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Thc  damages to building during the major earthquake of the past 20 years have been 

discussed in this article and photograph showing the major causes of the damage have been 

presented. The earthquakes considered are  as follows: Turkaman-Sahra (1 970), Kerman (1982). 

Ghir  (1 985), and Manjil-Roodbar (1 990). 

I t  is shown that the major causes of the damages are: 

1- Lack of lateral support 

2- Improper connections 

3- Improper use of materials 

4- Hcavy roofs, walls, and upper stories 

5- Jmproper foundations 

After  illustrating above key deficiencies in different types of buildings, from simplc 

masonry to engineered framed structures, recommendations are presented for  systematic 

approach to improvement of these conditions, through rcsearch, education and control 

programs. It is hoped that the lessons learnt during thc last twenty ycars will be of cnough 

impetus for implementing thc recommended and similar mitigation programs. 



2. DAMAGE ASSESShENT OF DIFFERENT D A R T H O U A a  

2-1 Turkarnan-Sahra Earthauake 1197Q) 

Figures 1 to 6 show the buildings in Turkaman-Sahra area located in Northern Iran. This 

area is basically composed of loosc sedimentary silty clays. The buildings are mainly made of 

adobe and wood is used for columns and roof beams. Fig. 1 shows the harmonious use of light 

woodcn roof and proper use of wooden columns on a monolithic masonry foundation. This 

building resisted the earthquake without collapse. In contrast, the lack of foundation pedestal 

caused hcavy damages to walls of building shown in Fig. 2. IIowever, use of extended woodcn 

roof beams and light roof construction prevented the collapse of the building. Fig. 3 shows the 

improper use of mortar and lack of bond between bricks in the newly built house, shown in Fig. 

4. 'The improper connections and use of materials and lack of lateral support, shown by the 

inclincd pipe columns, caused the co;;apse of this building and the death of 9 inhabitants. It 

is important to note that in this building modern materials (brick and steel) were used, and yet 

it suffered hcavy damages. Figures 5 and 6 show the importance of having monolithic 

foundation pedestal on weak silty clay soil. 

2-2 Kcrman Earthauakc 11982) 

Figures 7 to 12 show the damages of the buildings due to Kerman Earthquake in South- 

Central Iran. Fig & illustrates the damages to the health-center in the village of Sirch. This 

modcrn and newly built complex is a typical example showing weaknesses and deficiencies 

common to such structures many of which collapsed completely during this earthquake, causing 

death of several thousand people. The weakness of joints and lack of vertical ties caused the 

collapse of the end walls, resulting in a chain of collapses of walls and heavy roofs of the front 

wing. The central part, serving as lobby, remained intact because it had a braced frame. A 

traditional old building seen at the background right resisted the earthquake with minor 

damage. 

In Fig. 8 buildings adjacent to health center are shown. The contrast between the properly 



constructed new school building and the health center of Fig. 7 is noticeable. Such contrast is 

also evident between properly and poorly built traditional building to the right and in the center 

of the figure, respectively. Fig. 9 is similar to Fig. 3 and illustrates lack of bond between 

bricks. The use of heavy roof and walls, lack of vertical ties, weak connections, and lack of 

lateral support is evident in Fig. 10. The horizontal ties used in this building had unfortunately 

only one improperly placed reinforcement which had contributed to the co;;apse of the roof 

shown in Fig. 11. No vertical support had been provided for the heavy girder of this building. 

as is shown in Fig. 12. Improper connections and use of heavy roof are also evident in this 

figure. 

2-3 Ghir Earthauake (1985) 

This earthquake with its epicenter close to the village of Fathaabad near the city of Ghir 

had experienced the devastating earthquake of 1972. The people had got familiar with the use 

of concrete block and reinforced concrete roof through the reconstruction activity following 

that major earthquake. Figures 13 to 17 show the improper use of these new materials and 

techniques. Lack of vertical support under reinforced concrete beam caused cracking in the 

roof of building shown in Fig. 13. The collapse of the wall of the courtyard in front of the Fig. 

14 demonstrates the lack of vertical braces and improper use of mortar for concrete blocks. 

Lack of lateral support of the walls, improper vertical support, and use of defective mortar 

resulted in the collapse of the roof which itself did not suffer any damage. The same 

phenomena is shown in Fig. 15. The collapse of the roof of classroom on top of wooden 

benches in Fig. 16 illustrates the common collapse of jack-arch construction. Fig. 17 shows 

improper use of material, improper connection, and lack of lateral resistance which had caused 

the end wall to give way and the roof of the school shown in Fig. 16 to collapse. 

2-4 Maniil-Roodbar Earthauake (1990) 

The tragic earthquake of Manjil-Roodbar causing the death of more than 30 thousand 

people in Northern Iran shows the combination of key deficiencies discussed so far. This 

earthquake had two distinct features making it different from other major earthquakes in Iran. 

It happened in a populated area and it caused serious damages to engineered residential and 

industrial buildings located up  to 80 K m  from the epicenter. Figures 18 to 27 illustrates the 

typical damages to building in the affected area. 



An overview of ruins of Aabbar district in Zanjan province located some 60 K m  west of 

epicenter is illustrated in Fig. 18. The amount of rubble of heavy construction is noticeable in 

this figure. An overview of damages to newly built and under construction buildings in 

Roodbar is shown in Fig. 19. Lack of lateral support has caused the shift of the second story 

of the building in the center. The heavy top building in Manjil shown in Fig. 20 is a typical 

construction in this area. This type is composed of light unbraced first story topped by heavy 

second story. The buckling of the column is due to the excessive sidesway and inverted 

pendulum action of the system. Such unbraced first floor is also depicted in Fig. 21. The upper 

story of this building in Roodbar has moved about 25 Cm relative to the lower floor in both 

directions. The movement of columns and improper base plate anchorage of this building has 

resulted in breakage of the anchor bolt of the right rear column which is shown in Fig. 22. 

The heavy and expensive steel girders and columns are usually poorly connected by 

improper welding and insufficient length of weld. This type of improper connection was quite 

prevalent in engineered moderately tall (4 to 7 stories) buildings in Abhar and Rasht. Most of 

these steel structures were either improperly braced or totally unbraccd. 

Fig. 23 depicts the improper welding and its subsequent failure during the earthquake in 

a 4 story building in Rasht which contributed to the total collapse of the building. Fig. 24 

shows the weakening of the steel column by making a rectangular hole into it and passing the 

girder through it. This improper connection. which was typical in Abhar and Rasht, 

contributed to the total collapse of steel frame in Abhar. Improper connection of beams and 

girder to column is also depicted in Fig. 25 which shows the operating room of the Roodbar 

Hospital. This type of construction in which the beam does not pass over the vertical load 

bearing element, or the wall is not confined by the adjacent columns, is quite common in this 

area. The combination of improper connections, lack of lateral resistance and improper use of 

material combined with poor workmanship has resulted in the collapse of several multi-story 

buildings in Rasht, one cxample of which is illustrated in Fig. 26. 

3. CONC1,USIONS AND RFKOMMENDATIONS 

Based on thc damages incurred on the buildings illustrated in the figures during the four 

major earthquake of the last 20 ycars, it is the opinion of the authors that the major causes of 

the damages are thc following five key problems. 



1- lack of lateral support 

2- Improper connections 

3- Improper use of materials 

4- Heavy roofs and walls and upper stories 

5- Improper foundations 

Thercfore the following recommendations for systematic approach to improvement of these 

deficiencies are made. 

3-1 Research 

It is recommendtll that among the research activities, sponsored by IIEES and othcr 

organizations likewise, high priority be given to thcse five areas of deficiencies 

3-2 Education 

It is recommended that educational films and courses be developed at  two levels; 

professional and public. The professional levcl for cnginccrs and technicians to stress the above 

problems and its remedies. The public levcl for the common people to educate them about the 

consequences of unprofessional building construction materials and techniques and its control. 

It is also recommended that the lather be broadcastcd by television for the urban communities 

and by proper organizations for the rural areas. 

3-3 Control 

It is highly recommended that research and education be supplemented with proper field 

control. This control can be carried out under the jurisdiction of municipalities and similar 

organizations and should be enforced by trained personnel familiar with the major deficiencies 

causing the damages. 

4. m A l ,  NOTE 

It is hoped that the past earthquakes and the casualties and damages incurred as their results 

had enough impetus for the professional community to continue research. education and 

control, and that the lessons learnt from these earthquakes be used for  the improvement of 

construction technology and earthquake resistant design. 
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