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Summary

This building type is usually found in most cities of West Bank and less often in the Gaza
Strip. The structural system consists of solid slabs (either one-way or two-way) with beams
and columns. The columns are usually of rectangular cross-section. The beams may be either



dropped (deep) or hidden. The infill walls in the external frames may consist of stone with
plain concrete only, or stone with plain concrete and hollow block. Sometimes polystyrene of
2-cm thickness is added for isolation purposes. On the other hand, the internal infill walls

consist only of concrete hollow blocks of 10 cm thickness but may be as thick as 15 or 20 cm.
These walls are used and considered as partitions.

1. General Information

Buildings of this construction type can be found in the main dties of West Bank like East of Jerusalem, Nablus,
Ramallah, Bethlehem and Jenin. It represents 30 to 40% of the housing stock in these dties. For Gaza Strip, it is

applied on a small scale. This type of housing construction is commonly found in both rural and urban areas. This
construction type has been in practice for less than 50 years.

Currently, this type of construction is being built. This is the modern type of construction in the last 30 years.
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Figure 1A: Typical Building Figure 1C: Typical Building

Figure 1B: Typical Building

Figure 2: Key Load-Bearing Elements

2. Architectural Aspects

2.1 Siting

These buildings are typically found in flat, sloped and hilly terrain. They do not share common walls with adjacent
buildings. The distance between adjacent buildings varies from 6 to 10 meters in the areas dassified for housing

purposes, and zero for ommerdal areas When separated from adjacent buildings, the typical distance from a



neighboring building is 10 meters.

2.2 Building Configuration

Many of the buildings within this system are of rectangular shape. On the other hand, almost 50% of the buildings
have irregular shape. This irregularity is variable and it is small in certain percentage of the buildings and high in the
other. This is due to the shape and dimensions of the land parcels espedally in the mountainous and hilly areas (see

Figures 1A and 3A). The widows are usually centered within the wall, while the doors are located at the end. The
height of the widows is usually 1.25 meters, and the width has a variable size depending on the architect's expetience
and personal judgment. Generally, the widows represent 20% of the wall area. The doors are 1.0 meter wide and 2.2

meters high as an average.

2.3 Functional Planning
The main function of this building typology is multi-family housing. There are a lot of mixed buildings too. Ina
typical building of this type, there are no elevators and 1-2 fire-protected exit staircases. Generally, there is no

additional doors besides the main entry, also there is no additional exit stairs besides the main ones.

2.4 Modification to Building

Investigations on this type of buildings showed the following: - Interior walls (pattitions) are vety often removed
since they are changed and reallocated according to the owner's desite. - Extensions to buildings ate applied in many
cases using either short, medium or long time intervals. - Columns are rarely demolished. - Staircases are added
whenever additional floors are needed. This happens in very few ases where stairases do not exist in single floor

buildings.
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Figure 3A: Plan of a Typical Building Figure 3B: Typical plan

3. Structural Details

3.1 Structural System

|Material ”I‘ype of Load-Bearing SttucturellSubtypes ||Most approptiate type|
Rubble stone (field stone) in mud/lime
1 |jmortar or without mortar (usually with O
Stone Masonry timber roof)

Walls

IDressed stone masonty (in
2 ||. ’
lime/cement mortar)
Il\/Iud walls | |

IMud walls with hotizontal wood elements ”

[Adobe block walls I

IRammed earth/Pise construction ”

o Brick masonty in mud/lime
mortar

|8_| IBrick masonty in mud/lime ||

|JAdobe/ Earthen Walls

O || O |Oo)c)o)o)| o



IMasonry

w alls

Unreinforced masonry

|_]|morta_t with vertical posts

Brick masonty in lime/cement

9

mortar

Concrete block masonty in
cement mortar

Confined masonty

] Clay brick/tile masonry, with
lwooden posts and beams

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

|

(Concrete blocks, tie columns

13 and beams

Reinforced masonty

Stone masonry in cement
mortar

=
S

Clay brick masonty in cement
mortar

Concrete block masonry in
cement mortar

Structural concrete

IMoment resisting
frame

|Flat slab structure

oo oifoboi|o

| | |

IDesigned for gravity loads
|_|lonly, with URM infill walls

—
o]

g

IDesigned for seismic effects,
|| [with URM infill walls

—
=)

|

[Designed for seismic effects,
with structural infill walls

O

=[S

[Dual system — Frame with
shear wall

Structural wall

IMoment frame with in-situ
shear walls

IMoment frame with precast
shear walls

[Precast concrete

|Moment frame

[Prestressed moment frame
iwith shear walls

|Large panel precast walls

Shear wall structure with
iwalls cast-in-situ

Shear wall structure with
Iprecast wall panel structure

Steel

IMoment-resisting
frame

|\’(/ith brick masonty partitions

IWith cast in-situ concrete

w alls

[With lightw eight partitions

Braced frame

(Concenttic connections in all
panels

[E ccentric connections in a

few panels

Structural wall

S I S | I T (Y [ S S | S

34| |Bolted plate
p4)[Boleed p

|\X/'eldcd plate

[Timber

frame

ILoad-bearing timber

IThatch

IWalls with bamboo/reed mesh
and post (Wattle and Daub)

O |(Oc)c) O O o) O o) O O|(g|bo||gloifbi|o

IMasonty with hotizontal
38[[beams /planks at intermediate
levels

O

Post and beam frame (no
special connections)

\Wood frame (with special
connections)

Stud-wall frame with
41| [plyw ood/gypsum board
sheathing

|4=2| |\’(/ooden panel walls




I I| [[_]I I| |

IBuilding protected with base-isolation systcms“ [ I
Seismic protection systems di ;
Other Bgﬂdl{lg protected with 0O
seismic dampers
|Hybrid systems ||other (described below) || O I

The internal frames are infilled with concrete hollow blodks while the external frames are infilled with stone and

concrete or with stone and concrete with hollow blodk (See Figure 4A).

3.2 Gravity Load-Resisting System

The vertical load-resisting system is reinforced conarete moment resisting frame. The gravity load bearing system
consists of beams, columns and slabs. It transfers the vertical loads to the foundations which may be either spread,

mat or deep depending on the nature of the soil and the height of the building.

3.3 Lateral Load-Resisting System

The lateral load-resisting system is reinforced conarete moment resisting frame. The lateral load resisting system
consists of reinforced conarete beam-column frame resting on different types of foundations, either spread, mat or
deep. In urban areas and espedally in the last ten years, most of the buildings use the ground or basement floors as car
park. The frames are bare in the lower floor while they are infilled with strong masonry walls in the upper floor. These
masonry infills wall have very high stiffness and contribute a lot to the lateral load resisting system of the buildings.
This variation in the stiffness creates a soft storey in the lower floor which is very weak and has very bad petformance
during earthquakes. It is also important to mention that due to the mountainous nature of the land, there is a need in
many cases to have more than one basement (up to five sometimes) to reach the street level, thus creating additional
soft stories. In addition to that and due to the irregularity in both vertical and hotizontal configurations, torsional

effect will appear when the building is subjected to horizontal loading (see Figure 1A and 3A).

3.4 Building Dimensions
The typical plan dimensions of these buildings ate: lengths between 15 and 15 meters, and widths between 12 and 12

meters. The building has 4 to 5 storey(s). The typical span of the roofing/flooting system is 5 meters. Typical

Plan Dimensions: The dimensions of the building may inarease depending on the size and shape of the land, the
number of housing units and the variation in the slope. Usually length is 10-25 meters, width is 8-16 meters. Typical
Story Height: The story height is governed by the number of stone layers. Since the normal height of each layer is 25
an in addition to 1 am between each layer. 12 or 13 layers are usually used and this makes the height of each story to be
3.1 and 3.35 meters respectively. Typical Span: Typical Span ranges from 3.5 to 6.0 meters. Sometimes, the span is

inaeased espedally when having ar park in the basement floors. The typical storey height in such buildings is 3.1
meters. The typical structural wall density is none. 5% - 6% total wall area/plan area (for each flooy), is the range

between the ratios of the area of all the walls in each prindpal direction divided by the total area of the plan.

3.5 Floor and Roof System

IMaterial ||Description of floor/ roof system ”Most appropriate ﬂoox{ IMost appropriate rooﬂ
|Vaulted “ O || O |
Masontry ;;?F;zl;a;}zgm of concrete joists and 0 0
|Solid slabs (cast-in-place) || ” |
|\W affle slabs (cast-in-place) || [ || O |
Flat slabs (cast-in-place) “ [ “ O |
|Prcczst joist system “ ([ “ O |
Structural concrete |Hollow core slab (precast) “ ([ “ O |
[Sotid stabs (precast) | O | O |
2@&;&35&;&; Ug)recast) with concrete 0 0O
|Slabs (post-tensioned) ” t ” O |




Composite steel deck with concrete slab

Steel (cast-in-situ)

O

|

[Rammed earth with ballast and concrete or
plaster finishing

IWood planks or beams with ballast and concrete or plaster ﬁnishinél

hhatched roof supported on wood putlins ”

|\Y/ood shingle roof | |

|\Wood planks or beams that support clay tiles ”

[Timber

I\Wood planks or beams supporting natural
stones slates

O |(gfoya)o| o

O ||ojcyc)c)| a

IWood planks or beams that supportt slate,
metal, asbestos-cement or plastic corrugated
sheets or tiles

O

|

IWood plank, plyw ood or manufactured wood
anels on joists supported by beams or walls

O

IOthet ”Des cribed below

N

Single- or two-way ribbed slabs with hollow blocks. Please refer to Figure 2 for ribbed slabs.

3.6 Foundation

I’I‘ype ”Description ”Most appropriate type|
IWall or column embedded in| 0O
soil, without footing

[Rubble stone, fieldstone
lisolated footing

O

Rubble stone, fieldstone strip)
footing

Shallow foundation| [ 575 3 concrete fsolated

footing

N

Reinforced-concrete strip
footing

IMat foundation
|No foundation | |

|

N

§ ||O

Reinforced-concrete bearing
iles

Reinforced-concrete skin
friction piles

g

|Steel bearing piles ”

IDeep foundation

|Steel skin friction piles ”

I\Wood piles | |

|Cast—in—place concrete piers ”

|Caissons | |

IOther | lDes cribed below ”

g gfofafofo

It consists of reinforced conarete end-bearing piles and reinforced conarete skin-friction piles.




Figure 4A: Critical Structural Details-Concrete Slab

Infilled Frame Subjected
to horizental leading

Figure 5A: Key Seismic Deficiencies-Infill Frame
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Figure 5D: Key Seismic Deficiencies-Short
Columns
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Figure 4B: Critical Structural Details-Walls
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Figure 5E: Key Seismic Deficiencies-Loaded

4. Socio-Economic Aspects

Loaded Cantilever

Cantilever

4.1 Number of Housing Units and Inhabitants
Each building typically has 5-10 housing unit(s). 10 units in each building. The number of housing units in the type
considered in this study (as Figute 1A) varies between 8-14. In few cases, espedally in Nablus and Ramallah dties, the
number of the units may reach up to 30. The number of inhabitants in a building during the day or business hours is

Figure 4C: Critical Structutal Details-Foundations

sl with windew opaning

open ground floer

Soft Story
Figure 5C: Key Seismic Deficiencies-Soft Storey
Effect

5-10. 'The number of inhabitants during the evening and night is more than 20. The number of oacupants during

the night may go up to more than one hundred.

4.2 Patterns of Occupancy

One family generally occupies one housing unit. We an find in very few cases or even rarely more than one family in

one housing unit.

4.3 Economic Level of Inhabitants

IIncome class

I |Most appropriate typel

|a) very low -income class (very poor)“ O

|b) low -income class (poor) ||



| =
) middle-income class

Id) high-income class (rich) ” (I |

EwnomicLevel: For Middle Class the Housing Unit Price is 60,000 and the Annual Income is 9,000.

|Ratio of housing unit price to annual incomel |Most appropriate typel
IS:l of wotse ” |
[4:1 | O |
|3:l ” O |
|1:l or better ” (I |

IWhat is a typical source of

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

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

relatives

Small lending institutions / micro- 0

finance institutions

|Commercial banks /mortgages | | v |
|Employers | | O |
|Investment pools ” ] |
|Goverr1ment—0w ned housing | | |
|Cornbination (explain below) ” O |
|other (explain below) ” [l |

The government-owned housing projects are still constructed on a limited range or scale. In each housing unit,

there are 1 bathroom (s) without toilet(s), no toilet(s) only and 1 bathroom(s) induding toilet(s).

Each housing unit have 1 -2 bathrooms. .

4.4 Ownership

The type of ownership or occupancy is tenting, outright ownership , ownership with debt (mortgage or other) and

ownership by a group or pool of persons.

:Zfspfrz;?emhlp or [Most appropriate type
|Renting ” |
|0utright ow nership ” |
(?rv; ?;;i)hlp with debt (mortgage

|Indjvidua1 ow nership ” (] |
Ow nership by a group or pool off

Ipersons

ILong—term lease ” O |
Iother (explain below) ” O |




5. Seismic

Vulnerability

5.1 Structural and Architectural Features

Structural/ |Most approptiate type |
|Architectural|[Statement
Lo o | o]
[The structure contains a complete load path for seismic
ILateral load  |[force effects from any horizontal ditection that serves 0O 0O
Ipath to transfer inertial forces from the building to the
foundation.
[Building [The building is regular with regards to both the plan
. . ¥ O O
Configuration |fand the elevation.
[The roof diaphragm is considered to be rigid and it is
Roof expected that the roof structure will maintain its
. MR . O O
construction | [integrity, i.e. shape and form, duting 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 structure(s) will maintain its
. o . . . . v O O
construction | [integrity duting an earthquake of intensity expected in
this area.
Foundation [There is no evidence of excessive foundation movement
b (e.g. settlement) that would affect the integrity or O O
Iperformance .
performance of the structure in an earthquake.
IWall and
frame [The number of lines of walls or frames in each principal
L | ¥ O
structures- direction is greater than or equal to 2.
redundancy
[Height-to-thickness ratio of the shear walls at each floor level is:
ILess than 25 (concrete walls);
IWall
[proportions = g
ILess than 30 (reinforced masonry walls);
ILess than 13 (unreinforced masonry walls);
. \Vertical load-bearing elements (columns, walls)
Foundation- :
I are attached to the foundations; concrete 0 0
e . 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 mottar : less
than "2 of the distance betw een the adjacent cross
w alls;
Wall openings For adobe masonty, stone masonty and brick masonty o =
lin mud mortar: less than 1/3 of the distance betw een
the adjacent cross
iw alls;
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 requitements of national codes and | O
materials standards (an estimate).
Quality of (Quality of workmanship (based on visual inspection of
ualty . ||few typical buildings) is considered to be good (per O O
[w orkmanship .
llocal construction standards).
Buildings of this type are generally well maintained and there
[Maintenance |fare no visible signs of detetioration of building | |
elements (concrete, steel, timber)
| I |




dditional
Comments

ioint is 2-3 cm for all heights and types of structural systems of the buildings.

For the building configuration, the answ er represents less than 50% of the buildings (see item 2.3 for building configuration). The
building materials are used depending on a big variety of codes from ecither adjacent countries like Jordan, Syria and Egypt or
international codes like ACI, BS and DIN. The quality of workmanship is not good enough, on the other hand and in few cases
especially for public projects, workmanship is of high level of quality. The seismic joints are not applied because the maximum size of

5.2 Seismic Features

[Earthquake
Structural Lo . . ,q [Earthquake Damage
Seismic Deficiency Resilient
[Element Pattetns
Features
Wall - The connection betw een the infill wall and the internal frame is poor and the bond betw een [Damage caused by these
the hollow block pieces is also poor. - The bond betw een the decorative stone and the concrete kinds of deficiencies has
linfill wall of the external frame is weak (no mechanical bond). This causes the separation and been observed in similar
. . S . . construction in
falling dow n of the stone pieces when the building is subjected to shaking. .
carthquakes in the
surrounding region---
|Agaba, Jordan; Egypt and
[Turkey.
Frame - Inadequate confinement (transverse reinforcement) in the vicinity of the beam-column joint
(columns, |fand within the joint itself. - Inadequate transverse cross ties (stirrups) in the columns and
beams) beams as well. - Strong Column-Weak beam design concept is not considered. - Vatiation of
stiffness in plan and elevation as well, which creates soft or weak stories in many cases. - Short
column effect is predominant in many case and due to variety of reasons. - Heavily loaded
cantilever beams.
Roof and || Inadequate transverse reinforcement of the ribbed slabs. (Open ties, excessive spacing). -
fl . .
00T [Heavily loaded cantilever slabs.
[Foundations . Lo .
| H - Short column effect appears in the column necks when using isolated footing,

1. See Figure 5A for seismic defidendes 2. Acording to EMS-98 and from post earthquake investigation results, it is
expected that the performance of the reinforced concrete frame buildings with serious defects (such as soft stories,
weak columns, lack of stiffening elements like masonry infill and shear walls) vulnerability dass B or even A may be

appropriate. Please consider this comment when looking at vulnerability table in item 5.3 next.

5.3 Overall Seismic Vulnerability Rating
The overall rating of the seismic vulnerability of the housing type is C: MEDIUM VVULNERABILITY (i.e., moderate

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

good seismic performance).

[Vulnerability|| high ||medium-high||medium|jmedium-low|| low |[very low|
| ||Very pooﬂ | poor ”moderate” good ||Very good“exce]lentl
Vunerabiliy (LA B [ ¢ ||l D [ E || F |

|| Lo Lo llo]

5.4 History of Past Earthquakes

|Date ”Epicenter, region”Magnitude“Max. Intensity |

Ijel:ico | |

|1995 ||Aqaba Gulf ||

MMI, VIII |

|l927

MMI, VII - VIII |




- The magnitude of the Aqaba Gulf earthquake ranged between 6.2-6.5. -The magnitude of the Jerico earthquake
ranged between 6.2-6.3. # In the 1995 earthquake, the Epicenter was located about 100 kilometers south of Aqaba and
Elat dties where MMI was VII. On the other hand, MMI near the zone of the Epicenter was VIII. - PGA for 1995

earthquake was 0.20 g.

6. Construction

6.1 Building Materials

Structural - . Characteristic | |[Mix
Building material . . . Comments

element strength [proportions/dimensions|

. - Hollow blocks (internal) - 3.0 15-20/1.0- [The stone used for decorative putposes in the

IWalls 1:3:6 - 1:3:5 . . .
Concrete/Stone(external) 2.0 external infill walls is neglected in the strength.

[Foundation [|Concrete |-3/25-30/2-3 |[1:2:4 [l |

Frames (beams - ere 2-3/25-30/2-3 |[1:2:4

& columns)

|Roof and floot(s) ||C0ncrete “2—3/25—30/2»3 ||l 2:4 || |

6.2 Builder

The builder lives in this type in many cases. Also, a developer may build the house for investment purposes and

others buy or rent it.

6.3 Construction Process, Problems and Phasing

The construction process can be briefly desaibed as follows: - The architect prepares the architectural drawings of the
building. - The dvil engineer makes the structural design. - Both the electrical and mechanical engineers prepate their
drawings also. - All the drawings are signed by the engineers who must be authorized and submitted to the engineers
Assodation for approval. The engineers Assodation gives the approval for design requirements and certifies the
signature of the engineers only. The designer office is totally responsible for the design depending on its dassification
or pre-qualification which is usually given by the Assodation. Typically, the engineers and the design offices are
authorized and pre-qualified by the Assodation. - The documents are then submitted to the Munidpality for building
license - A contractor then is awarded the project using different methods of procurement. - The work is usually done
under the supervision of the engineer which is a requirement. - Generally, conventional building techniques are utilized
and part of the work is done using conventional tools as well. Also in many cases and for big projects advanced

building techniques, ready mixed concrete and precast units are used. The construction of this type of housing takes

place in a single phase. Typially, the building is originally designed for its final constructed size.

6.4 Design and Construction Expertise

The engineers should be authorized by the engineers Assodation to practice the work. A minimum three years of
experience and practice is required. Also the engineering office should be offidally registered and authorized. This is

required from all engineers involved in the process. The engineers play the major role during the whole stages of the
process. They make the design, prepare tender documents and supetvise the construction. This is also a requirement

needed for these projects. In very few cases and for small scale buildings there might not be the supervising engineer.

6.5 Building Codes and Standards

This construction type is addressed by the codes/standards of the country. As mentioned eatlier, the engineers
consider different varieties of codes of adjacent countries like Jordan, Syria, Egypt or other international codes like ACI,
BS and DIN as well. There is not a national code for Palestine (West Bank and Gaza Sttip) yet and we are in the
process of preparing our national code of practice. Title of the code or standard: As mentioned eatlier, the engineers
consider different varieties of codes of adjacent countries like Jordan, Syria, Egypt or other international codes like ACI,



BS and DIN as well. There is not a national code for Palestine (West Bank and Gaza Strip) yet and we are in the

process of preparing our national code of practice.
There is no national code applied. Also the court of law applies the Egyptian and Jordanian laws.

6.6 Building Permits and Development Control Rules
This type of construction is an engineered, and authorized as per development control rules. Building permits are

required to build this housing type.

6.7 Building Maintenance
Typically, the building of this housing type is maintained by Owner(s) and Tenant(s).

6.8 Construction Economics

200-300 $/m? of built-up atea (This does not indude the land ptice which is generally high and also the taxes). Fora
housing unit of 60,000 $ cost, approximately 500 workdays or person-days are required to complete the construction.

(Considering that 8 labors cn finish the construction, both skeleton and finishing, within two months).

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.

8. Strengthening

8.1 Description of Seismic Strengthening Provisions

The retrofitting of structures is not governed by certain provisions. It is performed rarely by individual engineers for
certain cases without applying unique prindples and tools. In general, jacketing using reinforced concrete or steel is

used for strengthening purposes.

8.2 Seismic Strengthening Adopted

8.3 Construction and Performance of Seismic Strengthening
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