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APPENDIX

The Appendix contains observations from a survey of school buildings in Bingöl (Figure A4.1), 
which was carried out after the city was struck by an earthquake on 1 May 2003.

Background

The earthquake 

The epicentre of the earthquake was located north of Bingöl, a city that is situated 
among a series of complex and heterogeneous fault patterns. On the macroseismic scale, 
the earthquake occurred inside the Bingöl-Karlıova-Erzincan triangle, which is defined by 
the Karlıova triple junction to the east, the right lateral strike-slip North Anatolian Fault 
(NAF) to the north, and the left lateral strike-slip East Anatolian fault (EAF) to the south. 
The Bingöl-Karlıova-Erzincan triangle is bordered and traversed by conjugate faults of 

Figure A4.1. Location of the school and dormitory buildings surveyed
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Table A4.1. Damage to school buildings in the Bingöl area

School 
ID Name Location

Damage to 
reinforced 
concrete

Damage 
to 

masonry

Struct-
ural 
type Position

C-13-01 75. Yil Ilkogretim Okulu Bingöl Severe Severe Frame Independent building

C-13-02 Anadolu Ogretmen Lisesi Bingöl Moderate Moderate Frame Dependent building

C-13-03 Rekabet Kurumu Lisesi (Building B) Bingöl Moderate Moderate Dual Dependent building

C-13-04A
Mustafa Kemal Pasa Ilkogretim Okulu 
Building A1

Bingöl None Moderate Dual Dependent building

C-13-04B
Mustafa Kemal Pasa Ilkogretim Okulu 
Building A2

Bingöl None Moderate Dual Dependent building

C-13-05 Sehit Mustafa Gundogdu Ilkogretim Okulu Bingöl Moderate Light Frame Independent building

C-13-06 Kazim Karabekir Ilkogretim Okulu Bingöl Moderate Light Frame Independent building

C-13-07 Vali Kurtulus Sismanturk Ilkogretim Okulu Bingöl Light Moderate Frame Independent building

C-13-08 Kaleonu Ilkogretim Okulu Bingöl Collapsed Collapsed Frame Independent building

C-13-09 Saricicek Koyu Ilkogretim Okulu Saricicek Collapsed Collapsed Frame Independent building

C-13-10 Celtiksuyu Ilkogretim Okulu Celtiksuyu Collapsed Collapsed Frame Independent building

C-14-01 Karaelmas Ilkogretim Okulu Bingöl Severe Severe Frame Independent building

C-14-02 Fatih Ilkogretim Okulu Bingöl - - Masonry Independent building

C-14-03 Mehmet Akif Ersoy Ilkogretim Okulu Bingöl Severe Severe Frame Independent building

C-14-04 Ataturk Lisesi Bingöl Moderate Moderate Frame Independent building

C-14-05
Vali Guner Orbay Ilkogretim Okulu 
(Main Building)

Bingöl Moderate Moderate Frame Independent building

C-14-06
Vali Guner Orbay Ilkogretim Okulu 
(2nd Building)

Bingöl Moderate Moderate Frame Independent building

C-14-07 Ataturk Ilkogretim Okulu Bingöl Severe Moderate Frame Independent building

C-14-08 Bingöl Lisesi (Building B) Bingöl Moderate Severe Dual Dependent building

C-14-09 Bingöl Imam Hatip Lisesi (Building B) Bingöl Severe Moderate Dual Dependent building

C-15-01 Sarayici Ilkogretim Okulu Bingöl Severe Severe Frame Independent building

C-15-02 Murat Ilkogretim Okulu Bingöl Severe Severe Frame Independent building

C-15-03 Bingöl 100.Yil Ilkogretim Okulu (Building B) Bingöl Moderate Moderate Dual Dependent building

D-16-01 Ekinyolu Koyu Ilkogretim Okulu Bingöl Severe Severe Frame Independent building

D-16-02
Ilicalar Yatili Ilkogretim Bolge Okulu 
Dormitory Building

Ilicalar Moderate Moderate Dual Independent building

D-17-01
Merkez Cumhuriyet Kiz Yatili Ilkogretim 
Bolge Okulu Boys’ Dormitory Building

Bingöl Severe Moderate Dual Independent building

D-17-02
Merkez Cumhuriyet Kiz Yatili Ilkogretim 
Bolge Okulu Girls’ Dormitory Building

Bingöl Severe Moderate Dual Independent building

D-17-03
Merkez Cumhuriyet Kiz Yatili Ilkogretim 
Bolge Okulu School Building

Bingöl Moderate Moderate Dual Independent building

D-17-04
Sancak Yatili Ilkogretim Bolge Okulu 
Dormitory Building

Sancak Moderate Moderate Dual Independent building
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the NAF and EAF that run in north-east by south-west and north-west by south-east 
directions. The right lateral strike-slip conjugate faults extend from the NAF and follow 
a parallel pattern to the EAF (i.e. north-east by south-west direction). The left lateral 
strike-slip conjugate faults extend from the EAF and follow a pattern parallel to the NAF 
(i.e. the north-west by south-east direction). These faults do not follow a straight path 
but rather form an echelon pattern. 

The 1784 Yedisu and 1866 Göynük-Karlıova earthquakes were historically the most 
devastating ground motions experienced in the province. The last damaging earthquake 
before this event was the 22 May 1971 Bingöl earthquake (M6.8), which was located on 
the EAF, approximately 10 km to the south of the city. Considering the seismicity of the 
Bingöl-Karlıova-Erzincan triangle, the 1 May 2003 event was a medium-sized earthquake 
that could be expected to occur relatively frequently given the faulting system in the 
region. Most geological survey teams that visited the earthquake area did not report the 
existence of visible surface rupture.

Building damage

The number and distribution of buildings surveyed was representative of the general 
building population. Only one masonry-type structure was represented. The year of 
construction could not be determined for many structures, and none of the structures 
were built according to the latest 1998 version of the Turkish Seismic Code. An overall 
summary of observed damage, structural systems, number of floors and apparent 
material quality of the school buildings surveyed is presented in Table A4.1. Among the 
buildings investigated, ten experienced “severe” damage and three had totally collapsed, 
12 suffered “moderate” damage, and three sustained “light” or no damage.

Seismic performance of typical school building designs in Bingöl1

The structural systems of schools shown in Table A4.1 can be grouped as:

• Reinforced-concrete moment-resisting frame systems (17 buildings).

• Reinforced-concrete dual systems (11 buildings).

• Masonry (one building).

School buildings with reinforced-concrete moment-resisting frame systems

Of the 17 buildings in this category, 16 had the same column layout (Figures A4.2 and A4.3). 
As the floor plan indicates, the lateral load-resisting system in these buildings was 
categorised as regular in plan. The majority of the columns were aligned in regular bays, 
and most of the beams were framed into columns. The dimensions of the columns in the 
buildings were typically 0.3 m x 0.5 m. The orientation of the columns was the same in all 
buildings, with the exception of a corner column in building C-13-01. The location of the 
masonry infill walls varied depending on the use of space in these schools. The exterior 
masonry walls were typically thicker than the interior walls.
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Figure A4.2. Typical school plan without shear walls
All walls shown in the drawing occupied a full span. Walls with openings are excluded. All columns 

have dimensions of 0.3 m x 0.5 m. The arrow indicates the entrance to the building  
(dimensions are in cm).
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Figure A4.3. School buildings with a typical floor plan
Column dimensions are the same irrespective of the number of floors.
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C-13-02 was the only school building with a different column layout. The school complex 
was a combination of two separate buildings. The separation afforded by the expansion 
joint between the two buildings was not sufficient to avoid pounding between the two 
structures. The floor plan of the northern building is shown in Figure A4.4. All columns 
shown in the figure have dimensions of 0.2 m x 0.5 m.

The total column area of buildings with moment-resisting frames was approximately 
1% of the floor area, regardless of the number of floors. Consequently, the performance 
of the structures during the earthquake was significantly influenced by the number of 
floors. The level of damage of the lateral load-resisting system with respect to the number 
of floors can be categorised as follows:

• Five two-storey schools: four moderately damaged and one lightly damaged.

• Eleven three-storey schools: three collapsed, six severely damaged and two moderately 
damaged.

• One four-storey school: severely damaged.

Damage to the masonry walls was classified separately. The three- and four-storey 
buildings typically sustained severe masonry wall damage (Table A4.1). This indicates that 
earthquake motions placed a significant displacement demand on these structures.

There were several construction and structural design deficiencies commonly observed in 
school buildings. In most of the structures surveyed, the quality of construction practices 
was uniform. Specific problems noted were:

• Use of unwashed aggregate.

• Use of aggregates with large maximum size (up to 10 cm).

• Use of undeformed bars.

• Inadequate preparation of cold joints.

One of the most common structural problems observed in these buildings was the presence 
of captive columns, which made the structures vulnerable to shear failures. In almost all 
schools, openings for small windows in the furnace room and restrooms were placed 
adjacently to columns. The exterior rectangular columns were oriented with the strong 
axis resisting moments in the short direction of the building layout, as in Figure A4.2. 
Therefore, windows on the exterior walls in the long direction of the building exposed 
columns to shear forces acting perpendicular to their weak axis for bending (Figure A4.4). 
It was observed also that crushing of the masonry walls in the upper corners created 
captive columns (Figure A4.5).
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Figure A4.4. The floor plan for building C-13-02
The structural system is a moment-resisting frame. The columns are 0.2 m x 0.5 m. The school 
building comprises two independent structures separated by an insufficient expansion joint. Only 

the shaded area of the upper figure was surveyed. The arrow indicates the entrance to the building 
(dimensions are in cm).
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In all school buildings surveyed, the detailing of structural members was inadequate with 
respect to requirements of modern seismic codes. Lack of confinement in plastic hinge 
regions of the columns was observed to be one of the most significant causes of damage. 
Although the spacing of the stirrups was reduced in the end regions of some columns, 
the amount of transverse reinforcement provided was not sufficient to prevent shear 
failures, particularly in the case of captive columns (Figure A4.6). Another commonly 
observed detailing deficiency was the inadequate anchorage of the free ends of the 
stirrup reinforcement (Figure A4.7).
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Figure A4.6. Shear failure of captive 
columns as a result of upper corner of 

masonry walls’ crushing in building C-14-01

Figure A4.5. Shear failure of captive 
columns created by the small 

windows of the furnace room in 
building C-14-03

Figure A4.7. Typical confinement 
detail of a column in building C-13-09

The shear failure in the columns initiated the 
collapse of the first floor. The spacing of the 

transverse reinforcement was 10 cm at the top 
30 cm portion of the columns. The ends of the 

stirrups were not anchored properly.
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School and dormitory buildings with dual systems

Surveyed schools with dual systems can be categorised in four groups.

Buildings C-13-04A and C-13-04B

These buildings were part of the same school complex, which comprised five different 
structures that were separated by expansion joints. Buildings C-13-04A and C-13-04B 
had a similar lateral load resisting system, as shown in Figure A4.8. The only difference 
between the buildings was the location of masonry walls. The total shear wall area of the 
structure in the longitudinal and transverse directions was 1.4% and 2.0% of the floor 
area, respectively.

There were no indications of structural damage to these buildings, and the masonry walls 
were only lightly damaged.

Figure A4.8. Structural floor plan for building C-13-04A
All columns have dimensions of 0.3 m x 0.5 m. The thickness of the reinforced concrete and 

masonry walls was 0.30 m and 0.16 m, respectively (dimensions are in cm).
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Buildings C-13-03, C-14-08, C-14-09 and C-15-03

Each of these buildings represented one structure of a three-structure complex that 
conformed to the plan of a typical secondary school building used by the Ministry of 
National Education in Turkey. Each of the buildings had four storeys. Although buildings 
C-14-09 and C-15-03 were smaller than the other two, the structural plans were similar 
in all four buildings. The main difference was that the smaller buildings had two less bays 
in the longer direction. The total column area was 1.5% of the floor area for all buildings. 
The ratio of shear wall to floor area was not uniform. Building C-14-08, which has the 
smallest ratio of shear wall to floor area, had wall areas of 0.7% and 0.4% of the total 
floor area in the two principal directions (Figure A4.9). The highest ratio of wall to floor 
area was found in building C-13-03 (Figure A4.10).

The most severe damage in this group was observed in C-14-09. A cold joint in one of 
the shear walls in the structure initiated a horizontal crack along the joint during the 
earthquake. Although other structural members showed no signs of damage, the building 
was classified as severely damaged because of the damaged shear wall. The masonry walls 
of the building did not suffer any severe damage.

Figure A4.9. Structural floor plan for building C-14-08
The thickness of interior and exterior masonry walls was 0.25 m and 0.30 m, respectively.  

The arrow indicates the entrance to the building (dimensions are in cm).
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In building C-14-08, damage to the structural system was confined to significant 
crushing of concrete in the shear walls. No damage was observed in the columns, and a 
few beams had severe flexural cracks. The structural system of this building was rated as 
severely damaged. The masonry walls were separated from the structural frame because 
of crushing of the bricks at the edge of the walls. There was no partial or full collapse of 
the masonry walls.

Buildings C-13-03 and C-15-03 – which had higher shear wall ratios than the other two 
buildings (ratio of wall to floor area) – sustained only moderate damage to the structural 
system and masonry walls. Damage to the structural system and masonry walls were 
both classified as moderate. There were no inclined cracks observed in the columns or 
shear walls, but some local damage to members was observed in the form of spalling of 
concrete cover as a result of construction defects.

Figure A4.10. Structural floor plan for building C-13-03
The thickness of the shear walls was 0.3 m. The masonry wall thickness was 0.25 m for the interior 

walls and 0.3 m for the exterior walls. The arrow indicates the entrance to the building  
(dimensions are in cm).
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Building C-17-03

Building C-17-03 contained four stories. The 
total column area was 1.1% of the floor area, 
and the area of shear walls was 0.8% and 
1.0% of the floor area in the longitudinal 
and transverse directions, respectively. 
Another structure was located adjacent to 
the west end of the building. Although the 
buildings were separated by an expansion 
joint, the gap between the two structures 
was small.

Moderate damage to the structural system 
and the masonry walls was reported. No 
inclined cracks were observed in the columns 
or shear walls, although some local damage to 
members in the form of spalling of concrete 
cover from construction defects was noted.

Dormitory buildings (D-16-02, D-17-01, 
D-17-02 and D-17-04)

These buildings were not adjacent to other 
structures, had identical floor plans – as 
shown in Figure A4.11 – and all comprised 
four-storeys. Regarding the structural 
system, the schools had a column area of 
0.7% of the floor area, and wall areas of 
1.0% and 1.5% of the total floor area in the 
two principal directions.

The structural systems of two of the four 
dormitory buildings surveyed – D-17-01 
and D-17-02 – were classified as severely 
damaged because of the inclined cracks on 
the captive columns. There were also inclined 
hairline cracks on the shear walls. Some of 
the beams had flexural and shear cracks, and 
damage was observed in beams that framed 
into other beams, as opposed to columns.

Building damage to D-16-02 and D-17-04 was 
rated as moderate due to the inclined hairline 
cracks on shear walls, and the shear and flexure 
cracks on the beams. The most striking building 
damage was the collapse of the free-standing 

Figure A4.11. Structural floor plan for 
dormitory buildings

The masonry wall thickness was 0.3 m 
(dimensions are in cm)
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masonry walls separating the sleeping units in the upper levels. These walls were not included 
in the damage rating because they were not attached to the structural system. However, these 
walls presented a serious hazard to the students living in the dormitories because in some cases 
the walls collapsed on the beds (Figure A4.12).

Figure A4.12. Collapse of free-standing masonry walls onto beds in dormitory buildings

Comparison of the performance of frame and dual systems

Damage assessments were categorised in order to compare the performance of both 
groups of school buildings. The wall and column indices in this procedure were defined 
and calculated as the ratio of the area to the total floor area. The wall index was calculated 
for both main horizontal axes of the buildings, and the smaller of the two was taken as 
the wall index for the given building. The correlation between the damage category of 
the building and the wall and column indices are presented in Figure A4.13. As the figure 
shows, the damage level tended to decrease as the wall and column indices increased.

Observations of damage in the buildings indicate that the performance of buildings 
with dual systems was satisfactory. Although some of the dual system buildings were 
rated as severely damaged because of the damage caused by structural defects such as 
captive columns and cold joints, observed damage to the masonry walls indicated that 
the reinforced-concrete walls were effective in maintaining the lateral drift below a 
reasonable limit. Buildings with moment-resisting frame systems did not perform as well 
in the earthquake. Although the quality of construction was quite uniform for all the 
buildings, frame systems were more vulnerable to damage associated with deficiencies in 
construction practice. The flexibility of moment-frame buildings resulted in larger drift 
demands than those in buildings with dual systems, which caused severe damage and in 
many cases the total collapse of the structure. The damage level of infill masonry walls in 
moment-frame buildings that were severely damaged supported the conclusion that the 
drift demand was excessive. The shear damage to columns was very severe in buildings 
with moment-resisting frames. A boundary for the minimum column and wall indices for 
satisfactory performance is shown in Figure A4.13.
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Figure A4.13. Correlation between structural performance and 
wall and column indices in schools and dormitories
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Note

1. This account is drawn from the observations of a team sponsored by the United States 
National Science Foundation (NSF), who worked jointly with a team of researchers from 
the Middle East Technical University (METU). The joint report of these two teams is G. 
Özcebe, J.A. Ramirez, S.T. Wasti and A. Yakut (eds.) (2004), “1 May 2003 Bingöl Earthquake 
Engineering Report”, Report No. 2004/1, TÜBITAK SERU/YMAÜ, Department of Civil 
Engineering, Middle East Technical University, Ankara.


