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ABSTRACT

Past earthquakes, in developing countries, caused major destruction in masonry infilled RC buildings
highlights the existence of a large stock of seismically vulnerable buildings. It is necessary to conduct
seismic evaluation of these existing RC buildings to avoid future earthquake damages. However, it is
a challenge to conduct detailed seismic evaluation for a large stock of existing RC buildings due to
several reasons, including the limitations of availability of detailed architectural and structural
drawings along with other necessary information for most of the buildings. To reduce the limitations
above, a rapid visual screening method, namely Visual Rating (VR) method, has been developed for
screening and prioritization of the most vulnerable buildings for detailed seismic evaluation. The VR
method estimates seismic capacity of existing RC buildings in terms of Visual Rating index (Ivg)
which considers cross-sectional area and shear strength of vertical elements such as RC column,
masonry infill wall, and RC wall as well as other building attributes such as structural configuration,
deterioration, and building’s age. This paper presents an application of the VR method on existing RC
buildings located in Dhaka, Bangladesh. A total number of 1020 masonry infilled RC buildings are
investigated and Ivr score has been calculated for all surveyed buildings. Buildings are categorized
and prioritized for detailed evaluation according to lyr score. It has been observed that about 35% of
the surveyed buildings are categorized into least to highest priority of detailed seismic evaluation for
retrofitting. Based on detailed evaluation of 20 (twenty) existing RC buildings among the all-surveyed
buildings, it has been observed that, Iy provides a lower boundary of seismic capacity of an existing
RC building comparing with the results of detailed evaluation, which shows a good correlation.

Keywords: Seismic capacity, Visual Rating method, Existing RC buildings, Masonry infill,
Prioritization

1. INTRODUCTION
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Past devastating earthquakes in developing countries (such as Nepal, Turkey, and Ecuador) have been
highlighted the existence of a large stock of vulnerable rein-forced concrete buildings, and exhibits
the necessity of seismic evaluation and retrofitting of existing RC buildings. However, there are an
existence of large stock of seismically vulnerable masonry infilled-RC buildings. It is urgent to
conduct detailed seismic evaluation of all these existing buildings but with the limited resources and
time, which is a challenge for those developing countries. To overcome the issues, prioritization
thorough identification of the most vulnerable buildings using rapid visual screening method is an
effective way for de-tailed seismic evaluation of existing RC buildings.

Several onsite visual inspection methods and guidelines, such as FEMA rapid visual screening (RVS)
method (FEMA P 154 2015), Turkish RVS method (Sucuoglu et at. 2007 and BU-ITU-METU-YTU
2003) and Indian RVS method (Jain et al. 2010), are available for quick identification of seismically
vulnerable buildings. However, recent study (Islam M.S. 2019) shows that these existing RVS
methods provide a score which does not have good relationship with the seismic capacity of an
existing RC building. Other several methods (Shiga et al. 1968, Hassan and Sozen 1997, Bonmez and
Pujol 2005, O’brien et al. 2005, Chou et at. 2017, Maeda et al. 2018, Islam M.S. 2018 and AlWashali
et al. 2020) developed based on study on past earthquake damage databases, states that cross-sectional
area of structural elements and their shear strength have a great influence on seismic capacity of
existing RC buildings. However, these methods require detailed architectural and structural drawings
for calculation of the cross-sectional area of RC column, RC wall, masonry infilled wall, and floor
area. In case of absence of drawings, as-built detailed drawing is prepared to apply these methods
which requires much efforts and time.

To overcome the limitations above, a rapid evaluation method referred as Visual Rating (VR) method
(Islam et al. 2019, Islam M.S. 2019, Islam et al. 2020, HBRI 2022) has been developed under a
research project namely SATREPS-TSUIB (2015), which is a technical cooperation project between
Government of Bangladesh and Japan International Cooperation Agency (JICA), and Japan Science
and Technology Agency (JST), Japan. The VR method estimates the seismic capacity of existing RC
buildings considering the lateral strength of RC column, masonry infilled wall and RC wall in a
simplified way thorough visual investigation. The purpose of VR method is to set the priority for
detailed evaluation based on the proposed judgement criteria (Islam M.S. 2019, HBRI 2022, Islam et
al. 2020). However, it is necessary to apply the VR method on large number of existing RC buildings
to understand its applicability and effectiveness. This paper presents an application of the VR method
on existing RC buildings located in Dhaka city, Bangladesh. A common survey datasheet is used to
conduct the field survey. The Visual Rating index (lvs) score has been calculated. Furthermore,
buildings are categorized for prioritization as per judgement criteria based on Ilyg score. Afterward
several existing masonry infilled RC buildings have been investigated in detailed during the building
survey. The detailed seismic evaluation has been carried out and the results has been compared the
output of the Visual Rating index of those investigated buildings. This research outcomes will be
helpful to prepare a seismic prioritization map toward screening large number of buildings stock in
future.

2. VISUAL RATING METHOD

The Visual Rating (VR) method is a simplified way for screening of existing RC buildings based on
visual inspection within a short duration. The main intention of the VR method is to screen large
numbers of buildings stock and categorize the buildings into less vulnerable to high possibilities of
vulnerability. The main concept of the VR method comes from the Japanese seismic evaluation
standard (JBDPA) (2001), which proposes a practical way for calculating the seismic capacity of
existing RC buildings. There are three levels of evaluation procedure in the JBDPA standard (2001).
However, the VR method is developed based on the simplified seismic evaluation procedure (Maeda
et al. 2018, Islam et al. 2018, AlWashali et al. 2020, Islam et al. 2020) of the first level evaluation
procedure of JBDPA standard (2001), considers the summation of lateral strength of RC column,
masonry infill and concrete wall normalized with total building weight. The VR method provides a
score, reported as Visual Rating index (lvr), which approximates seismic capacity of existing RC
buildings. The Visual Rating index (lvr) is calculated by following Equation (1).
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where, ., 7int, and zcw are average shear strength of RC column, masonry in-fill, and reinforce concrete
wall; be, Is and tirs are the average span length, average column size and masonry infill thickness; Rixt
and Ry are the masonry infill ratio and RC wall ratio. n is the number of stories, As is the floor area,
and w is the unit weight per floor area of a RC building. Fw, Fiu, Fo and Fy are the reduction factors
for existence of vertical irregularity, horizontal irregularity, deterioration of concrete and year of
construction respectively. The detailed calculation procedure, and basic assumptions of material
properties and reduction factors are dis-cussed in another study (Islam M.S. 2019, Islam et al. 2019,
Islam et al. 2020) and the Visual Rating (VR) manual (HBRI 2022) under the SATREPS-TSUIB
project (2015).

As seismic prioritization is the main intention of the VR method, the buildings are to be categorized
into different classes. Boundaries of categorization of VR method is proposed in the VR manual
(HBRI 2022) proposed as shown in Table 1. From the criteria, the buildings with Ivr are less than
0.10, located at E category, are the most vulnerable buildings and detailed evaluation is highly
recommended.

Table 1 Proposed boundaries of Visual Rating method (HBRI 2022, Islam et al. 2020)

Range Categories Priority of detailed evaluation
0.25< Ivr A Least

0.20< 1vr<0.25 B Less

0.15< 1vr<0.20 Cc Moderate

0.10< Ivr<0.15 D High

Ivr<0.10 E Highest

3. APPLICATION ON EXISTING RC BUILDING

3.1 Overview of investigated buildings

A total number of 1020 masonry infilled RC buildings have been considered for this building survey.
The buildings survey has been conducted under the research project SATREPS-TSUIB (2015). These
buildings are located at Dhaka, Bangladesh as shown in Figure 1. It is noted that the surveyed
buildings are masonry infilled RC buildings which is common structural system for mid to low rise
buildings in Bangladesh. Survey activities has been performed in Daniya (Ward 50, 60 & 61), Shanir
Akhra (Ward 60), Muradpur (Ward 52 & 53), Shyampur (Ward 58), Jurain (Ward 53) and Shekhdi
(Ward 62 & 63) in Dhaka city, Bangladesh. Several survey teams were formed for conducting
building survey activities including professional engineers, diploma engineers and skilled technician.
Several training programs were also done for conducting building survey effectively. Preparation of
building survey includes selection of target building and number of buildings to be surveyed,
negotiation with local community leaders and explanation of result to house owners. Building survey
includes application of VR method to existing RC buildings.

ICCESD 2024_0668_3



7™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh

90'220E 90'2E wOE 902720
1 L L i

Figure 1: Location of surveyed buildings in Dhaka, Bangladesh (Source: HBRI survey report, 2022)
A common survey datasheet (HBRI 2022) was used during building inspection and necessary
information were recorded according to survey specifications. Survey activities includes: entering
inside the target building for physical survey, collection of building's general information (name,
location, address. etc.), visual investigation of vertical members such as RC Column, RC wall and
solid masonry infill, draw a rough hand sketch of ground floor plan on VR survey datasheet showing:
RC column, RC wall, Solid masonry infill, dimension of building (length and width), measuring of
average RC column size and average span length, measuring of the floor area (approximate), counting
number of solid masonry infill, solid RC wall, and number of spans in each direction, judgment of
irregularity (horizontal and vertical) by visual investigation, judgment of deterioration (cracks and
concrete spoiled etc).

3.2  Number of stories

The number of stories is wide ranging in between 2 to 12 stories buildings. Figure 2 shows the
number of stories distribution of surveyed buildings. Most of them are 3-4 storied buildings. Some of
them are 5 to 6 storied buildings. A few of them are mid-rise buildings such as 10 to 12 storied
buildings.
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Figure 2: Number of stories distribution
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3.3 Year of construction and occupancy categories

The year of construction distribution of the surveyed buildings are shown in Figure 3. The buildings
are categorized into three classes: Before 1993, After 1993 and before 2006, and after 2006. Recently,
the revision of BNBC 1993 has been published in 2020 (BNBC 2020). The year of construction
ranging from 1985 to 2021 which covers old as well as new buildings. It has been observed that about
63% of investigated buildings are new buildings, are constructed after 2006 and 10% buildings are
constructed before 1993. Occupancy categories of the surveyed buildings are shown in Figure 4.
There are four different categories in the surveyed building. About 91% buildings are residential and
9% are other than residential (such as hospital, school, commercial and mixed categories).

0% 1% 1%
/
) s

91%

= Commercial Industrial = School = Mixed Residential

Figure 3: Percentage of buildings: occupancy categories

10%o

E 27%
63% 0

m Before 1993 After 1993 and Before 2006 m After 2006

Figure 4: Percentage of buildings: year of construction

3.4 Vertical Irregularity

Buildings regularity has been conducted based on the survey data sheet and the investigation
procedure discussed in the Visual Rating manual (HBRI 2022). The classification procedure is
discussed in the VR manual (HBRI 2022). Figure 5 shows that most of the constructed building is
vertically regular which indicates 84% and least amount of the building was found irregular
constitutes 3% of the building. Building constructed with nearly vertical regular means the small
opening at the ground floor is 13% only.
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Figure 5: Vertical Irregularity in Percentage

3.5 Horizontal Irregularity

Buildings regularity has been conducted based on the survey data sheet and the investigation
procedure discussed in the Visual Rating manual (HBRI 2022). The classification procedure of
horizontal irregularity is described in the VR manual (HBRI 2022). The horizontal irregularity is
classified as regular, nearly regular and irregular which was applied during survey activities to find
out the building’s horizontal irregularity. The distribution of horizontal irregularity is shown in Figure
6. From the analysis, it is found that the horizontal irregularity of the existing building, the least
amount was found irregular while the horizontal regularity is the highest in surveyed building (91%).
Building with nearly regular is 6%.

6%

= Regular(1) = Nearly regular(0.9) = Irregular(0.8)

Figure 6: Horizontal Irregularity in Percentage

4. DATA ANALYSIS

4.1 Average column size and average span length

Average column size and average span length of each building have been collect-ed from the VR data
sheet and a relationship is plotted in Figure 7. It has been observed that there is a large variation
between average column size and average span length. It is seen that the ranges of average column
size from 200 mm to 600 mm and average span length from 1500 mm to 4500 mm.
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On the other hand, Figure 8 shows a relationship between average column size and number of stories.
It has been observed that there is large variation in column size of building with a particular number
of stories such as, average column size ranges from 250 mm to 550 mm of 5 to 7 storied buildings. In
case of mid to high rise buildings with low column size are not sufficient to resist earthquake induced
lateral force. These are the common characteristics in most of RC buildings in Bangladesh. It is
because of many of these RC buildings are non-engineered construction without proper structural
analysis and seismic design as per Bangladesh National Building code (BNBC), and poor construction
supervision.
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Figure 7: Average column size vs Average span length.
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Figure 8: Average column size vs Number of stories

4.2 Visual Rating index (Ivr)

As previously mentioned, the VR method estimates the seismic capacity in terms of Visual Rating
index (Ivr) score. After building survey, all survey VR datasheets are collected and summarized the
recorded information to calculate lvr score. In this study, Visual Rating index (lvr) is estimated using
Equation (1) based on information found from the dataset. However, the material properties and
modification factors are considered according to Visual Rating manual (HBRI 2022). Figure 9 shows
a distribution of calculated Ivr score of the surveyed building. The average value of Ivg is of 0.30
indicates that the seismic capacity of these buildings is not much insufficient and hence detailed

ICCESD 2024_0668_7



7™ International Conference on Civil Engineering for Sustainable Development (ICCESD 2024), Bangladesh
evaluation of all buildings are not required. This is the major advantage the VR method. Therefore,

prioritization and categorization are required to classify the buildings that need the detailed seismic
evaluation immediately.
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Figure 9: Visual Rating index (Ivr) of investigated buildings

The buildings are categorized according to Table 1 based on obtained lvr scores of the investigated
buildings as shown in Figure 10. It has been observed that about 645 of surveyed buildings, the Ivr
scores are above 0.25 indicates that these buildings are at least priority for detailed evaluation and
these buildings might not require detailed evaluation. On the other hand, about 375 buildings, the lvs
scores are below 0.25, are categorized into less to highest priority of detailed evaluation and these
buildings should proceed for detailed seismic evaluation immediately.
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Figure 10: Distribution after categorization for detailed seismic evaluation

Based on above discussion, it has been found that about 35% of surveyed building requires detailed
evaluation immediately. This prioritization helps to reduce the work volume of detailed seismic
evaluation with limited budget and time.

5. DEAILED SEISMIC EVALUATION AND COMPARE WITH VR METHOD

In this study, detailed seismic evaluation has been done for several investigated buildings located at
Dhaka, Bangladesh. The detailed evaluation has been conducted using the second level evaluation
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procedure in Japanese seismic evaluation standard (2001), BSPP seismic evaluation standard (2022)
and, SATREPS-TSUIB manual (2022). It should be noted that seismic evaluation is performed at
ground floor in this study which is the most critical floor during earthquake. Detailed seismic
evaluation has been performed as per seismic evaluation guideline proposed by BSPP (2022), which
has already adopted in Bangladesh. As previously mentioned, BSPP seismic evaluation manual is
based on JBDPA standard which does not consider the effect of masonry infill. Therefore, this study
follows seismic evaluation guideline proposed BSPP (2022), for bare frame and the evaluation of the
effect of masonry infill proposed by SATREPS-TSUIB (2022) seismic evaluation manual. For
material properties such as concrete strength, tensile strength of main and transverse reinforcement is
found based on non-destructive test carried out under the SATREPS-TSUIB project (2015) and based
on the existing structural design datasheet. However, reinforcement detail for main and transverse
reinforcement have been found from the both field investigation by rebar scanner and the design
datasheet. It should be noted that, the masonry prism strength is considered as 9 MPa in absence of
field data for conservative estimation (AlWashali 2018).

Detailed seismic evaluation has been done for both longitudinal and transverse directions (X and Y
directions). The Seismic Index (Is) for both directions of the investigated buildings have been shown
in Figure 11. It has been observed that the seismic index is higher in Y direction compared to X
direction. It means that the buildings are stronger in Y directions. Based on the local seismicity and
seismic demand (BSPP 2022), it has been observed that about 45% of these investigated RC buildings
require retrofitting immediately to improve the seismic capacity.

1.00 ,
. @
S 0.80 e |
g @
= © o Q) e
> 0.60 !
| . o-- % _____________
g @ o®
Z 040 @ ©
5 o ©
2 !
2 020 6 @
e I
I
0.00 !
0.00 0.20 0.40 0.60 0.80 1.00

Seismic Index in X direction

Figure 11: Seismic index of investigated buildings in both directions.

Furthermore, Visual Rating Index (lvs) is compared with detailed evaluation (the second level
evaluation of Japanese standard (2001)) of these investigated buildings. In this study, the comparison
between Visual Rating Index (Ivr) and Seismic Index (ls2) has been shown in Figure 12. However, the
normalized seismic index of second level evaluation (Is2) and Visual Rating Index (lvr), the average
value is of 1.35 and coefficient of variation is of 37% shows the Visual Rating Index (lvr) provides
much conservative results as compared with detailed seismic evaluation. The main reason is that
Visual Rating Index considers ductility index is of unity whereas detail seismic evaluation considers
ductility factors of structural members using reinforcement details. On the other hand, Visual Rating
method estimates strength index based on only dimension of vertical members. However, detailed
evaluation requires detailed material strength, reinforcement detailed, and based on detailed structural
drawing. Overall, it has been observed that Visual Rating Index (Ivr) also provides an approximated
estimation of second level evaluation and the score shows a good tendency with the values of the
seismic capacity investigated by detailed evaluation method.
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Figure 12: Seismic Index Vs Visual Rating index of investigated buildings.

6. SUMMARY

A total of 1020 masonry infilled RC buildings, located in Dhaka, Bangladesh, have been investigated
by the Visual Rating method. In addition, detailed field investigation (such as as-built drawings) of 22
existing RC buildings has been done. Detailed seismic evaluation is carried out. Based on buildings
investigation and data analysis, the conclusions are summarized as follows:

e 91% of the investigated buildings are residential and number of stories in between 3 to 6
storied. The mixed occupant buildings are 10-12 storied. 37% of surveyed buildings are
constructed before 2006.

e There is large variation in column size of buildings in a particular number of stories such as
column sizes are ranging from 250 mm to 550 mm for 5 to 7 storied buildings. Lower column
size with higher number of stories results low seismic capacity index and these buildings are
seismically most vulnerable.

e The average lvr score is 0.30, indicates that the seismic capacity is not insufficient to required
detailed evaluation of all surveyed buildings. As per judgment criteria, about 35% of surveyed
buildings are categorized into less priority to highest priority for detailed seismic evaluation. It
is recommended that these buildings should proceed for detailed seismic evaluation
immediately.

e It has been observed that about 645 of surveyed buildings, the lvs scores are above 0.25
indicates that these buildings are at least priority for detailed evaluation and these buildings
might not require detailed evaluation. On the other hand, about 375 buildings, the IVVR scores
are below 0.25, are categorized into less to highest priority of detailed evaluation and these
buildings should proceed for detailed seismic evaluation immediately.

e As for detailed evaluation, it has been observed that about 50% of detailed investigated
buildings require retrofitting to improve the seismic capacity
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