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ABSTRACT: Masonry buildings are widely constructed in Turkey by using local materials. Many
of them are non-engineered constructions in the traditional manner without intervention by qualified
engineers. In addition to these, numerous buildings are often constructed by using reinforced
concrete columns and beams, without proper engineering design. Although these buildings have
beams and columns, they can be considered as masonry buildings, because the beams and columns
are not properly designed to produce moment resisting frames. In Turkey Autoclaved Aerated
Concrete (AAC) blocks are mainly used to produce partition walls within the reinforced concrete
frames. Additionally, AAC panels and slab elements are used as prefabricated structural elements
and masonry buildings are constructed by using all of these products as well. In the present paper,
observations on performance of the buildings made of conventional masonry material and AAC
products during the August 1999 Marmara Earthquake are discussed comparatively.

1 INTRODUCTION

In common masonry structures vertical forces due to dead and live loads as well as lateral forces
due to earthquake loads are resisted by the structural walls. In masonry structures, besides the
structural walls, partition walls are used for the separation of rooms having different functional
purposes. Since the contribution of these partition walls to the load bearing capacity of the story is
very small in comparison with the structural walls, their capacities are neglected. Structural walls
in masonry are very sensitive to tensile stresses; this weakness can be avoided by putting some
reinforcement within the masonry units.

InTurkey, masonry buildings are non-engineered constructions which are informally constructed
in rural areas as well as in outskirts of the metropolitans in the traditional manner without any or
very little intervention by qualified engineers and architects. Such buildings involve field stone,
fired brick, concrete blocks, adobe and wood or a combination of these locally available materials.
Plain unreinforced masonry is used very widely in rural parts of the country. Although reinforced
masonry structures are very common in various parts of the world, they are very rare in Turkey.

In Turkey, buildings are often constructed by using reinforced concrete columns and beams,
without proper engineering design, based on the experience of local masonry contractors. Although
these buildings have beams and columns, they have to be considered as masonry buildings, because
beams and columns are not properly designed to produce moment resisting frames which are of
prime importance for resisting earthquake loads. It is difficult to accept these types of buildings
as concrete structures; they can be regarded as a type of masonry structures as well (Celep &
Kumbasar 2005).

Autoclaved Aerated Concrete (AAC) products are used mainly as AAC blocks within the rein-
forced concrete frame system as partition walls. AAC panels and slab elements are also used as
prefabricated structural elements, such as slabs, exterior or partition walls in the precast struc-
tural system as well as cast-in-place structures. In Turkey these elements are used in low-rise
masonry residential and industrial buildings. There are also low-rise masonry residential buildings
constructed by using only all these AAC blocks as well.
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2 EARTHQUAKE BEHAVIOR OF A MASONRY STRUCTURE

Masonry structures can perform well in earthquakes, provided that plain masonry walls are dis-
tributed throughout their plan area and acting in both principal plan directions and they have an
acceptable level of load-displacement characteristics under cyclic reversed loading. Since they have
very little plastic deformation capacities, they should respond primarily elastically and they must
be provided with sufficient strength to resist elastic forces. Such masonry buildings are typically
low-rise, shear-wall structures. If they are intended to respond inelastically, then the walls should
have reinforcement and the walls must be proportioned and detailed to be capable of the reversed
cyclic deformations consistent with that inelastic response (Paulay & Priestley 1992, Celep 1998).

3 TURKISH EARTHQUAKE CODE PROVISIONS FOR MASONRY STRUCTURES

Although the new Turkish code for earthquake resistant design essentially focuses on the design of
reinforced concrete structures, it contains some general specifications for the plain (unreinforced)
masonry structures only (Ministry of Public Works and Settlement, 1998). All masonry buildings
have to comply with these minimum requirements given in the code. These requirements deal with
the restrictions on the number of stories of the building, dimensions of the door as well as window
openings, lengths and thickness of the structural walls, unsupported lengths of the structural walls,
dimensions of lintels and tie beams.

The code provides these minimum requirements for the structural design and construction of
masonry structures and states that if these minimum provisions are satisfied, an earthquake analysis
for masonry building is not required. An analysis can be carried out only for a close examination
of the building under earthquake loads. When an earthquake analysis needs to be performed, the
code defines the total equivalent earthquake static load (base shear force) as

where Ao effective ground acceleration coefficient depends on the seismic zone and is in between
0.40 (seismic zone 1) and 0.10 (seismic zone 4), I building importance coefficient (1.0 for buildings
of low occupancy), S spectral coefficient (2.5 for masonry buildings), Ra earthquake load reduction
coefficient (2.5 for masonry buildings), W total weight of building, which includes Gi gravity loads
and Qi live loads (2.0 kN/m2 for residential buildings) of each floor. By taking into account n
participation factor for live load (0.30 for residential buildings), the total weight of building can be
calculated as (Tables 1, 2, and 3)

The code limits the number of stories of masonry buildings depending on the seismic region. In
the first seismic zone where the seismic risk is of highest degree, the maximum number of stories
is limited to two, whereas three stories of masonry buildings can be built in the second and third
seismic zones. In the fourth seismic zone the maximum number of stories is given as four. However,
a masonry building can have additionally a basement floor and a roof floor having maximum 25%
of the normal floor area.

The units used in masonry walls can be solid and hollow clay or concrete blocks having a
maximum pore ratio of 35% and a minimum compressive strength of 5 MPa obtained by considering
the gross cross section of the masonry unit. Natural stones having a minimum compressive strength
of 10 MPa can be used in basement walls. Minimum thickness of masonry walls depends on the
seismic zones and given in Table 4.

Ratio of total length of the masonry walls in two directions excluding window and door openings
to the floor area should not be less than 0.25 I m/m2. Masonry walls should be laterally supported at
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Table 1. Seismic zone coefficient Ao

Seismic zone 1 2 3 4

Ao 0.40 0.30 0.20 0.10

Table 2. Building importance coefficient

Type of building I

Buildings to be used immediately after an earthquake 1.5
Buildings having high occupancy for a long period of time 1.4
Buildings having high occupancy for a short period of time 1.2
Buildings having low occupancy 1.0

Table 3. Live load reduction coefficient

Type of building N

Warehouses 0.80
Schools, theaters, garages, commercial buildings 0.60
Private buildings, hospitals, offices 0.30

Table 4. Minimum thickness for masonry walls

Seismic zone Story Natural stone (mm) Concrete (mm) Others (mm)

1,2,3,4 Basement 500 250 200
Ground floor 500 – 200

1,2,3,4 Basement 500 250 300
Ground floor 500 – 200
First floor – – 200

2,3,4 Basement 500 250 300
Ground floor 500 – 300
First floor – – 200
Second floor – – 200

4 Basement 500 250 300
Ground floor 500 – 300
First floor – – 300
Second floor – – 200
Third floor – – 200

intervals not exceeding 5.5 m in the first seismic zone and 7.0 m in the other seismic zones. When
this condition can not be satisfied, then vertical tie beams should be provided maximum in every
4.0 m including the corners along the masonry wall for which the unsupported length can not be
longer than 16.0 m in any case.

Window and door openings should not be closer to the corners (to each other) than 1.5 m (1.0 m)
in the first and second seismic zones and 1.0 m (0.8 m) in the third and fourth seismic zones. When
vertical tie beams are provided in each side of a masonry wall, these minimum lengths can be
reduced by 20%. These window and door openings should not be closer than 0.5 m to any lateral
support of the masonry wall. Lintels above window and door openings should have a minimum
support length of 0.2 m and 15% of the opening length.
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4 AUGUST 17, 1999 MARMARA EARTHQUAKE

Marmara Earthquake of the magnitude 7.4 on the Richter scale occurred on August 17, 1999
with and the epicenter was located at Gölcük. This earthquake broke the western segment of the
1200 km long North Anatolian Fault. The 120 km long break of the August 17, 1999 earthquake
occurred on the land between Adapazarı and Gölcük has continued in the Marmara Sea along the
shore line between Gölcük andYalova. This earthquake originated at a shallow depth and generated
strong ground motion. Significant lateral offsets reaching up to maximum values of 4–5 m along
the surface rupture were observed. In the region, structures were heavily damaged and significant
causalities occurred. According to the official estimates more than 16000 people lost their lives
and 30000 people were injured. At least 12000 buildings collapsed or suffered heavy damage and
70000 buildings were moderately damaged.

5 PERFORMANCE OF THE CONVENTIONAL MASONRY BUILDINGS

In various small towns in Turkey the masonry structures have been constructed very widely. During
recent Marmara Earthquake many of these structures in the rural areas were damaged in various
degrees. Some of them collapsed or were damaged heavily and there was no chance to use them
any more. These types of structures were torn down in a very short time. The remaining dam-
aged masonry structures were evaluated in view of their structural performance for decision of
retrofitting. The primary cause of damages suffered by plain masonry buildings was the tensile
stresses in walls which come into being due to seismic forces. Failure due to shear is characterized
by diagonal cracks which could be due to diagonal compression and diagonal tension. Such failure
may appear either through the pattern of joints or diagonally through masonry units. The cracks
usually initiate at the corner of the openings and sometimes at the middle part of the wall segments.
These failures can cause partial or complete collapse of the structures. Vertical bending cracks may
initiate due to the out-of-plane seismic forces. Since seismic effects occur along both directions
of the building simultaneously, the in-plane shear cracks and out-of-plane failure modes are often
combined (Arya et al. 1986).

The main weaknesses of materials and masonry constructions are heavy weight and high stiffness
which attract large seismic inertia forces, very low tensile strength of masonry units and poor mor-
tars having low shear strength. Brittle behavior of masonry units in tension and compression causes
collapse of building without exhibiting significant plastic behavior. Weak connections between
walls and roof produce total collapse of the building quickly from a minor damage initiated at one
of the weak region of the masonry wall segments. Furthermore, large window and door openings
and considerable deviation from symmetry of wall layout cause stress concentration at corners. On
the other hand, numerous major damages come into being due to defects in construction such as use
of substandard masonry units and mortar, unfilled joints between masonry units, deviation of walls
from vertical plane and improper connection between walls, which can be classified as follows:

1. Lack of integrity of the walls,
2. Large openings in structural walls,
3. Irregularities in plane,
4. Discontinuities in the load bearing system between floors,
5. Lack of connection between roof and walls,
6. Absence of rigidity in the roof,
7. Inadequacy of bonding between walls at corners,
8. Use of masonry bricks which do not conform to the corresponding norms,
9. Poor workmanship.

Because of the multi axial nature of the ground shaking under seismic forces, masonry walls are
subjected to simultaneous vertical load, out-of-plane and in-plane horizontal loads. While vertical
loads are to be a result of the weight of the structure, the inertia yields horizontal forces. The
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in-plane loads are results of the resistance of the wall rigidity to inertial forces produced from other
parts of the masonry structure, such as floor masses, whereas the inertia of the wall itself produces
out-of-plane loads. In several cases strength evaluation of masonry building by using sophisticated
methods can be of very controversial nature due to assumption done in the analysis. Irregularities in
the masonry units not conforming to the corresponding standards and deficiencies in workmanship
are very difficult to grasp in modeling (UNDP/UNIDO 1983).

6 PERFORMANCE OF THE BUILDINGS CONSTRUCTED BY USING AAC PRODUCTS

Photograph 1 shows some of typical observations on performance of the buildings made of con-
ventional masonry material and AAC products during the August 17, 1999 Marmara Earthquake.
Since the Marmara region is large and has numerous residential and industrial buildings, all types

a)

c)

d)
e)

b)

Photograph 1. Various seismic performance of AAC walls in August 17, 1999 Marmara Earthquake.
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Figure 1. Strengthening of a typical masonry building by using web reinforcement and shotcrete.

of AAC products could be found used in the existing buildings as observation shows. Generally,
when a frame of the structural system does not have enough lateral stiffness against lateral forces,
in-plane and out-of-the-plane damages may appear in partition walls, because the walls do not
have enough deformation capacity to follow the structural system. Furthermore, a minor damage
in frame system may lead moderate damage in partition walls. Generally, when the structural sys-
tem has adequate stiffness, partition walls of AAC products usually do not exhibit any significant
damage. AAC panels used in industrial plants exhibited very good behavior, provided that they
are connected to the structural system adequately. When a partition wall is within the frame plane,
the seismic behavior of the wall was relatively better, compared to the walls which are not in the
frame plane. In the later case the inertia forces developed in the wall could not be transferred to
the frame and they generate large stresses and consequently damages in the wall. In Turkey, there
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are relatively less masonry residential houses constructed by AAC blocks. However, their work-
manship is relatively better that those of the plain masonry structures. Having better masonry units
and construction practice, their seismic performances were very good and generally they did not
exhibit almost any sign of damages.

7 REPAIR AND STRENGTHENING OF MASONRY BUILDINGS

Masonry buildings having moderate damages could be repaired and strengthened, provided that
they do not display heavy damages and their architectural layout does not display any restriction.
Strengthening techniques widely used in Turkey consist of one of the following alternatives:

a. Increasing the shear capacity of the wall by proving additional thickness to the existing wall by
applying shotcrete after anchoring steel web reinforcement to the one and/or two faces of the
walls. In this case it is important to provide anchorage steel for integration of the existing and
added walls to each other in the same floors and between two floors.

b. Increasing the shear capacity of the wall by filling in some door and window openings with
masonry units.

c. Improving the shear capacity of the wall by removing damaged part of the walls and repairing
it by using repair mortar.

In the strengthening procedure, the shear capacity of partition and masonry walls is increased
by applying of shortcrete for repairing existing walls. However, indoor application of shotcrete
may cause serious problems. Similar problems may appear when shortcrete is applied in narrow
rooms. In these cases ready-made mortar is used instead of shotcrete. Before applying shotcrete,
steel web reinforcement is laid on one/or two faces of the wall and it is anchored to the existing
wall. Furthermore anchorage bars are provided for the integration of the added concrete layer to
each other. These details are presented in Figure 1. The thickness of the added layer is chosen to
be minimum 50 mm in one face. However, their extent in horizontal plane and in elevation can be
determined by checking the results of strength evaluation (Manzouri et al. 1996, Modena 1994).

8 CONCLUSIONS

Although slight damages in walls made ofAAC blocks are observed in theAugust 17, 1999 Marmara
Earthquake, the performance of the masonry buildings produced by using AAC products generally
is observed to be excellent. This fact shows that masonry construction has a great potential in the
earthquake prone regions of Turkey, provided that they meet the design requirements of the codes
and be constructed accordingly.
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