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ABSTRACT: Civil and structural engineers must address the need of assessing the 
seismic safety of  existing buildings. Given the large number of buildings in the 
metropolis, a brief method of seismic screening of buildings must be done to prioritize 
buildings which requiring detailed seismic evaluation and possible retrofitting. The  level-
1 seismic screening  of the Architectural Institute of Japan (AIJ) uses a  basic structural  
performance index (BSPI) to rank low-rise to medium-rise reinforced concrete buildings 
according to potential seismic hazards. How to use the index to judge which buildings are 
potentially hazardous need to be given further study especially in the Philippine setting. 
This study focuses on the evaluation of the BSPI of RC buildings damaged  at Baguio 
City during the July 16, 1990 Luzon Earthquake. Through the documented photos of the 
buildings, sketches of building plans and descriptions of the damages found in the 
literature, an estimate was made on the BSPI of the damaged buildings at the ground 
floor. By knowing the index at the ground floor of the damaged buildings, a critical or 
cut-off  value was determined. Based on the study, index values between 0.2 and 0.8 were 
obtained for severely damaged and collapsed buildings.   

1 INTRODUCTION 

The problem of possible hazards brought about by earthquakes such as building collapse which leads 
to loss of lives, especially in major urban metropolis like Metro Manila, must be addressed by city 
planners, building officials and structural engineers.  Given the large number of existing buildings in 
the metropolis and limited monetary and human resources, it is clear that detailed seismic inspection 
and seismic upgrading cannot be advanced on all buildings at once. A detailed seismic inspection is 
costly and time-consuming. Seismic strengthening of existing structures is more costly.  It is thus 
important that a brief method of seismic vulnerability screening of buildings is available to determine 
which buildings are at greatest risk, and hence given priority in detailed evaluation and possible 
retrofitting.  

The Metro Manila Development Authority (MMDA) conducted an inspection of about 80 important 
buildings in Metro Manila as part of their on-going Earthquake Impact Reduction Study for Metro 
Manila (MMEIRS). One of the rapid diagnosis methods used in MMEIRS is the seismic screening 
procedure (level-1) of the Architectural Institute of Japan (AIJ). The AIJ Level 1  is one of the rapid 
approaches of screening existing RC buildings. The AIJ screening procedure, which is limited to low 
and medium-rise RC buildings up to about six stories, uses a basic structural seismic performance 
index (BSPI) or  Io-Index, which is modified by multiplying factors related to building irregularities, 
degree of deterioration in strength and ductility, and local geology. The MMEIRS study determined an 
index for each building and the indices could be used to prioritise buildings which need a more 
detailed seismic inspection. What should be the  critical value of the Io index that can be adopted to 
delineate buildings that are “potentially hazardous buildings”, and those buildings which are 
“seismically safe” ?  A building classified as “potentially hazardous building” will be subjected to a 
more detailed seismic inspection to determine its safety against a severe earthquake. In case the 
detailed inspection shows that the building is “unsafe” then seismic retrofitting may be recommended.  

To give the BSPI physical relevance, BSPIs for buildings actually damaged in earthquakes are 
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evaluated using the AIJ level 1 rapid seismic screening procedure. These BSPIs become the necessary 
benchmark data for establishing ranges of indices corresponding to different levels of collapse 
vulnerability, a scale that is important for evaluating the seismic performance of existing RC 
buildings, especially low and medium-rise buildings up to six stories. This information will be useful 
in establishing a critical value of the seismic index for seismic investigation of existing RC buildings 
in the Philippines.  The BSPI of earthquake-damaged buildings may guide the MMEIRS in classifying 
the existing buildings inspected using the AIJ Level 1 rapid seismic screening procedure. 

This study presents the seismic indices of a number of reinforced concrete (RC) buildings in Baguio 
City damaged in the 1990 Luzon earthquake. It was during this earthquake when a significant amount 
of documentation about collapsed and damaged buildings was made available. The evaluations of the 
damaged buildings were based on available reports of post-earthquake inspections. Through the 
documented photos of the buildings, sketches of building plans and descriptions of the damages, 
BSPIs were estimated for the damaged buildings. Hopefully, this will provide information about the 
range of values of the BSPI for damaged or collapsed buildings. These values will serve as a guide to 
engineers or decision makers in making a rational decision in the prioritization of existing buildings 
for detailed seismic inspection and retrofitting. 

2 AIJ SEISMIC SCREENING PROCEDURE 

2.1 General Equation 

The Japanese standard for evaluating the seismic performance of existing RC buildings up to six 
stories, uses a seismic index, Is, for judging whether a building has sufficient lateral load resisting 
capacity or not. The guidelines in English are available in the literature (Umemura 1980, Hirosawa 
1995). This method has been used by the AIJ in the inspection of the safety of existing buildings in 
past earthquakes such as the 1980 Miyagi-Ken-Oki Earthquake, 1990 Philippine Earthquake and the 
1995 Kobe Earthquake. The most general form of the equation for computing Is was given by 
Umemura (1980) as   

                                                                                                           (1) GTSII Dos ⋅⋅⋅=

where  Io = basic structural performance index (BSPI) calculated based on the ultimate strength, 
ductility, number of story and story level, SD = structural design index to modify Io due to degree of 
irregularity of the building shape and the distribution of stiffness,  T = time index to modify Io due to 
the degree of deterioration of strength and ductility, and  G = local geology index to modify Io. 

The Io -index is the dominant value in the computation of IS. The indices SD, T and G, are reduction 
factors less than or equal to 1.0. In the latest 1995 publication of the International Institute of 
Seismology and Earthquake Engineering (IISEE), Hirosawa et al (1995) provided guidance on 
appropriate values for SD and T, while the G-index was not included in the seismic index equation.  

The Is-index is calculated at each floor in each direction of the building. This value corresponds to the 
maximum elastic response shear coefficient that the floor can resist. A larger Is indicates better seismic 
performance of the building. The seismic safety of the buildings is determined by comparing the 
computed Is against a critical value. Nakano (1986) stated that an Is index larger than 0.6 (obtained 
using Level-2 screening) is required to survive a severe earthquake, the intensity of which is nearly 
equal to the Tokachi-Oki or Miyagi-Ken-Oki earthquakes. The critical value of 0.6 is thus 
recommended as determined from correlation studies from damaged buildings of past severe 
earthquakes in Japan. It is expected that buildings designed in accordance to the current Japanese 
design codes have Is more than 0.6.  

2.2 Classification of Vertical Elements 

The Io-index for Level 1 screening is calculated from the horizontal strength of the vertical elements of 
the building, based on the sum of the horizontal cross-sectional areas of columns and shear walls and 
on their respective average unit strengths.  Columns are first classified based on their clear height to 
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dimension of column ratios (h/d) as long columns, short columns or extremely short columns. 
Similarly, shear walls are also grouped as Wall-Type 1, 2 or 3. Wall-Type 1 has one boundary column 
or no peripheral column. Wall-Type 2 has a peripheral column, while Wall-Type 3 has two boundary 
columns. The unit shear stress given in Table 1 corresponds to the minimum values obtained in 
experimental data of RC elements. A compressive strength of 200 kg/cm2 (2,800 psi or about 20 MPa) 
is used in determining the unit shear stress. 

Table 1. Type of Elements and Shear Stresses 

 Element Section Property
(kg/cm2) kPa

Long Column h/d > 6 7 687

Short Column 2 <= h/d <= 6 10 981

Extremely Short Column h/d < 2 15 1472

Wall - Type 1 10 981

Wall - Type 2 20 1962

Wall - Type 3 30 2943

Shear Stress
 

 

 

 

 

 

 

 

2.3 Strength Index 

The C–index or strength index for each group is calculated according to Equations 2. 3 and 4. 

 

            [ ] WAAC ssccc /∑ ∑+= ττ                 (2) 

            [ ] WAC eee /∑= τ                     (3) 

            [ ] WAAACw /332211∑ ∑ ∑++= τττ             (4) 

 
where    Cc = strength index of long and short columns 
    Ce = strength index of extremely short columns 
    Cw = strength index of walls 
    τc = shear stress of long columns in kPa 
    τs = shear stress of short columns in kPa 
    τe = shear stress of extremely short columns in kPa 
    τ1, τ2, τ3 = shear stress of walls of type 1, 2 and 3, respectively 
    A = cross-sectional area of corresponding columns and walls in m2

W = building weight above the story under consideration in kN 

2.4 Story Index 

The story index (β) indicates the ratio of the response base shear coefficient and the i-th story response 
shear coefficient and is given as β = (n + 1)/(n + i). Here, n is the total number of stories and i is the 
story level under consideration. At the ground floor level (i = 1), the value of β = 1. 

2.5 Basic Structural Performance Index 

The basic structural performance index (BSPI)  considers the contribution of the vertical elements in 
resisting lateral forces through the strength index. Incorporated in the computation of this index are the 
ductility index and strength reduction factors of  the vertical elements. The Io -index is computed 
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following the applicable Equations 5, 6 or 7. 

For a building without extremely short columns (Ce = 0), the index is computed as 

             0.1)7.0(1 ⋅+= wca CCI β                 (5) 

            0.1)(1 ⋅= cb CI β                     (6) 

Equation 6 is used only if a the building has no walls (Cw = 0). For a building with extremely short 
columns (Ce ≠ 0), one of the equations (5, 6 or 7) should be used depending on a specified condition. 

           8.0)7.05.0(2 ⋅++= ewc CCCI β              (7)         
               

Umemura (1980) stated that if the failure of the extremely short columns results to the fatal damage of 
the building, one should use Equation 7, otherwise use Equation 5 or 6 .  This condition is subject to 
the judgement of the engineer.  However for simplicity, it is assumed here that a value of  Ce ≥ 0.5 will 
result to fatal damage of the building. Based on numerical simulations, when Ce = 0.5, about 30% of 
the columns  are extremely short, and failure of 30% of the columns may lead to possible collapse. 
Hence when Ce < 0.5, the index is computed using Equation 5 or 6. Notice that Equations 5 and 6 do 
not include Ce even if it is not equal to zero. If the number of extremely short columns is minimal, 
Equations 5 and 6 assume that these extremely short columns fail first and only the long and short 
columns and the walls will be left to resist the shear forces. 

The values 0.7 and 0.5 in Equations 5 to 7 are strength reduction factors to account for displacement 
compatibility of the walls and columns with different stiffness. The values 1.0 and 0.8 are ductility 
indices. Notice Equation 5 considers only 70% contribution of the long and short columns compared 
to 100% contribution of the walls. However, when there are no walls, then we let the columns carry 
100% of shear forces as shown in Equation 6. Equation 7, on the other hand reflects the contribution 
of the various elements with the extremely short columns resisting 100%, followed by walls, 70% and 
the long and short columns, 50%. Long and short columns and walls are considered more ductile than 
extremely short columns as reflected by the factors 1.0 in Equations 5 and 6 and 0.8 in Equation 7. 

3 SEISMIC SCREENING OF DAMAGED BUILDINGS 

3.1 Damaged Buildings at Baguio City 

On July 16, 1990, a devastating earthquake of magnitude 7.8 caused widespread damage in many 
buildings and bridges in Central Luzon, Philippines. Baguio City experienced the greatest building 
damage, over 20 modern engineered buildings were severely damaged and several educational, 
commercial buildings and hotels had completely collapsed. Many of the collapsed buildings had 
irregular configuration and were founded on weathered rock, often on steep slopes. Various survey 
teams conducted detailed field investigations of the damaged buildings at Baguio City, and the results 
have been reported (AIJ 1990, JICA 1990, Molas and Yamazaki 1991, EEFIT 1991, NZNSEE 
Reconnaissance team 1991). These reports described the conditions of the damaged buildings, photos 
and floor plans of some damaged buildings were also included in these report. PHIVOLCS also has a 
video about the earthquake and a collection of photos of damaged buildings.  

Using the information available from these report, a number of damaged buildings were selected for 
assessment in this studies. The information used for the study were (a) Ground floor plan layout of 
columns and walls, (b) ground floor area,  (c) Number of stories, (d) Damage condition of building, 
and (e) Photo (if available). In addition to the information from the field survey reports, floor plans 
were also obtained from the Baguio City Hall. Figures 1 and 2 show typical photos of some of the 
damaged buildings considered in the study. 
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 Figure 1.  Baguio Park Hotel (a) Collapsed Building, (b) Failure at Column End 

 

   
Figure 2.  Soft First Story Failures   

 

 

 

 

 

 

 

 

 

3.2 Damage Classification 

To relate the Io-Index to expected earthquake damage, the degree of buildings damage is established 
based on the photos and description of the building damage.  Five damage states are used to classify 
the damage according to the AIJ document. Figure 3 shows an illustrative example of the different 
damage states.  

 

 
       None to Very Small              Slight            Moderate                       Severe                   Collapse  

Figure 3. Damage Classification (AIJ 1991) 

 

The following describes the damage levels: (a) None to Very Small – Non-structural walls sustain 
minor surface cracks, (b) Small or slight – Minor shear cracks on walls and columns, (c) Medium or 
Moderate – Major shear cracks on columns, (d) Large or Severe – Shear failure of columns; spalling 
of concrete cover (steel reinforcement exposure); buckling of longitudinal reinforcements, and (e) 
Collapse – Serious damage to structural members; failure of all columns in a story or all stories. 

In this study, the Io-Index was computed at the first floor only since this is a critical part of RC 
structures less than 6 stories high. In the classification of the damage, the condition of the columns at 
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the first floor is the major consideration.  A building which collapses due to failure of structural 
elements at the first floor is given a damage degree of 5. A building with only the upper floors 
collapsing but not the first floor (e.g., University of Baguio – Commerce Building) may not be given a 
damage degree of 5.  Table 2 summarises the damage classification of the buildings and their 
corresponding values of Io.

Table 2. Damage Classification of Buildings 

No.  Name of Building Damage Condition Damage 
Degree 

Io  
Index 

B1 Alterado Residence Plaster spalling & shear cracks 2 1.2 

B2 BGH Nursing School Collapse of parapet wall 4 0.4 

B3 Baguio Park Hotel Total collapse 5 0.2 

B4 Baguio Royal Inn 1FL collapse 5 0.4 

B5 BCF High School Column buckling, plaster spalling, shear cracks 4 0.5 

B6 UB Commerce Bldg Collapse of 5FL 4 0.2 

B7 UB Engineering Bldg Shear cracks on CHB walls, Beam-column joint failures 3 1.3 

B8 Café Amapola Serious damage of 1FL part 4 0.6 

B9 FCG Building Total collapse 5 0.8 

B10 Fil-Chi Temple Minor cracks 2 0.5 

B11 FRB Hotel Parts of 1FL & 2FL collapse 5 0.2 

B12 Hotel Nevada 1FL & 2FL collapse 5 0.5 

B13 Lim-Abellera Bldg Shear cracks 3 0.5 

B14 Mt. Crest Hotel Minor cracks 2 0.3 

B15 Pines City Ed. Center Shear failure of columns 4 0.3 

B16 Pines Supermart Medium damage 3 0.4 

B17 Siesta Inn Collapse of 1FL part 5 0.6 

B18 S&L Building Severe column damage 4 0.6 

 

Figure 4  plots the Io, - index with respect to the degree of  damage. The range of values of the Io, - 
index for each degree of damage is also shown in Figure 4. 

Figure 5 is a histogram presenting the distribution of Io-index for buildings that were severely 
damaged or has collapsed. One pitfall of the Level-1 method is that the index is proportional to the 
size of the columns. Building B9, for example, has a large index of 0.8 because its columns are 
extremely large (0.5 m x 0.5m) and yet it collapsed. Large columns without effective lateral 
reinforcements will easily fail due to the large shear forces that they resist. Ductility due to lateral 
reinforcements is one factor that affects the seismic performance of columns which is not considered 
in the present method. 

There were 12 buildings which belong to group severely damaged and collapsed. For these set of 
damaged buildings, the mean value of the index is 0.44 for the range of values between 0.2 to 0.8. 
These values will be useful to decision makers on the possible cut-off or critical value for the Io, - 
index at the ground floor. Based on this critical value, a decision can be rationally made on whether 
the existing building will be subjected to a detailed seismic inspection to determine its safety during 
earthquakes. Based on a detailed seismic inspection, a building may be recommended for possible 
seismic strengthening or retrofitting.   
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Figure 4. Index and Degree of Damage 
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value  for severely damaged and collapsed buildings.  

Many of the  damaged buildings considered in the study have certain irregularity in configuration, 
such as soft story or unsymmetrical plan that contributed to their devastating failures. There have been 
observations also of inadequate detailing of the reinforcements in the columns and walls. Some of the 
collapsed buildings were founded on unstable sloping ground. The seismic performance of a building 
is affected by various factors other than the number of columns and walls. These factors must be 
considered to properly evaluate the seismic safety of a building. However, for a simple and a rapid 
screening of buildings, the present AIJ level-1 screening procedure may be adequate especially if the 
purpose of the inspection is to prioritise buildings for the next phase which is the detailed seismic 
inspection.   
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