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Summary

This building type is typically one or two stories and used for single-family housing. It is more
predominant in the desert, in cold-weather, or other inhospitable climates. It has a large mass
and basically no strength, particularly against out-of-plane wall forces. These buildings are the
most seismically vulnerable. In the 2003 Bam earthquake, collapse of these buildings was
widespread and contributed to many of the 43,000+ deaths. The typical mode of collapse is



out-of-plane failure of the walls, resulting in loss of support for the roof. Adobe construction is
widespread throughout Iran, and is used both by wealthy families in luxury residences, as well
as by poor families in more modest dwellings.

1. General Information

Buildings of this construction type can be found in the Middle East. This type of housing construction is commonly

found in both rural and urban areas. This construction type has been in practice for more than 200 years.

Currently, this type of construction is being built. Adobe construction is widespread throughout Iran, and is used

both by wealthy families in luxury residences as well as poor families in more modest dwellings.

1gur 2: View of adobe cons Figure 3: Luxury adobe house

multiple domes

Figure 1: Modest adobe house

2. Architectural Aspects

2.1 Siting
These buildings are typically found in flat terrain. They share common walls with adjacent buildings. The typical

separation distance between buildings is more than one meter, if not connected to adjacent buildings

2.2 Building Configuration
Itis rectangular in plan. Small windows, one entrance door and one entry for each room. Opening area is about 30

percent of total wall area.

2.3 Functional Planning

The main function of this building typology is single-family house. These buildings can also be found in steep
hillside areas, where an individual house is on a flat foundation, but then steps into another house's roof. In a typical
building of this type, there are no elevators and no fire-protected exit staircases. There is only one door to exit from

the building.

2.4 Modification to Building

No modifiations are made to the building.



i

Figure 4: Historic adobe structure

Figure 7: Entryway in w ealthy adobe home

3. Structural Details

3.1 Structural System

Figure 6: Ceiling skylight in w ealthy adobe dw elling
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[[Type of Load-Bearing StructurellSubtypes
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IMasonry

Stone Masonry
Walls

Rubble stone (field stone) in mud/lime
1 |jmortar or without mortar (usually with
timber roof)

d

b IDressed stone masonty (in
lime/cement mortar)

|JAdobe/ Earthen Walls

|Mud walls

|Mud walls with hotizontal wood elements
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[Adobe block walls

N

|Ramrned earth/Pise construction

Unreinforced masonry
walls

[Brick masonry in mud/lime
Imortar

[Brick masonty in mud/lime
mortar with vertical posts

Brick masonty in lime/cement
mortar

ool oo

Concrete block masonry in
cement mortar

S|

O

Confined masonty

Clay brick/tile masonry, with
|_|[wooden posts and beams

—
—_

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

Concrete blocks, tie columns
and beams

Reinforced masonry

Stone masonty in cement
imortar

15 Clay brick masonry in cement
mortar

|_||Concrete block masonty in
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|F1at slab structure | |

IDesigned for gravity loads
only, with URM infill walls

cement mortar |

ool O
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[Designed for seismic effects,

IMoment resisting b URM infill v alk
Iw i walls

frame

O

[Designed for seismic effects,
with structural infill walls

|

[Dual system — Frame with
shear wall

O

IMoment frame with in-situ

Structural concrete shear walls

Structural wall

IMoment frame with precast
shear walls

|Moment frame | |

[Prestressed moment frame
iwith shear walls

ILath panel precast walls ||

[Precast concrete

Shear wall structure with
(walls cast-in-situ

Shear wall structure with
recast wall panel structure

|\X/'ith brick masonry partitions ”

IMoment-resisting \With cast in-situ concrete
frame walls

|\’(/ith lightw eight partitions ”
[ |[Concentric connections in all
anels

Steel

[Braced frame

[E.ccentric connections in a
few panels

|Bolted plate ”
|\’(/elded plate ”
h"hatch | |

I\Walls with bamboo/reed mesh
and post (Wattle and Daub)

Sl |

Structural wall

O |(Oo)cy)cy)| a | Ogo)f o) O | ool . {gf | .o

37

IMasonty with hotizontal
38|[bcams /planks at intermediate
levels

|

Load-bearing timber
frame special connections)

Himber Post and beam frame (no

=
=)

I\Wood frame (with special
connections)

z1]
O

Stud-wall frame with
iplyw ood/gypsum board
sheathing

|\X/ooden panel walls ”

=
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|Building protected with base-isolation systems”

Seismic protection systems Building protected with

seismic dampers

5 |other (described below) ”

Other

af o (oo

EICENEIE]

Hybrid systems | 4

3.2 Gravity Load-Resisting System

The vertical load-resisting system is earthen walls. The roofs are usually adobe domes or gylindrical arches, supported
on adobe walls. Sometimes flat adobe roofs with wood joists are used (as described in section 2, if these buildings are

built on hillsides, the ground floor of one building can be the roof for another.).



3.3 Lateral Load-Resisting System

The lateral load-resisting system is earthen walls. The lateral load-resisting elements are adobe walls, typically 3 m

high, 4 m wide and 0.80 m thidck. The walls do not have any additional system (such as cown beam or pilasters) to
restrain their out-of-plane movement. That is one reason why the buildings are so vulnerable in earthquakes. If the

walls move out of plane, the roof loses its support, and collapses.

3.4 Building Dimensions

The typical plan dimensions of these buildings are: lengths between 12 and 12 meters, and widths between 12 and 12

meters. Thebuilding is 1 storey high. 'The typical span of the roofing/flooting system is 4 meters. Typical Plan
Dimensions: the dimensions can vary, but typically modest homes are 12 meters by 12 meters. Large homes can be
very extensive. Typical Number of Stoties: typically, these adobe houses ate only one story high. Typical Span: a
glindrical or dome-shaped arched roof typically spans 4 meters. Mote elaborate buildings will have such a vaulted
ceiling in the center, flanked by semi-spherical rooms that have domes spanning 3 to 4 meters. A poorer owner may

have one ydindrical ceiling. The typical storey height in such buildings is 3 meters. The typical structural wall density
is more than 20 %. The typical structural wall density varies from 10% to 35%. The walls are very thidk, typically +/-
70-80 em.

3.5 Floor and Roof System

lMaten'al ||Desctiption of floor/ roof system ”Most appropriate ﬂooti lMost approptiate rooﬂ
|\/aulted “ ¥ “ v |

IComposite system of concrete joists and
masonty panels

|Solid slabs (cast-in-place) ”
|\X/afﬂe slabs (cast-in-place) “
|Flat slabs (cast-in-place) ||

IMasonry

|Precast joist system | |

Structural concretq |Ho]low core slab (precast) ||

|Solid slabs (precast) | |

Beams and planks (precast) with concrete
topping (cast-in-situ)

|Slabs (post-tensioned) “

Composite steel deck with concrete slab

Steel L
(cast-in-situ)

[Rammed earth with ballast and concrete or
plaster finishing

|\Y/ood planks or beams with ballast and concrete or plaster ﬁnishing“

IThatched roof supported on wood putlins “
I\X/ood shingle roof “

—_ |\X/ood planks or beams that support clay tiles ”
imber

O (O g)gfo) o ooy o ocyglofono|c) o
O (og)go) o ooy o cpglooyo|c) .

I\Wood planks or beams supporting natural
stones slates

IWood planks or beams that support slate,
metal, asbestos-cement or plastic corrugated

O
O

sheets or tiles

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

|Other | |D escribed below | |

O

N
N

The roofs (and walls) typically have a 5 an (2 inch) layer of straw teinforced mud to provide protection against rain.

3.6 Foundation



lType ”Descn'ption ”Most appropriate typel
IWall or column embedded inf
soil, without footing

[Rubble stone, fieldstone
' ; O
lisolated footing

Rubble stone, fieldstone strip)
footing

N

Shallow foundationy Reinforced-concrete isolated

footing

|

Reinforced-concrete strip
footing

|Mzt foundation | |

lNo foundation ”

O (oo &

Reinforced-concrete beating

Ipiles

Reinforced-concrete skin
friction piles

ISteel bearing piles ”

IDeep foundation
Steel skin friction piles ”

I\X/ood piles I |

ICast—in»placc concrete piers ”

|Caissons | |

Other | IDes cribed below ”

g(go|oofofgf o

Figure 8: Perspective of a typical modest adobe dw elling, Cylindtical roof goes over rectangular center space, domes are used for the square rooms.

4. Socio-Economic Aspects

4.1 Number of Housing Units and Inhabitants
Eadh building typically has 1 housing unit(s). There is only one unit in each building. 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
less than 5.

4.2 Patterns of Occupancy

Just one family, possibly with married son and daughter-in-law, lives in each unit.

4.3 Economic Level of Inhabitants

IIncome class ”Most appropriate typel
|a) vety low-income class (very poor)” |
Ib) low -income class (poor) ”

|
Ic) middle-income class | | |
I |



||d) high-income class (rich) || O ||

The ratio of price of each housing unit to the annual income can be 10:1 for very poor and poor families, and 20:1 for

middle dass families.

|Ratio of housing unit price to annual income”Most appropriate typel
IS:l or worse ” |
fa:1 | O |
|3:l ” (I |
|1:l ot better ” O |

\What is a typical source of

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

[Ow ner financed | |
Personal savings | v |
nforml new ok fiends and

boonce s
[Commercial banks/mortgages || O |
[Employers | O |
|Investment pools || ] |
[Government-owned housing || O |
[Combination (explain below) || O |
[other (explain below) | O |

In each housing unit, there are no bathroom (s) without toilet(s), no toilet(s) only and no bathroom(s) induding

toilet(s).

Bathrooms or latrines are in separate structures. .

4.4 Ownership

The type of ownership or occupangy is outright ownership and ownership with debt (mortgage or other).

Zéff;pt;fn(;\;lgershlp or IMost appropriate type
|Renting ” O |
|outﬁght ow nership ” |
(())r\x;?;;:)}np with debt (mortgage

IIndividual ow nership ” O |
Ow nership by a group or pool of] 0

Ipersons

lLong—term lease ” (] |
|other (explain below) ” O |




5. Seismic Vulnerability

5.1 Structural and Architectural Features

Structural/ |Most appropriate typel
|Architectural Statement
Feature | Yes || No || N/A |

The structure contains a complete load path for seismic
force effects from any horizontal direction that serves

[Lateral load path to transfer inertial forces from the building to the U v U
foundation.
Building ‘ [The building is- regular with regards to both the plan 0 0
Configuration and the elevation.
The roof diaphragm is considered to be rigid and it is
Roof construction fexpec_ted .that the roof structure \yi]l maintain its 0 a 0
integrity, i.c. shape and form, during an earthquake of
intensity expected in this area.
The floor diaphragm(s) ate considered to be rigid and it
Floor construction is expected that the floor structure(s) will maintain its 0 0O

integrity during an earthquake of intensity expected in

this area.
Foundation [There is no evidence of excessive foundation movement
Job a . .
erformance (c.g settlement) that would affect the integrity or ¥ O O
anc

erformance of the structure in an earthquake.

IWall and frame
structures-
redundancy

[The number of lines of walls or frames in each principal
direction is greater than ot equal to 2.

[Height-to-thickness ratio of the shear walls at each floor level is:
Less than 25 (concrete walls);
[Wall proportions v O O

[Less than 30 (reinforced masontry walls);

Less than 13 (unreinforced masonry walls);

Vertical load-beating elements (columns, walls)
IFoundation-w all are attached to the foundations; concrete
connection columns and walls are dow eled into the
foundation.

[Exterior walls are anchored for out-of-plane seismic
effects at each diaphragm level with metal anchors or O O
straps

IWall-roof

connections

The total width of door and window openings in a wall
is :

For brick masonry construction in cement mortar : less
than 2 of the distance betw een the adjacent cross
walls;

[Wall openings For adobe masonty, stone masonty and brick masonry o U
in mud mortar: less than 1/3 of the distance betw een
the adjacent cross

w alls;

For precast concrete wall structures: less than 3/4 of
the length of a perimeter wall.

Quality of building materials is considered to be
Quality of building materials|fadequate per the requitements of national codes and O O
standards (an estimate).

Quality of workmanship (based on visual inspection of
Quality of workmanship  |[few typical buildings) is considered to be good (per O ¥ O

local construction standatds).

Buildings of this type are generally well maintained and there
IMaintenance are no visible signs of deterioration of building O O
elements (concrete, steel, timber)

|Addjtional Comments ” |




5.2 Seismic Features

prructural Scismic Deficiency Earthquake Resilient Features Earthquake Damage Patterns
[Element
Wall [They are weak in the out of plane |[There are no earthquake resistant features. [The walls tips over ot bend outwards.

direction.

Frame (Columns,
beams)

[The roof consists of arches and domes which [f the walls move out of plane, the roof

provide integrity

Roof and floors It is made of weak materials.

collapses.

Other ” ” |

If the adobe walls can be kept in place, the seismic performance of the building will improve significantly.

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

petformance), the lower bound (i.e., the worst possible) is A: HIGH VULNERABILITY (i.e., very poor seismic
petformance), and the upper bound (i.e., the best possible) is A: HIGH VULNERABILITY (i.e., vety poor seismic

performance).

[Vulnerability” high ”medium—high”mediumllmedium—low” low ”very lowl
I ”very poox“ poor ”moderata” good Hvery good”cxcellentl
Valembitiey [ A [ B [l ¢ || D |[ E || F |

s | O ol o jJolio]

5.4 History of Past Earthquakes

IDate ”Epicenter, region”Magnitude”Max. Intensityl
|1990 |Manjﬂ ||7'7 || |
|1997 |Ardekul ||7'3 || |
|2003 Bam ||("6 || |

Iran has along histoty of devastating earthquakes that have affected adobe structures. In the 2003 Bam earthquake,
over 40,000 people died; in 1997 over 1,568 people died and in the 1990 earthquake in Manjil over 40,000 people died.
In the Bam area, there have also been other significant earthquakes: in the Gisk-Zarand 1977 earthquake--665 people
wete killed; in the 1981 Golbaf earthquake--between 1,000 and 3,000 people were killed; in the 1981 Sirch earthquake-

-1300 people killed. Many people were killed in adobe structures.




Figure 9: Key Seismic Deficiency--buildings not Figure 10: Aerial view of roofs after Bam Figure 11: Key Seismic Deficiency: walls are not
well-tied together. Example of building collapse in earthquake--multiple domes of each house are tied to roof, and can move out-of-plane in an
Bam ecarthquake visible. carthquake

{ ¥ e i Figure 13: Aerial view of neighborhood with +
Figure 12: Aerial view of complete destruction of ~ widespread damage to adobe structures in Bam Figure 14: If walls can be kept in-plane, building
adobe dwelllings in Bam earthquake earthquake typically survives. Adobe house in Bam earthquake.

. Figure 15: Bam earthquake: Damage to a ri i Z == x b
traditional adobe house. Nonbearing walls Figure 16: Bam earthquake: collapsed adobe Figure 17: Bam earthquake: debris cleared from
collapsed, bearing walls are still standing structures roadw ay, partially collapsed adobe structures, tents
6. Construction
0.1 Building Materials
|Structural element ”Building matetial ”Chamctetistic strength ”Mlx proportions/dimensions ”Commentsl
|\X/a]ls ”Adobe is used to make walls .”No information is available on this.l INO information is available on this ” I
[Foundation I | I | |
[Frames (beams & columns)|| [ [l [l |
IRoof and floot(s) ”Adobe is used to make walls .”No information is available on this.l INo information is available on this ” |

6.2 Builder
Builder Ocoupied.

0.3 Construction Process, Problems and Phasing
Sun dried adobe units are used to build walls and roof. A 2-inch layer of straw-reinforced mud covers the walls and

roof for rain protection. Every 4 to 6 years, this layer is washed away from the roof and requires replacement. The
construction of this type of housing takes place in a single phase. Typically, the building is originally designed for its

final constructed size.

0.4 Design and Construction Expertise

No spedal expertise. None.



0.5 Building Codes and Standards

This construction type is not addressed by the codes/standards of the country.

0.6 Building Permits and Development Control Rules
This type of construction is a non-engineered, and not authorized as per development control rules. Building

permits are not required to build this housing type.

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

6.8 Construction Economics
$20/m2 (this is a rough estimate. A lot of people build their own houses, using their own dirt to make adobe

blocks.). It takes about 100 days for 2-3 persons (200-300 person days) to complete the construction.

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

Strengthening of Existing Construction :

|Seismic Deﬁciency”Description of Seismic Strengthening provisions used |

Weak walls

In other countties, particularly Peru, add reinforced concrete, or add rope stitching

Strengthening of New Construction :

|Seismic Deﬁciency“Descﬂption of Seismic Strengthening provisions used |

Weak walls HDimcnsi()nz_l constraints, bamboo reinforcement (Peru) or reinforced concrete overlay. |

8.2 Seismic Strengthening Adopted

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

None in Iran.

Was the work done as a mitigation effort on an undamaged building, or as repair following an earthquake?



Not applicable.

8.3 Construction and Performance of Seismic Strengthening

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

Not applicable.

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

Not applicable.

What was the performance of retrofitted buildings of this type in subsequent earthquakes?
Not applicable.

Figure 18: Basic gravity strengthening technique used for several hundred years--iron rod across vaulted space, tying walls together (increases gravity
resistance, not seismic resistance)
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