○  ◎Insurance 
Clarification of an organization for promotion of insurance ○  ◎

In
st

itu
tio

n 
an

d 
or

ga
ni

za
tio

n 

Research/study Formulation of regulations or plans to show the target and required actions ○ ◎  

Budgeting Securing and allocating budget for DM by DNRM ◎   

Formulation of a guideline, including individuals, for storing emergency supplies  ◎   D
M

 
re

so
ur

ce
s 

DM resources 
Storing emergency supplies by each implementing body, according to action plan   ◎ ◎

Media Preparation of scheduled information programs on DM, and implement programs ○ ◎ ◎

Public information Formulation of a guideline and action plan for dissemination of information  ◎   

Development of communication system, covering all concerned organizations ○ ◎ ◎Dedicated 
communication Promotion of documenting, maintaining, and utilizing the records of the past disasters ○  ◎

Database Maintenance and updating of GIS database  ○ ◎

Memory Establishment of disaster memorial museum, collecting the past disaster records  ○ ○ ◎

Preparation of a national-level guideline for education in DM ◎   

Formulation of DM education programs in local such as schools  ○ ◎

In
fo

rm
at

io
n 

an
d 

co
m

m
un

ic
at

io
n 

Base and 
network of 
education  Establishment of base of education in each Wilaya    ◎

Community Promotion of self-activities of communities and citizen on DM ○ ○ ◎

Awareness Determination of DM memorial day, and conducing campaign for raising awareness  ○ ○ ◎

C
iti

ze
n 

Cost sharing Enhancement of official support for promotion of self-activity of citizens for DM ○  ◎

Prescription of guidance for formulation of education programs on DM ◎   Education 
Formulation of education programs for schools and communities  ◎  

Formulation of periodical training programs ○  ◎

Fostering leaders of communities for promotion and assistance of local DM activities   ○ ◎

Preparation of materials for training and education on DM  ◎ ○

Training 

Installation DM memorial museum as a base of training and education    ○ ◎R
ai

si
ng

 a
w

ar
en

es
s 

Capacity building Formulation of systematic capacity building programs  ○ ○ ◎
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Chapter 10 : Suggestions for Reduction of Seismic Damage
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Chapter 10 : Suggestions for Reduction of Seismic Damage
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Chapter 10 : Suggestions for Reduction of Seismic Damage
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Chapter 10 : Suggestions for Reduction of Seismic Damage
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Chapter 10 : Suggestions for Reduction of Seismic Damage
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10-2 Suggestions concerning Organizations, Systems, and Disaster Management Plans   

10-2-1 Comprehensive Disaster Management   

(1) Logical disaster management   

Natural disasters are a hindrance to sustainable development and poverty reduction.  
Removal or alleviation of such obstacle requires activities on disaster management.  The 
goals of disaster management can be set as follows.   

1) to protect the human life  
2) to secure the social and economic systems   
3) to maintain the governance of the country   

Of these, on top of 1) human life being of paramount importance, it is as well necessary to 
give due consideration to 2) and 3) in this project, because Algiers is the capital (political 
center) and also the center of the economy of Algeria.   

Particularly, the estimated disaster in this study may inflict consequences on a large scale 
unprecedented in Algiers in recent times and paralyze the functions of the capital.  Therefore, 
it is recommendable to promote disaster management efforts, not only based on the 
experiences of the past disasters but also by standing on a recognition that catastrophic 
hazards may occur beyond recorded scale.   

(2) Systematic disaster management   

Institution and organizations on disaster management in Algeria have evolved in many 
aspects through the Bab el Oued flood (2001), the Boumerdes earthquake (2003), and other 
major disasters, since the El Asnam Earthquake in 1980.  To follow hereunder is a summary 
of such evolvements from the viewpoint of a disaster prevention cycle (see Figure 10-1).   

- Before a disaster (preparedness and mitigation): In accordance with Decree n° 85-232 
that prescribes about risk prevention, an earthquake observation system (CRAAG), 
seismic regulation on buildings (CTC and CGS), etc. have been developed.  On the 
other hand, implementation of measures on preparedness and mitigation in the other 
fields and organizations is still limited to promulgation of laws and regulations 
concerning land use (Laws n° 04-05 and n° 04-06), information and communication 
(Decree n° 04-181), natural disaster insurance (Decree n° 04-268), etc.  While Law 
n° 04-20 provides for preventive measures against natural disasters in connection with 
information, education and training, strategic storing, etc., decrees for the enforcement 
has not yet been established.   

- Just after a disaster (emergency response): Decree n° 85-231 regulates crisis 
management, and the emergency action plan (ORSEC Plan) was formulated, based on 
the decree.  In the events of the past large-scale disasters, emergency response was 
taken through launching modules in each filed in accordance with the ORSEC plan.  
The effectiveness and weaknesses of the ORSEC plan have been revealed through the 
activities, and the plan has been improved accordingly.  Further improvement is 
planned in accordance with Law n° 04-20, such as detailed stipulation of procedure on 
actions of each module.   
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- After a disaster (rehabilitation and reconstruction): Rehabilitation and reconstruction 
of the past disaster was managed by concerned the ministry or agency that has the 
jurisdiction on each filed, according to regulations with a term limit such as (Decree 
n° 04-268).  For overall management on rehabilitation and reconstruction, there is no 
comprehensive system or organization.   

Since earthquakes are unavoidable natural 
phenomena, an important point of earthquake 
disaster management is to reduce the damages 
at the next event in the future.  In this sense, 
disaster management cycle should be taken into 
account.   

Just after a catastrophic earthquake, bearable 
condition should be secured through emergency 
response, which may be up to 72 hours after the 
event.  Allowable condition should be realized 
through rehabilitation, which may be up to 100 
days after the event.  Normal condition will be 
restored through reconstruction which may be 
up to 10 years after the event.  And, the 
important point is to create better condition 
through preparedness and mitigation before the 
next event, in terms of living condition and also 
resilience against the next event.   

 
Time 

Cycle 72 hours 100 days 10 years 100 years

Emergency response         

Rehabilitation          

Reconstruction         

Preparedness and  
Mitigation 

        

 
It is therefore noted that all measures on disaster management should be realized, 

considering continuity of each measures in disaster management cycle.  For example on 
buildings, seismic regulation and damage assessment procedures are stipulated as 
preparedness and mitigation before an event.  Emergency assessment is carried out in 
accordance with the stipulated procedure as emergency response just after the event.  
Rehabilitation work is carried out, based on the assessment result, and reconstruction work is 
carried out in accordance with seismic regulation.  Then, as feedback of experienced damage 
situation and assessment procedure, new seismic regulation and new assessment procedure 
will be formulated for betterment or preparedness/mitigation on the next event.   

(3) Overall disaster management   

It is essential that all the organizations and people should be involved to participate in 
disaster management activities as main actors.  In Algiers, based on the experience from the 

Emergency
response 

Rehabilitation  
Reconstruction 

Preparedness 
Mitigation 

Earthquake 

Figure 10-1  Disaster Prevention Cycle
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Bab el Oued flood and the Boumerdes earthquake, it has been recognized as vital to carry out 
disaster management activities with participation of communal groups and citizens.  Further, 
Law n° 04-20 clearly states its importance (Article 9).  The entities to be involved in disaster 
management are thought as 1) the central government, 2) the local government, 3) 
communities, and 4) citizens, all of which desirably constitute a system, as illustrated in the 
example below, to activate disaster management activities.   

 

The local government is responsible for the safety and health of its citizens and has the 
best understanding of the conditions of the area, therefore, is expected to play a leading role in 
carrying forward disaster management measures.  In this regard, it is desirable that local 
governments prepare their own local disaster management plans as a scheme to implement 
disaster management measures and actually implement them accordingly.   

A community is a core of mutual support, and it is expected to contribute to increasing 
social resilience through activities on disaster management.  The activities include the 
dissemination of information for raising awareness in order to promote individual activities on 
mitigation such as reinforcing own houses, fixing furniture, storing emergency supplies, and 
having insurance.  In terms of preparedness, communities will conduct training for 
emergency response, considering a situation where official support cannot reach to all the 
victims immediately after a catastrophic disaster.  The training will develop knowledge on 
nature of disasters, life saving, first aid, evacuation, fire extinguishing, acquisition of 
information on support, etc.   

Citizens are highly conscious of the necessity of disaster management due to their fresh 
memory of the Boumerdes Earthquake.  Unfortunately, however, the solidarity of 
communities is rather weak today, owing to the chaos in the country in 1990s and the rapid 
urbanization, and at the same time people still tend to be dependent on public services, which 
is a relic from the socialistic regime.  For this reason, an introduction of a system which 
supports self-activities on disaster management is highly needed.  The activities of individual 
support should be well linked with mutual and official supports, and the activities include 
acquisition of knowledge and information on disaster management as summarized on the right 
columns in Tables 10-11 to 10-18.   

(4) Realistic disaster management   

In order to implement disaster management activities in an effective manner, it is important 
to know of the damage and risks, including vulnerability, and prepare a disaster management 
plan to mitigate the risks to reduce the damage, and then, the measures will be implemented in 
an actual situation, according to the plan.  This study not only simulated damage but also 
collected data related to social vulnerability together with resources for disaster management.   
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It is hoped that specific plans will be prepared from viewpoints of mitigation and 
preparedness, utilizing these results.  Points for the formulation of the specific plan are as 
follows.   

- To refer the measures for realization of improved scenario, mentioned on consequence 
scenario in Tables 9-13 to 9-39  

- To cover the recommendable points for enhancing the strong points and improving the 
weak points on the assessment of the present situation in Tables 10-2 to 10-10  

- To consider the estimated number on damages such as casualty and damages on 
building and infrastructures for the mitigation of the damages, and for the preparation 
of necessary measures, materials, equipment, and manpower for emergency response  

- To utilize and reinforce the disaster management resources, utilizing GIS database 
created in this study and transferred to Algerian for further improvement and updating   

(5) Adequate disaster management   

As far as earthquakes are concerned, it is extremely difficult at the level of modern science 
to predict when and where a disaster occurs on what scale that will bring what kind of damage.  
Similarly, there are many uncertain factors in risk assessment.  Consequently, it is vital that 
the government starts with promoting measures where they can, taking requests from citizens 
and financial conditions into consideration, based on damage estimation and risk assessment 
on the best-effort basis.  Accumulation of such attempts will lead to construct a city resistant 
to earthquakes and reduce damage.  Also, damage estimation and risk assessment shall be 
continually updated in accordance with accumulation of technology and information, while 
relevant plans have also to be reviewed accordingly.   

10-2-2 Recommendations concerning Organizations, Systems, and Disaster Prevention Plans   

(1) Establishment of the DNRM   

Legal and institutional general framework described in Chapter 8, is summarized on Table 
10-19.  This table highlights, in the Law n° 04-20, the need for an institution for the 
coordination of all the actions on prevention and crisis management among national to 
local level (inter-Wilaya, Wilayas, and Communes).  This coordination must be ensured by 
the creation of a “National Delegation for Major Risks (DNRM)”, which must be placed 
under the authority of the Prime Minister.   

The realization of a comprehensive disaster management scheme mentioned in the 
previous section requires, among other things, establishment of a disaster management 
framework based on the Law n° 04-20.  The DNRM is supposed to play a key role in this 
framework, and in fact a decree to set up the delegation is now underway.  The DNRM is 
expected to formulate, as soon as established, several decrees for implementation stipulated 
Law n° 04-20.  In addition, the Secretariat of DNRM will assumedly be in charge of 
coordination of relevant ministries and agencies and support decision-making.  It is 
important to assure the harmony with the roles of the existing organization, CNAD.   
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Table 10-19  Summary of Current Legal Framework on Disaster Management   

Major item Content 
PERIOD 1985-2005 (after the El Asnam earthquake)  
Decree n° 85-231: Crisis management and 
its organization 

Implementation of ORSEC plans through emergency 
response by 14 modules: The ORSEC plans were launched at 
the time of the Bab el Oued flood and Boumerdes earthquake. 

Decree n° 85-232: Risk prevention Introduction of risk prevention plans, but little detailed 
description: Formulation and implementation of the risk 
prevention plans have not commenced.   

Law n° 90-26: for implementation of Wilaya 
master plans and city land-use planning  

Aspect on risk prevention was not included.   

PERIOD 2001-2005 (after the Bab el Oued flood and the Boumerdes earthquake) 
Law 04-05: Land-use planning   In vigor: real application will be after the formulation of PDAU 

and POS.   
Ordinance n°03-12, Decrees 04-268 and 
270: Construction insurance   

In vigor: The system is gradually getting effective in 
conjunction with planning permission for construction.   

Regulation on 04/01/04: Construction rules  Effective: For further betterment, precise quality control of 
design and construction work is required.   

Executive Decree 04-181: Communication  In vigor: Information campaign and educational action will be 
taken, following to promulgation of new decree.   

2004: LAW n° 04-20 of 25 December 2004, Prevention of major risks and disaster management, in the 
framework of sustainable development 
Title I: Preface  Definition, Purpose, Basic principles, Field of application. 
Title I: Information and training Prescribing that access to information on risks should be 

available for all people.   

Title II: Risk prevention Prescribing about creation of comprehensive prevention plans 
for each of the 10 risks at national and local levels: the decree 
should include and detail risk prevention plans (PPR) at 
Commune level.   
Definition of “ORSEC Plans” at all levels (national, 
inter-Wilaya, Wilaya, commune, and particular sites).   

Title III: Crisis Management  

The creation of “National Delegation for Major Risks” 
(DNRM) under the authority of the Prime Minister.   

The realization of decrees of application is in course (2006), and fundamental for the implementation and 
application of the law. 

 
It is expected that the DNRM will have tasks and function as mentioned in the succeeding 

section.  As a reference, Japanese central organization on comprehensive disaster 
management (Central Disaster Prevention Council) is explained below.   

1) Task 

The Central Disaster Prevention Council in Japan has tasks mainly for formulation of 
framework on comprehensive disaster management, and detailed action plans are 
prepared in local disaster management plans.  The major tasks of the council are as 
follows.   

- Formulation of the Basic Plan for Disaster Prevention as guidance for preparation of 
local disaster prevention plans (action plans), and promotion of its implementation  

- Formulation of Emergency Response Plan and promotion of its implementation  

- Deliberation of key issues according to inquiry by the Prime Minister (or State 
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Minister for disaster prevention), and report the deliberation results to the Prime 
Minister (or the State Minister) 

The Prime Minister should inquire the following matters to the Central Disaster 
Prevention Council.   

- Basic policy on disaster management   

- Key issues on disaster management, requiring overall coordination  

- Outline of urgent measures necessary for emergency disasters  

- Declaration of state of emergency on disasters  

- Other key issues which the Prime Minister recognize necessary  

2) Organization   

The council consists of the chairman, members, and secretariat as well as expert 
committees for particular issues as shown in the following table.   

 
The Central Disaster Prevention Council 

Chairman The Prime Minister 

Members All Cabinet members 

(17 persons or less) 

Head of designated 

public institutions 

(4 persons) 

Academic experts 

(4 persons) 

Expert Committees 

- Expert Committee for Tounankai and Nankai earthquake  

- Expert Committee for succession of lessons learned  

- Expert Committee for measures on epicentral earthquake in capital, etc.  

Secretariat 

Chairman: Parliamentary Secretary, Cabinet office  

Advisor: Cabinet Security Inspector-General 

Vice chairman: Director-General for Policy Planning, Cabinet office and  

 Deputy Director, Fire and Disaster Management Agency  

Secretaries: Director-generals of concerned ministries and agencies 

 

(2) Formulation of new decrees for implementation in compliance with the Law n° 04-20   

The DNRM will ensure the formulation of several new decrees in accordance with the Law 
n° 04-20, allowing the realization of measures in all fields such as risk reduction in land-use 
and construction, organization for emergency response, and information and training for all 
officials.  Because there are the vectors of significant improvement on the situation for risk 
reduction, education and training will be particularly necessary to imply the children in 
schools, as well as all actors of construction: town planners, architects, geotechnical and 
structural engineers, the civil engineers of the offices of control, contractors.   

The followings are the major contents of the enforcement law to be established by 
coordination of the DNRM.   
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- Regulations concerning dissemination of information (organization, guidelines, 
overall plan)  

- Regulations concerning education and training (education on disaster management 
through schools and mass media, program concerning popularization of seismic 
regulation, training on emergency response)  

- Regulations concerning reinforcement or retrofitting of buildings (organizations, 
procedures, overall plans for general residential houses and strategic buildings)  

- Regulations concerning a launch of an emergency response plan (ORSEC Plan) and 
detailed processes of support activities in each module  

- Regulations concerning storing of emergency relief goods (list, storing method, usage)  

- Regulations concerning financial support for victims (guidelines for conditions, 
implementation methods, etc.)  

In addition to the above, the following articles are also expected to be included in the series 
of new decrees.   

- Guidelines for preparing a risk prevention plan (PPR) necessary for formulating a land 
use plan  

- Guidelines for preparing rehabilitation and reconstruction plans  

- Regulations for promoting academic researches  

- Regulations for promoting self-activities for disaster management (subsidy program 
concerning reinforcement of buildings, program to encourage subscription to 
insurances, scheme to prepare/store/use disaster records, system to prepare/update 
databases, and program to enhance activities by communities including development 
of base for local disaster management and evacuation)  

(3) Coordination and monitoring of disaster management activities by the DNRM Secretariat 

After the formulation the new decrees for implementation, several measures will be 
planned in local and sectoral disaster management plans, and then the measures will be 
implemented by many organizations or agencies concerned.  For the smooth and effective 
implementation of the measures, it is expected that the Secretariat of DNRM should have the 
following tasks.   

- Coordination among executing organizations and agencies  

- Monitoring the implementation for confirmation of the progress and effectiveness 

- Suggestion on improvement for better implementation, if necessary 

In particular, it is necessary to monitor from the standpoints of compliance with the 
architectural norms promoted in accordance with the existing laws, the status of formulation 
and implementation of land use plans and urban plans, and development of the 
communications network in relation to disaster management.   

 

 



Final Report 

  
10-26 

(4) Formulation of the national disaster management strategy and the national disaster 
management plan   

As the DNRM is considered as an organization similar to the Central Disaster Prevention 
Council of Japan, the delegation is expected to formulate a national disaster management 
strategy and a national disaster management plan necessary for enhancing the 
above-mentioned comprehensive disaster management system.  Listed below are items to be 
addressed in association with the strategy and the plan.  

- Setting up mid- and long-term objectives  

- Identifying short-term priority measures  

- Maintaining role-sharing and collaboration among ministries and agencies concerned 
and other entities participating in disaster management activities   

- Coordination on securing and allocation of budget (including securing personnel)  

- Legal base and authorization for the implementation of the measures 

- Preparation of regulations for reviewing and revising the plan  

The national disaster management plan shall indicate the framework of and the contents to 
be included in local (Wilaya/Commune) or sectoral disaster management plans that act as 
action plans of disaster management for real implementation.   

(5) Formulation of local disaster management plans (action plans) and implementation of the 
measures   

A local disaster management plan to be prepared by Wilaya is expected to integrate plans 
for disaster prevention/damage reduction (for before a disaster) and rehabilitation/reconstruction 
(for after a disaster), while maintaining the consistency with the existing emergency action 
plan (ORSEC Plan).  Furthermore, it is indispensable to give consideration to each of the 
element necessary for realizing the above comprehensive disaster management scheme.  The 
following summarizes items to be included in the disaster management plan, based on the 
issues extracted in Chapter 10-1. 

1) Institution for comprehensive disaster management   

It is expected to set up a dedicated department, exclusively dealing with all matters 
for comprehensive disaster management at Wilaya level, which will also be responsible 
for coordination and monitoring of implementation of necessary measures, etc. at Wilaya 
level like the secretariat.  The dedicated department will be established under the 
authority of Wali, since the department should have a task for coordination of all 
departments in Wilaya.   

The department should have tasks in Wilaya as the secretariat as listed below.   

- to set forth mid- and long-term objectives  

- to identify short-term measures  

- to secure task-sharing and collaboration among department concerned  

- to coordinate for securing and allocating budget  
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- to promote self-activities of citizens and communities by setting a direct interface 
with citizens  

2) Particular plans for preventive measures   

Formulation of action plan on preventive measures and implementation of the 
measures are one of the most urgent issues for the Wilaya of Algiers.  Proper 
implementation of the measures is a key of reduction of earthquake damages through 
reduction of physical and social vulnerability.  Comparing to efforts on emergency 
response, there is much space to make efforts for disaster management in terms of 
implementation of preventive measures in Algiers.  Following the setting up the 
framework for comprehensive disaster management as mentioned above, particular plans 
for preventive measures should be formulated as explained below.   

- Urban development plan and land use plan: The land use master plan (PDAU) 
should provide a set of guidelines for preparing a land use plan (POS).  A POS 
must include identification of risks and risk prevention plans (PPR) in accordance 
with the guidelines provided by the central government and PDAU.  In addition, 
it is also important to include an urban renewal plan which covers securing open 
spaces and widening roads for the sake of earthquake disaster management.   

- Building reinforcing plan: Reinforcement of buildings is the most crucial issue for 
reducing casualty due to earthquakes.  For the reinforcement, it is significant to 
firmly fix the procedures for proper application of the building code, and to take 
root and certain measures for assuring quality of design and construction work.  
Moreover, the plan should describe about fostering of inspection organizations 
and design/construction engineers, development of a inventory book for registered 
buildings, incentive schemes for promoting seismic design and compliance with 
relevant standards.  Technical matters on reinforcement of buildings are 
described in the next clause.   

- Plan to develop and strengthen infrastructures and disaster management bases: It is 
important to carry out seismic diagnosis and necessary reinforcement based on the 
diagnosis results for infrastructures and disaster management bases.  It is also 
necessary to examine about setting up of facilities, such as a disaster management 
headquarters, local disaster management bases, memorial halls for disaster 
management, etc.  Suggestions from technical viewpoints for the reinforcement 
of infrastructures are described in Chapter 10-4.   

- Plan to promote insurance scheme: It is critical to take actions to diffuse natural 
disaster insurances, which have been made compulsory, to existing buildings.  
An introduction of incentive schemes must expectedly be examined as a means to 
do so.  

- Education and training plan: In accordance with the guidelines provided for by the 
central government, it is essential to formulate a plan to continuously provide 
programs on education training on emergency response through schools and mass 
media.  Moreover, cooperation with various special organizations is vital in 
terms of the development of textbooks and manuals for this purpose.  Especially, 
as for disaster management education in schools, it is indispensable to start with 
nurturing teachers by accumulating disaster management knowledge and training 
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how to educate students.  Similarly, education and training on communities and 
citizens must necessarily start with training of trainers.  Through these education 
and training, citizens can confirm evacuation areas and routes, communication 
methods to be connected with other family members, how to obtain necessary 
information, etc.  It is imperative to facilitate preventive measures, such as 
strengthening houses and fastening furniture, and other self-activities of 
communities and citizens.  In addition, it is desirable to conduct training of 
experts and engineers in each sectoral plan.   

- Plan to provide information on disaster prevention: As stipulated in the Law 
n° 04-20, access to information on disaster management should be secured for all 
citizens equally.  The kinds and sources of information to be disclosed should be 
determined in line with the guidelines provided for by the central government, in 
the meantime, the procedure and mode of disclosure must be prescribed in the 
local disaster management plans in close cooperation with the mass media.  It is 
also desirable to distribute the details of the GIS database for disaster prevention 
resources via printed materials.   

- Plan to store emergency supplies: In line with the regulations stipulated by the 
central government, it is necessary to formulate plan for storing emergency 
supplies, including kinds, quantity, and maintenance/updating procedures for each 
entity such as Wilaya, Communes, and citizens.   

- Plan for academic researches and studies: It is imperative to continue and improve 
the accuracy of seismic studies and observations by CRAAG, microzoning 
mapping by CGS, and data collection with regard to disaster management 
resources and society by DGPC and URBANS.  Considering further 
advancement of technology, it is desirable to develop a seismic damage early 
determination system as well as seismic damage prediction system.   

3) Emergency actions   

Although an emergency action plan (ORSEC Plan) is already in place and has been 
revised to reflect the learning from its actual use, it is extremely important to continue 
efforts to improve it.  For this purpose, it is necessary to specify the procedures to 
respond to the 24 categories described in Table 9-40 as to respective modules, based on 
the damage estimation generated in this study.  Particularly, it is desirable to prepare a 
plan which clearly states the detailed procedures to implement the priority measures 
given in Table 9-40 and specific actions.  In so doing, it is significant to maintain 
consistency with the preparatory measures, cooperation with citizens, and coordination 
among different modules, for the sake of efficient response.   

4) Rehabilitation and reconstruction   

Points to be noted in rehabilitation and reconstruction are not only restoration of the 
original state but also formation of better condition, creating a city more resistant to 
earthquakes.  Accordingly, concerning infrastructures and other social stocks, it is 
expected to prepare a blueprint for rehabilitation and reconstruction efforts in linkage 
with a long-term development plan in each field, such as electricity, gas, communications, 
airports, ports, bridges, roads, hospitals, and so on, based on the guidelines provided for 
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by the central government.  As for housing, it is desired to spread and fulfill insurances 
in place of the calamity funds.   

Further, long-term assistance is needed in various other aspects, such as maintenance 
of solidarity of communities, psychological care, keeping of disaster records, protection 
of local industry, and preservation of historical assets. 

10-3 Buildings  

The collapse of and/or heavy damage to buildings is the most serious source of human 
casualties in large earthquakes.  Almost all of the existing buildings have seismic vulnerability 
due to the level of engineering and construction technology or non-engineered construction, 
degradation of material, old codes and standards, customary construction materials and methods, 
age etc.  For that reason, JST and CGS have made recommendations regarding the methods of 
seismic retrofit for each type of existing building for reduction of earthquake damage.  

10-3-1 Concept of Seismic Retrofit 

The existing buildings vulnerable to seismic damage basically suffer from a lack of strength or 
lack of ductility.  The seismic retrofit methods are designed to upgrade seismic performance by 
improving strength or ductility and/or both as shown in Figure 10-2.  

 

 

Source: Standard, Guidelines and Technical Manual for Seismic Evaluation 
of Existing Reinforced Concrete Buildings, 2001 Japan 

Figure 10-2  Concept of Seismic Retrofit for Existing Buildings 

When planning a retrofit, the subject building’s seismic capacity must be accurately determined 
through a seismic evaluation i.e. whether it suffers from a lack of strength or lack of ductility.  The 
results will indicate the choice of structurally effective retrofit methods, but a building has 
additional important properties.  The engineer must take these properties into consideration in 
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order to select the most suitable and cost effective retrofit plan through discussion with building 
owner, building operator or user, and sometimes the original design architect and engineer.  The 
technical purpose of the retrofit, retrofit method and construction techniques are shown in Figure 
10-3. 
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Figure 10-3  Classification of Seismic Upgrading Methods 
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