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Summary

This privately owned housing constitutes about 60 to 70% of the housing stock and is
widespread throughout northern Algeria, the region of the country's highest seismic risk.
Generally, these buildings are from 1 to 3 stories high. The ground floor is used for parking or
for commercial purposes. The structural system consists of reinforced concrete frames with
masonry infill walls made out of hollow brick tiles. The infill walls are usually provided in the



residential part of the building (upper floors). Due to the limited amount of infill walls at the
ground floor level, these buildings are characterized by soft-story behavior during earthquakes.
These buildings have most often been built after the development of the 1981 Algerian
seismic code. However, the seismic code is not enforced in private construction and most of
the buildings have been built without seismic strengthening provisions and historically have
been severely affected in Algerian earthquakes, including the May 21, 2003 Boumerdes
earthquake. This report does not describe reinforced concrete frame buildings financed by
public or private property developers and built according to the seismic code.

1. General Information

Buildings of this construction type can be found in northern Algeria, which is an area of high seismicactivity. This
construction constitutes about 60-70% of the total residential building stock. This type of housing construction is

commonly found in sub-utban areas.
y

This construction type is rarely found in densely populated urban areas; it is rather practiced in suburban areas where

building lots are still available. In rural areas, the most common housing construction is tied stone masonry.

This construction type has been in practice for less than 50 years.

Currently, this type of construction is being built. The construction of individual reinforced conarete frame houses
has been practiced since 1980s. To solve the housing cisis in the 1980s, the Algerian government encouraged its
dtizens to build their own homes. The Housing Authority requires that only architectural plans need to be submitted

to obtain a building permit. This construction is not designed according to the requirements of the seismic code.

Flgure 1: Typical building Figure 2: Typical building

2. Architectural Aspects

2.1 Siting

These buildings are typially found in flat terrain. They share ommon walls with adjacent buildings. Buildings
located on the same street are usually attached to one another (without a separation joint). Less often, a small, non-

regular joint is used When separated from adjacent buildings, the typical distance from a neighboring building is 0

meters.

2.2 Building Configuration



The typical shape of a building plan for this housing type is rectangular or L-shaped. The area of window openings at
the peripheral walls is 1.44 m? and the area of balcony doors is 2.20 m?2. The area of the openings constitutes
approximately 10% of the overall wall surface area. The size of the openings at the ground floor level is: 2.5 to 3.0 m
width, and 3.5 m height (case of ommerdal ground floots), and 2.5 width x 2.5 height in ase of residential ground
floor, when there is a garage at that level. This variation in the size of openings between the ground floor and upper

stories is one of the causes for the soft storey behaviour in these buildings.

2.3 Functional Planning

Single family house and Mixed use (ommerdal ground floor, residential above). Seismicvulnerability in this

building type is due to the fact that the ground floor is used for commerdal purposes and the upper levels for
residences. Sometimes heavy items are stored on the upper floors when the entire building is used for commerdal

activity. In a typical building of this type, there are no elevators and 1-2 fire-protected exit staircases. The only means

of esape is the main entrance doort; there is only one stairaase in each building.

2.4 Modification to Building

Typical modifiations indude dosing off the balconies and demolishing the interior walls to rearrange the apartments
or to change the use. Often, additional stories are added without a building permit and without taking into account

the load-beating capadty of the structure.

s TRARR AR
T ’V T T T
TR R T
T T OO T

| — |— @ @ ® @

passasssanan pasan I
[25s] 2415) :
g
,
T :
T R — l
] 2l
I 2 =
e
S ::ﬁg;'&:[
At EET"L#'“_ HAE | LA
= SRS T [+
T [ t 2
s = 3
[reery
T e B 1 4 el
i "Q-‘i"‘%i“‘?f:é‘;'eﬁfs@: s R [

COUPE A — A
FACADE FRINCIPALE} PLAN DU 1° ETAGE

Figure 3: Facade view of a typical building Figure 4: A typical vertical section through a Figure 5: Plan of a typical building
building show ing key load-bearing elements

3. Structural Details

3.1 Structural System

|Material ”Type of Load-Bearing StructurellSubtypes ||Most appropriate typel
Rubble stone (field stone) in mud/lime
1 |jmortar or without mortar (usually with O

Stone Masonty

timber roof)
(Walls

[Dressed stone masonty (in
2 |[. ’

lime/cement mortar)
IMud walls ”

IMud walls with hotizontal wood elements ”
Adobe/ Earthen Walls IAdobe block walls ||

[Rammed earth/Pise construction

g gfofof o




IMasonry

Unreinforced masonty
Iw alls

Brick masonty in mud/lime
mortar

[Brick masonry in mud/lime
mortar with vertical posts

O

Bl |

Brick masonty in lime/cement
mortar

Concrete block masonty in

—
(e}

cement mortar

Confined masonty

1 Clay brick/tile masonty, with
wooden posts and beams

o) ol o

Clay brick masonty, with
12||concrete posts/tie columns
and beams

|

Conctete blocks, tie columns
and beams

Reinforced masonty

Stone masonry in cement

=
&

mortar

Clay brick masonty in cement

—
w

mortar

O

Concrete block masonry in
cement mortar

—
(=)}

Structural concrete

IMoment resisting
frame

|Flat slab structure

O O

IDesigned for gravity loads
only, with URM infill walls

—
o]

N

Designed for seismic effects,
with URM infill walls

—
=)

IDesigned for seismic effects,
with structural infill walls

Dual system — Frame with
| |[shear wall

= LBl

Structural wall

IMoment frame with in-situ
shear walls

|ES

o|ojolod

IMoment frame with precast
shear walls

Precast concrete

|Moment frame

Prestressed moment frame
iwith shear walls

|Large panel precast walls

S RICERICE

Shear wall structure with

O |(O)f OO O

walls cast-in-situ

Shear wall structure with
Iprecast wall panel structure

Steel

IMoment-resisting
frame

|With brick masonry pattitions

IWith cast in-situ concrete
w alls

[With lightw cight partitions

[Braced frame

(Concenttic connections in all
panels

o (o) O |o) a

[E.ccentric connections in a

few panels

Structural wall

0 | A 0 | S

34|[Bolted plate

[Welded plate

[Timber

ILoad-bearing timber
frame

IThatch

IWalls with bamboo/reed mesh

°7 and post (Wattle and Daub)

O |(O)c) o) O

IMasonry with horizontal
38[[beams /planks at intermediate
levels

O

Post and beam frame (no
special connections)

\Wood frame (with special
connections)

M




Stud-wall frame with
plyw ood/gypsum board
sheathing

I\X/ooden panel walls ”

=
O

IBuilding protected with base-isolation systems”

= S]]

Seismic protection systems Building protected with

seismic dampers

|Hybtid systems ||other (described below) ”

Other

af o (oo

The moment-resisting frame in this building type has a very limited earthquake resistance.

3.2 Gravity Load-Resisting System
The vertical load-resisting system is reinforced conarete moment resisting frame. RC frames (columns-beams)

designed for gravity load only, with infilled masonry walls.

3.3 Lateral Load-Resisting System

The lateral load-resisting system is reinforced conarete moment resisting frame. These non-engineered reinforaed
concrete frames have been designed for gravity loads only. Typical column dimensions are 250 mm x 250 mm; in
some ases, 300 mm x 300 mm columns have been used. Typical column reinforcement consists of 6 - 12 mm
diameter bars or 4 - 14 mm bars. The ties typically consist of 8 mm bars at 200 mm spadng; the tie spadng remains
unchanged even in the beam-column joint area. Typical beam dimensions are 250 mm width x 300 mm depth; in
some ases, 300 mm beam width is used to match column dimensions. Beams are usually reinforced with 6 bars of 12
mm or 14 mm diameter. The stitrups consist of § mm bars at 200 mm spadng; the spadng is constant over the beam
span. Seismicdetailing is not provided in the beam-elumn joint region; column and beam longitudinal
reinforcement is generally continuous through the joints, however ties are not provided in the joint area. The frames
are infilled with unreinforced hollow day tile wall panels. These panels are not attached to the frames; the gap between
the infills and the frame is filled with mortar. Floor slabs are of composite construction, consisting of precast
reinforced concrete beams supporting hollow conarete blocks (160 mm thickness) topped with a 40 mm thick
reinforced concrete slab, see Fig.7. The slab is reinforced with 8 mm reinforcement bars at 150 mm spadng. The overall

thidkness of the floor slab is 200 mm.

3.4 Building Dimensions

The typical plan dimensions of these buildings are: lengths between 15 and 15 meters, and widths between 10 and 10

meters. The building has 1 to 3 storey(s). The typical span of the roofing/flooring system is 4 meters. Typical

Plan Dimensions: These ate typical dimensions, with vatiations of not more than +/- 2 meters. Typical Story Height:
The ground floor height is about 4-5 meters, wheteas the floor height of the upper floors is around 3 meters. Typical

Span: The average distance between the columns is about 4 meters, but it can vary from 3 to 5 meters. The typical
storey height in such buildings is 3 meters. The typical structural wall density is up to 2 %. 1.1% - 1.3% These wall

density figures apply to the walls in the prindpal direction.

3.5 Floor and Roof System

|Material ”Description of floot/ roof system ”Most appropriate ﬂom“Most appropriate rooﬂ
P o [ o ]
[Masonry Composite system of concrete joists and

masonty panels
|Solid slabs (cast-in-place) “
|\X/afﬂe slabs (cast-in-place) “

|Flat slabs (cast-in-place) “

|Precast joist system “

Structural concrete |H0110W core slab (precast) “

|Solid slabs (precast) “

Ojogfo)onay o
Ojgoyoo)onay o

|Bca.ms and planks (precast) with concrete || ||



topping (cast-in-situ) O O
|Slabs (post-tensioned) ” O “ O
Steel Com9031Fe steel deck with concrete slab 0 0
(cast-in-situ)
Rammed earth with ballast and concrete or 0 0
plaster finishing
|\Y/ood planks or beams with ballast and concrete or plaster ﬁm'shinél O “ O |
IThatched roof supported on wood putlins ” O “ O |
|\Y/ood shingle roof ” O “ O |
Himber |\Y/ood planks or beams that support clay tiles ” | ” O |
I\Wood planks or beams supporting natural 0 0
stones slates
IWood planks or beams that support slate,
metal, asbestos-cement or plastic corrugated O O
sheets or tiles
IWood plank, plywood or manufactured wood 0 0
anels on joists supported by beams or walls
|Othet ”Described below ” || |

The floot/roof system is made with a preaast joist system, hollow concrete blocks and a 40-50 mm thick ast-in-place
slab.

3.6 Foundation

IType ||Descn'ption ”Most appropriate typel
IWall or column embedded in| 0
soil, without footing

[Rubble stone, fieldstone
lisolated footing

O

Rubble stone, fieldstone strip)
footing

Shallow foundation Reinforced-concrete isolated

footing

N

Reinforced-concrete strip

footing

IMzt foundation | |

INo foundation | |

Reinforced-concrete bearing
iles

O ||O]|O) O

Reinforced-concrete skin
friction piles

|Stee1 bearing piles ”

IDeep foundation

Steel skin friction piles ”

I\X/ood piles | |

|Cast—in-place concrete piers ”

|Caissons | |

|Other | IDes cribed below ”

af oo oo .| &

Common foundations are reinforced concrete isolated footings. This foundation type has been adopted without

geotechnial study of the site and without the recommendation of dvil engineers.
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Figure 6: Foundation plan

Rl na beromams Figure 12: Typical building under construction
Figure 7: Typical floor slab construction
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Figure 14: Earthquake-resistant provisions of the
RPA99 related to RC frame construction

4. Socio-Economic Aspects

4.1 Number of Housing Units and Inhabitants

Each building typically has 1 housing unit(s). 1 units in each building. There is generally one housing unit (in each
house or building). Sometimes this building contains one apartment on each floor when married sons live with their

parents. The number of inhabitants in a building during the day or business hours is less than 5. The number of
inhabitants during the evening and night is 5-10. The number of persons living in one building depends on the sodal
and economicstatus of the occupants. The number of occupants is smaller for families from higher economiclevels.

Usually, there are 6 to 8 family members living in the same building.

4.2 Patterns of Occupancy

Usually one family occupies one housing unit.



4.3 Economic Level of Inhabitants

IIncorne class ”Most appropriate typel
|a) very low-income class (very poor)” O |
|b) low -income class (poot) ” O |
o) middie-income class | |
[ high-income class (rich) | |

For most owners (who are generally of the intellectual dass), the construction takes many years. Economic Level: For
Middle Class the ratio of the Housing Unit Price to their Annual Income is 20:1. For Rich Class the ratio of the

Housing Unit Price to their Annual Incomeis 6:1.

|Ratio of housing unit price to annual income”Most appropriate typel
IS:l of wotse ” |
[a:1 | O |
|3:l ” O |
|1:l or better ” (I |

\What is a typical source of

financing for buildings of this |[Most approptiate type
type?

|Owner financed ” %] |
|Personal savings ” |
Informal netw ork: friends and 0

relatives

Small lefldil.lg ir'lstitutions / micto-

finance institutions

|Commercial banks /mortgages | | (] |
|Employers | | ] |
|Investment pools ” ] |
|Government—0w ned housing | | O |
|Cornbination (explain below) ” O |
|other (explain below) ” O |

This is a privately owned construction, that is, the construction is self-financed. The owner can obtain a small loan

from the bank. In each housing unit, there are 1 bathroom (s) without toilet(s), 1 toilet(s) only and 1 bathroom(s)

induding toilet(s).

In general, there are 1-2 bathrooms and 1-2 latrines per housing unit. In some aases, there is 1 bathroom and 1 latrine

on each floor level. .

4.4 Ownership

The type of ownership or occupancy is outtight ownership and ownership with debt (mortgage or othet).

[Type of ownership or Most appropriate type

occupancy?
|Renting | | ] |
|outﬁght ow nership | | v |

Ow nership with debt (mortgage
or other)




|Indjvidua.1 ow nership || O |
Ow nership by a group or pool of]

[petsons O

lL,ong—term lease ” O |
|other (explain below) ” O |

Generally, this housing type is occupied by middle dass individuals who obtain a mortgage for a period of several

years.

5. Seismic

Vulnerability

5.1 Structural and Architectural Features

Structural/ |Most approptiate type |
|Architectural|[Statement
Feature | Yes No || N/A |
[The structure contains a complete load path for seismic
ILateral load  |[force effects from any horizontal direction that serves 0 i 0
[path to transfer inertial forces from the building to the
foundation.
Building ‘ [The building i§ regular with regards to both the plan 0 0
Configuration |jand the elevation.
[The roof diaphragm is considered to be rigid and it is
[Roof expected that the roof structure will maintain its
. . . . ] O O
construction | [integrity, i.e. shape and form, during an earthquake of
lintensity expected in this area.
[The floor diaphragm(s) are considered to be rigid and it
Floor lis expected that the floor structute(s) will maintain its
. o . . . . O O
construction | [integtity duting an earthquake of intensity expected in
this area.
Foundation [There is no evidence of excessive foundation movement
oundatio (e.g: settlement) that would affect the integrity or ¥} O O
performance .
erformance of the structure in an earthquake.
IWall and
frame T'he qumber of lines of walls or frames in each principal 0 0
structures- direction is greatet than or equal to 2.
redundancy
Height-to-thickness ratio of the shear walls at each floor level is:
Less than 25 (concrete walls);
[Wall
[proportions o O
Less than 30 (reinforced masonty walls);
Less than 13 (untreinforced masonty walls);
. |Vertical load-bearing elements (columns, walls)
[Foundation- .
" are attached to the foundations; concrete 0O 0O
va . columns and walls are dow eled into the
connection .
foundation.
Wall-roof Exterior walls are anchored for out-of-plane seismic
. effects at each diaphragm level with metal anchors or O O
connections
straps
[The total width of door and window openings in a wall
lis:
For brick masonty construction in cement mortar : less
than "2 of the distance betw een the adjacent cross
fwalls;
[Wall openings For adobe masonty, stone masonty and brick masonty U o
lin mud mortar: less than 1/3 of the distance betw een
the adjacent cross
iwalls;
For precast concrete wall structures: less than 3/4 of
the length of a perimeter wall.




Quality of Quality of building materials is considered to be
building adequate per the requirements of national codes and O O
materials standards (an estimate).
Quality of Quality of workmanship (based on visual inspection of
. ||few typical buildings) is considered to be good (per O O

[w orkmanship .

local construction standards).

[Buildings of this type are generally well maintained and there
[IMaintenance |fare no visible signs of deterioration of building O O

elements (concrete, steel, timber)

|Additional

Comments

Reinforced concrete frame construction, built after the first seismic code was issued in 1981, was (in spite of the existence of the code)
designed for gravity loads only and without seismic features. Cuttently, a major problem related to this type of construction results from
the lack of quality construction matetials and insufficient controls duting construction.

5.2 Seismic Features

Structaral [Earthquake
4 Seismic Deficiency Resilient  |[Earthquake Damage Patterns
[Element
Features
| | I
Frame ILack of seismic resistance, as the structural elements are designed for [Partial or total collapse of the building due essentially
(Columns, | |gravity load only. The main deficiencies include: - column cross-section to excessive displacement (P-delta effect) at the
beams) not sufficient to provide earthquake tesistance. - absence of stirrups in oround floor level. The characteristic damage patterns
[beam-column joints. - lack of infilled masonty walls at the ground include: failure of the top portion of columns at the
floor, thus creating a soft storey effect (see Fig. 10 and 11) - oround floor level, development of plastic hinges in
excessively large stirrup spacing in columns. - poor quality of materials the columns (ground floor), crushing of columns due
. to axial compression, shear failure in column-beam
and w orkmanship.
joints
Roof and - act as rigid No damage in general
floors diaphragms

|Other

This type of construction was severely damaged in the May 21, 2003 Boumerdes earthquake.

5.3 Overall Seismic Vulnerability Rating
The overall rating of the seismic vulnerability of the housing typeis A: HIGH VULNERABILITY (i.e., vety poor seismic

performance), the lower bound (i.e., the worst possible) is A: HIGH VULNERABILITY (i.e., very poor seismic
performance), and the upper bound (i.e., the best possible) is B: MEDIUM-HIGH VULNERABILITY (i.e., poor

sesmic

performance).

r\/ulnerability” high ”medium»highl|medium||medium—low|| low ”Very lowl

”Very poo1“ poor ”moderate” good ||Very good“exce]lentl

Vulnerabiiey |_A_|[__ B [ ¢ J| D || E || F

Cass || @ | ol o o] O

5.4 History of Past Earthquakes

|Date ”Epicenter, region ”Magnitude”Max. Intensityl
|1980 ||El Asnam ”7'3 ”X |
|l989 |Tipaza ”6'1 ”VHI»IX |

| B |




|1999 ||Ain Temouchent || ||VHI |

2003 ||Zemmouri (Boumerdes) 08 VIII-IX

The Tipaza (1989) and Ain Temouchent (1999) earthquakes severely affected concrete frame housing construction
designed without seismic features. The typical patterns of damage induded wllapse of some houses, failure of short
columns at the ground floor level and below (vide sanitaire), development of plastichinges in the ground floor, axial
aushing of conarete in the columns and shear damage to the column-beam joints. During the 1980 El Asnam
earthquake, two- and three-level stone masonry that had been strengthened after the E1 Asnam (Oxleanville)
earthquake of September 1954 performed well. The 2003 Boumetrdes earthquake severely affected conarete frame
housing designed without seismic features. Generally, a significant number of RC buildings built after the 1980 were

damaged and this spedficbuilding type was the most affected by the earthquake.

~_ TRES e . - == 3
LAY 5 = SN Figure 10: Typical earthquake damage: buildin
Figure 8: Seismic deficiencies: weak beam-column  Figure 9: Seismic deficiencies - very poor quality of collapse due to the soft storey effect (2003

joint (2003 Boumerdes earthquake) concrete (2003 Boumerdes earthquake) Boumerdes earthquake)

Figure 11: Typical earthquake damage: soft stoty
collapse (2003 Boumerdes earthquake)

6. Construction

0.1 Building Materials

Structural Building .. IMix
. Characteristic strength . . . Comments
clement material roportlons/dlmcnslons
Walls Bricks 200 mm x 300 mm [Thickness is variable: typical values are 50, 100, 150 and 200

(block height x length) mm
Reinforced||[fe28=20 MPa (concrete) fe=400)|[1:2:4 (cement:sand:

Foundation concrete |[MPa (stecl yield strength) cerceatc) [The concrete compressive strength is often less than 20 MPa,|
Reinfc

Frames (beams| Reinforced fe28=20 MPa fe=400 MPa 1:2:4 [The concrete compressive strength is often less than 20 MPa,

& columns) concrete

Roof and Reinforced! 28— 20 MPa fe=400 MPa 104 [The 'concrct'e cor.npresswe'strengt'h is often les‘s‘tl'qan 20 MPa

floot(s) concrete but is sufficient in compatison with the slab rigidity.

0.2 Builder

This housing type is built by the owners themselves. They live in the house and very rarely rent it out.



0.3 Construction Process, Problems and Phasing
Often, after the owner obtains a building permit, (s)he hires a mason to build the house. The owner supplies the

construction materials himself. Seldom are developers or contractors involved. The construction of this type of
housing takes place inaementally over time. Typically, the building is originally designed for its final constructed
size. It often takes 6-7 years to complete individual buildings; frequently this is because of finandng problems.
Sometimes the completed building has undergone modification during the construction as compared to the original

design.

0.4 Design and Construction Expertise
Generally, the architect who planned the house has a suffident level of expertise, however, the houses are not designed

for seismic events. The mason doing the construction does not have this expertise. The role of the architect is to
design the building and to develop design drawings and architectural plans. Engineers do not play a role in the

construction of these buildings because they ate not involved by the owners and architects.

0.5 Building Codes and Standards

This construction type is addressed by the codes/standards of the country. RPA99 (Seismic Algerian Code 1999) and
CBA93 (Reinforced Concrete Code). The year the first code/standard addressing this type of construction issued was
1981 (the first Algerian Seismic Code). RPA99 (Algerian Seismic Code), CBA1993 (National Building Code). The
most recent code/ standard addressing this construction type issued was CBA93 (Reinforced Conarete Code) was

issued in 1993 and RPA99 (Algerian Seismic Code) was issued in 1999. Title of the code or standard: RPA99 (Seismic

Algerian Code 1999) and CBA93 (Reinforced Concrete Code) Year the first code/standard addressing this type of
construction issued: 1981 (the first Algerian Seismic Code) National building code, material codes and seismic
codes/standards: RPA99 (Algetian Seismic Code), CBA1993 (National Building Code) When was the most recent
code/standard addressing this construction type issued? CBA93 (Reinforced Conerete Code) was issued in 1993 and

RPA99 (Algerian Seismic Code) was issued in 1999.

The enforcement of the building code for public buildings in Algeria is done by the Controle Technique de la
Construction (CTC). After the architectural plans have been prepared, their conformity to the building codes (CBA93,
RPA99, etc) must be approved by the CTC. The approval is related to the phases of the construction and the quality
of the building materials. However, code enforcement is not required by Planning Services for private housing. As a
result, the construction can proceed with only architectural plans. There is no inspection or quality control enforaed

during the construction.

0.6 Building Permits and Development Control Rules

This type of construction is an engineered, and authorized as per development control rules.

This type of construction continues to be practiced in the present and is authorized by the regulations controlling
development. There is no requirement that the work be performed in compliance with the rules of construction

practice or seismicdesign. Some of the construction is carried out informally. Building permits are required to build

this housing type.

0.7 Building Maintenance
Typically, the building of this housing type is maintained by Owner(s). Generally, this type of building is well

maintained by the owners.

6.8 Construction Economics

The unit construction cost is estimated to be 25,000-35,000 DA/m? (250-350 $US) (market rate is 1$=100 DA). The
number of work days required to complete the construction depends on the finandng and the number of stories. If



there is not a problem with the finandng, one story can be completed within 8-12 months. For the typical three-story

building, 2-3 years are required for completion.

7. Insurance

Earthquake insurance for this construction type is typically unavailable. For seismically strengthened existing
buildings or new buildings incorporating seismically resilient features, an insurance premium discount or more

complete coverage is unavailable. In general, strengthening of buildings by incorporating seismic features is not

common. Some government-financed retrofit projects wete recently completed for some strategic buildings in the
capital dty Algiers. The government also finances strengthening of damaged public buildings following an earthquake.
As there is no insurance, the owners of individual housing may be given symbolicaid from the government if damage
is slight. If the damage is heavy, repairing and strengthening is financed by the government as was the case after the

2003 Boumerdes earthquake. Earthquake insurance is not available for this building type.

8. Strengthening

8.1 Description of Seismic Strengthening Provisions

Strengthening of Existing Construction :

ISeismic Deficiency ”Description of Seismic Strengthening provisions used |

|Sljght crack Local repair with injection |

Columns and beams: heavy cracks, development of plastic ||Local repair by providing reinforced concrete jacketing; new structural elements added to

hinges, axial compression crushing increase the seismic resistance (shear walls or bracing)

Strengthening of New Construction :

Seismic o - . ..

Deficiency Description of Seismic Strengthening provisions used

Column design Dimensions (b1= width, h1= depth): Min (b1 , h1) > 25 cm (seismic zones I and I1a); Min (b1 , h1) > 30 cm (seismic zones
requirements IIb and I1I); Min (b1 , h1) > he/20 (he = story height); /4 < b1/h1 < 4. Minimum reinforcement ratio (longjtudinal bars): 0.8%
(RPA99), see (zone 11a); 0.9% (zone 11b and I1I); Transverse reinforcement (ties) should also be provided.

Fig.14

Beam design Dimensions (b= width, h= depth): b > 20 ecm , h > 30 c¢m, h/b < 4.0, bmax < 1.5 h + b1. Reinforcement: the minimum
fequirements longjtudinal reinforcement ratio is 0.5%.

(RPA 99), see

Fig.14

]()int_ Transverse reinforcement (ties) should be continuous through the joints

requirements, see

Fig14

The most commonly used method for strengthening reinforced concrete frame buildings is reinforced concrete
jadketing. The addition of new structural elements (such as shear walls or bradngs) is rarely used. Construction of new
shear walls is a common retrofit method for larger reinforced concrete frame buildings despite its high cost. (For
example, this was done after the 1999 Ain Temouchent earthquake.) The addition of shear walls results in the
increased lateral strength and stiffness of a building. As a result, seismic performance increases significantly as well. The

walls ate laid in a symmetrical manner to reduce torsional response. The bradng systems are not used very often.




8.2 Seismic Strengthening Adopted

Has seismic strengthening desaribed in the above table been performed in design and construction practice, and if so,
to what extent?

The first expetience related to repairing and strengthening damaged buildings in Algeria was following the 1980 El
Asnam earthquake (M 7.3). Also, some buildings strengthened after the previous (1954) E1 Asnam earthquake
performed very well (without damage) in the 1980 Asnam earthquake. The methods desaibed in Section 10.1 were
applied. Other projects to strengthen damaged publicbuildings were undertaken after recent earthquakes such as the
1999 Ain Temouchent earthquake. The strengthening of buildings after the 2003 Boumerdes eq. has started but is not
yet finished as of this writing (January 2004). The related seismicstrengthening studies were entrusted to local
engineering and design offices. The damaged elements were repaired with injection or with reinforced concrete
jacketing. New structural elements (shear walls) were added only to the damaged structures of existing public buildings

to increase their lateral load resistance.

Was the work done as a mitigation effort on an undamaged building, or as repair following an earthquake?
This work was done as the repair following the earthquake. In a few cases it was done spedfically as part of a mitigation

effort for a few undamaged strategic buildings in Algiers.

8.3 Construction and Performance of Seismic Strengthening

Was the construction inspected in the same manner as the new construction?

The damaged construction is inspected in the same manner as the new construction.

Who performed the construction seismic retrofit measures: a contractor, or owner/user? Was an architect or engineer
involved?

Owners build their own homes, and architects and engineets are never, ot rately evet, involved. In the aftermath of the
2003 Boumerdes earthquake, the repairing and strengthening operation was financed by the government and

performed by contractors and developers. In this case both the architects and engineers were involved.

What was the performance of retrofitted buildings of this type in subsequent earthquakes?

Construction which was strengthened following the earthquakes which struck northern Algeria (Tipaza, 1989 and Ain
Temouchent, 1999) was not affected by other earthquakes. The 2003 Boumerdes earthquake did not affect those areas
so it is not yet known how retrofitted buildings will perform in future earthquakes. However, some vulnerability
studies of the strengthened housing were completed, which conduded that strengthened buildings should perform

well in future moderate earthquakes.

Figure 13: Seismic strengthening techniques: jacketing of columns and construction of new shear walls in the two directions (after the 2003
Boumerdes earthquake)
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