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Foreword

Bangladesh is a disaster prone country. The country is frequently affected by floods, cyclones and
cyclone induced storm surges and tornados. The country is also under threat of moderate to strong
earthquakes due to the geographical position. Bangladesh is close to one of the most tectonically active
regions in the world. It is situated where three tectonic plates namely the Indian plate, the Eurasian plate
and the Burmese plate met. Bangladesh, over the last two hundred and fifty years, had experienced eight
major earthquakes of magnitude over 7.0. Among those earthquakes, two earthquakes namely Bengal
Earthquake of 1885 and Srimongol Earthquake of 1918 had their epicenter within the country. Due to its
proximity to the plate boundaries, active faults and track records of historical damaging earthquakes in
and around Bangladesh, probability of occurrence of strong earthquake is high.

The risks of loss of life and damage to property due to earthquake are almost entirely associated with
manmade structures. Because earthquake doesn’t kill people, buildings do. The rapid urbanization of
several cities especially Dhaka, Chittagong and Sylhet during the last 25 years with most of the buildings
being non-engineered is a big concern.

Public Works Department (PWD) with a history of over 150 years is the Government Department which
owns almost all the public buildings of the country in connection with construction and maintenance. The
department inherits the legacy from British India through Pakistan period to present independent
Bangladesh. A major portion of the huge building stock is unreinforced brick masonry buildings with low
concrete strength, inadequate column section and non ductile RC framed structures. The Bangladesh
National Building Code (BNBC) was formulated in 1993 and enacted in 2006. PWD has been following
American Concrete Institute (ACI) code till 1993 and the BNBC subsequently for structural design
purpose. But strict adherence to the code especially the seismic provisions came into practice very
recently. As a result, a staggering number of existing buildings do not meet the seismic demand and
capacity requirements of the current BNBC (Final draft, July 2015) .

The Government of Bangladesh has taken a strong stand with disaster risk reduction. Government’s
success in certain areas of disaster risk mitigation such as flood, cyclone is acclaimed by the world and
taken as role model in many countries. In case of earthquake disaster, the country is not sufficiently
prepared to reduce the risk. The main reason is that earthquake is not a frequent phenomenon in
Bangladesh. The country had experienced the last devastating earthquake in 1897 (The Great Indian
Earthquake with magnitude 8.9). In the Standing Order on Disaster (SOD) of the Government, PWD is
entrusted with the task to promote seismic resistant building and to retrofit public buildings which are
vulnerable to earthquake.

Due to the lack of technical know-how, PWD could not undertake projects for retrofitting. To overcome
this deficiency, PWD has undertaken a project with the technical cooperation of JICA titled “Project for
Capacity Development on Natural Disaster Resistant Techniques of Construction and Retrofitting for
Public Buildings (CNCRP)”. The main purpose of the four year long project is to enrich the technical
knowledge and working capacity of the engineers of PWD for seismic assessment, retrofitting design and
construction of existing RC framed public buildings.

One of the outputs of this project is to develop 6 (six) individual manuals and guidelines as stated under
for future references:

1. Manual for Seismic Evaluation of Existing Reinforced Concrete Buildings

2. Manual for Seismic Retrofit Design of Existing Reinforced Concrete Buildings

3. Manual for Retrofit Construction and Supervision of Reinforced Concrete Buildings

4. Guidelines for Quality Control of Design and Construction of Reinforced Concrete Buildings
5. Manual for Seismic Design of Reinforced Concrete Buildings



6. Manual for Vulnerability Assessment and Damage Prediction of Reinforced Concrete
Buildings against Non Seismic Hazards

As stated earlier, many existing buildings do not meet the seismic demand and capacity requirements of
the current BNBC. The need for retrofitting may arise from one or more of the following reasons:

(a) Violation of Bangladesh National Building Code in structural design and construction process.
(b) Subsequent updating of Building Code.

(c) Deterioration due to aging and unexpected natural and human created hazards.

(d) Modification of existing structure.

(e) Change in use of building.

The series of manuals and guidelines are the outcome of four year long experiences of CNCRP project.
The engineers of PWD with technical assistance of the JICA experts trained to adopt the Japanese retrofit
technology to local construction conditions and practices. Seismic retrofitting is a specialized type of job.
The professionals and practicing engineers are requested to go through the manuals carefully and apply
their engineering judgments before application.

The current edition of the manuals and guidelines are a modest beginning. Extensive research on local
conditions such as construction materials, techniques, and practices in the light of local seismicity are
necessary to upgrade the manuals. We, as professionals, believe that manuals are only a guide or outline
and it is the expert who will have to take the final decision about actual extent of work to be done. We
expect feedback from all quarters to enrich the future editions of the manuals.

The current Bangladesh National Building Code (BNBC) is not included with any provisions of seismic
evaluation and retrofit design. Throughout the project duration, the engineers of PWD studied the
standard, guidelines and technical manuals for seismic evaluation and retrofitting design of RC buildings
in Japan. The approach is a little unconventional in Bangladesh. As judgment is very important in
assessing vulnerability of a building, the Japanese method gives emphasis on critical observations and
hand calculations. There are many factors and assumption to be taken based on local construction
circumstances. This “Manual for Seismic Evaluation of Existing Reinforced Concrete Buildings” has
been prepared to supplement the English version of the original Japanese Standards, Guidelines and
Technical Manual titled “Standard, Guidelines and Technical Manual for Seismic Evaluation and Seismic
Retrofit of Existing Reinforced Concrete Buildings, 2001”, published by The Japan Building Disaster
Prevention Association (JBDPA).

We deeply acknowledge the Editorial Advisory Board consisting of respected members from Japan and
Bangladesh for their valuable contribution. The authors from JICA expert team needs special mention for
formulating the manuals. We also thank all the CNCRP team members for their hard work which
eventually helped in publishing these manuals and guidelines. Finally I want to thank the Government of
Japan and JICA for their whole hearted support and cooperation in all phases of the project CNCRP.

Engr. Md. Kabir Ahmed Bhuiyan
Chief Engineer

Public Works Department

Dhaka, Bangladesh.
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PREFACE

Bangladesh is located in a tectonically active region close to the plate boundaries of the Indian plate and
the Eurasian plate to its north and east. Based on seismicity, Bangladesh is divided into three seismic
zones, as per Bangladesh National Building Code (BNBC), 1993. The BNBC was adopted in 2006 under
Building Construction Act, 1952. Most of the buildings constructed before adoption of BNBC 1993 is
either non-engineered or designed without considering seismic load. The present construction scenario is
not very encouraging either. Under these circumstances large numbers of buildings both public and
private, in the urban areas needs structural assessment and retrofitting if found vulnerable.

The concept and practice of Japanese Standard of seismic evaluation and Guidelines of retrofit design for
existing RC buildings has been studied and applied in Bangladesh through the PWD-JICA technical
cooperation project CNCRP.

The Japanese Standard and Guidelines for Seismic Evaluation and Retrofit of Existing Reinforced
Concrete Buildings, prepared in 1977 has been applied in many buildings in Japan successfully. The
Guideline was revised in 1990 and 2001.

Following concise book of Standard and Guidelines translated in English under one cover was published
in 2001:

Standard for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001

Guidelines for Seismic Retrofit of Existing Reinforced Concrete Buildings, 2001 and

Technical Manual for Seismic Evaluation and Seismic Retrofit of Existing Reinforced Concrete Buildings, 2001
Translated by: Building Research Institute, Published by: The Japan Building Disaster Prevention
Association (JBDPA).

This English version 2001 covers the main portion of the Japanese Standard and Guidelines only.

This “Manual for Seismic Evaluation of Existing Reinforced Concrete Buildings™ has been prepared
to supplement the Japanese Standard and Guidelines mentioned above incorporating the seismic load of
BNBC. Effort has been taken to incorporate the design and construction practices of Bangladesh in the
manual as much as possible. This manual will be used together with the “Manual for Seismic Retrofit
Design of Existing Reinforced Concrete Buildings™ prepared under CNCRP project.

Seismic retrofit in Japan has been disseminated after the Hyogo Ken Nanbu (Kobe) Earthquake 1995,
together with the act on promotion of Seismic Retrofitting of Existing Buildings. More than 50,000
existing public school buildings have been retrofitted as of 2011.

It is expected that seismic performance of existing RC buildings will be improved through application of
this Seismic Evaluation Manual and the building damage risk in Bangladesh will be mitigated.

Yosuke Nakajima
Member JICA Expert Team, CNCRP
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CHAPTER 1. GENERAL

1.1 GENERAL PRINCIPAL

1) Composition of the Manual

This manual shall be used for seismic evaluation of existing Reinforced Concrete (RC) buildings. The
manual has been prepared to supplement the following Japanese Standard (henceforth known as J.
Standard), incorporating the characteristics of RC buildings in Bangladesh and seismic design load of
Bangladesh National Building Code (henceforth known as BNBC). This manual narrates the evaluation
methods and their explanations according to the Japanese Standard with examples using few actual
buildings in Bangladesh. BNBC does not cover the structural evaluation of existing RC buildings.

Cogisn Veryon 1

Standard
1 Sepmc Palumen £t Lustng Nentorced
Corcreme Buddings 7001

Guidelines

tor Sersme Retrote <t Enezng Remiorced Concrate
Bulamge 2001

"

Technical Manual

o Sewmec Enngton ang Setme Amrols ot
Eancting Reeworced Concrate Buiangs 2001

“Standard for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001 and Technical Manual
for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001” translated in English and
published by Japanese Building Disaster Prevention Association.

2) Fundamental Principal

The J. Standard explains seismic evaluation of existing reinforced concrete buildings. The seismic
evaluation is based on: (i) Site inspection and (ii) Structural calculation. These two observations together
represents the seismic performance of a building in terms of seismic index of structure /s and seismic index
of non-structural elements Iy. The overall safety of the building shall be judged based on standard for
judgment on seismic safety wherein seismic performance demands are stated.



Chapter 1. General

Flow chart for seismic evaluation is given in Figure 1.1. Relevant section of the J. standard and this
application manual is given besides each step of flow chart.

Figure 1.1 Standard Procedure for Seismic Evaluation

The application manual is prepared based on the flow chart of the seismic evaluation. In this application
manual standard procedure for seismic evaluation is explained step by step by an example of existing
building. Example of another building is provided in Supplement No.9 in concise from.
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1.1.1 Seismic Index of Non-Structural Elements Iy

Evaluation of the non-structural element is one of the most important factors for the safety evaluation. But
this manual gives higher priority to the evaluation of the seismic capacity of structure /. In a RC frame
structure various types of materials and claddings are used as infill and partition walls including
unreinforced brick masonry. During an earthquake these non-structural elements may cause problem. This
manual does not cover detail procedure to calculate seismic index of non-structural elements 7y, Therefore,
it is recommended to further study the evaluation method of non-structural elements and to include it in the
seismic evaluation of the buildings in future. For the present, it is recommended to see the J. standard
(Chapter 4. Seismic Index of Non-structural Elements Iy) or the BNBC2015 (2.5.15 Non-structural
components).

1.2 SCOPE OF APPLICATION

1)Elements that constitute a building
Main structural members shall be considered as a component of the seismic evaluation. Non-structural
members are out of scope of this manual.

2) Type of structure
Reinforced concrete (RC) frame structure is covered in this manual. Flat plate (slab) RC structure is out
of scope in principle. Brick masonry building is also out of scope and is not covered in this manual.

3) Number of stories
Mid to low-rise buildings with 6 stories and less are covered generally. Buildings higher than 6 stories
shall be considered with special attention.

4) Concrete strength
Buildings with concrete strength not less than9.0N/mm’are covered.

5)Others
This manual is not applicable for the significantly deteriorated buildings and the buildings with special
structures.

1.2.1 Elements that Constitute a Building

The manual works only with the main structural elements excluding the non structural elements. Basically,
the seismic evaluation for buildings are complete with the seismic evaluations of non-structural elements
such as facade elements, finishing elements, brick walls, and machinery of building services. Issue of
Non-structural elements remains as the subject of future study.

1.2.2 Type of Structure

This manual covers the seismic evaluation of existing RC frame structure with in-filled brick walls mainly.
Other structures such as steel structure and brick masonry structure are not covered by this manual.
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A, Flat plate (slab) structure

Most of the RC flat plate (slab) buildings in Bangladesh are without RC shear walls. There are vulnerable
structures, since horizontal stiffness and strength is low. Proper layout of seismic load resistant elements in
plan and in elevation shall be considered and floor slabs shall be evaluated to transfer seismic load. Seismic
assessment of flat plate structure is out of scope of this manual in principle.

B. Building with partial floor beams and as well as without grade beams

There are many RC buildings with partial floor beams and as well as without grade beams. Horizontal
strength of a column without beams at bottom will be almost zero if foundation size is small. Horizontal
load carrying capacity of a building shall be reduced considering this condition. In case of buildings
without grade beams, it is required to evaluate effective column height at ground floor and connection
condition to foundation footings for the evaluation of column strength.

1.2.3 Number of Stories

The original version of the Japanese Technical Manual has been developed and applied for many
Reinforced Concrete (RC) buildings. Applicable limit of number of storey is 6 stories generally. This
condition will cover majority of existing RC buildings in Bangladesh. In case of higher storied buildings,
the flexural behavior of columns will change. This manual may be allowed to apply for evaluation of
higher storey buildings by incorporating the change of axial force of columns by seismic load.

1.2.4 Concrete Strength

Brick chips aggregate have been used for concrete work of many existing RC buildings in Dhaka. The
concrete strength with brick chips is low, and it has been observed that actual concrete strength of some of
the buildings are less than 10N/mm?’, according to the result of concrete core sampling test. Concrete
strength with not more than 13.5N/mm?’is defined as low strength concrete. Low strength concrete is not
covered by the “Japanese Seismic Evaluation Standard and Retrofit Design Guideline” generally. However
there is “A report by the special research committee for low strength concrete” issued by the Chugoku
branch of Japan Concrete Institute in February 2009. This special report covers low strength concrete up to
9.0N/mm’. It is required to provide reduction coefficient for low strength concrete to evaluate shear
strength of columns. Buildings with low strength concrete less than9N/mm? are out of scope of this manual.
It will be required to evaluate separately in detail for buildings with concrete strength less than 9.0N/mm?®.
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1.2.5 Others

The applicability of this evaluation method needs to be examined for the following types of buildings.

-A building with significant differential settlement and structural cracks

-A building with cracks, falling of concrete slab etc. as a result of fire incidence.

- A building becoming decrepit in 50 years or more after its construction

The applicability of this manual to such buildings shall be carefully examined because it may be
inappropriate to evaluate the seismic capacity based on the seismic index.

biagbnél crack in brick wall due to Spalling of slab concrete due to fire disaster
differential settlement
Figure 1.2.1 Examples of Deterioration of Building Elements Inappropriate for Seismic Evaluation

1.3 SUGGESTED MODIFICATION OF JAPANESE STANDARD FOR BANGLADESH

The Summary of modifications of Japanese Standard /Guidelines for its application in Bangladesh is
shown in Table 1.3.1

Modifications of Japanese standard for its application in Bangladesh are summarized in Table 1.3.1, with
respect to A: General, B: Ductility index, C: Strength index, D: Irregularity index, and E: Others. It is noted
that proposed numerical values have been considered based on the present best knowledge, but are
tentative values and it will need further research/experiment for the verification/ modification in
Bangladesh.
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Table 1.3.1 Suggested Modifications of Japanese Standard for its Application in Bangladesh

Item Japan Bangladesh
The Standard for Seismic Seismic Evaluation Manual of Existing RC Buildings
Title Evaluation of Existing RC (CNCRP)
Buildings of Existing RC Buildings
2001 (JBDPA)
A: General
1. Status “The Standard” and “Guidelines” Technical “Recommendations”
2. Level of 1%, 2 and 3" level screening 1%, 2" and 3™ level screening method. 2™ level screening
screening method. 2™ level is mainly used. method is applied, which is suitable and practical for
buildings. 1st level screening method is not used for the
judgment.(chap.3.3)
3. Existing Min. strength is secured by the Many buildings are not following BNBC93, which
buildings building law at construction. became mandatory in 2006. Detail building survey is

Strength of concrete core =
Average — standard deviation/ 2,
100mm diameter in general.

required.(chap2)

.Strength of concrete core(*)

Core strength is generally lower than that of cylinder, and
strength of tested value divided by 0.85 may be used,
minimum 50 mm diameter in general. Ref. ACI 437

4. Application:

Concrete strength F¢, not less than

Concrete strength Fc, not less than9.0N/mm”.

Concrete 13.5N/mm’ (Not low strength Reduction factor Kr is used for column shear strength in
strength concrete) case of concrete strength lower than /3.5 N/mm’.
5. Seismic I;=ExSpxT
index of Eoocn+l_xCxF
structure, I n+i
6.Seismic ?eismic demand index of structure | Proposed I, for 2™ and 3™ level screening,
i 505
el 7% homas<22.1.6,0)
150= E S'Z G-U (80% of elastic response shear force coefficient)
E s Basic seismic demand index of | Z  : Seismic zone coefficient, as defined in Section
structure 2.5.4.2 of BNBC2015
E = 0.8, for 1" level screening I : Structure importance factor
E = 0.6, for 2nd level screening Cs : Normalized acceleration response spectrum,
E = 0.6, for 3rd level screening which is a function of structure (building) period
Z = Seismic zone index and soil type (site class)
G = Ground index C -8 >04x 3 xZ-I.C,
TU DT
U = Usage index 3
) CTU'SDE 03-Z.G-U CTU = CumulaﬁYe strength index at the ultimate
CTU = Cumulative strength index at _ defqrm gtlon DRStucHS
the ultimate deformation of S, = Irregularity index.
structure. (Chap. 4)
SD = Irregularity index.
7.Yield shear & = 0.75 1+0.051 Same equation, which is modified “Energy constant
force . C, : m principle”, is applied. . o
coef?isnent e.md (equ.3.2.3-2 of the Standard) is Note: BNBC follows displacement constant principle.
ductility ratio used. (Supplement A1)

This is modified “Energy constant
principle”.
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8.Evaluation of
Ductility index
F

Ry = CRmy+CRmu

= cRmy - (1+(10:Qsu /cOmu - 1.1)

< Rpax , R30

V2u-1

F=

0.75-(1+0.5)

(A12.2& 3)

(No change)
q =1.1, in case interval of hoop, S >100mm.
(Chap3.4.3)

B: Ductility index F related modification(*)(Chap3.4.3)

1. Upper limit
of deformation
capacity

1.1 Column
axial force
ratio
N/(b.D.F,) and
Ductility
index, F

Column tie interval > 100mm,
N/(bDF,)>04,F=1.0
Column tie interval < 100mm,
N/(b-D-F)>05,F=1.0
N/(b-DF,)<0.6is applicable

range.

b, D: Column width and depth

F.: concrete strength

N: Axial force without load factor
(N/( b.D.F_)<0.4 is common.)

Ordinary concrete:

In case that shear reinforcement of column by BNBC,
2-10mm(@ 150mm is satisfied or P,, (shear reinforcement
ratio) = 0.2%

0.4 <N/(b-D-F,)<0.55, F=1.27 (aim R = 1/150),
N/(b-D-F.)>0.55 F=1.0 (aim R = 1/150).

In case that shear reinforcement is other cases,
N/(b-D-F.)>04, F=1.0 (aim R = 1/150).

For both cases N/(b-D-F, ) > 0.8, F =0.8, (aim R=1/500).
This needs further consideration.

Low strength concrete:

In case that shear reinforcement 2-10mm@ 200mm is
satisfied or P,,> 0.15%

0.4 <N/(b-D- F.) <0.6, F=1.27 (aim R = 1/150),
N/(b-D-F.)=>0.6, F=1.0 (aim R = 1/250).

In case that shear reinforcement is other cases,
0.4<N/(b-D-F.), F=1.0 (aim R = 1/250).

For both cases NAb-D-F.)> 0.8, F = 0.8, (aim R=1/500).
This needs further consideration.

(Considering the test result by CNCRP in 2012 and 2013
(Ultimate deformation capacity of R=1/100 for
N/(b-D-F.) = 0.68 and engineering judgment

Column axial capacity at long term is checked by BNBC
(Factored load),

P,=085®[0.85 f& xA. + f,d,]

Average of dead and live load factor is 1.45~1.5.

1.2 Shear stress | Rinax(S) = Raso It needs further consideration related to BNBC. (*)
for C,,,/F.>0.2 (A1.2-7)
1.3 Tensile Renax(t ) = Raso Rmax () = Rasp for p, > 1.3% and Low strength concrete if
re-bar ratio Jor p; >1.0%1.0% (A1.2-8) M/(Q-D), F = 1.0 (Supplement 4)
1.4 Interval tie | Ruux(b) = Raso (No change)
(hoop) for s/db > 8 (A1.2-9) It needs further consideration related to BNBC.
Requirement of (s/ db > 6) is shown for Special moment
frame of ACI 318.
1.5 Clear span | (Riax(h) = Raso No concrete standing wall, Evaluation of brick standing
and depth for h, /D <2.0 (A1.2-10) | wall, see next item.
ratio
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2.Short column
(Shear failure)
caused by
standing

wall and
Ductility index,
F

Evaluate Ductility index
considering short column caused by
RC standing wall.

Shear failure column, F=1.0
(1/250)

Extremely brittle column, F= 0.8
(1/500)

Or provide structural slit on RC
standing wall to prevent short
column.

If the shear failure of short column due to brick standing
wall has not been studied, upper limit of column F,
Ordinary concrete, F = 1.5 (aim of storey deflection
angle, R=1/124) ~ 1.75 (1/100)
Low strength concrete (F.< 13.5N/mm?*),F = 1.27
(R=1/150) ~ 1.5 (1/124)
In case that shear reinforcement ratio P,, of column is less
than 0.2%, the use of smaller F of above is used.
(According to structural test by CNCRP in 2012 and 2013,
short column due to brick standing wall will cause shear
failure at storey deflection angle of 1/100 and more
generally in case of low strength concrete. Suggested F
value is slightly overestimated incorporating the
horizontal strength increase due to brick standing wall.)

3. Beam
column

joint and

Ductility Index

F

No specific requirement.

(It’s very rare of damage of beam
column joint is very rare, since
column size is relatively big.)

If no safety has been confirmed for the beam column joint,
upper limit of column F, following is used.

Ordinary concrete, max. F = 1.75 (aim of storey
deflection angle, R=1/100)

Low strength concrete, max. F=1.5 (R=1/124)
(According to trial calculation, shear failure occur at beam
column joint, in case of low strength concrete. On the
other hand, it is said that shear failure of beam column
joint occur at 1/100 of column deflection angle generally.)

4. 90 degree
hook

of column tie

and Ductility

Index, F

Reduction of Ductility index of
column, F compared with 135
degree hook is suggested.

Reduction of Ductility index of column, F' compared with
135 degree hook is used. Proposed one idea is to reduce
shear reinforcement ratio to “0.5xP,,”, in case of 90
degree hook. (Chap3.4.2)

C: Strength index C related modification(*) (Chap3.4.2)

1.Plain
main-bar and
low strength
concrete

No specific requirement.

It is used to reduce 20% of flexural strength of column
tentatively, in case of low strength concrete, of which
bond stress is low.

2.Short anchor
length of beam
main bar at
external
column

No specific requirement.

If anchor length of beam main bar at an external column is
supposed, it is used to reduce 25% and max. 50% (for
thin depth column such as 250mm) of flexural strength
of the column by 2™ level screening. Similar condition of
F of B.3is applied.
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D: Irregularity index S, related modification(Chap3.5)

1. Piloti (Soft

Evaluation of Piloti (soft storey)

Evaluation of Piloti (soft storey) related to brick wall is

storey) related to RC wall is required. required.
E: Others
1. Aim of storey Experiment/ analysis in Japan. No change.

deflection angle

Storey deflection angle at yield of
standard column, approx. 1/150
Ultimate deflection angle of RC
shear wall, approx.1/250

Ultimate deflection angle of

extremely brittle column, approx.
1/500

Result of experiment by CNCRP on 2012 and 2013 is
shown below for information. (Retrofit, Supplement A2)

Storey deflection angle at yield of standard column,

approx. 1/100

Storey deflection angle at max strength with high axial

force ratio (low strength concrete), approx.. 1/100

Storey deflection angle at shear failure of RC wall,

approx.1/200

Storey deflection angle of max. strength of steel framed

brace, approx. 1/200

Further accumulation of related data is required.

Note: ACI 437R-03 (Strength Evaluation of Existing Concrete Buildings), the Sec 5.1.1

ACI 318R-14 (Commentary on Building Code Requirements for Structural Concrete)

ACI 214.4R-03 (Guide for Obtaining Cores and Interpreting Compression Strength Result), Sec 6.2

(*) denotes numerical values shown are tentative suggestion and needs further research/experiment for

verification/ modification in Bangladesh.
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1.4 DEFINITIONS
(1) Indices for seismic performance of buildings
SEISMIC INDEX OF STRUCTURE I;: An index representing the seismic performance of structure.

SEISMIC INDEX OF NON-STRUCTURAL ELEMENTS Iy : An index representing the seismic
performance of non-structural elements, such as exterior walls.

SCREENING LEVEL : The degree of simplification in calculating the indices I5 and Iy. Three screening
levels are provided from the first, simple level to the third, detailed level of screening.

(2) Sub indices for calculation of seismic index of structure I

BASIC SEISMIC INDEX OF STRUCTURE E,: An index representing the basic seismic performance
of a building, evaluated as a function of the strength index C, the ductility index F, and the storey-shear
modification factor.

STOREY-SHEAR MODIFICATION FACTOR: A factor normalizing the strength index C of upper
stories being equivalent to the base shear coefficient in consideration of the storey level and the lateral
earthquake force distribution.

CUMULATIVE STRENGTH INDEX Cr: Strength index accumulated for the members in a storey in

relation to the storey drift angle (ductility index) accounting for the compatibility of the members and
modified by the storey-shear modification factor.

,

STRENGTH INDEX C': The lateral strength or the lateral-load carrying capacity of a member or a storey

in term of shear of coefficient, namely the shear normalized by the weight of the building sustained by the
storey.

DUCTILITY INDEX F : An index representing the deformation capacity of a structural member.

IRREGULARITY INDEX S, : An index modifying the basic seismic index of structure E, in
consideration of unbalance in stiffness distribution and/or irregularity in structural plan and elevation of a
building.

TIME INDEX T ': An index modifying the basic seismic index of structure E, in consideration of aging of
a building,

MATERIAL STRENGTH: Compressive strength of concrete and yield strength of reinforcing bar that
are used to calculate the flexural and shear ultimate strengths of structural members.

ULTIMATE DEFORMATION: Limit deformation within which a structural member can carry its
lateral strength and its axial load during an earthquake stably.

DUCTILITY FACTOR: Ratio of the deformation capacity to the yield deformation.

GROUPING: The action of collecting structural members with similar ductility indices and arranging

them as a member group, for which the sum of strength indices of the group members is defined as the
group strength index.

10
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EFFECTING STRENGTH FACTOR ¢ : Ratio of the lateral resistance of a member at a certain level of
storey deformation to the calculated lateral strength based on the compatibility.

COLUMN: A vertical member with inflection point in its deformable portion. There are columns
with/without wing walls and short columns.

COLUMN WITH WING WALL: A vertical member consisting of a column and wing wall(s) attached
to monolithically, which is regarded as column.

WALL WITH A (ONE) COLUMN (wing wall with a column, wall with one boundary column): A

vertical member consisting of a column and wing wali(s) attached to monolithically, except for a wall with
two boundary columns.

EXTREMELY SHORT COLUMN: A column with 4,/D (clear height divided by depth) less than 2.

COLUMNS CLEAR HEIGHT h,: The height of the deformable portion in a column without beams,
standing walls and hanging walls.

EXTREMELY BRITTLE COLUMN: An extremely short column whose shear failure precedes flexural
yielding.

FLEXURAL COLUMN: A column whose flexural yielding precedes shear failure.
SHEAR COLUMN: A column whose shear failure precedes flexural yielding.

COLUMN GOVERNED BY SHEAR BEAM (shear beam-governed column): A column seismic
performance of which is governed by beams whose shear failure precedes flexural yielding.

WALL: A vertical member other than columns, categorized into walls with two boundary columns, and
wall without columns.

WALL WITH (TWO) BOUNDARY COLUMNS: A wall with boundary columns at both sides,
including those sequential in muiti spans.

WALL WITHOUT (BOUNDARY) COLUMNS: A wall without columns, including those located
outside frames.

FLEXURAL WALL: A wall whose flexural yielding precedes shear failure.
SHEAR WALL: A wall whose shear failure precedes flexural yielding.

FRAME WITH SOFT STOREY: A system filled with multi-storey shear walls except for one or a few
stories, including so-called pilotis frame.

SOFT STOREY COLUMN (COLUMN SUPPORTING THE WALL ABOVE): A column located in
a frame with soft storey directly under walls. See the translators’ note 2.

SECOND-CLASS PRIME ELEMENT: Column or wall element, loss of whose lateral resistance is not

fatal, but loss of gravity load carrying capacity leads to collapse of the structure, even though accounting
for redistribution to neighborhood elements. See the translators’ note 3.

11
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ULTIMATE STATE OF STRUCTURE (Or STOREY): A state in terms of inter-storey deformation or
ductility index at overall or partial collapse of the structure, defined by the loss of the gravity load carrying
capacity leading to vertical collapse or the lateral strength decay leading to unstable lateral response.

(3) Indices for judgment on seismic safety of buildings

SEISMIC DEMAND INDEX OF STRUCTURE Io: The standard level of the seismic index required

for a building to be safe against the earthquake hazard on the site of the building, defined as a product of E,,
Z Gand U.

BASIC SEISMIC DEMAND INDEX OF STRUCTURE Ej: A sub-index representing the basic seismic
demand for a building.

ZONE INDEX Z: A sub-index accounting for the expected seismic activities and seismic intensities.

GROUND INDEX G: A sub-index accounting for the effects of soil profiles, geological conditions, and
soil-and-structure interactions.

USAGE INDEX U: A sub-index accounting for the use of a building.

ULTIMATE CUMULATIVE STRENGTH INDEX Cry: The cumulative strength index evaluated at
the ultimate state of a building or a storey.

12
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1.5 NOTATION
This notation is stated in the J. Standard.

Page No*
A. :Total cross-sectional area of columns (mm?) in the storey concerned, where the areas of 1-16
boundary columns in the walls with one or two boundary columns shall be neglected in

calculation.
a, :Total cross sectional area of reinforcing bars (mm?). 1-44
a, : Cross sectional area of a pair of the lateral reinforcement in shear wall 1-51
4; : Vertical distribution shape of lateral seismic force. 1-75
Asc : Total cross-sectional area of extremely short columns in the storey concerned (mm?). 1-16
a; : Total cross sectional area of tensile reinforcing bars in column (mm?). 1-43
a, : Cross sectional area of tensile reinforcing bars of the boundary column in the tension 1-50
side of wall. 1-51
a, : Cross sectional area of tensile reinforcing bars in the beam (mm?). 1-57

a, :Cross sectional area of tensile reinforcing bars in the beam in case that the partial slitis 1-58
in compression side (mm?).
Notice: Some equations use a,. These meaning are different respectively.
2a,, :Total vertical reinforcing bars in the shear wall (mm?). 1-50
A : Total cross-sectional area of walls with two boundary columns in the storey and 1-15
effective to the direction concerned (mm?).

Aw, : Total cross-sectional area of walls with one boundary column in the storey and effective  1-16
to the direction concerned (mm?).

Awz : Total cross-sectional area of walls without columns in the storey and effective to the 1-16
storey concerned (mm?).
Z A :Sum of cross sectional areas of column and wing wall and wall (mm?). 1-51,55,56
b :Column and Beam width (mm). 1-44,59
b, :Equivalent thickness of the wall (mm), 1-51
b, :Beam width of the equivalent rectangular shaped beam.. (mm). 1-60
oF; : Ductility index of the beam on the left and the right sides of the node calculated 1-24

according to the item (d).

sM : Contribution of the boundary beam to the overturning moment resistance of the wall at  1-23
the level of storey concerned.

sM,;  : Nodal moment at the ultimate strengths of the beams on the left and the right sides of the  1-24

node.
5O : Shear strength of the beam 1-24
8Qmu  : Shear force at the flexural failure of the beam, considering the effect of the shear force 1-24
Q,due to gravity load.
Cy : Base shear coefficient (greater than 1.0). 1-75
C, :Strength index C of the first group (with small F index). 1-12
C; : Strength index C of the second group (with medium F index). 1-12
C; : Strength index C of the third group (with large F index). 1-12
Cc : Strength index of the columns, except for the extremely short columns. 1-10
¢Omu : Shear force at the ultimate flexural strength of the column. 1-45,47,73
¢Os @ Ultimate shear strength of the column. 1-45,47,73
«R30 : Standard drift angle of the column (measured in the clear height of column), 1/30. 1-45

*Page no. of Japanese “Standard for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001”
The Japan Building Disaster Prevention Association.
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0R50
oRl50
0R250
Runp
Ronu

Fsc
Fy

: Standard drift angle of the column (measured in the clear height of column), 1/50.

: Standard drift angle of the column (measured in the clear height of column), 1/150.
: Standard drift angle of the column (measured in the clear height of column), 1/250.
: Plastic drift angle of the column (measured in the clear height of column).

: Drift angle at the ultimate flexural strength of column (measured in the clear height of
column).

: Yield drift angle of column (measured in clear height of column).

: Strength index of the extremely short columns.

: Cumulative strength index at the ultimate deformation of structure.

: Strength index of the walls.

: Effective strength factor of the column.

: Compressive strain at the concrete strength.

: Shearing unit stress at the flexural strength of column.

: Shearing unit stress at the ultimate state of columns..

: Column and Beam depth.

: Column depth.

: Deformability and damping factor of structure.

: Effective depth of column and beam.

: Diameter of the flexural reinforcing bar of the column.

: Distance from the center of the tensile reinforcing bars to the extreme fiber of the wing

/standing/hanging wall in the compressive side (mm).

: Shape factor to take the effect of vertical stiffness unbalance and eccentricity into account.

: Compressive strength of concrete (N/mm?), which may be taken as the specified design
concrete strength

: Ductility index of the extremely short columns

:Ductility index of the walls

: Ground index

: Storey height.

: Clear height of column.

: Standard height of the column from the bottom of the upper floor beam to the surface of
the lower floor slab.

:The height from the floor level concerned to the top of the beam whose flexural

reinforcement is counted into Y a,,.

: Inflection height calculated for columns.

:Inflection height calculated for walls.

: Opening height.

: Standing or hanging wall height (mm).

: Height from the floor level concerned to the top of the multi-storey wall.

: Inflection height calculated as walls with two boundary columns.

: Number of the storey for evaluation, where the first storey is numbered as 1 and the top
storey as n.

: Distance between centroids of tension and compression forces.

: Distance between the centroids of the tension and compression portions.
: Standard or averaged length of spans in the direction concerned.

Page No*
1-47
1-48
1-47
1-45
1-45

1-45,48
1-10
1-40
1-10
1-47
1-58
1-73
1-47
1-9
1-17
1-75
1-44,56
1-47
1-55,58,59

1-75
1-16,

44

1-10
1-10
1-39
1-52
1-9,21,53
1-21,48

1-51

1-17,53
1-56
1-52
1-58
1-53
1-18,53
1-10

1-44,47,59,7
3

1-51,55,60
1-17,49,53

*Page no. of Japanese “Standard for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001”

The Japan Building Disaster Prevention Association.
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Page No*
L’ :Total length including length of wing walls. 1-53,55
L; :Walllength in unit portion. 1-35
Ly : Length of the wing wall (total length of the wing walls in case they locate at both sides  1-17,49
of a column).
! : Total wall length including length of columns. 1-51
i : Opening length. 1-52
Iy : Distance between the centers of the boundary columns of the wall (mm). 1-50
M/Q : Shear span length. 1-44,51,59

N : Number of the inspected stories. 1-30

N : Axial force (N). 1-43

N :Total axial force in the boundary columns attached to the wall. 1-50

Notice: Some equations use N. These meaning are different respectively.

n : Number of stories of a building. 1-10
«F» : Ductility index of the node determined from the beams. 1-23
«Fe 1 Ductility index of the column above and below the node. 1-23
«F; 1 Ductility index of the node at the top or the bottom of the column. 1-23

M, : Nodal moment at the top or the bottom of the column at the failure mechanism. 1-23
Nuax @ Axial compressive strength. 1-43
Nuin  : Axial tensile strength. 1-43
N; : Additional axial force of column due to earthquakes. 1-46,73
ps : Shear reinforcement ratio of the wall. 1-60
P, :Equivalent lateral reinforcement ratio of wall. 1-51
P« Horizontal shear reinforcement ratio of the wing wall. 1-55
p: : Tensile reinforcement ratio (%). 1-44,59
Pre : Equivalent tensile reinforcement ratio of wall (%). 1-51,55
Pw : Shear reinforcement ratio. 1-44,55,59,60
Oy - Shear force at the deformation capacity R, of a column in the second and higher 1-13
groups.
Oy - Shear force at flexural yielding of a column in the second and higher groups. 1-13
Qs : Shear strength of a column in the second and higher groups. 1-13
Q. :Ultimate lateral load-carrying capacity of the vertical members in the storey concerned.  1-18
Qus : Seismic demand force for each storey. 1-75
O.n :Calculated capacity of structure. 1-75
R;s0  : Standard inter-storey drift angle, Ryso =1/250. 1-20,45

R, :Inter-storey drift angle at the ultimate deformation capacity in flexural failure of the 1-21
column member.

Rny :Yield inter-storey drift angle. 1-13,47
R, :Inter-story drift angle at the ultimate deformation capacity in shear failure of the 1-13,20
column member.
R, :Coefficient for response in term of period and soil condition. 1-75
R, :Yield deformation in terms of inter-storey deformation angle. 1-20
s : Spacing of hoops/ties 1-45
Oy, : Yield strength of shear reinforcing-bars (N/mm?). 1-44
;€& : Yield strain of the flexural reinforcing-bar in the beam. 1-58
¢t : Wall thickness of wing wall in the compression side (mm). 1-58
t; : Remaining concrete thickness of the partial slit (mm). 1-58

*Page no. of Japanese “Standard for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001
The Japan Building Disaster Prevention Association.
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Page No*
U :Usageindex. 1-39
W : Total weight of the storey and above. 1-75
~M . Moment resistance of the wall at the level of the storey concerned. 1-23
wOmu : Shear force at flexural strength of the wall. 1-20,22,72
wQn : Shear force at uplift strength of the wall. 1-22
wOsu : Ultimate shear strength of the wall. 1-20,22
Z :Zone index. 1-39,75
a; : Effective strength factor of the columns at the ultimate deformation of the walls. 1-10
a; : Effective strength factor of the walls at the ultimate deformation of the extremely short 1-10

columns,.

a3 : Effective strength factor of the columns at the ultimate deformation of the extremely 1-10
short columns.

a; : Effective strength factor in the j-th group at the ultimate deformation R, corresponding  1-12
to the first group (ductility index of F).

an, : Effective strength factor of a flexural column. 1-13
as : Effective strength factor of a shear column. 1-13
B : Wing wall length in compressive side divided by D. 1-55
y : Factor on the precision in calculation of the uplift strength of the wall. 1-22
4 : Ductility factor. 1-72
XA : Cross sectional area of the wall with column. 1-51,55

YM, :Sum of the nodal moments at the ultimate strengths of the columns in the upper and the 1-23
lower stories.

ZpM,;  : Sum of the nodal moments at the ultimate strengths of the beams on the left and the right  1-23

sides.
2Ar : Total floor area supported by the storey concerned (m?). 1-16
> W :Total weight (dead load plus live load for seismic calculation) supported by the storey  1-16,18
concerned.
og :Compressive strength of concrete for evaluation
g5, : Yield strength of horizontal shear reinforcing-bars in the wing wall (N/mm?). 1-50,51,55
o, : Yield strength of tensile reinforcing bars (N/mm?). 1-44,57,58
o  Yield strength of shear reinforcing-bars in the column (N/mm?). 1-55,50,59
oy : Axial stress in column (N/mm?). 1-44
oge : Axial stress in wall. 1-51,55
7c : Shearing unit stress at the ultimate state of columns. 1-15
tsc : Shearing unit stress at the ultimate state of extremely short columns. 1-15
Tw;  Shearing unit stress at the ultimate state of walls with two boundary columns. 1-15
Tz Shearing unit stress at the e ultimate state of walls with two boundary columns. 1-15
w3 Shearing unit stress at the ultimate state of walls without columns. 1-15

*Page no. of Japanese “Standard for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001”
The Japan Building Disaster Prevention Association.
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CHAPTER 2. BUILDING INSPECTION

2.1 GENERAL

The inspection shall be conducted to check the structural characteristics of the building which is necessary to
calculate the seismic index of structure /5. Appropriate method for inspection such as site inspection, collection of
design drawings and material test should be followed in accordance with the condition of building.

Building inspection is conducted to identify the historical records and current state of a building. Seismic
capacity is to be evaluated by carrying out site inspection, actual measurement, test, etc. taking into account
of irregularity, ageing of the structure mentioned in section 3.3 and 3.4 respectively as irregularity index
and time index. At the same time the test of material strength and the sectional properties of each member
shall also be checked. Building inspections for evaluating seismic performance should be conducted
through preliminary and detailed inspection. Each of these inspections are carried out by following the
standard procedure shown in Figure 2.1 and described in Table 2.1.The person responsible for the seismic
evaluation shall determine the details of inspection to be conducted in accordance with the evaluation level
and by considering the size, importance and inspection feasibility of the building.

The coverage of I
the detail -i-nspectionl

Figure 2.1 Standard Procedure for Building Inspection
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Table 2.1 Inspection Items

Inspection Items
Inspection Detail Works Remarks
Level

Collection of general building information

Collection of drawings and necessary documentations

Confirmation of status of the buildings Usage deterioration

Preliminary . . ' Fllegal construction (extension,

Confirmation of serious defects, if any. incorrect usage), construction
quality, structural configuration

Confirmation of locations for sample collection

(Concrete and reinforcing bars)
Storey height, span length,

Verification of drawings dimeflsion o.f Folumn/beam/slgb,
opening position of RC and brick

) wall
s S Checking of construction quality

Checking of degradation Check each floor

Confirmation of main rebar of columns, beams and slabs

by striping concrete cover.

. One sample from each floor or three

Collection of concrete core samples

samples
Material Carry out concrete carbonation test Each concrete core samples
Collection of samples of reinforcing bars Three samples
Carry out masonry shear strength test on brick wall Three tests

2.2 RECOMMENDATION FOR APPLICATION

It is recommended to conduct the detailed inspection to all the buildings that are to be the subject of seismic
evaluation. Also it is suggested tofollow the instruction of this manual when conducting inspection of the buildings.

Most of the RC buildings in Bangladesh do not have as-built drawings. Even if the drawings are available it
is very difficult to check whether the building has actually been built as indicated in the drawings. By
knowing the year of construction, it is also difficult to confirm whether BNBC has been applied or the
strength of reinforcing bar and concrete which was common at that time. That is the reason why the
detailed inspection is required for all of the buildings before conducting the seismic evaluation.

It is recommended to create drawings of the framing elevation. It is necessary in the seismic evaluation for
checking the clear height to see if an existing wall affects the deformation of column.

2.3 PRELIMINARY INSPECTION

|The preliminary inspection shall be carried out to check the applicability of this manual for the seismic evaluation. l

Objective
The preliminary inspection aims to obtain the basic information about the target building, to determine the

applicability of this manual and to collect the information and documents necessary for conducting the
on-site inspection.
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(a) General building information

The name, location, current occupancy of the building, designer, builder, construction work supervisor,
completion year,design year of the building are to be noted. Furthermore, the number of stories, height,
main structure type and foundation type, building area, total floor area, floor height, plan and elevation,
main interior and exterior characteristics, ground and geographical features of the site are mainly
considered to prepare the summary of the building.

(b) Availability of the relevant documentions

Availabe records related to the design of the building (architectural drawings, structural drawings,
structural calculation sheets, specifications, design modification drawings and ground inspection report)
are collected in this phase of inspection. Detailed description of structural design is a very important issue
for conducting accurate seismic evaluation of the building information.

If there is no available design drawings, the possibility of reproducing these document are explored . If

these are not reproducible, the seismic evaluation may be deemed to be infeasible because of the lack of
documents.

(c)Historical records

Records of occupancy, extension and alteration of building, deterioration due to aging, disaster records etc
are noted.Interviews are conducted to examine the types of disasters suffered by the building so far.

(d)Feasibility of the on-site inspection
Feasibility of the on-site inspection is determined according to the condition of the building.

This sample office building has been taken as example for seismic evaluation in this manual. The building
has been used in every step of evaluation from visual inspection to detail evaluation.

Table 2.3.1 Outline of Example Buildings (Specified in Drawings)

Component Type

Description

Usage

Office building

Number of storey

Five

Building height 15.24m (50'-00")
Structural type R.C Framed Structure
Foundation type Shallow Foundation
Building area 377.38Sgm

Total floor area 1888.9 Sqm

Year of the design 1985

Year of the construction 1985

Concrete strength (Design)

F.=13.7N/mm’ (2,000 Psi)

Re-bar Yield Strength (Design)

o,= 275N/mm’ (40,000 Psi)

Foundation capacity

1tsf (10.7t/m?)

Soil type

S3
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Figure 2.3.1 Typical Floor Plan
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Figure 2.3.2 Elevation

20



12

uondadsuj Areunuipad uo Suip[ing jo ploday uonipuo)) ¢-¢*7 Indi

| tous| yiom [euopippe Aq pauuopad
{ wo0s dwind 34 Jo UORIAUCD 3L
4138 JO Woas dund Wwoiog

- .....".‘ == .4.|IJ||.-.|\|J....|~
'S M [BUWIIXD Bujueayay)
liem Aiepunoq Bujuea) a1 1iem et PHY ..ou 5

Aqpapams piymuinos ayy. |

uonesnseAulll

uonyoadsuy Suipying -z 19dey)



Chapter 2. Building Inspection

Preliminary Inspection Sheet

Building Name Government Office
Address Dhaka
Above Ground Floor Five
Basement Floor -
Structrure Type RC Framed structure
Foundation Type Shallow Foundation
Design year 1985
Completion Year 1985
Building Area (m?) 377.38
Total Floor Area (mz) 1886.9
Building height (m) 15.24
Architectural Design 4 Yes r No
Structural Design ~ Yes £ No
Soil test Report v Yes I No
Calculation Sheet I~ Yes I No
Approved Plan v Yes I No
Plan approved by (name of the Organization) Rajuk
Approved for story Five
Construction completed (floor) Five
Comment
SKETCHES PHOTOGRAPH

@ WY A0S R
scale:
OCCUPANCY SOIL TYPE(according to BNBC-1993)
Assembly Industrial Office Sl S2 S3 S4
Commercial Govt Residential O
Emer.Services Historic School Sy

Figure 2.3.4 Preliminary Inspection Sheet

22




Chapter 2. Building Inspection

2.4 DETAILED INSPECTION

Detail inspection should be conducted based on the following inspection items, which are necessary for calculation of]
the seismic index of structure:

(1) Comparison of the current status of the building with the design drawings.

(2) Cross-sectional dimensions for calculation of strengths of structural members.

(3) Cracking and deterioration in concrete and deflections of structure for evaluation of time index.
(4) Building configuration for evaluation of irregularity index.

(5) Ground and geographical features of the site

Building inspector may conduct visual inspection or measurement without breaking the finishing materials. The
finishing materials should be removed if necessary to ascertain grades of cracking and aging.

2.4.1 Comparison of the Current Status with the Design Drawings.

The changes in occupancy,removal of brick wallsetc are identified by referring to the original design
drawings. In particular, wing walls, hanging walls, partitions etc. must be carefully inspected as they are
removed or newly installed very often. Also, the shear walls, brick walls and openings must be carefully
inspected as they significantly affect the evaluation results.

Locations of store houses, generators, and other heavy facilities have to be marked as these are considered
to be the loads.
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Grid9 (The design drawings) Grid9 (The current status)

Figure 2.4.1 Comparison of the Current Status with the Design Drawings

2.4.2 Cross-Sectional Dimensions for Calculation of Strengths of Structural Members

The major column sections, wall opening shapes etc. are inspected in several places of each floor in order
to compare them with design drawings. If there are no design drawings, all the members must be inspected,
in principle.
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2.4.3 Cracking in Concrete and Deformations of Structure for Evaluation of Time Index.

The cracks on the exterior and interior surfaces of the building and the corrosion of reinforcing bars are
visually inspected. If any deflections, inclined column, differential settlement etc. are found, they must be
specifically surveyed.

(a) Cracking inspection

Even if a reinforced concrete building is in good condition, it cannot avoid getting cracks with time. It is
desirable to visually check the concrete surface of the structural frame. If it is impossible to directly check
the structural frame, there is no option but to presume the condition by observing the finished surface.
Cracks occur due to a number of complex factors. But it would be possible to find out the cracks that were
caused by structural factors (shear cracks and flexural cracks), deformations (differential settlement etc.),
drying shrinkage or deterioration by conducting visual observation. The inspection results are indicated in
the framing elevation by using a crack scale or conducting visual observation to identify the crack width,
length and factors. In case of a building which has been refurbished in the past, it is necessary to properly
check and determine whether the cracks were repaired at the time of refurbishment. If the cracks were
completely repaired at the time of refurbishment and no additional cracks have occurred, the building is
considered to have no cracks. If a number of cracks which will seriously affect the structure are observed, it
is necessary to conduct the crack inspection which is separately conducted in detail.
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Figure 2.4.2 Drawing Showing Result of the Cracking Inspection

(b) Inspection of differential settlement

The cracks caused by differential settlement extend obliquely upward from the part where the settlement is
insignificant to the part where it is significant. It is possible to estimate in which direction the settlement is
extending depending on the crack pattern observed in the wall.
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Figure 2.4.3 Inspection of Differential Settlement
If the differential settlement is determined to be present, the relative settlement amount is measured by
using a level meter etc. In this case, the deformation in the entire building is identified by observing the
deformation trend at each floor and calculating the average value of the settlement amount at each floor.

2.4.4 Building Configuration for Evaluation of Irregularity Index.

This inspection is carried out by observing the items shown in Table 6 of chapter 3[J.Standard 1-27] which
are required for calculating the irregularity index.

Figure 2.4.4 Irregularity in Plan

With regard to the expansion joint the clearance is often not taken into consideration in the course of the
designing process (approx. 1/100 as the interlayer deformation angle). As a result, the current conditions
need to be inspected without fail even if details are shown in the design drawings.In figare 2.4.4 an U-
shape structure is shown without expansion joint. One expansion joint is shown in figure 2.4.5 which is not
well designed and well maintained.
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“I d . . . _

Figure 2.4.5 Inspection of Expansion Joint

2.4.5 Inspection of Ground and Geographical Features of the Site

(a) Site class

Site class of the building is to be inspected according to provisions of site classification according to BNBC
2015 as shown in Table 2.4.1.

Table 2.4.1 Site Classification Based on Soil Porperties

Site classification based on soil properties

Average soil properties in top 30 meters
Shear Standard
Site Class | Description of soil profile up to 30 meters depth wave penetration | Undrained shear
velocity V; value N strength S, (kpa)

(m/s) (blow/30cm)

Rock or other rock-like geological formation,
SA including at most 5Sm of weaker material at the >800
surface

Deposits of very dense sand, gravel, or very stiff
clay, at least several tens of metres in thickness,
characterised by a grasual increase of
mechanical properties with depth.

SB 360-800 >50 >250

Deep deposits of dense or medium dense sand,
SC gravel or stiff clay with thickness from several | 180-360 15-50 70-250
tens to many hundreds of metres.

Deposits of loose-to-medium cohesionless soil
SD (with or without some soft cohesive layers), or of <180 <15 <70
predominatly soft-to-firm cohesive soil.

A soil profile consisting of a surface alluvium
layer with V; values of type C or D and thickness
varying between about 5m and 20m, underlain
by stiffer material with V;>800m/s.

SE

(b)Conditions of the geographical features

The conditions of the geographical features e.g. flat terrain, sloping land etc. are to be indicated. If the soil
investigations report is unavailable, investigation to be conducted to find out the soil properties according
to needs.
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2.5 MATERIAL INSPECTION

The Material inspection should be conducted on the following investigation items:

(1) Strengths and Young's modulus of concrete.

(2) Arrangements, dimensions, and yield strengths of reinforcing bars.

(3) Material strengths considering carbonation, aging of concrete, and rust of reinforcing bars.

The material inspection should be conducted to collect actual data at presentincluding the concrete
strength, the yield strength of reinforcing bar, shape and spacing of tie etc. By on-site inspection for
accuracy of evaluations. At the same time, the inspection results provide useful data for future retrofitting
design, if required. Damaged portion shall be repaired after survey work.
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Figure 2.5.1 Building Plan Showing Investigation Locations.

2.5.1 Concrete Material Inspection

Many buildings were built with brick concrete, which used crushed brick as coarse aggregate. Characteristics of the
concrete may vary widely. Also past data of test results are not available in many cases. So, inspection of concrete is
necessary for the seismic evaluation.
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2.5.1.1 The Compressive Strength Test of Concrete with Concrete CoreSampling

Even if the concrete strength is shown in the design drawings, it is necessary to conduct the compression
test by sampling the core of the target building to check the strength. In this case, three or more concrete
cores must be sampled at each floor of the building.

If the result of compressive strength test is lower than the specified design strength, the test result shall be
used for the calculation of the seismic evaluation. Generally, as per construction practice in Bangladesh,
concrete is cast in three segments in each floor, 2 segments in column and slab-beam as one segment.
Moreover there is a thin kicker at the bottom of each column. Also, widely varied strength of concrete in
each batch is found since the concrete is often prepared at the site. Ideally it is recommended to collect
more than 3 cores from each batch of each floor casting during construction period. Concrete cores shall be
collected from the columns, walls if any, and floors.

«:collecting location of concrete core

_ I S e

A

II

-

Figure 2.5.2 Sequence of Concrete Casting in Segments, Practiced in Bangladesh

Special attention must be paid when collecting cores from the column on the lower floor, which bears the
high axial force, since the strength of the concrete, is expected to be low. It is also acceptable to collect
concrete cores from at least three different places, and conduct the compression test using the Schmidt
Hammer to make up for the shortage.
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In this case, it is recommended to conduct core compression tests if retrofitting design is to be carried out

after seismic evaluation. The detail of sampling methods is shown below:
- Core samples to be collected from column, beam, slab, and shear wall.
- One or more concrete cores must be sampled at each floor which represents each part of segment

during casting.
- The core dimensions should be preferably 10cm (diameter) * 20cm (height). In no case the height to be
less than 10cm
- Minimum 50 mm core diameter in general. (Ref. ACI 214.4R-03)

- Test samples shall not include any reinforcing-bars or cracks.

- The compression test must be conducted in accordance with ASTM C-42.
- The strength of tested value divided by 0.85 may be used. (Ref. ACI 437)

The concrete compressive strength test is conducted by a reliable institution or laboratory. The concrete
compressive strength is figured out by assuming the value obtained by subtracting a half of the standard
deviation (o) from the average core value (X.as) at each floor as the estimated strength (o) at each floor.

The core holes should be filled with non-shrink concrete or mortar of comparable strength of existing
concrete.

X+ X, +X
Average value: X, = ( 2 ")
h
. (X, - X, )
Standard deviation :o = —('_‘"’g)
(n-1)
[Example]
Compressive|Correction| Correction Final Average of T
Core | Core |Aspect| Strength factor factor based O ameamael, S| 7 gssive Standard Strep th fo
Floor | CoreID |length | dia. | ratio | fromcore | basedon | on sample ;lr% o tsh St;r;greth m | deviation evalu[;gtion Ur'
(h) mm | (d) mm| (4/d) test aspect |(core/cylinder) | 1\ gmz N/ i, o N/mm’* N/mm? B
kN/mm’ ratio | Ref ACI 437 m mm e
01-L4C4 | 200 100 | 2.00 9.32 1.00 1/0.85 10.97
02-L4C4 | 200 100 | 2.00 11.75 1.00 1/0.85 13.82
10. 4 .
3RD 03-L4E2 200 100 | 2.00 4.83 1.00 1/0.85 5.68 01 3 S
04-L4E2 200 100 | 2.00 8.64 1.00 1/0.85 10.16
(1097 + 13.82 + 5.68 + 10.16)
X nean = =10.1
4
(43 = \/(10.97 —-10.1)%2 + (13.87 — 10.1)2 + (5.68 — 10.1)? + (10.16 - 10.1)2 = 3.4
4
Op = 10.1—3.53 8.4
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Building Name:

Completion Year:

Result of concrete Compressive Strength

Final Compressive Average of Compressive standard deviation o Compressive ?trength for
Strength Strength m evaluationoy'
Floor Core ID
kN/mm? N/mm? N/mm? N/mm?
01-L4C4 10.97
02-14C4 13.82
3RD 03-14E2 5.68 10.1 3.4 8.4
04-14E2 10.16
05-L3D2 9.75
06-L3F3 7.21
2ND 07-L3D5 5.68 9.1 2.6 7.8
08-13D4 10.51
09-L3F6 12.19
10-12E6 5.73
11-2D6
1sT 5.7 5.7
12-11G6 9.85
13-11G6 14.74
14-L1F1 741
15-L1H1 20.94
GF 16-L1H7 13.21 127 4.0 10.7
17-11D1 11.84
18-L1C1 11.99
19-11C3 11.43
B1
Result of whole building 10.7 38 8.8
specified design strength Aggregate: Brick
£:1200006 |
3.1 So00040 '/ S
1 c,B:'Xmean'c,/z
— . 2
— 1 8.8=10.7-3.8/2(kN/mm?) -
S /V \ .
0660008 l Average(10.7kN/mm?) —
:
CLOSCOOoT I # \
a-0200000 / 1
/ ! \
H
i
r T T ot T T " ; )
-30 -20 -10 [0 10 20 30 40 50
~B-:6206000

Figure 2.5.3 Example of Result of Compressive Strength of Concrete
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Picking up core sample Pulling out core sample Filling up core hole with
non-shrink mortar
Figure 2.5.4 Procedure of Core Sampling

2.5.1.2 Strength Test Conducted by Using the Schmidt Hammer

In principal, result of the core compressive strength test should be used as concrete compressive strength.
The results of strength test conducted by using the Schmidt hammer are applied to complement the results
of the core compressive strength test. To estimate the concrete compressive strength based on the test
results obtained by using Schmidt Hammer, it is to be noted that there may be significant variations
between tests results.

Schmidt hammer test shall be based on ASTM C805-97.

The following procedure shall be performed

*N-Type concrete Schmidt hammer shall be used.

*The 5cm spacing grids (20 x 20 cm surface) shall be drawn on the wall.
*The test surface shall be cleaned by sand paper,

*The rebound hammer shall be used in the horizontal direction.

This test shall be done on the surface after stripping the plaster.
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3 5
X 1= 1 2 3 4 5
B A 28 26 26 26 28
c B 29 26 29 26 29
C S [o) 23 27 28 28 28
o D 23 27 28 27 25
E 27 27 29 24 26
= — Average  26.8
20cm Median 270

Figure 2.5.5 Grids

R

Figure 2.5.6 Data Sheet (Results are Sample Data)

Figure 2.5.7 Schmidt Hammer Test after Stripping off Plaster
2.5.1.3 Concrete Carbonation Test

In principle, the carbonation test is carried out on the core samples at site. With regard to the carbonation
depth, the maximum dimension is recorded from the splitting surfaces minus the finished material
thickness. The result of carbonation evaluation shall be compared with the carbonation depth estimated by
the age of the building and other factors based on the 40mm-thick of concrete cover. Then the deterioration
and aging has to be determined before reflecting in the time index.

Figure 2.5.8 Concrete Carbonation Test
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2.5.2 Inspection of Reinforcing Bars

Many buildings do not use the reinforcing bars which comply with the BNBC standard. Also, in many cases
drawings have been lost and the types of reinforcing bars used are not known. It is necessary to conduct the tension
test of those reinforcing bars. In case structural drawings are available and reinforcing bars used is ensured to
comply with the standard, strength can be used as specified design strength without conducting an inspection.

2.5.2.1 Strength of the Reinforcing Bars

In principle, the type of reinforcing bars is judged according to the tension strength test after collection of
reinforcing-bar sample. At the same time, the spacing of the stirrup and the tie, hook, condition etc. should
be inspected. If the 90-degree hooks are observed during inspection, it is suggested to assume reduced

shear capacity in evaluation.

The hook and the supplemental tie
is visible position is desired.

Figure 2.5.10 Location of Striping Inspection

2.5.2.2 Rust on the Reinforcing Bars

The degree of rusting is visually observed by checking the presence of rust and extent of damage due to
expansion of concrete. The observation results are reflected in the time index. Also, if the reinforcing bar
sections is damaged due to rust, the strength of each member is evaluated by anticipating the extent of
damage in the reinforcing bar section.
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2.5.3 Evaluation of the Concrete Compressive Strength

The concrete compression strength to be used for structural assessment is determined based on the results of the
concrete core compression strength tests conducted as material inspection, the specified design strength shown in
the design drawings etc.

(1) If the concrete core compressive strength is higher than the specified design strength, the specified design
strength shall be adopted.

(2) If the concrete core compressive strength is lower than the specified design strength, the concrete core
compressive strength shall be adopted.

(a) When the estimated strength o = 9N/mm®

og is adopted for the seismic evaluation. However, sometimes due to defects in the materials or work process
considerable deterioration in concrete occurs.

Therefore, it is necessary to properly evaluate this influence by time index.

(b) When the estimated strength o5 <9N/mm’

The core is resample and retested. The core must be sampled from the structural members (shear walls, beams and
column). The number of test specimen to be collected shall be 3 or more. If the test result is 63 <9N/mm? again, it
is necessary to seek alternate measures, which includes the plan for demolishing the building or change of use.
(3) Precautions

Mechanical property of the brick concrete, which includes the crushed brick for the aggregate, is not very clear. It is
hoped that further study of brick concrete will create the most suitable evaluation method.

2.5.4 Evaluation of Reinforcing Bar Yield Strength Based on Inspection

In principal, the Reinforcing bar yield strength used for structural assessment is determined from the results of the
tension strength tests carried out as part of the material inspection.

Table 2.5.1 Example of Tension Test Result

8l Frog | Nomnal| Actal | Actual [Average Yiedor | Yieor | Average |Ubimata| Utimals | Average | TSIYS | Elongaion | Average | Bend | Rebend
No. Mark Dia | Dia | Unt | Actal | Proof | Proof | YedorProl | Load | Strength® | Utimale (%) |Elongaton| Test Test
Weight | Unt | Load |Stengh™| Stengh Stengh )
_ | Weght | w | ms) (6 lengh= | (G.length=
mm | mm | kgm | ko | KN MPa MpPa kN WPa MPa 200mm) | 200 mm}
1| RousreM0 | 20 | 189 [ 2430 0] ws [ a0 (230 | T Sty
2 | RoGRBMO | 20 | 199 | 2437 | 240 [ 1620 | 435 | o) | 2600 | 760 | comoops [ 157 | 6 | 17 | setecy
3| nousssan | 20 | 198 | 2423 1440 | 460 [wtokgson) 2200 | M0 |msvgseem| | 18| Saftcy
1] pows | 16 | 157 ] 1507 4] w0 [ w0 [10] e | 60 19 Satetcoy
2 | RoHSORBOY | 16 [ 157 | 1520 1525 14 | 4t0 | woops) | 1300 | 6RO | esope) | 165 | 15 | - [ Sahowy| . |
3| nousea | 16 [ 457 | 152 794 | 400 |uowosgsqom) 1300 | 650 | @morgsecn 1 Safstctoy
1| Roasteedo | 12 [ 120 088 s [ a0 [ o [wo| m [ e 1 Satstchy
2 | RoWSABMO | 12 | 120 | 0889 | 0.87| 510 | 475 | o) | 760 | MO | (oo | 149 | 16 | {7 | Seischy |
3| nousorean | 12 [ 120 084 506 | 410 |wsoigseen) 760 | 700 |mstigseen N Sttty
1| roustmsm0 | 10 | 101 | 0627 5[ 0 | s |60 mo | 18 Satshcoy
2 | nousorsaw | 10 [ 10| 0635 | 0830 359 | 0 | ;oseps | 560 | 700 | vowops) | 156 | 15 | 46 | Stshey
3| rousreuo | 10 | 104 0% 31 | 495 |sto0kgsqen)| 550 | TI0 | meoigsqen) 1 Sty
= 1 d
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2.6 INSPECTION OF BUILDINGS ON THE BASIS OF AVAILABILITY OF DESIGN DRAWINGS

Investigation items differ according to the availability of the design drawings. When the design drawings are
available, the work is to verify the drawings with the existing building to see whether the building has been built as
designed. When the design drawings are not available, it is required to prepare the as-built drawings.

1) Design drawings available
When the design drawings are available, it is to be checked whether the building has been constructed
according to the design drawings. If not, then the drawings are not to be trusted. In that case step 2) to be

followed to do the investigation. Items to be checked are shown in the Table 2.6.1.

Table 2.6.1 List of the Items for Comparison of Design Drawings at Site

Evaluation items affect seismic

Ttems Application methods performance of buildings

. Compare actual measurement with the | Building weight, Shear span ratio of

Storey height drawings. column, Natural period of buildings
_— oh i

Span length Same as above Building weight, Shear span ratio of

beam

Same as above
(All type of members)

Section, size of members

St d ductility of b
(beams, columns, slabs, etc) rength and ductility of members

Reinforcing-bar arrangement
of members

By scanning | All of each members Strength and ductility of members

(beams, columns, slabs, etc) | BY stripping | One of each members Strength and ductility of members,

Shear span ratio of columns and beams
Stiffness of building (eccentricity/Sp)
Soft storey (eccentricity/Sp)
Same as above
Strength of brick wall (Excluded in this
manual)

Standing, hanging and wing

. . Actual measurement
wall dimensions

Wall opening size Same as above

Compare actual measurement with the
drawings (If necessary)
Compare actual test and available
report (If necessary)

Foundation section, size Bearing capacity of soil

Soil investigations or static

plate load test Bearing capacity of soil and pile

It is to be checked whether the cross sectional shapes and the arrangement of reinforcing-bars are
constructed as per design drawings. Reinforcing bar detector should be used for checking the arrangement
of reinforcing-bars. Stripping of concrete to be conducted for at least one area of column, beam, and floor
respectively to check the bar arrangements visually.

Framing elevation drawings are to be created during the investigation. Framing elevation is useful when
studying the brick walls and their influence on deformation and stress of columns and beams. Framing
elevation is also used in retrofitting design to indicate the locations of additional reinforcing bars. Table
2.6.2 shows the list of drawings, which are generally recognized to be needed for seismic evaluation.
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Table 2.6.2 List of the Drawings Required for Seismic Evaluation

Drawings Drawings title
Site plan
Architectural Drawings All floor plan

All elevation

Structural Drawings

Column layout plan

Footing layout plan

Footing Schedule

Column Schedule

Beam layout plan of all floors

Stair Details

Beam details of all floors

Reinforcement plan of all floors

All frame elevations

Soil investigation report

RC Shear Wall

Steel Frame Bracing

Figure 2.6.2 Example of Frame Elevation (After Retrofit)
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2)Design drawings not available

If no design drawings are available for seismic evaluation, it will be necessary to inspect a variety of items
in order to calculate the strength index, the ductility index etc. Table 2.6.3 lists the items required for the
comparison of design drawings at site. It is important to note that, generally, if no design drawings are
available, the inspection cost is increased because it is unavoidable to inspect a number of places by
stripping in order to prepare the necessary drawings for the seismic evaluations.

Table 2.6.3 List of the Items for Preparing As-Built Drawings

Items

Application methods

Evaluation items affect seismic
performance of buildings

Numbers of stories
Storey height

Actual measurement

Building weight, Shear span ratio of
column, Natural period of building

Span length

Same as above

Building weight, Shear span ratio of beam

Section, size of members
(beams, columns, slabs, etc)

Same as above

Strength and ductility of members

Reinforcing-bar arrangement
of members
(beams, columns, slabs, etc)

By scanning | All of each members

Strength and ductility of members

One of each members

By stripping

Strength and ductility of members,

Standing, hanging and wing
wall dimensions

Actual measurement

Shear span ratio of columns and beams
Stiffness of building (eccentricity/Sp)
Soft storey (eccentricity/Sp)

Wall opening size

Same as above

Same as above
Strength of brick wall
(Excluded in this manual)

Foundation section, size

Actual measurement

Bearing capacity of soil

Soil investigations or static
plate load test

By conducting soil investigations or
static plate load test

Bearing capacity of soil and pile

Back up structural calculation

Calculate according to the same
method by which the target building
was designed

Assuming number of reinforcing-bars in
each members
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Design and Construction Detail

REPORY OR AS-BURLY DRAWINGS PRTPARATION
-

Columnsize Column sec. as perdrawing

457mm

- ——>
O1m:

Prepared as-built drawings Verification of bar arrangement at the site

Figure 2.6.3 Procedure for Inspection in case Design Drawings are not Available
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CHAPTER 3. SEISMIC INDEX OF STRUCTURE I

3.1 GENERAL

The seismic index of structure Zis calculated by Equation (1) of J. standard. The calculation is done at each
storey and in each principal horizontal direction of a building.

I,=E,-SpT (1) of J. Standard
Where:

E, = Basic seismic index of structure.

Sp=Irregularity index.

T = Time index.

The seismic index Iis calculated in either the first, the second, or the third level screening procedure with
appropriate considerations specified in J. Standard for any of the screening procedure.

3.2 SCREENING PROCEDURES

As per Japanese standard, there are three levels of screening procedures. Of the three screening level
procedures, the use of the second level screening method is recommended for Bangladesh. The same
sub-indices will be used in calculating /; for E,, Sp, and T. General idea of the three screening level methods
and images of building failure mode are shown below.
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Evaluation methods

Images as a failure mode of building

First Level Screening Procedure

This failure mode is premised on

Cy

Strength index

Ductility index F

story collapse or partial collapse in
the vertical direction of the building.

First Level Screening Procedure

Second Level Screening Procedure

The column strength is calculated in a simplified

Strength index

Ductility index

manner using the average columnar stress of a
general strong-beam-weak-column behavior. This
procedure is premised on the top and bottom

flexural failure of slender-columns.

Second Level Screening Procedure
Evaluation is performed by obtaining the failure
mode and strength of column on the assumption

of the strong-beam-weak-column behavior.

Estimate the failure mode of a

M

Strength index

Ductility index

40

building from static analysis.

Third Level Screening Procedure

Estimate the failure mode and the horizontal
load-carrying capacity of a building in

consideration of all members.

Figure 3.2.1 Three Screening Level Methods and Images of Building Failure Mode
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1990_uzon Earthquake

1990 _Luzon Earthquake
Figure 3.2.2 Storey Collapse in Luzon (Philippines) Earthquake of 1990

3.3 RECOMMENDATION FOR APPLICATION

Of the three screening level procedures, the use of the second level screening method is recommended for
Bangladesh.

Most of the existing buildings in Bangladesh are designed considering gravity loads only, ignoring the
seismic load. When such buildings collapse from an earthquake, the strong beam-weak column behavior is
predicted and the application of the Second Level Screening Procedure is considered as an appropriate
screening procedure since the strength of beam is larger than that of the column. Accordingly, this chapter
of the manual describes recommendations in applying the second level screening procedure. The survey
results obtained so far indicate that buildings will likely collapse from the shortage of the axial strength as
the largest characteristic of the building damage resulting from an earthquake. With the axial force ratio
being high (ground floor N/(b-D-F.) > approximately 0.6) under the significant effect of the low-strength
concrete, if a building deforms as a result of an earthquake, it will likely collapse because the columns
cannot support the vertical load. In applying this evaluation method, what remains unclear is the effect of
the problems as shown below on the strength and deformability that are directly relevant with the seismic
performance of buildings. Due consideration needs to be given to this point. Consideration should also be
given to the low-strength concrete resulting from the extremely poor construction quality. However, it is
difficult to properly evaluate those problems in the present situation. Evaluation that is conservative from
the technical point of view is recommended in this manual for the issues, which are difficult to evaluate
correctly at this point.
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Figure 3.3.1 Issues to be Considered for Seismic Evaluation of Existing Buildings

3.4 BASIC SEISMIC INDEX OF STRUCTURE E,

3.4.1 Calculation of E,

The basic seismic index of structure E,, is necessary to evaluate the basic seismic performance of the
building. E, is calculated for each storey and each major direction considering the ultimate strength, failure
mode and ductility of the building. The basic seismic index of structure E, of the i-th storey in a n-storey
building is given as a product of the strength index C defined in 3.2.2 (of J. Standard) and the ductility
index F defined in 3.2.3 (of J. Standard). In addition, the storey-shear modification factor, which is
expressed as (n +1)/ (n+ i) in Equation (4) and (5) of J. Standard, may be changed accounting for the lateral
earthquake force distribution along the building height.

Second level screening procedure

The vertical structural members shall be classified into five categories as listed in Table 3.4.1 in the second
level screening procedure, where the basic seismic index of structure E, shall be calculated based on the
detailed evaluation of the strength index C and the ductility index F. The strength index C and the ductility
index F shall be evaluated in accordance with the provisions in 3.2.2 and 3.2.3 respectively of J. Standard.
The effective strength factor « is used to consider the difference in stiffness of vertical members during
calculation of strength index C at a certain level of deflection of the structure. The effective strength factor
a may be taken as given in Table 3.4.1.

The basic seismic index of structure E, shall be taken as the larger one from Equations (4) and (5) of J.
Standard. Here, the index E, shall be evaluated within the limitation of the minimum ductility index of the
second-class prime elements (see the translator’s note 3 of J. Standard) defined in the item (4) of J.
Standard in case the storey consist of these elements.
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Table 3.4.1 Classification of Vertical Members Based on Failure Modes in the Second Level
Screening Procedure

Vertical member Definition
Shear wall Walls whose shear failure precede flexural yielding
Flexural wall Walls whose flexural yielding precede shear failure
Shear column Columns whose shear failure precede flexural yielding, except for extremely brittle
columns
Flexural column Columns whose flexural yielding precede shear failure

Columns whose #,/D are equal to or smaller than 2 and shear failure precede

Extremely brittle column flexural yielding

(a) Ductility-dominant basic seismic index of structure (Equation 4 of J. Standard).

For the calculation of E, by Equation (4), vertical members shall be classified by their ductility indices F
into three groups or less defined as the first, the second, and the third group in order of the smaller value of
the ductility indices. The index F of the first group shall be taken as larger than 1.0 and the index F of the
third group shall be less than the ductility index corresponding to the ultimate deformation of the storey
given in the item (4) of J. Standard. Any grouping of members may be adopted so that the index £, would
be evaluated as maximum. The minimum ductility index of the vertical members should be used in each
group.

By =" E 24k (4) of J. Standard

n+i

Where:
E =C;F,
E,=C,F,
E3= C3 'F3

C= The strength index C of the first group (with small F index).

C, = The strength index C of the second group (with medium F index).
C; = The strength index C of the third group (with large F index).

F = The ductility index F of the first group.

F,=The ductility index F of the second group.

F; = The ductility index F of the third group.

(b) Strength-dominant basic seismic index of structure (Equation Sof J. Standard).

For the calculation of E, by Equation (5), the ductility index of the first group F; shall be selected as the
cumulative point of strength, and the contribution of strength indices of only the vertical members with
larger ductility indices than that of the first group shall be considered. The index F; of the first group shall
be less than that corresponding to the ultimate deformation of the story given in the item (4) of J. Standard,
and may be selected so that the index E, by Equation (5) would be evaluated as maximum. The effective
strength factor « in the second and higher groups should be calculated considering the effects of yield
deformations and clear heights of vertical members on the relationships between the storey shear forces
and the drift angles. The values of « given in Table 3.4.2 may be used in case no special verification. The
minimum effective strength factor of the vertical members should be used in each group.

1
(L (C1+Zaj-Cj]-Fl (5) of J. Standard
J_

Eo: .
n+i

Where:

;= Effective strength factor in the j-th group at the ultimate deformation R, corresponding to the
first group (ductility index of F;), given in Table 3.4.2.
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Table 3.4.2 (a) Effective Strength Factor for 1% Group, F; = 0.8

Ductility index of 1* group | F; Fi=0.8
Deflection angle of 1¥ group | R, R=Rsp
Shear (Rsy=Rs00) as
Shear (Rz50=Rsv) Qs
Effective strength factor for | Flexural (R,,=R:s) 0.65
second and higher groups Flexural (R250<Rny<R50) Ol
Flexural (R,,=R;s0) 0.51
Flexural and shear walls 0.65

Table 3.4.2 (b) Effective Strength Factor for 1* Group, F;> 1.0

Ductility index of 1* group | F) F=1.0 1.0<F<1.27 1.27< Fy
Deflection angle of 1% group | R, Rso Rys0< Ri<Rysp R;si< Ry
Shear (Rsy=R3s0) 1.0 0.0 0.0
. Shear (R; <Rgy) a; s 0.0
Effective stren.gth factor for Flexural (Rpy<R.) Lo 10 10
second and higher groups
Flexural (R;<R.,;) ay a, 1.0
Flexural (R,,=R;s) 0.72 Ay 1.0
(Note)

a; = Effective strength factor of a shear column, calculated by a=Qr1)/ Qsi=nOmi/ Qu<1.0

a, = Effective strength factor of a shear column, calculated by ¢,=Q(r/)/Qn~=0.3+0.7%R,/R,,,

R,,,= Drift angle at flexural yielding, calculated by Equation (A1. 3-1) in the supplementary provision 1.
R~ Drift angle at shear strength, calculated by Equation (Al. 2-11) in the supplementary provision 1.
Or1=Shear force at the deformation capacity R, of a column in the second and higher group.

O,~ Shear strength of a column in the second and higher groups (3.2.2).

Om~ Shear force at flexural yielding of a column in the second and higher group (3.2.2).

(c) Ultimate state of a structure (for a storey) [Relate "Translators' Note 3" in J. Standard]

One of the most important issues of the seismic evaluation is to predict the process of structure
collapsing .In general, one of the causes of building collapse is, the axial load capacity of column was
deteriorated due to the flexural or the shear failure of the column, or increase of axial force from P-§ effect
caused by the residual deformations. Then the column that is not able to support axial force leads to
collapse buildings. In seismic evaluation, it is important to decide at which point this collapse is evaluated.

When deformability CI to C3 are equal as shown Figure 3.4.1, all columns reach the ultimate state
simultaneously when F = 2.0, and the building reaches ultimate state.

Then, if the situation is as shown Figure 3.4.2, would the building be collapse at deformation of ' =1.5?In
this case, if the axial force that had been supported by C1 can be relocated to the surrounding columns, a
building shall not collapse. In this evaluation method, it is important to decide at which F value the
buildings finally collapse. The example C1 is called the second class prime element (collapsing of this
column does not affect the state of the entire building).First-class prime element is the element, which
immediately leads to the collapsing of the entire building (or part of it). Investigations found that many of
the buildings in Bangladesh have low strength concretes, and the columns on ground floors do not have
enough axial load capacity against the axial force. Therefore, it is recommended to assume that relocation
is not allowed, and to set the minimum F value of the floor as the ultimate state of buildings.
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It is recommended not to consider Residual axial load capacity Ng. Residual axial load capacity Ny is that
the column has axial load capacity after collapsing itself.
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3.4.2 Strength Index C

The methods of calculating the strength index C of vertical members in each storey of a building for the
second level screening procedure is as follows.

Second level screening procedure

(a) Principles

The strength index C in the second level screening procedure shall be calculated from the ultimate lateral
load-carrying capacity of vertical members (columns and walls) in principle based on the assumption that
the beams are strong enough. The failure modes of the vertical members shall be classified in accordance
with Table 3.4.1 by comparing the ultimate shear strength O, and the shear at the ultimate flexural failure
QOmu. Published methods, which have reliable accuracy, may be used for the calculation of the ultimate
shear strength O, and the ultimate flexural strength M,. The inflection heights for calculations of Q;, and
O, should be used as specified in the following item (c) in case no special considerations.

(b) Calculation of ultimate strength of members
The formulas or methods estimating the lower bound of the actual strength should be used in calculation of
the ultimate shear strength Q;, while those estimating the average should be used in calculation of the

ultimate flexural strength M,,. The formulas given in the Supplementary Provisions may be used in case no
special considerations.

It is recommend using the material strengths based on material test for the compressive strength of concrete
and the yield strength of reinforcing bars to calculate the ultimate strength of a vertical member. When
calculating the flexural strength and shear strength of a column, a vertical load may be used. When the
compressive strength is less than 13.5N/mm’, it is advised to revise the shear strength using the shear
reduction factor for low strength concrete.

(c) Identification of failure modes and calculation of ultimate lateral load-carrying capacity
The shear force Q. (=M,/h) associated with the ultimate flexural strength M, at the base of a vertical
member and the ultimate shear strength Q. shall be calculated using the following inflection height
(=M/Q) in case no special considerations. The smaller value between Q,,, and Q,, shall be defined as the
ultimate lateral load-carrying capacity of the vertical member Q,.
(i) For columns: hco=h,/2, where, h, is the clear height.
hco=h,Mp/(Mr+Mj3), in case the ultimate flexural strengths are different at the two ends, where, My
and Mj are the ultimate flexural strengths at the top and bottom ends, respectively.
(i1) For walls with two boundary columns: A,,=h, /2, Where, hy is the height from the floor level
concerned to the top of the wall. A,,=h,, in case of the wall at the top storey and the wall in one-storey

building.
(i1i) For columns with wing walls, or walls with a column:
L
hewo = heo + (o - hco)'TW (0<Lw<L-Dc)
hewo = hwo (Lw=L-D¢) (11) of J. Standard
Where:
L,,= Length of the wing wall (total length of the wing walls in case they locate at both sides of a
column).

D, = Column depth.

L = Standard or averaged length of spans in the direction concerned, which may be taken as the
length of the span on the side with a longer wing wall.
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hco =Inflection height calculated as columns as given in the item (i).
hwo = Inflection height calculated as walls with two boundary columns as given in the item (ii).

Equation (11) may also be used in calculation of the inflection height for multi-storey walls without
boundary columns, in which case the length of the wing wall shall be calculated as L,,=L “2D¢(Ly> 0),
where L’is the wall length and D. is the typical column depth.

A clear height of a column with a standing wall of brick may be estimated by disregarding the effect of the
brick wall; however, in the case of the clear height 4, /d < 2.0 when considering the standing wall of brick,
the clear height of the column will be evaluated in consideration of the effect of the brick wall.

(d) Calculation of strength index
The strength index C in the second level screening procedure shall be calculated by the following equation:

o O
W
Where:
Q.= Ultimate lateral load-carrying capacity of the vertical members in the storey concerned
2 W = The weight of the building including live load for seismic calculation supported by the storey
concerned.

(12) of J. Standard

3.4.2.1 Recommendation for Application of strength index

As mentioned in 3.3 it needs to be careful about various things when conducting the evaluation using the Japanese
Standard. Those issues need consideration when evaluating the strength.

There are eight items shown in figure 3.3.1, which may greatly affect the evaluation. Structural
experiments (Refer to Manual for Seismic Retrofit Design of Existing Reinforced Concrete Buildings)
were conducted in 2012 and 2013 to understand those issues. The results showed that items 3(90-deg-hook
tie), 6(No joint-shear reinforcement inside joints) had insignificant effects. However, the experiment was
done only once for each item, further investigations and studies (seismic evaluation standards and damage
reports of various countries) are required to obtain more reliable results. Effects of straight anchorages of
beam reinforcement in exterior beam-column joint and the narrow area of column- beam-joint are not
clearly understood, and needs further investigations/ studies as well.

(1) Reduction of strength of member in case of low concrete strength.

Japanese Standard defines the minimum strength of concrete in the applicable range as 13.5N/mm’.Results
of compressive strength tests showed that the majority of the concretes used for the existing buildings in
Bangladesh have the strength less than 13.5N/mm” (Refer to Figure 2.5.2). However there is a report by the
special research committee for low strength concrete” issued by the Chugoku branch of Japan Concrete
Institute in February 2009. This special report covers low strength concrete as low as9.0N/mm’. It
recommends providing reduction coefficient, &, for low strength concrete to evaluate shear strength of
columns. In case of evaluating a building with the concrete strength less than 13.5N/mm’, it is
recommended to adopt the reduction factor with the lower limit of 9N/mm?® in order to reduce the shear
strength. (The lower limit 9N/mm?)
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Ultimate shear strength of columns shall be calculated with equation.

0.23
0.053 18+
Qs,,=k,.-{ P O-B)+O.85‘/pw-0'wy +O.loo}~b-j (A1.1-2)

MIQ-d)+0.12

[Supplementary Provisions 1 Column with Modified to consider low Strength Concrete]

(k- <1.0)

Where:

k, : Reduction factor of low strength concrete (op< 13.5N/mm°) &, = 0.244+ 0.056 03

D : Tensile reinforcement ratio (%).

a, :Cross sectional area of shear reinforcement.

s : Spacing of shear reinforcement (In case tie is 90 degree hook; s = 2xs (Twice spacing length))

P, : Shear reinforcement ratio, P, = 0.012 for P,,>0.012. P,,= —(baw )
X
sOwy : Yield strength of shear reinforcing bars (N/mm?®)- o, : Axial stress in column (N/mm?).
d : Effective depth of column. D-50mm may be applied.
M/Q : Shear span length. Default value is 4,/2.
hg : Clear height of column.
J : Distance between centroids of tension and compression forces, default value is 0.8D.
If the value of M /(Q-d) is less than unity or greater than 3, the value of M /(Q-d) shall be unity or 3
respectively in using Equation and if the value of o, is greater than 8N/mm?, the value of 0.6 shall be
8N/mm?’ in using Equation.

As the low strength concrete with a plain bar (as a main bar) provides smaller bond strength, bonding
between a re-bar and concrete is decreased so that the strength of re-bar becomes less than expected. As a
result the strength of members assumed to be lower than the evaluation equations. In this case, it is
recommended to evaluate with the reduced flexural strength of column (about 20% less) to be safe.

| @), (plain)= 0.80 for low-concrete-strength and plain-bar |

(2) Short ancher length of beam main-bar at external column

Beam bars on the outer edge of the existing buildings may have small column width, or the main bar is
insufficiently anchored due to the inappropriate form of the anchor. In case of short anchor length of beam
main bar at an external column, it is suggested to reduce flexural strength of column by 25%.

(For columns of small depth such as 250mm,; 50%of flexural strength of the column)

In case of short anchor ength of beam main bar at an external column, it is used to reduce 25%. 50% (for small
depth column such as 250mm) of flexural strength of the column by 2nd level screening.

(3) Reduction factor of flexural strength of column ¢,

For seismic evaluation of the buildings in Bangladesh, flexural strength of column shall be set. Minimum
reduction of flexural strength for each factor is used for (1) and (2).1t is preferable to conduct an experiment,
to determine the reduction factors to be used in calculating flexural strength of columns. However, there is
not a reliable data available so that we set the minimum value of redaction factor obtained from different
influences as a flexural strength redaction factor of a column
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@. = min{gy, (plain), @, (anchor)}
® ¢, (plain)= 0.80 for low-concrete-strength and plain-bar simultaneously
® ¢, (anchor)= 0.75 for normal depth column

¢, (anchor)= 0.50 for small depth column such as 250mm

3.4.3 Ductility Index F

3.4.3.1 Basic Principles in Calculation of Ductility Index F

The ductility index of a vertical member shall be evaluated in consideration of the screening level, failure mode
and member deformation capacity, and response to earthquakes. A standard value of ductility index shall be
defined as the ductility index of the shear wall, in which shear failure precedes other failure modes. The ductility
indices of the other members shall be determined as a relative value to this standard value. The ductility index of
the member shall be evaluated by the methods specified as in the following items (2) - (4) according to the
screening level and the classification by the failure mode of the member (as shown in Table 3.4.1), in case no
special investigations.

Second Level Screening Procedure

The ductility index of a vertical member in the second level screening procedure shall be calculated as
follows according to the classification of the member listed in Table 3.4.1.

Vertical members are classified based on the characteristic seismic damages observed in Japan. Therefore,
it is required to reset it with the failure of the long column with high axial force taken into consideration,
before using this procedure. Other factors that may affect the seismic capacity shall be taken into
consideration as well to determine the ductility. A clear height of a column with a standing wall of brick
may be estimated by disregarding the effect of the brick wall; however, in the case of the clear height &, /d
< 2.0 when considering the standing wall of brick, the clear height of the column will be evaluated
considering the effect of the brick wall. Classification of vertical members in different failure modes used
for the second level screening by J. standard.

Flexural column is the main failure mode of column of seismic evaluation for buildings in Bangladesh.

Shear walls are not actually used for any of the target buildings. Calculation formula of ductility factor F of
the column is as shown below.

(a) Shear Wall
The ductility index of a shear wall should be defined as 1.0.

(b) Flexural Wall
The ductility index of a flexural wall should be calculated by Equation (13) based on the margin of the
shear strength to the shear force at the flexural strength of the wall.
If wOsu/ wQOm = 1.0 then F=1.0 (13) of J. Standard
If wOsu/ wQm. > 1.3 then F=2.0
(In case of wall with a column in item (f) (i), F = 1.5)
If 1.0 <yQsu/ wOm< 1.3 then F should be calculated by interpolation.
Where:
wQsu = Ultimate shear strength of the wall, calculated by Equation (A2. 1-2) in the supplementary
provisions of J. Standard.

wOmu = Shear force at the flexural strength of the wall, calculated according to the item 3.2.2(2) (c) of J.
Standard.
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(c) Shear Column

The ductility index of a shear column should be calculated by Equation (14) based on the storey drift angle
at the ultimate deformation capacity in shear failure of the column.

F=10+027 R~ R (14) of J. Standard

y ~ Ry
Where:
Ry, : Inter-storey deformation angle at the ultimate deformation capacity in shear failure of the column
member

Ry =M Ry 2 Ry fOT e Qi<

[Supplementary Provisions 1.2 Ultimate Deformation Al.2-110of J. Standard]
Ry, = Ryso for . Qmi2c Qs

0=0.3 + 0.7 (Ra50/Rpyy)
[Supplementary Provisions 1.2 Ultimate Deformation Al.2-120f J. Standard]

Where:
O : Ultimate shear strength of the column
O : Shear force at the ultimate flexural strength of the column.
o : Effective strength factor of the column
R,y : Yield inter-storey deformation angle

Rmy= (ho/Ho)'oRmJZRZSO
[Supplementary Provision 1.3 Yield Deformation Flexural Columns Al.3-1of J. Standard]
Ry Yield deformation angle of column (measured in clear height of column)

(d) Flexural Column
The ductility index of a flexural column should be calculated by Equation (15) or (16) based on the
inter-storey drift angle at the ultimate deformation capacity in flexural failure of the column.

(1) In case R,..<R,

F =1.0+0.27 R =Raso (15) of J. Standard
R, —Ryso
(1) Incase R,. > R,
2Rmu RV -1

F= i <32 (16) of J. Standard
0.75-(1+ 0.05R,, / R,)

Where:
R, = Yield deformation in terms of inter-storey drift angle, which in principle shall be taken as R, = 1/150.
R;s50 = Standard inter-storey drift angle (corresponding to the ductility index of a shear wall), R;5 = 1/250.
R,. = Inter-storey drift angle at the ultimate deformation capacity in flexural failure of the column
member, calculated by Equation (A1.2-1) in the supplementary provision 1.2(1) of J. Standard.

*Standard for Seismic Evaluation of Existing Reinforced Concrete Buildings, 2001. English version
published by: The Japan Building Disaster Prevention Association.

Roi= (ho/Hy) cRm2Raso
Where:
ho/H,<1.0
Roni=cRomy+cRomp < R0
Where:
h, : Clear height of column
H, :Standard clear height of column from bottom of the upper floor beam to top of the lower floor slab.
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cRmy : Yield deformation angle of column (measured in clear height of column)

Ry : Deformation angle at the ultimate flexural strength of column (measured in the clear height of column).

cRyp : Plastic deformation angle of column (measured in the clear height of column)

R30: Standard deformation angle of the column (measured in the clear height of column), R =1/30.
Rmy=cRis0 for h,/D 2 3.0
Rimy=cRaso for hy/D <2.0

Ry 1s set by interpolation for 2.0 <h,/D< 3.0

CR"'P =10 (cqu / chu —-q )'cRmyZ 0 Where:

g=1.0 for s < 100mm ¢Qs : Ultimate shear strength of the column
g=1.1 for s> 100mm Ry : Shear force at the ultimate flexural strength of the column
s : Spacing of ties

The value of (R, shall not be greater than that of .R,,..

(e) Extremely brittle column
The ductility index of an extremely brittle column should be selected as 0.8.

(Inter-story drift angle:rad)

(1/500)  (11150) (1/75) (1/50) (1/37.5) (1/30)
00 R B0 1T e
250 (el R ] i L e
qx) 100 & o o T 1 S }_ = Evaluation standard equation (15)
-g ) bt - || —— Evaluation standard equation (16)
w15 SN e e

1.00 ‘_i‘.' — columnor high axal force |
’ i L
1

{ Ektremely brittle column or high axal force(N/bDFc>=0.8)
!. - =]
0.00 1 |

0.0 1.0 20 3.0 4.0 5.0 6.0

Ductility factor

0.50

Figure 3.4.4 Relationship between Horizontal Force and Horizontal Displacement of RC Buildings

(f) Column with wing wall(s) or wall with a column
The ductility index of a column monolithically attached with one wing wall or with two wing walls should
be selected based on the following three groups according to the classification specified in the
supplementary provisions 3of J. Standard.
(1) Wall (Wall with a column)
The index shall be calculated according to the items (a) and (b).
(11) Column with wing wall(s)
The index shall be calculated as follows:

ho/H,> 0.75 : F = 1.0. The index may be selected according to the section (b) in case flexural yielding

precedes shear failure.
51



Chapter 3. Seismic Index of Structure I,

ho/H,<0.75 : F = 0.8. The index may be selected as 1.0 in case flexural yielding precedes shear failure.
Where:

h, = Clear height of the column.

H, = Standard height of the column from the bottom of the upper floor beam to the surface of the lower
floor slab.

(iii) Column

The index shall be calculated according to the above items (c)-(e).

However, the ductility index should be calculated by reducing the plastic drift angle .R,, to 0.5 times

as specified in the Supplementary Provisions 1.2(2)of J. Standard, and should not exceed 1/150, in
case of a flexural column with wing walls.

3.4.3.2 Additional Provisions for Maximum Deflection Angle

It is recommended to modify and add the items of evaluation of maximum angle based on the explanations
in 3.3, which is the difference of structural characteristics between buildings in Japan and Bangladesh.
Considering those differences additional provision have been described below.

(1) High axial force of column

Columns of the buildings in Bangladesh have high axial load compared to the ones in Japan. It is even
higher if the concrete strength is lower. Axial force ratio (N/b-D-F.) of it can be around 0.6. CNCRP carried
out an experiment to understand the deformation capacity of columns with high axial force and low
strength. Based on the outcome of that experiment and the one conducted in Japan (Supplementary 2).The
following parameters is recommended regarding the maximum deformation of the column.
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[Ordinary concrete (g > 13.5 N/mm?)]

Shear reinforcement of column by BNBC, 2-10mm@150 with 135 degree hook is satisfied.

Rmax(n) Rsoo fOT n > 0.80
cRmax(n) = sto for 0.80>n=055
cRm(n) Riso for 0.55>75>040
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R

max(n) 250

Raso
R

n
cRmax(n) =Ry ( ) < Ry, forother case
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Low strength concrete (g < 13.5 N/mm?2)]
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cRmax(n) =Ry, (cR3o) < Ry, forother case | % o
'3 Bow.
In case 2-10mm@more than200, So0x.
CRmax(n)= 500 for n = 0.80 | <o
CRW(") 250 for 0.80>7n=040 010 -
Raso 4 | S 200 17100 3 Vo 1 oo T0 1/
o 1/200 3/200 1/40 H 1/15
CRmz\x(n) g cR30 : ( R ) < cR3o fOT other case | Upper Ilmnofthedelommlon angle of the flexural column
s 30 B d by axlal force
n'=m-n)/0,-n) (b)
n =Ng/(b-D-F.).

n, =020 and n, =04

Figure 3.4.5 Relation between Axial Force Ratio and

Upper Limit of Deformation Angle,
(a) For Ordinary Concrete (b) For Low Strength Concrete

(2) Tensile reinforcing-bar ratio

In case there is a possibility of a bond split failure of the main reinforcement, the upper limit of ultimate
deformation angle of a column  Ryu will restrict the upper limit of the deformation angle as its
deformability will decrease. From the results of past experiment in Japan, it has been confirmed that bond
split failures tend to increase when tensile reinforcement bar quantity exceeds 1%.

However, in the diagnosis, pillars with a shear span ratio (M/(Q-D)) of 3 or more or with round steel bar
main reinforcement are excluded from the subject of study, since the possibility of a bond split failure is

low.

Shear span ratios of almost all the buildings in Bangladesh are 3.0 or
more (ignoring the effects of brick walls) leading to believe the
possibility of destruction from a bond split failure to be low.
However, the upper limit R,q is set as follows to include the
influence of low strength concrete after studying the supplement 5.

The study results shows that when is less than 3 and low

strength concrete is used, there is a possibility of bond split failure
when p,is 1.3 or less. This case is applied to the building, which
rebar diameter is thick and the grade of rebar is more than 400W.
Further study by referring supplement 5 is recommended when such
a case is encountered.
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cRouaxw= cRaso for P,>1.3 and Low strength concrete (o< 13.5N/mm?) if

M<3
D

(3) 90 degree hook of column

It is a known fact that when the 90degrees hook is used as a shear reinforcement bar, the ductility capacity
is lower than when the 135degrees hook is used. Some buildings in Bangladesh still have the 90degrees
hooks. For those buildings, it is recommended to evaluate using the lower toughness of the column. In this
evaluation, shear margin ratio (Q,/Qnm) affects ductility factor. Therefore, it is suggested to reduce the
ductility index by setting the shear reinforcing ratio p. (a/b-@) as 0.5p,,

(4) Beam-column-joint

Japanese seismic evaluation manual does not include the evaluation of the beam-column joint. It is because
the Japanese buildings have larger section area of column. Damages of the beam-column joint were not
found much in the buildings damaged by the past earthquakes. Buildings in Bangladesh have smaller
section area of column, so the beam-column joint and its bearing force are smaller. Many buildings built in
a certain period do not have the shear reinforcement bars at their beam-column joints. Therefore, this
application manual recommends studying the beam-column joint by referring to BNBC. Pending further
research, the following upper limit of column F is suggested:

Ordinary concrete, max. F = 1.75 (aim of storey deflection angle, R =1/100)
Low strength concrete, max. F'=1.5 (R =1/124)

L, s
1985 Mexico Earthquake

1990 _Luzon Earthquake

Figure 3.4.7 Failure of Beam-Column Joint

(5) Short anchor length of beam main-bar at external column

Beam bars on the outer edge of the existing buildings may have small column width, or the main bar is
insufficiently anchored due to the inappropriate form of the anchor. Insufficient anchoring limits the
allowance of the rotational angle of member. In that case, it is recommended to set the maximum of the
deformation angle. Pending further research, the following values are recommended.

cRumax@= Koo for Ordinary-strength concrete (o 213.5 N/mmz)
cRpaxi= Ri24 for Low-strength concrete (o5 <13.5 N/mm?)
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The source: Data for Ultimate Strength Design of

Reinforced Concrete Structures (Architectural Institute of
Japan)

5 J‘L\\a N g e
1979_Montenegro Earthquake
Figure 3.4.8 Collapse of Pulling out of Main Reinforcement

(6) Infill Brick Wall

It is known that the standing wall of brick affects the deformation and the strength of a column. However.,
the columns of the buildings have characteristically extremely small flexural strength compared with the
shear strength and the failure mode of the columns is flexural failure. Accordingly, consideration of the
effect of the standing wall will not likely affect the evaluation result significantly. In consideration of the
labor in calculation, the clear height will be assumed with the effect of the standing wall disregarded.
However, given the building damage caused by collapse of a short column observed in earthquake damage
cases in other countries, it is recommended to evaluate the failure mode in the case of 4/D<2.0.

In case h,/Dc>2 In case h,/Dc<2

. ) .:~:':""":::-‘:.‘- j-ho
= S De
= =
1 E= R = I
Qmu = (MuT + MuB)/h- Qmu = (MuT + MuB)/ho

Figure 3.4.9 Relationship between Clear Height of Brick Wall and Column Width
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K. B it Slot o IR e
Hospital in Dhaka Shear failure of a short column with brick walls
The source: Report on the Damage Investigation of the 1999
Chi-Chi Earthquake
(Architectural Institute of Japan)

Figure 3.4.10 Short Column

In case of short column effect due to brick standing wall has not been studied in detail, upper limit of
column F
[ Ordinary-strength concrete (c5>13.5N/mm?)]
cRma.x(B)= choo for PWZ 0.2%
cRma.r(E)= 0R124 for P w<0-2%
[Low-strength concrete (o5<13.5N/mm?)]
oRmax(B)= 0R124 for P\ZOZ%
Ruas@= Riso for P,<0.2%

3.4.3.3 Upper Limit of the Drift Angle of Flexural Columns R,

Recommendations for calculation of maximum deflection angle R4, is summarized below.

The upper limit of the drift angle of flexural column (R, shall be calculated with the following equations. l
oRma.x=min {oRma.x(n}; cRma:!s)a oRma.x(t)y oRmax(b)’ oRma.x(h), oRmax(p)a cRma.x(a)a eRmax(B)}

[Modified supplementary Provisions 1.2 Ultimate Deformation Al.2-5]
® Raxny: Upper limit of the deformation angle of the flexural column determined by the axial force

[Ordinary concrete (gp=>13.5 N/mm?)]

Shear reinforcement of column by BNBC, 2-10mm@150 with 135 degree hook is satisfied.
Romax (= Rso0 for 72 0.80
cRmax (,,)=CR250 for 0.80 >7] > 0.55
oRma.x(n)=oR150 for 0.55 > > 0.40

cRISO

n
cRmax(n}:cR:;o 'L j SCR30 for other case
c*¥30
In case the reinforcement is not satisfied.
Rumax (ny= Rs00 for n>0.80
cRimax (7=cRaso for 0.80 >n 2 0.40

R
c Rmax(n):cRBO ’ ( -
c”30

[ Low strength concrete (op<13.5 N/mmzﬂ

In case shear reinforcement, 2-10mm@?200 or less,
oRmax (On oR500 for n 2 0.80
L‘Rma.x (n):oRZSO for 0.80 >n= 0.60
Romax =cRis0 for 0.60 >x > 0.40

n
J <.R,, for other case
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'

cR150

n
cRmax(n)=cR30 . ( J <.R,, for other case
c“30
In case 2-10mm@more than200mm,
oRma.x On CRSOO for n > 0.80
Rmax (n)=oR250 for 0.80 >n = 0.40

n
CRMM(H)=CR30 ( Faso J <Ry, for other case
c 130
Where:
n = n—-n
My~
1= Ns/(b-D-F_). quote
77, =0.20and 7y,=04
[Modified Supplementary Provisions 1.2 Ultimate Deformation A1.2-6]
® Rpnax (: Upper limit of the deformation angle of the flexural column determined by the shear force
quote Rumax(s) = Raso fOr o7, /F>Rmaxsy = Raso for .7,/F>0.2
Rmax 5= K30 for other case
[Supplementary Provisions 1.2 Ultimate Deformation A1.2-7]

® Rax (r):Upper limit of the deformation angle of the flexural column determined by the tensile reinforcement
ratio

Rmaxty= Raso for p> 1.3%
Rmax 5= 30 for other case
[Modified supplementary Provisions 1.2 Ultimate Deformation A1.2-8]
® Ryax sy:Upper limit of the deformation angle of the flexural column determined by the spacing of hoop
Rmax ®- Rso for s/dy> 8
oRomax (5= R30 for other case
[Supplementary Provisions 1.2 Ultimate Deformation A1.2-9]

® Rpax :Upper limit of the deformation angle of the flexural column determined by the clear height
Romaxny = Raso for hy/D <2

2
mm

® Runax (ay*Upper limit of the deformation angle of the flexural column determined by the anchor length

Romax (y— R3o for other case J l
[Supplementary Provisions 1.2 Ultimate Deformation A1.2-10] U beam
® Roox (n:Upper limit of the deformation angle of the flexural column [— ——|
determined by the beam-column joint e F -
SN RnE 2y LB
Rmaxp) = Rioo for Ordinary — Strength Concrete (O'B > l3.m—mz) [ Folum] |
5N U Consider only
Rimaxpy = R124 for Low — Strength Concrete (0' 5 <13. j conerete walls

SN
Rimax(@y = Rioo for Ordinary — Strength Concrete (O'B > 13.——2)
mm

SN

Rmax(ay = Ri2afor Low — Strength Concrete (0' 5 < 13.—2j
mm

® Rpax iy Upper limit of the deformation angle of the flexural column determined by the clear height
h,/D< 2 (consider brick walls)
[Ordinary-strength concrete gcgl3.5N/mm2!|
Rmax@) = Rigo for P, >0.2%
oR,,,a_x(B) = oRlz4fOI'Pw > 0.2%
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[ Low strength concrete (65<13.5N/mm’)| | |

cRma\'(B) = c'RlOO for Pw > 0.2%
:Rmav(B) = cR124 for Pu Pl 0.2%

opepirig
[In case of /i,>2] Lo
Romax(d) = R30 . : olumn [
o _ | consider oni
Where, N,: Additional axial force of column due to earthquakes L—” bz:?wz:'gn 4

<7, :Shear stress at the column strength = min{ (c O &}

b-j) (b j)
s:Spacing of hoops
| dj :Diameter of the flexural reinforcing bar of the column

3.4.4 Example of Calculation of Column Strength

SEISMIC ASSESSMENT OF A 5§ STOREY OFFICES BUILDING IN DHAKA

Exercise on seismic assessment of an office building was done by CNCRP. The building is a 5 storey office
building. The summary of the assessment is shown below.

3.4.4.1 Description of Building

a) Characteristics of the Building:

Some of the important characteristics of the building are given below:
1) Typical office building with frame structure constructed in 1985.
2) No earthquake resisting design was performed.

3) No grade beams exist.

4) Low strength concrete was used.

b) Outline of Buildin:
Usage Office Building
Number of storey Five
Structural type R.C. Framed Structure
Foundation type Shallow Foundation
Year of design 1985
Year of construction 1985

¢) Summary of Findings

Concrete Strength 9.2 N/mm’ (MPa) (Design strength f'c =13.7MPa)
Re-bar Yield Stress 275 N/mm* (MPa)
Low Strength Concrete (<13.5N/mm’) or not Low Strength Concrete

3.4.4.2 Calculation of Gravity Load

a) Calculation of Unit Weight of Structure

The unit weight of structure is calculated based on actual weight of brick wall, self weight of structural
members (Column, Beam and Slab), floor finish and actual live load for unit area.
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COLUMN SCHEDULE
C1.C2C3 C4.C5.C6 C7
259
B | 250 | | 250 | B L
soon e ¥y
. = 0 J—
§ ;3 e - g - -
" —B10@2250/C
~e—J10@225C/C " I
. " . -—P10@225C/C
_L pLEE e ey ] L 29
16- 020 14- 016 12-016
Unit Area Weight (Typical Floor):
1. Live Load 0.80 kN/Sqm
2. Brick Wall 4.00 kN/Sqm
3. Slab weight & Floor Finish 3.85 kN/Sqm
5. SW (Column + Beam) 2.15 kN/Sqm
[ W= 10.8 kN/Sqm
Unit Area Weight (Roof):
1. Live Load 0.30 kN/Sgm
2. Brick Wall 0.00 kN/Sqm
3. Slab weight & Floor Finish 3.85 kN/Sgm
5. SW (Column + Beam) 2.15 kN/Sqm
| W= 6.3 kN/Sqm
b) Summary of Floor Weight of Structure
Structural Weight
Storey Floor Area (mz) Floor Weight W; (kN) ZW; (kN)
5 405.5 2554.9 2555
4 405.5 4379.8 6935
3 405.5 4379.8 11315
2 405.5 4379.8 15694
1 405.5 4379.8 20074
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¢) Summary of Sustaining Force of Columns

Sustaining force of Columns
COL.ID Storey Tributary Area (mz) Unit Weight (kN/mz) Sustaining force N (kN)
5 22.55 6.3 142
4 22.55 10.8 386
Cl 3 22.55 10.8 629
2 22.55 10.8 873
1 22.55 10.8 1116
5 20.60 6.3 130
4 20.60 10.8 352
C2 3 20.60 10.8 575
2 20.60 10.8 797
1 20.60 10.8 1020
5 18.35 6.3 116
4 18.35 10.8 314
C3 3 18.35 10.8 512
2 18.35 10.8 710
1 18.35 10.8 908
5 13.00 6.3 82
4 13.00 10.8 222
C4 3 13.00 10.8 363
2 13.00 10.8 503
1 13.00 10.8 644
5 11.90 6.3 75
4 11.90 10.8 203
Cs 3 11.90 10.8 332
2 11.90 10.8 461
1 11.90 10.8 58_9
5 10.60 6.3 67
4 10.60 10.8 181
Co6 3 10.60 10.8 296
2 10.60 10.8 410
1 10.60 10.8 525
5 5.56 6.3 35
4 5.56 10.8 95
(oy) 3 5.56 10.8 155
2 5.56 10.8 215
I 5.56 10.8 275

3.4.4.3 Calculation of Member Strength

Calculation procedure of C; column at ground floor is shown below.

Assessment Direction
Location

Floor

Column

Storey height :
Clear height :

X

Grid BS

Ground

G
h=15-0"=4.5Tm
h,=13'-3"=4.0m

Standard clear height of column, /, = 4.0m

Material Properties

Compressive strength of existing concrete (F.) = 9.2 N/mm”
Tensile strength of existing rebar (g;) = 275 N/mm? (40 Grade)

Axial force N=1116 kN

Column size, bD = 750mm x 250mm

Reinforcing Bar

Total reinforcing bars, 16-¢ 20, a, = 5026.5mm’
Tensile reinforcing bars, 6-¢ 20, a,=1885mm’

Tie 4-¢10 @ 225

a, = 314.2mm?
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Ultimate Flexural Strength

0.4bDF,=0.4 x 750 x 250 x 9.2 N
= 690,000 N
=690 kN

Npwax =ay0,+ bDF.
= 5026.5x275+750x250x9.2 N
=3107287.5N
=3107.28 kN

Noin = agoy

=5026.5 x 275N
=138.2 kN
Here, Ny N > 0.4bDF,

Nowe —N
~M,=(0.8 aro0,D+0.12 b-D"F, max
M,=(08aroyD+0.125 )(Nmax—OAbDch

=(0.8x1885x275%250+0.12x 750 x 250° x 9.2)(M?L16)

3107.28-690

= 127914775 N-mm

=127.9 kN-m
The shear force at the ultimate flexural strength Q,,, can be calculated on the assumption that the M, at the
top and bottom of the column are the same.

M, 2x127.9
Omu = hou = 4.0 kN
=63.95 kN

Considering provision for low strength concrete and plain bar {Sec- 3.4.2.1(3)} flexural strength should be
reduced by ¢,.

Therefore QO = ¢, %63.95=10.8 x 63.95 =51.16 kN
Ultimate Shear Strength

Shear strength of column [Modified supplementary provision 1.1 ultimate strength A1.1-2]

0.23
0.053p, “(18+cp) ,
=k,- +0.85./p,, - +0.lo, ¢+ b- Al.1-2
Osu r { Ma’(Q-d)-i—O.lZ Pw Owy g, J ( )
[Supplementary Provisions 1 Column with Modified to consider low Strength Concrete]
(k£:<1.0)
Where:

k, : Reduction factor of low strength concrete (o3 < 13.5mem2) k.= 0.244+0.056 03
p.  : Tensile reinforcement ratio (%).
a, :Cross sectional area of shear reinforcement.
s : Spacing of shear reinforcement (In case tie is 90 degree hook; s = 2xs (Twice spacing length))
aW
(bxs)
sOw : Yield strength of shear reinforcing bars (N/mm?)- o, : Axial stress in column (N/mm?).
d : Effective depth of column. D-50mm may be applied.
M/Q : Shear span length. Default value is 4,/2.
h, :Clear height of column (mm).
k,=0.244 + 0.056 x F,
=0.244 +0.056 x 9.2
=0.76

P, : Shear reinforcement ratio, P, = 0.012 for P,> 0.012. P, =
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a; 1885
= x100% =——2"-"___x100%
P=5 D™ T 750%250
=1.005%
M h 4.0x1000 mm
— == —2000mm
0 2 2
M/ 2000
0 = =10.0>3
d 250-50
M
So—=——=3
Q-d
a 314.2
Pw = L = =0.00186
b-s(spacing) 750x225
N 1116 2 2 2
= = kN/mm*= 5.95 N/mm"” < §N/mm
%0 =5.D "~ 250x750
.. 0, = 5.95 N/mm’
0.23
0.053x1.005 18 +9.2
qu =0.76 ( ) +0.85+4/0.00186 x 275 +0.1x 5.95 750 x 0.8 x 250
3+0.12
= 189866.43N= 189.86 kN
The Strength of Column
Omi<Qsu (flexural failure type)
.0, =63.95kN
The Summary of Strength of Columns
The Strength of Members
COL.ID Storey h,/D O.nu(kN) 0. (kN) O (kN) | Failure Type
5 9.84 78 131 78 Flexural
4 9.84 92 145 92 Flexural
Cl 3 9.84 100 160 100 Flexural
2 9.84 93 175 93 Flexural
1 16.00 51 190 51 ;Flexural
5 9.84 77 130 77 Flexural
4 9.84 90 143 90 Flexural
C2 3 9.84 99 157 99 Flexural
2 9.84 97 170 97 Flexural
1 16.00 24 184 54 Flexural
5 9.84 76 129 76 Flexural
4 9.84 88 141 38 Flexural
C3 3 9.84 97 153 97 Flexural
2 9.84 100 165 100 Flexural
1 16.00 57 177 57 Flexural
5 9.84 42 120 42 Flexural
4 9.84 52 128 52 Flexural
C4 3 9.84 59 137 59 Flexural
2 9.84 65 145 65 Flexural
1 16.00 42 154 42 Flexural
5 9.84 42 119 42 Flexural
4 9.84 51 127 51 Flexural
C5 3 9.84 58 135 58 Flexural
2 9.84 63 143 63 Flexural
1 16.00 42 151 42 ilexural
5 9.84 41 119 41 Flexural
4 9.84 49 126 49 Flexural
Cé6 3 9.84 56 133 56 Flexural
2 9.84 61 140 61 Flexural
1 16.00 40 147 40 Fflexural
5 9.84 39 117 39 Flexural
4 9.84 43 121 43 Flexural
C7 3 9.84 47 124 47 Flexural
2 9.84 51 128 51 Flexural
1 16.00 34 132 34 Flexural
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3.4.4.4 Calculation of Column Ductility Index F

Calculation example of F-index is as shown below.
To calculate ductility index of each vertical member following flowchart is follows

Start
v

Shear at the ultimate flexural failure Q,,,
Ultimate shear strength Q,,

¥

Compare Shear at the ultimate flexural failure with
ultimate shear strength, taking the smaller as the ultimate
lateral load-carrying capacity of members.

shear failure

Determine mode

failure modes .

Flexural
failure mode

Determine upper limite of the
drift angle of members by

v

Calculate the plastic deformation
angle of members.

v

Calculate the deformation angle
at the ultimate flexural strength
of members .

—~

Calculate of the inter-story
deforomation angle omembers .

T

Determine the ductility index F of columns
Figure 3.4.11 Flow Diagram of Ductility Index Calculation

The ductility index
Calculation procedure of ductility index of C; column at ground floor in X-direction is shown below.

a) Upper limit of deflection angle of flexural column R,

Ronax=min{ :Rpaxinyy Rmax(syy Rmax(t)y Rimax()s cRmaxthyy cRoaxtpy Rmax(a)> Romax(t)}

[cRnax(ny] Upper limit of the deformation angle of the flexural column determined by the axial force
1116x10°

= =0.64
7= (750 x250%9.2)
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Concrete : Low strength concrete
Tie spacing : @225 with 90 Degrees hook

m=0.20 N = 0.40

. 1
77> ) cRma.x(n) 250

[cRmax(»)] Upper limit of the deformation angle of the flexural column determined by the shear force

__min (5L119)x10° 04
U (750x0.8x250)

cu _ &26 =0.036 < 0.2

FC

1
CRMHXS ===
(s) 30
[eRmax(n] Upper limit of the deformation angle of the flexural column determined by the tensile

P =1.005<1.3

1
cRma.x(t) E
[cRmax»] Upper limit of the deformation angle of the flexural column determined by the spacing of hoop

s = @225 and d, = 20¢

S 225 1125580

d, 20

cRma.x(b) 5 0
[Rmaxwy] Upper limit of the deformation angle of the flexural column determined by the clear height
hy, _ 4000
o= —2 =5 =16>2.0

cRma.x(h) 3 0
[cRmax(z)] Upper limit of the deformation angle of the flexural column determined by the poor beam-column

Joint for low strength concrete

1
Roasto) =17

[Rmax(oy)] Upper limit of the deformation angle of the flexural column determined by the anchor length for

low strength concrete

_ 1
cRma.x(o) - m

[cRmax(2)] Upper limit of the deformation angle of the flexural column determined by the clear height.

In this building there are no standing wall which makes 3" <2

So cRma.x(B) 3 0

=1
Therefore [R ] 350
b) Yield deflection angle of the Column (R,
h, _ 4000
2=—=1623
D 250

1
=_bUtCRm> max
150 ok

1
SO, cRmy = m

¢) The inter storey drift angle at the flexural yielding of column R,
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hy 4000 _,
H, 4000
my ( ] nmy
:le
0
250 250
So, Rm,:L
' 250

d) Plastic deformation angle of column R,
s =225 >100(mm)
g=1.1
The strength margin for shear failure
cqu — @ — 371

c Qmu 51
The plastic deflection angle of the column

1
R, =103.71-1.1)x— !
250 9 57
e) The deformation angle at ultimate flexural strength of column .R,,,,
R, = 11 R =L (Lowest of above consideration)
250 9.57 9.25 250
SO, cRmu :L
250
f) The inter storey drift angle at the ultimate flexural strength of column R,,,
B, _ 4000 0o
H, 4000
Rmu = ho xcRmu = 1 x 1 = 1 2 1
H, 250 250 250
So, R, = .
250
g) The ductility index
Since Ry <R,= L
150
F=10+0278m R

Ry Rys
1 1

=1.0+02723020
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The summary of ductility indices in X-direction is given below

The Ductility Indices
=l .
S| 5 [ CnON) | 0u0N) (00N | TN | Re | Ruy | Ry | Rey | Rew | Ruw |Ru| F
O 172]
5 78 131 78 | Flexural | 1/124 | 1/150 | 1/150 | 126 | 1/124 | 1/124 | - | 1.50
4 92 145 92 | Flexural | 1/124 | 1/150 | 1/150 | 1/31 | 1/124 | 1/124 | - | 1.50
Cl| 3 100 160 100 | Flexural | 17172 | 1172 | 1/172 | 134 | 1172 | 11172} - | 1.18
2 93 175 93 Flexural | 1/250 | 1/250 | 1/250 | 3/97 | 1/250 | 1/250 [ - | 1.00
1 51 190 51 Flexural | 1/250 | 1/250 | 1/250 | 5/48 [ 1/250 | 1/250 | - | 1.00
5 71 130 77 | Flexural | 1/124 | 1/150 | 1/150 | 126 | 1/124 [ 1/124 | - | 1.50
4 90 143 90 | Flexural | 1/124 | 1/150 | 1/150 | 3/92 | 1/124 | 1/124 | - | 1.50
C2| 3 99 157 99 | Flexural | 1/124 | 1/150 | 1/150 | 2/61 | 1/124 [ 1/124 | - | 1.50
2 97 170 97 | Flexural | 1/250 | 1/250 | 1/250 | 1/38 | 1/250 | 1/250 | - | 1.00
1 54 184 54 | Flexural | 1/250 | 1/250 | 1/250 | 4/43 | 1/250 | 1250 | - [ 1.00
5 76 129 76 | Flexural | 1/124 | 1/150 | 1/150 | 3/76 | 1/124 | 1/124 | - | 1.50
4 88 141 88 | Flexural | 1/124 | 1/150 | 1/150 | 1/30 | 1/124 | 1/124 | - | 1.50
C3| 3 97 153 97 | Flexural | 1/124 | 1/150 | 1/150 | 1/31 | 1/124 [ 1/124 | - | 1.50
2 100 165 100 | Flexural | 1/250 | 1/250 | 1/250 | 11/503 | 1/250 | 1/250 | - | 1.00
1 57 177 57 | Flexural | 1/250 | 1/250 | 1/250 | 3/37 | 1/250 [ 1/250 | - | 1.00
5 42 120 42 | Flexural | 1/124 | 1/150 | 1/150 | 3/26 | 1/124 | 1/124 | - | 1.50
4 52 128 52 | Flexural | 1/124 | 1/150 | 1/150 | 7/76 | 1/124 | 1/124 | - | 1.50
C4| 3 59 137 59 | Flexural | 1/124 | 1/150 | 1/150 | 5/62 | 1/124 | 1/124 | - [ 1.50
2 65 145 65 | Flexural | 1/124 | 1/150 | 1/150 | 6/79 | 1/124 | 1/124 | - | 1.50
| 42 154 42 | Flexural | 1/188 | 1/188 | 1/188 | 5/37 | 1/188 | 1/188 | - | 1.13
5 42 119 42 | Flexural | 1124 | 1/150 | 1/150 | 217 | 1/124 | 1/124 | - | 1.50
4 51 127 51 Flexural | 1/124 | 1/150 | 1/150 | 5/53 | 1/124 | 1/124 | - | 1.50
5| 3 58 135 58 | Flexural | 1/124 | 1/150 | 1/150 | 8/97 | 1/124 | 1/124 | - [ 1.50
2 63 143 63 Flexural | 17124 | 1/150 | 1/150 | 1/13 | 1/124 | 1/124 | - | 1.50
1 42 151 42 | Flexural | 7/941 | 1/150 | 1/150 | 15/89 | 7/941 | 7/941 | - | 1.40
5 41 119 41 Flexural | 1/124 | 1/150 | 1/150 | 5/42 | 1/124 | 1/124 | - | 1.50
4 49 126 49 [ Flexural | 1/124 | 1/150 | 1/150 | 4/41 | 1/124 | 1/124 | - | 1.50
Co| 3 56 133 56 | Flexural | 1/124 | 1/150 | 1/150 | 4/47 | 1/124 [ 1/124 | - | 1.50
2 61 140 61 Flexural | 1/124 | 1/150 | 1/150 | 4/51 | 1/124 | 1/124 | - | 1.50
1 40 147 40 | Flexural | 1/124 | 1/150 | 1/150 | 12/71 | 1/124 | 1/124 | - | 1.50
5 39 117 39 | Flexural | 1/124 | 1/150 | 1/150 | 11/86 | 1/124 | 1/124 | - | 1.50
4 43 121 43 Flexural | 1/124 | 1/150 | 1/150 | 9/80 | 1/124 | 1/124 | - | 1.50
c7] 3 47 124 47 | Flexural | 1/124 | 1150 | 1/150 | 8/79 [ 1/124 | 1/124 | - | 1.50
2 51 128 51 Flexural | 1/124 | 1/150 | 1/150 | 4/43 | 1/124 | 1/124 | - | 1.50
1 34 132 34 | Flexural | 1/124 | 1/150 | 1/150 | 3/16 | 1/124 | 1/124 | - | 1.50

3.4.4.5 Calculation of the Effective Strength Factor

The effective strength factor indicates the ratio of the restoring force at the ultimate deflection angle of the
first group (R,) to the ultimate strength. The practical calculation method is as follows; the effective
strength factor is calculated using the ratio of R;to R,,, where Ry, is the deflection angle at yielding., The
effective strength factors for the column on the ground floor are calculated as follows. In this floor, failure
mode of all columns is flexural and minimum ductility index 1.
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The effective strength factor for flexural column, «,, =0.3 + O.7—R-‘—
my
At ductility index F=1.0, Ry = ——
250

1
a,, for column C, = 0.3+ 0.7 2—f0- =0.83

188
1

o 250 _
a,, forcolumnCS,C6,C7—0.3+0.7x 1 =0.72
150
At ductility index F=1.13, R, =——
188
_1.
a, =0.3+0.7x%= 0.72
150
At ductility index F=1.13, R;= ——
188
R
a,, for column Cs, Cy,C = 0.3+ 0.7 x 188 = 0.85
m 5:C6s g =02+ 0. Ix= = =0

150
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Summery of effective strength factor in X-direction is given below:

The Effective strength factors

= a Effective strength factor for various 1* Group

5|2 | Cuty | 0.0 | Tailure | p | g

Z 8 i L4 Mode 2, F=0.8 | FF1.0 | 1.0<F<1.27 1.27<F
Cl 78 131 Flexural | 1/150 | 1.50 - - - 1.00
C2 77 130 Flexural | 1/150 | 1.50 - - - 1.00
C3 76 129 Flexural | 1/150 | 1.50 - - - 1.00

5|1C4 42 120 Flexural | 1/150 | 1.50 - - - 1.00
C5 42 119 Flexural | 1/150 | 1.50 - - - 1.00
C6 41 119 Flexural | 1/150 | 1.50 - - - 1.00
C7 39 117 Flexural | 1/150 | 1.50 - - - 1.00
Cl 92 145 Flexural | 1/150 | 1.50 - - - 1.00
C2 90 143 Flexural | 1/150 | 1.50 - - - 1.00
C3 88 141 Flexural | 1/150 | 1.50 - - - 1.00

4 | C4 52 128 Flexural | 1/150 | 1.50 - - - 1.00
C5 51 127 Flexural | 1/150 | 1.50 - - - 1.00
C6 49 126 Flexural | 1/150 | 1.50 - - - 1.00
C7 43 121 Flexural | 1/150 | 1.50 - - - 1.00
C1 100 160 Flexural | 1/172 | 1.18 - - 1.00 -
C2 99 157 Flexural | 1/150 | 1.50 - - 0.91 1.00
C3 97 153 Flexural | 1/150 | 1.50 - - 0.91 1.00

3 |1C4 59 137 Flexural | 1/150 | 1.50 - - 0.91 1.00
C5 58 135 Flexural | 1/150 | 1.50 - - 0.91 1.00
C6 56 133 Flexural | 1/150 | 1.50 - - 0.91 1.00
C7 47 124 Flexural | 1/150 | 1.50 - - 0.91 1.00
Cl 93 175 Flexural | 1/250 | 1.00 - 1.00 - -
C2 97 170 Flexural | 1/250 | 1.00 - 1.00 - -
C3 100 165 Flexural | 1/250 | 1.00 - 1.00 - -

2 | C4 65 145 Flexural | 1/150 | 1.50 - 0.72 - 1.00
C5 63 143 Flexural | 1/150 | 1.50 - 0.72 - 1.00
C6 61 140 Flexural | 1/150 | 1.50 - 0.72 - 1.00
C7 51 128 Flexural | 1/150 | 1.50 - 0.72 - 1.00
Cl 51 190 Flexural | 1/250 | 1.00 - 1.00 - -
C2 54 184 Flexural | 1/250 | 1.00 - 1.00 - -
C3 57 177 Flexural | 1/250 | 1.00 - 1.00 - -

1 | C4 42 154 Flexural | 1/188 | 1.13 - 0.83 1.00 -
C5 42 151 Flexural | 1/150 | 1.40 - 0.72 0.86 1.00
C6 40 147 Flexural | 1/150 | 1.50 - 0.72 0.86 1.00
C7 34 132 Flexural | 1/150 | 1.50 - 0.72 0.86 1.00

3.4.4.6 The Strength Index

0. = The strength of column

2W = The weight of building supported by the storey concerned
The calculation procedure of strength index for C, column at ground floor are shown here.

0. =51kN

W =20074kN

No of C; column = 4
C= 51x4

20074

= (.01 for column C,
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C,F Indices and Effective strength factors

o | 8 Effective strength factor for various 1* Group
[ : No of
$ § Column |Z Wi 0N | Q.(kN) | C | F pgg| py0| 1.0<F<127 | 127<F
Cl 4 78 0.12 | 1.50 - - 1.00
C2 2 77 0.06 | 1.50 - - 1.00
C3 2 76 0.06 | 1.50 - - 1.00
5 |C4 8 2555 42 0.13 | 1.50 - - 1.00
C5 4 42 0.07 | 1.50 - - 1.00
C6 6 41 0.10 | 1.50 - - 1.00
C7 4 39. 0.06 | 1.50 - - 1.00
C1 4 92 0.05 | 1.50 - - 1.00
C2 2 90 0.03 | 1.50 - - 1.00
C3 2 88 0.03 | 1.50 - - 1.00
4 | C4 8 6935 52 0.06 | 1.50 - - 1.00
C5 4 51 0.03 | 1.50 - - 1.00
C6 6 49 0.04 | 1.50 - - 1.00
C7 4 43 0.02 | 1.50 - - 1.00
Cl 4 100 0.04 | 1.18 - 1.00 -
C2 2 99 0.02 | 1.50 - 0.91 1.00
C3 2 97 0.02 | 1.50 - 0.91 1.00
3 | C4 8 11315 59 0.04 | 1.50 - 0.91 1.00
C5 4 58 0.02 | 1.50 - 0.91 1.00
C6 6 56 0.03 | 1.50 - 0.91 1.00
C7 4 47 0.02 | 1.50 - 0.91 1.00
Cl1 4 93 0.02 | 1.00 1.00 - -
C2 2 97 0.01 | 1.00 1.00 - -
C3 2 100 0.01 | 1.00 1.00 - -
2 | C4 8 15694 65 0.03 | 1.50 0.72 - 1.00
C5 4 63 0.02 | 1.50 0.72 - 1.00
C6 6 61 0.02 | 1.50 0.72 - 1.00
C7 4 51 0.01 | 1.50 0.72 - 1.00
Cl 4 51 0.01 | 1.00 1.00 - -
C2 2 54 0.01 | 1.00 1.00 - -
C3 2 57 0.01 | 1.00 1.00 - -
1 | C4 8 20074 42 0.02 | 1.13 0.83 1.00 -
C5 4 42 0.01 | 1.40 0.72 0.86 1.00
C6 6 40 0.01 | 1.50 0.72 0.86 1.00
C7 4 34 0.01 | 1.50 0.72 0.86 1.00
Basic Seismic Index in X-direction is given below:
; . Ductility Dominant
E:" (n e 1) Strength DominantEy= (C, + Zd;. C) F; E, = *v"r(cz = F,_]I +(C, % FZ)Z T (G, % ngz =
& (" Sl ) 1st group 2nd group 3rd group E 1st group 2nd group 3rd group E
FlG [ & ]Gl déa ]| G U T G e CR e T =
0.60 | 1.50 | 0.60 0.54 | 0.60 | 1.50 0.54 | 0.54
0.67 | 1.50 | 0.26 0.26 | 0.26 | 1.50 0.26 | 0.26
1.18 1 0.04 { 091 | 0.14 0.15
3 0.75 5 (012 016 0041 1.18 | 0.14 | 1.5 0.16 | 0.16
1.0 [ 0.05] 0.72 | 0.09 0.09
2 0.86 5 1009 o1l 005] 1.0 | 0.09 | L5 0.12 ] 0.12
10 002 0831002]072]003]005]002] 1.0 [002]1.13]003] 14 f0.05] 0.05
1 1.00 | 1.13] 0.02 | 0.86 | 0.03 0.05
T2 1003 0.04 004 ] 1.0 |oO1 | 1.4 |002] 1.5 |005] 0.05

70




Chapter 3. Seismic Index of Structure .

The Assessment Direction: Y

Seismic assessment in Y-direction has been given below following similar steps shown in X-direction.
The summery of strength of column in Y-direction

The Strength of Members
COL.ID | Storey | h,/D | 0, (kN) 0..(kN) | O (kN) Failure Type
5 3.28 302 187 187 Shear
4 3.28 343 202 202 Shear
Cl 3 3.28 367 217 217 Shear
2 3.28 343 231 231 Shear
1 5.33 188 212 188 Flexural
5 3.28 299 186 186 Shear
4 3.28 338 200 200 Shear
C2 3 3.28 363 213 213 Shear
2 3.28 354 227 227 Shear
1 5.33 197 206 197 Flexural
5 3.28 296 185 185 Shear
4 3.28 332 197 197 Shear
c3 3 3.28 358 209 209 Shear
2 3.28 368 222 222 Shear
1 5.33 207 199 199 Shear
5 3.28 148 169 148 Flexural
4 3.28 177 177 177 Flexural
C4 3 3.28 199 186 186 Shear
2 3.28 216 194 194 Shear
1 5.33 140 174 140 Flexural
5 3.28 147 168 147 Flexural
4 3.28 173 176 173 Flexural
C5 3 3.28 195 184 184 Shear
2 3.28 212 192 192 Shear
1 5.33 97 142 97 Flexural
5 3.28 172 176 172 Flexural
4 3.28 191 183 183 Shear
C6 3 3.28 207 190 190 Shear
2 3.28 220 197 197 Shear
1 5.33 96 142 96 Flexural
5 3.28 141 170 141 Flexural
4 3.28 153 173 153 Flexural
c7 3 3.28 163 177 163 Flexural
2 3.28 173 181 173 Flexural
1 5.33 75 136 75 Flexural
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Summary of ductility indices in Y-direction is given below

The Ductility Indices
8 T 2 .
2| £ [0 0990/ 0|0 0| Tl | R | Ry | By | Ry | R | R | B | F
&)
5 302 187 187 | Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
4 343 202 202 | Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
Cl| 3 367 217 217 Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
2 343 231 231 Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
1 188 212 188 | Flexural | 1/250 | 1/250 | 1/250 0 1/250 | 1/250 - 1.00
5 299 186 186 Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
4 338 200 200 Shear | 1/250 | 1/250 | 1/250 - - - 17250 | 1.00
C2|3 363 213 213 Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
2 354 227 227 Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
1 197 206 197 | Flexural | 1/250 | 1/250 | 1/250 0 1/250 | 1/250 - 1.00
5 1 206 | 185 | 185 | Shear | 1250 | 11250 | 17250 | - - | 11250 | 1.00
4 [ 332 | 197 | 197 | Shear | 17250 | 1250 | 17250 | - - ~ [ 17250 | 1.00
C3 3 | 358 | 209 | 200 | Shear | 1/250 | 1/250 | 1250 | - - 17250 | 1.00
2 368 222 222 | Shear | 1/250 | 17250 | 1/250 - - - 1/250 | 1.00
1 207 199 199 Shear | 1/250 | 1/250 | 1/250 - - - 1/250 | 1.00
5 148 169 148 | Flexural | 1/124 | 1/150 | 1/150 0 1/124 | 1/124 - 1.50
4 177 177 177 | Flexural | 1/124 | 1/150 | 1/150 0 1/150 | 1/150 - 1.27
C4 |3 199 186 186 Shear | 1/124 | 1/150 | 1/150 - - - 1/167 | 1.20
2 216 194 194 Shear | 1/124 | 1/150 | 1/150 - - - 1/176 | 1.17
1 140 174 140 | Flexural | 1/188 | 1/188 | 1/188 0 1/188 | 1/188 - 1.13
5 147 168 147 | Flexural | 1/124 | 1/150 | 1/150 0 1/124 | 1/124 - 1.50
4 173 176 173 | Flexural | 1/124 | 1/150 | 1/150 0 1/150 | 1/150 - 1.27
Ccs5| 3 195 184 184 Shear | 1/124 | 1/150 | 1/150 - - - 1/163 | 1.22
2 212 192 192 Shear | 1/124 | 1/150 | 1/150 - - - 1/174 | 1.18
1 97 142 97 | Flexural | 1/124 | 1/150 | 4/369 | 2/83 | 4/305 | 4/305 - 2.08
5 172 176 172 | Flexural | 1/124 | 1/150 | 1/150 0 1/150 | 1/150 - 1.27
4 191 183 183 Shear | 1/124 | 1/150 | 1/150 - - - 1/161 | 1.22
Co | 3 207 190 190 Shear | 1/124 | 1/150 | 1/150 - - - 1/172 | 1.18
2 220 197 197 Shear | 1/124 | 1/150 | 1/150 - - - 1/177 | 1.17
1 96 142 96 | Flexural | 17124 | 1/150 | 1/150 | 2/79 | 1/124 | 1/124 - 1.50
5 141 170 141 | Flexural | 1/124 | 1/150 | 1/150 | 3/442 | 1/124 | 1/124 - 1.50
4 153 173 153 | Flexural | 1/124 | 1/150 | 1/150 | 2/871 | 1/124 | 1/124 - 1.50
C11| 3 163 177 163 | Flexural | 1/124 | 1/150 | 1/150 0 1/150 | 1/150 - 1.27
2 173 181 173 | Flexural | 1/124 | 1/150 | 1/150 0 1/150 | 1/150 - 1.27
1 75 136 75 | Flexural | 17124 | 1/150 | 1/150 | 25/524 | 1/124 | 1/124 - 1.50
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Summary of effective strength factor in Y-direction is given below

The Effective strength factors

E Effective Strength Factors for various 1* Group

>

& s Failure

2|3 |20l Mode' | B | F (p_ o5l poq0|10<F <127 | 127<F
&)

I [ CI 302 187 Shear 1/250 | 1.00 - 1.00 - -

C2 299 186 Shear 1/250 | 1.00 - 1.00 - -
C3 296 185 Shear | 1/250 | 1.00 - 1.00 - -

5 [ C4 148 169 | Flexural | 17150 | 1.50 - 0.72 - 1.00
C5 147 168 | Flexural | 1/150 | 1.50 - 0.72 - 1.00
Cé6 172 176 | Flexural | 1/150 | 1.27 - 0.72 - 1.00
C7 141 170 | Flexural | 1/150 | 1.50 - 0.72 - 1.00
Cl | 343 202 | Shear | 1/250 | .00 | - 1.00 = .
C2 338 200 Shear 1/250 | 1.00 - 1.00 - -
C3 332 197 Shear 1/250 | 1.00 - 1.00 - -

4 | C4 177 177 | Flexural | 17150 | 1.27 - 0.72 0.95 1.00
C5 173 176 | Flexural | 1/150 | 1.27 - 0.72 0.95 1.00
C6 191 183 Shear 1/150 | 1.22 - 0.75 1.00 -
C7 153r 173 Flﬁmral 1/150 | 1.50 - 0.72 0.95 1.00
C1 367 217 Shear | 1/250 | 1.00 - 1.00 = =
C2 363 213 Shear | 1/250 | 1.00 - 1.00 5 =
C3 358 209 Shear | 1/250 | 1.00 - 1.00 - -

3 [ C4 199 186 Shear 1/150 | 1.20 - 0.77 1.00 -
C5 195 184 Shear 1/150 | 1.22 - 0.76 1.00 -
C6 207 190 Shear 1/150 | 1.18 - 0.79 1.00 -
C7 163 177 | Flexural | 1/150 | 1.27 - 0.72 1.00 -
Cl 343 231 Shear 17250 | 1.00 - 1.00 -
C2 354 227 Shear 1/250 | 1.00 - 1.00 - -
C3 368 222 Shear 1/250 | 1.00 - 1.00 - =

2 | C4 216 194 Shear | 1/150 | 1.17 - 0.80 1.00 -
C5 212 192 Shear | 1/150 | 1.18 - 0.80 1.00 -
Cé6 220 197 Shear 1/150 | 1.17 - 0.81 1.00 -
(27 173 181 Flexural | 1/150 [ 1.27 - 0.72 1.00 -
Cl1 188 212 | Flexural | 1/250 | 1.00 - 1.00 - -
C2 197 206 | Flexural | 1250 | 1.00 - 1.00 - -
C3 207 199 Shear 1/250 | 1.00 - 1.00 - -

1 | C4 140 174 | Flexural | 1/188 | 1.13 - 0.83 1.00 -
C5 97 142 | Flexural | 1/92 | 2.08 - 0.56 0.64 1.00
C6 96 142 | Flexural | 1/150 | 1.50 - 0.72 0.86 1.00
C7 75 136 | Flexural | 1/150 | 1.50 - 0.72 0.86 1.00
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[ C,F Indices and Effective strength factors
[ =8 1st Group
£ | 4 | Noof Iy un)0.kN)| € | F
2 8 Column ! % F=0.8 | F=1.0 | 1.0<F<1.27 |1.27<F
Cl1 4 302 | 047 1.00 1.00 - -
C2 2 296 | 0.23 | 1.00 1.00 - -
C3 2 148 | 0.12 | 1.00 1.00 - -
5 | C4 8 2555 147 | 0.46 | 1.50 0.72 - 1.00
C5 4 172 1027 | 1.50 0.72 - 1.00
C6 6 141 | 0.33 | 1.27 0.72 - 1.00
C7 4 343 10.54{1.50 0.72 - 1.00
Cl 4 338 | 0.20 | 1.00 1.00 - -
C2 2 332 | 0.10 | 1.00 1.00 - -
C3 2 177 | 0.05| 1.00 1.00 - -
4 | C4 8 6935 173 | 0.20 | 1.27 0.72 0.95 1.00
C5 4 191 | 0.11 ) 1.27 0.72 0.95 1.00
C6 6 153 | 0.13 ]| 1.22 0.75 1.00 -
C7 4 367 | 0.21 ] 1.50 0.72 0.95 1.00
Cl 4 363 | 0.13 ] 1.00 1.00 - -
C2 2 358 | 0.06 | 1.00 1.00 - -
C3 2 199 | 0.04 | 1.00 1.00 - -
3 | C4 8 11315 195 | 0.14| 1.20 0.77 1.00 -
C5 4 207 | 0.07 | 1.22 0.76 1.00 -
C6 6 163 | 0.09| 1.18 0.79 1.00 -
C7 4 343 | 0.12 ]| 1.27 0.72 1.00 -
Cl 4 354 | 0.09 | 1.00 1.00 - -
C2 2 368 | 0.05 | 1.00 1.00 - -
C3 2 216 | 0.03 | 1.00 1.00 - -
2 | C4 8 15694 212 | 0.11) 1.17 0.80 1.00 -
C5 4 220 | 0.06 | 1.18 0.80 1.00 -
C6 6 173 1 0.07 | 1.17 0.81 1.00 -
C7 4 188 | 0.05| 1.27 0.72 1.00 -
Cl 4 197 | 0.04 | 1.00 1.00 - -
C2 2 207 1 0.02 | 1.00 1.00 - -
C3 2 140 | 0.01 | 1.00 1.00 - -
I | C4 8 20074 97 0.04 | 1.13 0.83 1.00 -
C5 4 96 0.02 | 2.08 0.56 0.64 1.00
C6 6 75 0.02 | 1.50 0.72 0.86 1.00
C7 4 0 0.00 | 1.50 0.72 0.86 1.00
Basic seismic index of each floor is given below
. L Ductility Dominant
g (" P 1) Strength DominantE~ (C, + 2d;. C) F; T, = rfﬁ; % F;}z Yy {cn = 33)3 = {ta 7 ?:)3 n
% (" il ) 1st group 2nd group 3rd group E 1st group 2nd group 3rd group E
F, G a G a3 G % G F, Cz_T F, G F3 2
1.00 |0.82 | 0.72 1.60 1.18 | 0.82 1.00 ] 0.33 1.27 1.27 1.50 | 1.27
> 060 1.27 1.60 1.22 1.60 1.27 1.22 1.27
1.00 1034 072 | 0.65 0.54 | 0.34 1.00 ] 0.44 1.22 10.21 1.50 | 0.47
4 0.67 1122 [0.13 | 095 | 0.52 0.51 0.57
1.27 ] 0.52 044 | 047 1.00 | 0.31 1.27 | 0.21 1.50 | 0.57
1.00 §0.23 072 ] 0.12 j0.76 | 0.30 | 0.41 0.23 1.00 ] 0.30 1.18 10.12 1.27 | 0.33
3197 Mg [oa2 0.37 0.37
1.0 0.16 | 0.80 |[023 |072 |0.05 |033 |0.16 1.0 0.23 1.17 1 0.05 1.27 | 0.28
? 086 1.17 10.28 0.28 | 0.28 1.17 0.28 0.33
1.0 007 1072 1006 |0.56 ]0.02 |0.13 | 0.07 1.0 0.04 | 1.13 | 0.04 1.5 10.08
l 1.00 | 1.13 1004 | 064 | 002 |0.86 |0.02 |0.07 |0.04 1.13 1 0.02 1.5 0.02 | 2.08 | 0.07 0.13
1.5 0.04 0.06 | 0.04 1.5 0.06
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3.5 IRREGULARITY INDEX §;

3.5.1 General

The irregularity index Sp is to modify the basic index of structure E, by quantifying the effects of the shape
complexity and the stiffness unbalance distribution, and the like on the seismic performance of a structure
with engineering judgment.

Methods of calculating the irregularity index for the first or the second level screening procedures should
be selected respectively, considering the simplification and accuracy of calculation and the effect of index.
In addition, it is recommended that the irregularity index should be calculated by the method specified in
the Appendix 3 (not translated) of original Japanese Standard, in case the possibility of the storey failure
needs carefully be examined in the medium- and high-rise buildings.

3.5.2 Items to be Considered

Item to be considered are listed below:
(a) Items related to floor plan (to the structural integrity of floor plan) regularity, aspect ratio, narrow part,
expansion joint, well-style hall (size and location)

(b) Items related to sectional plan (to the structural integrity of sectional plan) existence of basement,
uniformity of storey height, existence of pilotis.

(c) Items related to floor plan-distance between centroid of gravity and center of lateral stiffness.
(d) Items related to sectional plan-ratio of stiffness of lower storey to upper storey.

3.5.3 Recommendation for Application

Eccentricity and stiffness in second level screening procedure are done by the simplified method since the
evaluation has a precondition of allowing manual /hand calculation. This fact limits the evaluation capacity, such as

not being able to fully address when evaluating a complex type of building. But it may use BNBC 2015 as an
alternative method instead of these cases.

This standard targets the buildings which have relatively simple structures. Therefore, the evaluation of the
stiffness is done by using only the section area of columns. It may cause inaccurate evaluation of the
stiffness of a building with an atrium. Another issue is the evaluation of building with complex plan,
because the irregularity of plan determines the rotational stiffness.

>2h

L B
|

Portion of double height column Irregular plan

- .

Figure 3.5.1 Examples of Irregularity in Buildings

In such a case, it is recommended to study BNBC 20152.5.7.3.1 Plan Irregularity i) torsion irregularity or
2.7.7.3.2 Vertical Irregularity, and conduct the evaluation as suggested below.
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Table 3.5.1 Case of Using Torsion Irregularity in BNBC 2015

I
£ o =
< . |—E
v i RS
A max
A, =B Ay G
2 Aavg
=t
Seismic
force
Eccentricity fl 2 1.0
(Plan Irregularity) = U
& =14 0.8
Remarks
Ifi.2< AAmax < 1.4 then G, should be calculated by interpolation.
avg
Set G,=1.0 when using the result of the calculation.
Table 3.5.2 Case of Using Stiffness Irregularity in BNBC 2015
kn
Kn-l
7 K-z ki<07k,, k. 3.k
[ R-g o 0.8( ki+l + ki+2 + ki+3] : X : G"
K, ¢ ki - 3 ki+l ki+| + ki+2 + ki+3
Ki
RIS
>0.7 10
(>0.8) ’
Stiffness Irregularity =0.7 0.9
(=0.8) '
=0.6
(=0.7) 0.8
Remarks
k. 3.k . .
If0.6(0.7) <——x ! < 0.7(0.8) then G, should be calculated by interpolation.
i+l ki+l + ki+2 + ki+3
Set G;=1.0 and G;=1.0 when using the result of the calculation.

3.5.4 Calculation Procedure

The irregularity index shall be calculated as the geometric product of degree of incidence g; calculated as in
equations (28) and (29), which are derived from the grade index G; and the range adjustment factor R;for

the screening level. The factors R;; or R should be used for the first or the second level screening
respectively.

(1) Calculation method for index

Second level screening
Sp2 =q2a Xq2p%.... Xq2p (29) of J. Standard
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3.5.5 Example of Calculation of Stiffness/Mass Ratio of above and below Stories, Eccentricity and S;, Index

Here are calculation examples of stiffness/mass ratio and eccentricity based on J-Standard.

(1)The center of gravity

A-1 is set as an origin of coordinates. Below shows the distances from the origin and the axial forces of the
columns.

38.13
34.31 N
# 30.50 N |
25.93 R
21.35 J “
16.78 X i
12.20 N ‘
7.63 7l
;3.81
Lx(m) 0.0 3.81 7.63 12.20 1678 2135 2593 3050 3431 3813
2337 4673 4673 467.3 467.3 467.3 467.3 .Mé)ﬂé 2337 N(kN)
. ;© 40----;‘/ / 'l'/ n/ c./ :/ '/__._.-‘/ c/o
i : 1P | 112T !1&2&1 934.6 | 467.3
& © l ‘l / Ve /7 =
o 2 = ! : -
A o @ / / / / /
° . S —— o B
E -
o
IN= 18271.2 kN
Multiply axial force and distance in X and Y direction
BN- X
sum grid 1 sum grid 2 sum grid 3 sum grid 4 sumgrid 5
0 7122 15332 26225 36070
O O @ @ i) @ i @
1"233.7%0 467 3X3.81 467 3X7.63 467 3X12.2 467 3X16.78 |
| 467.3X0 ! 934.6X3.81 | 1028.1X7.63 | 1121.5X12.2 | 1121.5X16.78 I
.@233.7X0 @467.3X3.81 @514X7.63 ESGO .8X12.2 @560.8X16.78 m
@ | | | ] [ |
sumgrid 6 sumgrid 7 sumgrid 8 sumgrid 9 sum grid 10  Sum X direction
45894 55739 62711 64132 35640 2N Lx= 348865

© ¢ O ¢ ® 0

-EE]467.3x21.35 I 467.3x25.93 ! 514%30.5
| 1121.5X21.35 | 1121.5X25.93 | 1028.1X30.5 | 934.6X34.31 | 467.3X38.13

®- - U U . £ e =,

560.8X21.35 ; 560.8X25.93 : 514X30.5 -E:]467.3X34.31 EB?’ .7X38.13

®- Q ......... I i s
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BWN-Ly

© © © ® @ ©

| 233.7%9.91 ! 467.3x9.91 ! 467.3X9.91  467.3X9.91 ; 467.3X9.91 |

O —— e e i N Mot Jé] _______ .

| 467.3X4.96 | 934.6X4.96 | 1028.1X4.96 ! 1121.5X4.96 ! 1121.5X4.96 |

_..E]_ ......... .E]_._. ______ {H_._. ______ E]_'_'_'_'”"E}_'_'_'_'_'E]_'_

j 233.7X0 $467.3X0 | 514X0 i 560.8X0 | 560.8X0 Q

Q) @ ) ©

1467.3X9.91 | 467.3X9.91 !514x9.91 | 467.3x9.91 | 233.7x9.91 > 42142 sumgridC

©O-fJ----— 1 IS | IV Ja]_._._._.__E]__ ____________

| 1121.5X4.96 1 1121.5X4.96 | 1028.1X4.96 |1934.6X4.96 | 467.3X4.96 ) 46356 sum grid B

_.g_ ......... g_ ......... g___._._._.g]___._._._.g] _______________

i 560.8X0 J‘:Ji]SGO.SXO JEJ‘E]SMXO ¢467.3X0 j 233.7X0 D 0 sum grid A

@_.EJ_ ......... J-mmm e

Sum Y direction IN-Ly= 88498

Distance to the center of gravity from the origin of each direction is obtained by dividing the total value of
all directions with the total weight, which the floor is holding.
GX= INxLx/IN= 348865 / 18271.2
GY= INxLy/IN= 88498 / 18271.2

19.09 m
4.844 m

o6 6 6 6 6 O 6 6 ©

4

O = g i III ﬁ"—‘""“ o
I mfan .
€ _—é LN L ":‘ Center of gravity =t
..... . =mic o = R -“_ N N
3 © JATI !
) s I fimimis i
MR i N
a0 O k=g 0 0 _ 0 — darens
© - | j S (O M
Q?omm_rmmm :
GX= 19.09 m

(2) The center of stiffness
This calculation method is a simple one that takes the sectional area and the stiffness of column into
consideration. Below shows the distances from the origin and the stiffness of the columns.
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38.13 .
B 34.31 i
b 30.50
P 25.93
21.35 N
= 16.78 :
16.78 21.35 25.93 30.50 3431 3813
Ot Cuars Cusrs Qs Qs P outean
/ X/ ./ L i/
I T
187~ | 1885 | 1875~ [QiEzs—ill1s7s | 1875
P / Tl N
w5 s s jers glans e
/ / / 2 2 %
— = —
= S~ _
iDx= 56250

Dy i
2 ®ﬂ| @E @ El @ Y @ 0 @ p| @ ) 2 ®p| EI
0 Q| o0 [ o0
o a .-1\- I_:“—.\“‘ 0.3.\ -A\EI 3\ ‘-4\‘ \-1\- 2\4‘3: + 2\1 ) [a]
@ e
Fu R N e o s 8 2 _:Zu*— )
2 é\ﬁ\ A *_L@Rjr\.""’\r-\ NNIENC S N
- ; I i
o . 5
! ] —~
t e o oy

iDy= 56250
Multiply stiffness (section area of column) and distance in X and Y direction respectively and then sum
them in each X and Y direction separately. Note that when calculating the center of stiffness that affects in
X direction, it is to multiply the stiffness in X direction and the distance in Y direction. Vice versa for Y
direction.
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Effect of Y direction
HDy-Lx
sum grid 1 sum grid 2 sum grid 3 sumgrid4  sumgrid 5
0 21431 42919 68625 94388
OO0 @8 @8 ®F O F
I"1875%0 %875X3 .81 E|1875X7 .63 E|1875X 12.2 ﬂ1875X16 78 |
I 1875X0 | 1875X3.81 | 1875X7.63 | 1875X12.2 | 1875X16.78 |
$1875X0 j 1875X3.81 | 1875X7.63 | 1875X12.2 | 1875X16.78
sum grid6  sumgrid 7 sum grid 8 sumgrid9 sum grid 10
120094 145856 171563 192994 214481 » 2Dy x= 1072350
® 0 O ©®0 ©fF O
| 1875x21.35 ! 1875x25.93 ! 1875X30.5 Ei1875x34 31 E{ 1875X38 13
| 1875X21.35 I 1875X25.93 ! 1875X30.5 | 1875X34.31 ! 1875%38.13
E1875X21 .35 $1875X25 93 $€1875X30 5 |1875X34.31 | 1875X38.13
Effect of X direction
HMDx-Lly
! 1875x9.91 ! 1875x9.91 ! 1875X9.91 EI 1875X9.91 §S7SXQ.91 _E%]
| 1875X4.96 | 1875X4.96 | 1875X4.96 ! 1875X4.96 ! 1875X4.96 |
@1875X0 -E]ISBXO E1875X0 | 1875X0 | 1875X0 El
@ | | [ 1
JEi]1875x9.91 l'1875x9.91 ! 1875x9.91 Jaf]1375x9 .91 é]1875x9.91 C> 185813 sumgridC
| 1875X4.96 | 1875X4.96 | 1875X4.96 | 1875X4.96 |1875X4.96 L 93000 sum grid B
ElSBXO El@SXO Q1875X0 @1875X0 EIS7SX0 E> 0 sumgrid A
@ I | - [ [ '
2Dx-Ly= 278813
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Distance from the origin of each direction to the center of rigidity of a building is obtained by dividing the
total value of one direction with the total rigidity of that direction.
SX=  IDyxlx/iDy= 1072350 / 56250
SY= IDxxLy/iDx= 278813 / 56250

19.06 m
4.957 m

OO 66 6 6 6 0 6 6 ®

rm— | MO || 3 ¥ st cxetcenss . 1] | D N |

I Le=n
" Centerofstiffness %}Eﬁ —

[

~e

4957 m

Sy=
®
|

SX= 19.06 m

(3) Eccentricity

Eccentric distance in a direction is obtained from the gravity center and the rigidity center of each direction.
Eccentricity is evaluated by the ratio of eccentric distance and spring radius that is obtained by the
simplified calculation using the shape of the building. Calculation example is as shown below. This method
of obtaining the spring radius is useful only for buildings in regular shape.

O 6 6 6 6 & 0 6 6 ®

£ J
a‘ : TV EOON —
C\. E '_’E:’IZI,. ' -
™~ <t ]
n 8 % 3 zi I~
< | A~ B
R : "I.l...__.:.. — e
il I 4o )
5 G = : =
SX= 19.06 m i
GX= 19.09 m g
B= 3813 m
2: eccentricity
S: Center of stiffness
G: Center of gravity
E: Distance between the center of gravity and the center of rigidity
B: longitudinal direction length
L: transverse direction length
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2 =E/BZ + 12
B= 3813 m
L= 991 m
G: the center of gravity
GX= 19.08Sm
GY= 4844 m
S : the center of stiffness
SX= 19.06 m
SY= 4957 m
X-direction
Ex= [GY-SY|=  |4.844 -  4957| =0.113 m
1=0.113/Vv38132 +9.91% - 0.0029 <10
!
Y-direction
Ey= |GX-SX|=  |19.09 -  19.06| =0.030 m
1=0.030/v38132+ 9912 - 0.0008 <10
!

(4) (Stiffness/mass) Ratio of above and below stories

Stiffness balance of upper and lower floors of the building can be evaluated by comparing the
stiffness/mass-ratio of upper and lower floors.

Calculation example is as shown below.
(Stiffness/mass)Ratio of above and below stories

) B
IWi(kN) N (N-1)/N
4th Floor S 23254 1 2.000
3rd Floor 4 63119 2 0.500
2nd Floor 3 10298.3] 3 0.667
1st Floor 2 14284.8 4 0.750
Ground Floor 1 18271.2 0.800

5
N: The number of fioors sustained by the story concerned.

n=(the ratio of the stiffness to the weight of the story above) / (the ratio of the stiffness to the
weight of the story concerned) x B

B:(N-1)/N

(Stiffness/mass)Ratio =(Stiffness of the story)/{the weght of the story above)

Stiffness of the story =(the sum of column area +the sum of wall area x a)/the story height

Stiffness of the ground floor=6250/4. = 14062.5
Stiffness of the first floor=6250/2. = 20833.3
(Stiffness/mass)Ratio of ground fiocor 14062.5 / 18271.2 = 0.770
(Stiffness/mass)Ratio of first floor 20833.3 / 14284.8 = 1.458
n= 1.458 / 0.770 X 0.800= 1.516 1.2<n =17

!

(Both direction is same)
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[The eccentricity of another method]

Example of the evaluation method of the eccentricity ratio of the building in complex shape.
First, obtain the torsional stiffness in Y and X directions.

Calculation example of torsional stiffness is as shown below.

(1)Torsional stiffness

K= Ix+ly

Ky: Torsional stiffness

Ix: £Dx* Ly’

ly: EDy* Lx* column size=B(cm)XD{cm)= 25 X 75 = 1875 ¢m?
38.13 .

Lx(m) 19.06 . 19.06
<
e 15.25 i 15.25 S|
11.44 D 11.44 ‘

75 Dx{cm?)

N

=
~
i

L\|

~E

GX= 19.06 m

ZDx= 56250

Dy
CDm g On Oy ©
N - -

1 :
gl ‘-—‘---

“j
=
I
[a}

9.91
4,95
1875
rsz
/s
% §
1R75
A B
18
Yai
1875
/
N187%
ry @
1876
187
/
875
ya

g A
@A T | ‘ s
(=)} o
@ == "N TN TN T S
_ R . i —t L
E <,_nanmnnonnnm (0]
S
—
2Dy= 56250
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WDx- Ly’
sumgrid 1 sum grid 2 sum grid 3 sumgrid4  sumgrid5
92144 92144 92144 92144 92144
® 0 00t @0 @0 ©°
I'1875%4.957%2 | 1875%4.95772 | 1875x4.95772 | 1875X4.95772 ﬁ1875x4.957ﬂz !

@ﬂ_ ......... .E]_ ......... _E}_ ......... E| _________ I -

| 1875%0%2 I 1875x0n2 ! 1875%012 I 1875x0%2 ! 1g75%0n2 |

OB ---—fF-—v ﬁ]‘ ......... ﬂ _______ _ E]_ _________ f--

| 1875X4.95742 | 1875X4.95742 | 1875X4.9572 | 1875X4.9572 | 1875%4.957%2 |

sum grid 6 sum grid 7 sum grid 8 sumgrid9  sumgrid 10
92144 92144 92144 92144 92144 Ix=3Dx* Ly2= 921444

® ¢ O ® ¢ Oa

| 1875%4.95742 ! 1875%4.95742 | 1875)(4 95772 1875X4.957~2 1875X4 95772

oS- A A, DO A

D on Dosassre Bersrsns Domssss T !

! 1875x19.062 ! 1875X15.2562 | 1875X11.44%2 : 1875X6.8642 : 1875X2.292
i 1875x19.062 | 1875x15.25%2 ! 1875x11.44%2 ! 1875%6.862 ! 1875x2.2002 |

| 1875X19.062 | 1875X15.2502 | 1875x11.44°2 | 1875X6.86%2 ! 1875x2.29°2 |

®_.Ja]_ _________ E}"""""E] _____ ._._.E]_ _________ .E] _____ .____.E]_._

Q) @ ® ©

1g7sx2.29%2 | 1875%6.86%2 ! 1875x11.4402 | 1875x152502 !

| 1875X19.06°2 ) 2921338  sumgrid C

| 1875x2.29%2 | 1875X6.86%2 | 1875X1144A2 | 1875X15.2502 | 1875X19.06°2 Ty 2921338  sum grid B

| N — ) I I I

lesxz 2962 | 1875X6.86%2 | 1875X11.44°2 | 1875X15.25A2 | 1875X19.06"2 T 2921338  sumgrid A

RS || I E]— _________ g_ ......... E]___ ___________ &

ly=5Dy" Lx’*= 8764013

K= Ix+ly= 921444  + 8764013 9685458

n
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(2) Spring radius
Obtain the spring radius to be used for evaluating the earthquake-load of X and Y directions from the
torsional stiffness.

Fex = v/ Kr/EDx Tey = /Kr/ZDy Dx= 56250
Dy= 56250
rex: Spring radious for X direction
rey: Spring radious for Y direction
Tex = +/9685458/56250 = 13.122 m

Ie, = /9685458 /56250 13.122 m

(3) Eccentricity

Eccentricity is evaluated by the ratio of eccentric distance and spring radius that obtained. Calculation
example is as shown below.

Rex=  €X/re= 0.113 / 13.122

0.0086 £0.15

Rey= ey/fe,= 0030 / 13.122

0.0023 <£0.15

Rex: Eceentricity ratio for Xdirection
Rey - Eceentricity ratio for Ydirection
Eccentricity i Gi=1.0 forRe<0.15
Gi=0.8 for Re20.30
Giis set by interporation for 0.15<Re<0.3
(5) Irregularity index Sp
Irregularity index that is obtained using result of eccentricity (item 1) and stiffness (item n) is shown in the
table 3.5.3.
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Calculation

422=[1-(1-G,) X Rpa)=
f1-{1-1.0} X 0.50] =1.0
Gz2p= [1-(1-Gy) X Ryp)=

Nearly regulara2 Irregulara3

5<bs8 8<b 1.000 0.25
[1-{1-1.0) X 0.25] =1.0
055c<08 c<05 1.000 0.25 2c= [1+(1-Gc) X Rycl=
[1-(1-1.0} X 0.25} =1.0
1/200Sd<1/100 d<1/200 1.000 025 Qua= [1-(1-Gy) X Rag=
[1-(1-1.0) X 0.25] =1.0
0.1<0503 03<e 1.000 025 Q2= [1-(2-Ge) X Roel=
[1-(1-1.0} X 0.25] =1.0
1504 801<f2S 04<fior TS oo 9= [1-(1-Gy) X Ryi)=
o o2<h2 {1-(1-1,0)X0.0] =1.0
1.000

055h<10 0,800 1.00 An= [1.2-(1.0-Gr) X Ropl=

[1.2-(1-0.8} X1.0] =1.0
9= [1-(1-Gj} X Ryl=
[1-(2-1.0} X 0.0] =1.0
ay= [1-(1-Gy) X Ryj]=
[1-{1-1.0) X 1.01=1.0

1.000
—] — Multiply all items
Second level irregurity index SD,’ (A to K) C 1.000 ) d
e —

0.75i<08 i<07 1.000 0.25

Soft story Eccentric soft story 1.000 1.00

1501 0145015 0.154l 1,000 1.00 s [1-(1-G) X Ry)=
[1-(1-1.0) X 1.0} =1.0

1501 0145015 0154 1.000 1.00 Qy= [1-{1-G) X Ry=
[1-{1-1.0) X 1.0] =1.0

1s01 0145015 0.154 1.000 1.00 Q= [1-{1-G) X Ryl=
[1-(1-1.0) X 1.0) =1.0

1501 0145015 0154l 1.000 1.00 % [1-(1-G) X Ry)=
1-(1-1.0) X 1.0) =1.0

1501 01450.15 0154 1.000 .00 8 [1-{1-G) X Ryl=

[1-(1-1.0)X 1.0 1.0 T

Q0= [1-(3-G,) X Rypl=
[1-(1-1.0} X 1.0) =1.0
620= [1-{1-Gp) X Ryq)=
{1-(1-1.0) X 1.0] =1.0
G20= [1-(1-Gy) X Ryp}=

1.2<n=1.7 1.7¢<n 1.000 1.00

120517 17<n 1.000 1.00

ns1.2 12<n=17 1.7¢<n 1.000 1.00
[1-{1-1.0)X1.0] =1.0
ns12 1.2<ns517 1.7<n 1,000 1.00 (:IIF {3-(2-Gp) X Reol=
nS12 N 120517 A 17<n 0.900 1.00 Gan= [IHA1-Go) X Ranl= L

[ W- = = b
SD2' X gy XA2n=
1.0X1.0X1.0=1.0
SD2' X qy Xqzq=
1.0X1.0X1.0=1.0
SD2’ X gy XGz0=
1.0X1.0 X 1.0=1.0
SD2’ X gy Xqzn=
1.0X1.0X1.0=1.0
SD2’ X gy X0z0=
1.0X 1.0 X0.9=0.9

[Example] Calculation of Sp; at Ground floor is shown below
Sp2=q2a X q26 X G2c X G2a% G2¢* Qo5 X G2i X 3
~[1-(1-Go) % Ry * [I-(1-Gy) * Ry] * [1-(1-Gc) % Ry % [1-(1-Gy) * Rag] * [1-(1-Ge) * Rze] *

[1-(1-Gy) x Ryf x [1-(1-Gy x Ry] % [1-(I-Gy) % Ryl

_[1-(1-1.0) x 0.50] % [1-(1-1.0) x 0.25] % [1-(1-1.0) % 0.25] % [1-(1-1.0) x 0.25] % [1-(1-1.0) % 0.25] %
[1-(1-1.0) % 0.00] x [1-(1-1.0) x 1.0] x [1-(1-0.9) x 1.0] =[0.90)

Note: The I value has been calculated with incorporating above Irregularity Index Sp of every floor in
section 4.3.1.
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Criteria of item a to item & in J. Standard are show below.

Remarks

a;: Structural balance is good, and the area of a projection part is not more than 10% of the floor area.

a,: Structural balance is worse than a,, or the area of a projection part is not more than 30% of the floor area
with L, T or U shaped plan.

a3: Structural balance is worse than a,, or the area of a projection part is larger than 30% of the floor area
with L, T or U shaped plan.

If the aspect ratio (l/b) of the projection part is less than 1/2, it may not be accounted in this item. The
projection part should be defined as the smaller part, while the larger rest as the main part.

b L b b

[R——
u_ | hI - hohyhy h.ﬂ % h| -

e O/Il in part Length of
hort sid main . gth of .
short side| LengthA of main part short side main part Length
T by | short side of
In case of no projection part, take the ‘—'4 by | h; 2 sl!crl
longer length among long sides. ! be side

h = Wild goose
formation

Length of N
short si ’
When the angle is not more than 120degrees,

part of a; is recognize as projection part

b: b=(length of the long side / length of the short side). In case that the plan is not rectangular, the

length of the long side may be taken ignoring the projection part when the area of the projection is less than
10% of the floor area, while otherwise, it should be taken as the longer value of b,=2/ and b, shown in
above figure. In case that the plan has “~" shape and no projection part, the length of the longest side
should take as the length of the long side. In case of a wild goose formation plan, the length of the short
side should be defined from the equivalent rectangular area with the same length of the long side.

c:¢=Dy/Dy. It should be regarded that the buildings in the figures (1) and (2) below have narrow parts,
while those in the figures (3) and (4) have no narrow parts. In case of the figure (2), the reduction factors
both by the structural balance and the narrow part shall be evaluated and the only worse factor may be
adopted in evaluation.

<DL,

DJ—\_

[

(1) e——Do @ 3) “

d: d=(the clear width of the expansion joint / the height from the base to the expansion joint).

e: e=(well-style area / total floor area). The well-style area is the room or the space stretching over two
stories or more. However, if it is surrounded by RC walls, it may not be regarded as the well-style area.

f: fi= (the distance between the center of the floor area and the center of the well-style area / the length of
the short side of the building) = r/y,

f,= (the distance between the center of the floor area and the center of the well-style area / the length of
the long side of the building) = r/x, where the symbols r, x, y are defined in the figure *2.

h: h= (area of the basement / area of the building).

i: i=(the height of above story / the height of the story concerned). In case of the top story, the height of
the story below is take instead of above story in the equation.
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j: In case that the building has the pilotis columns or the columns supporting the wall above and these
columns are located eccentrically, it should be regarded as the eccentric soft story. An moment resisting
frame without wall is not included. The eccentric location of the soft story may be judged in such a way
that the deformation of the soft story would be larger due to the eccentricity. It may not be regarded as the
eccentric soft story and taken as the grade of 0.9, in such case that the deformation of the soft story would
not be larger because of the constraint of the adjacent walls.

Bl

I:1=E/{B?+L? S:the center of gravity, G = the center of rigidity, where lateral stiffness of each
frame is calculated as (the summation of the column area + the wall area x ). The value of a is given as *3
above.

n: n=(the ratio of the stiffness to the weight of the story above) / (the ratio of the stiffness to the weight of
the story concerned) x f. B =(N-1)/N, where, N is the number of floors sustained by the story concerned,
the weight of a story is the weight of the building sustained by the story concerned, and, the story stiffness
shall be calculated as {the sum of column area +the sum of (wall area x a)}/ (the story height). In case of
the top story, the story above is taken as the story below in the equation, and p =2.0. In case of intermediate
stories, the story above is taken as the story below and the ratio is calculated in the same way, and the larger
value shall be taken.

3.6 TIME INDEX T
3.6.1 General

The time index T evaluates the effects of the structural defects such as cracking, deflection, aging, and the
like, on the seismic performance of a structure. Inspection should be carried out, according to chapter 2
Building Inspection of J. Standard. The time index T for the seismic index of structure Igby the first, second

and third level screening should be calculated based on the result of three level inspections that are the first,
second and detailed inspection respectively.

3.6.2 Recommendation for Application

It is recommended to use Time Index T for the First level screening procedure. Regarding the age of the building,

seismic evaluation requires the material inspection in advance. Evaluation shall include the status of main
reinforcements of members and carbonation of concrete.

Many buildings have stone floors and mortar and plaster columns/ beams. These make it difficult to know
the cracks just by observing at the surface. On the other hand, we see many cases of the spilling of the cover
concrete, one of the deterioration, which is caused by the corrosion of reinforcement. Evaluation of
deterioration is therefore difficult even when the results of detailed inspection (Table8) are available. Since
the maintenance actions are rarely performed, first level screening procedure is recommended as an
evaluation on the safety side. Age of the building shall be found out by the carbonation inspection of
concrete and striping inspection of the main reinforcement. And the results of these inspections shall be
reflected to the ageing evaluation.
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(1) First, Second & Third Level Screening Procedure

Table 7 shown in the J. Standard shall be replaced with Table 3.6.1 in the application manual when applied to an
evaluation.

The rust on reinforcing bars at the striping site to be checked visually. It is recommended to grade the
corrosion on the surface and deduce some points according to the grade.

Concretes are graded depending on the carbonation depth. Carbonation itself does not affect the strength or
the ductility. Problem is the loss of suppression effect on corrosion caused by carbonation. Therefore, it is
not regarded as an issue as long the reinforcing bars are not corroded even if the carbonation is progressed
further than the location of reinforcing bars. But a couple of investigations are not enough to prove that the
reinforcing bars are corrosion free. So it is recommended to deduct certain points in evaluation to be on the
safe side when the carbonation is found. In case of advanced carbonation, it is highly recommended to take
measure against corrosion.

Occupation (chemical has been used, etc.) has excluded from the evaluation item since it is evaluated in
other items in the suit inspection and the material inspection. Table 3.6.2 lists the evaluation items.
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Tilting of a building or obvious uneven settiement is

and coiumns

0.70
observed
Landfill site of former rice field 0.90
i Deflection of beam or column is observed visually 0.90
No correspondence to the foregoing 1.00
Rain leak with rust of reinforcing bar is observed 0.80
Hinclined cracking in columns is obviously observed 0.90
|countless cracking is observed in external wal! 0.90
i Rain leak without rust of reinforcing bar is observed 0.90
No correspondence to the foregoing 1.00
0.70
Experience but traceless 0.80
No experience 1.00
Grade iii or more 0.90
Grade iior more 0.95
1.00
Over the thickness of concrete(Grade ii) 0.90
I Same or less the thickness of cover concrete(Grade i) 0.95
No correspondence to the foregoing 1.00
Significant spalling of external finishing due to aging is
0.90
|observed
i Significant spalling and deterioration of internal finishing is 0.90
! observed )
No problem 1.00
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[ 1
Grade :i

T
‘ e

Grade :iii

Corrosion

Depth of
carbonation

Concrete

<€ c 4 >
The thickness of Qver the
cover concrete thickness of
(40mm) Grade i cover concrete
(40mm) Grade ii

Figure 3.6.2 Example for Carbonation of Concrete

Second and third level screening procedures in 3.4.3-3.4.4 is not explained here since the first level
screening procedure is recommended.
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[Example]
Calculation example of the Time-index for the sample building is shown below.

e

e -
o~

e S| S 8

= -
@Q’.‘OUNDE‘:PQ“ PLAN

OF L ROOV STORE ROCH STORE 300M

T EO0u

Figure 3.6.3 Example of Site Inspection Result
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Table 3.6.2 Example for Evaluating Time Index 7

Degree

Tilting of a buildi bvi en settl ti
ilting of a building or obvious unev. ementis 0.70 o
observed
Landfill site of former rice field 0.90
Deflection of beam or column is observed visually 0.90
No correspondence to the foregoing 1.00
Rain leak with rust of reinforcing bar is observed 0.80
| Inclined cracking in columns is obviously observed 0.90
11.Crack
Countless cracking is observed in external wall 0.90
and columns
Rain leak without rust of reinforcing bar is observed 0.90
No correspondence to the foregoing 1.00 (@]
Trace 0.70
11l.Fire experience Experience but traceless 0.80
No experience 1.00 O
Grade iii or more 0.90 (@]
Grade iior more 0.95
1.00
Over the thickness of concrete({Grade ii) 0.90 ()
1Same or less the thickness of cover concrete{Grade i) 0.95
No correspondence to the foregoing 1.00
Significant spalling of external finishing due to aging is
0.90
observed
Significant spalling and deterioration of internal finishing is
0.90
observed
No problem 1.00 (@]

Note The Isovalue has been calculated with 1nc0rporat1ng above Time Index Tin sectlon
4.3.1.

93




94




CHAPTER 4. JUDGMENT ON SEISMIC SAFETY

4.1 BASIC PRINCIPLES

Seismic safety of a building shall be judged by detail and extensive assessment based on the seismic
evaluations conducted on the structural as well as the non-structural elements. Seismic safety of structure
shall be judged by the following Equation

L>1, Equation (37) of J. Standard

Where:

I = Seismic index of structure

I, = Seismic demand index of structure
If Equation stated above is satisfied, the building may be assessed to be ‘Safe’. Otherwise, the building
should be assessed to be ‘Uncertain’ in seismic safety.

The Japanese standard suggests to evaluate the seismic index of non-structural elements Iy along with the seismic
index of structure /5. However, it covers only the main structural parts of a building in this manual. The seismic
capacity of non-structural elements may be checked with provisions of BNBC 2015 (Part 6 sec2.5.18)

4.2 RECOMMENDATION FOR APPLICATION

Seismic Demand Index must be set to ensure the equivalent performance as the seismic capacity required by BNBC
2015 (Bangladesh National Building Code). It is highly recommended that the Cumulative strength index at the
ultimate deformation of structure shall be set to ensure the strength of minimum requirement required by BNBC
2015.

Seismic Demand Index has been set based on the response result of the Artificial Earthquake Waves that
was created based on the Normalized acceleration response spectrum used for the calculation of seismic
design load in BNBC 2015. (Refer to Supplement] Proposed Seismic Demand Index “Ig,”).

Cumulative strength index is measured at the ultimate deformation of structure with ductile frame. It is
highly recommended to ensure the minimum strength required for the ductility type of building by BNBC
2015.

4.2.1 Relationship between BNBC 2015 and I,

According to BNBC 2015, Design base shear, V=S, W

Where:
S. : Design spectral acceleration (in units of g) /Lateral seismic force coefficient
2 ZxI

Sa= 3% xCg

Where:
Z : Seismic zone coefficient
I : Structure importance factor
R :Response reduction factor which depends on the type of structural system.
Cs : Normalized acceleration response spectrum, which is a function of structure (building)

period and soil type (site class)
So, V=%x Zx1 xCS xW
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The response reduction factor or above equation can be subdivided into ductility reduction factor R, and
over-strength factor, Q.

ie. R=R;*x
The ductility reduction factor, R, is the ratio between elastic force capacity and force at structural yield
level. According to Japanese standard this R, is expressed as ductility index F. The other parameter
over-strength factor 2 include design over-strength, material over-strength and system over-strength.

A v Elastic response of structure
Wl L Bt
/4
S e
.g / E
R /
> 5 8 ;o Ra=Ve/Vy
o T N L] .
o g Q / . Successive
"'3 r% / E Yield hinges
-4 [y H
E v e L — 5 "V"’e’dﬂ“ﬂ'g&}[ - R=Ve/Vs
31 7
Rl
E’ b ' ! .Q=V,/V,
[
g |y P
) [)
| e — — b _ Desionforcelevely__ VW
[ C‘,:AQ/AS » :
gt
A 4 " | .

o
£

" i
Design drift 8p

Lateral Deformation(Drift), &

Figure 4.2.1 Inelastic Force-Deformation Curve
*NEHRP Recommended Provisions (FEMA P-750) 2009 Edition

Now, the equation for base shear can be rewritten.

l/-><R xﬂzzxeIxC
w d 3 S

V' x Q is the yield strength of the structure. V' x % is expected as strength index C according to Japanese

standard of seismic evaluation.
2
Above equation can be expressed as C x F' =§ xZxIxCy

In the above equation left side provides an index about capacity of a structure based on its strength and
ductility. The right side of the equation provides an index about seismic demand considering local
seismicity, sub-soil condition, and structural period. The capacity of the structure shall be equal or more
than the demand.

So, CszngxIxC

3 S
According to Japanese standard, seismic capacity index is noted as /; and seismic demand index is noted as
L.

Therefore, I, > I,

Where, ,=C x F
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and /g, =%xeIsz

Considering nonlinear behavior due to crack occurrence, I, = 0.8 x%x ZxIxCy

4.3 SEISMIC DEMAND INDEX I,

(1) The seismic demand index of structure /s, should be calculated by Equation (4.2.1)
The 2™ level screening method is applied.

Is0=0.8x%xeGCs 4.2.1)

Where:
Z: Seismic zone coefficient, as defined in Section 2.5.4.2 of BNBC 2015
I: Structure importance factor, as defined in Section 6.2.35a to 6.2.35d of BNBC 2015
Cs: Normalized acceleration response spectrum, which is a function of structure (building) period and
soil type (site class) as defined by Equations 2.5.5a-d of BNBC 2015
(2) In case the seismic safety of a structure is judged by Eq. (4.2.1) in the second level screening
procedure and assessed to be "Safe," Eq. (4.2.2) shall also be satisfied.

CTU-SDZO.4x§xe1xCS (4.2.2)

where:

Cry : Cumulative strength index at the ultimate deformation of structure.
Sp  :Irregularity Index (Refer to 3.3)

4.3.1 Seismic Demand Index of Structure I,

Seismic Demand index must be set to meet the seismic capacity that is required by the current Building
code. However, the current standard has a precondition, which is to secure the sufficient deformation
capacity. All the targeted buildings in this standard are considered known not to have the sufficient
deformation capacity. For that reason, Artificial Earthquake Waves based on the design acceleration
spectrum in BNBC 2015 have been simulated and the Seismic Demand Index is set based on the response
results due to earthquake waves. Seismic Demand Index 5 in different seismic zones is shown below.
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Iso Iso in ZONE- 7 for 2" Level of Screening
0.80
0.70 = Soil Type A

= Soil Type B
0.60 = S50il Type C

= Soil Type D
0.50 -

=501l Type E
0.40
0.30
0.20 A
0.00 T T T ]

0.0 0.5 1.0 15 2.0
Period T (sec)

Figure 4.3.1155 in ZONE-1 for 2" Level of Screening

Table 4.3.1 Quick-Reference of I5o in ZONE-1 Relationship with Building Height

elg A B D
0.0 0.06 0.10 0.1 0.17 0.1
0 0.07 0.11 0.12 0.19 0.12
4.0 0.08 0.12 0.14 0.21 0.14
0 0.09 0.13 0.15 0.22 0.16
0 0.10 0.15 0.18 0.22 0.18
0 0.12 0.18 0.18 0.22 0.21
0 0.15 0.19 0.18 0.22 0.22
9.0 0.16 0.19 0.18 0.22 0.22
6.0 0.16 0.19 0.18 0.22 0.22
0 0.14 0.17 0.14 0.17 0.20
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lso Iso in ZONE-2 for 2" Level of Screening
080 ——— - -
0.70 —=S0il Type A
=== S0il Type B
0.60 = S0il Type C
==Soil Type D
0.50
———Soil Type E
040 + -
fr——
0.30 +
0-20 1 \
0.10 — e
0.00 - T T T i
0.0 0.5 1.0 15 2.0
Period T (sec)|

Figure 4.3.2I5, in ZONE-2 for 2"Level of Screening

Table 4.3.2 Quick-Reference of I, in ZONE-2 Relationship with Buildin Height

A

0.0 0.11 0.16 0.18 0.29 0.19
0 0.12 0.18 0.20 0.32 0.21
4.0 0.13 0.20 0.23 0.35 0.23
0 0.15 0.22 0.25 0.36 0.26
8.0 0.17 0.25 0.29 0.36 0.30
0 0.20 0.30 0.31 0.36 0.35
0 0.24 0.32 0.31 0.36 0.37
9.0 0.27 032 0.31 0.36 0.37
6.0 0.27 0.32 0.31 0.36 0.37
0 0.24 0.29 0.24 0.28 0.34
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lso Is, in ZONE-3 for 2" Level of Screening
0.80 l -
0.70 = S0il Type A
== S0il Type B
0.60 === S0il Type C
— = S0il Type D
0.50
\ = Soil Type E
0.40 _

] N

0.10

OOO = T T T —a
0.0 05 1.0 1.5 2.0
Period T (sec)|
Figure 4.3.315, in ZONE-3 for 2" Level of Screening

Table 4.3.3 Quick-Reference of I5o in ZONE-3 Relationship with Building
Building
Height(m)

30.0

210

240

210

Height

18.0
15.0
12.0
9.0
6.0
3.0
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Iso
0.80

0.70
0.60

0.50

0.30
0.20
0.10

0.00

040 -

Iso in ZONE-4 for 2" Level of Screening_ :

. : !

——S0il Type A i

, \ Soil Type B |
r \ \ = S0il Type C
H \ = S0il Type D
\\ \ ——Soil Type E

0.0 0!5 1I.O 15 .- 2“10

Period T (sgg)_

Table 4.3.4 Quick-Reference of I, in ZONE-4 Relationship

Figure 4.3.4I5) in ZONE-4 for 2" Level of Screening

with Building Height

Building Soil Type
Height(m) C

30.0
27.0
240
21.0

18.0
15.0
12.0
9.0
6.0
3.0
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Similarly here is the case of seismic demand index, Iy, in different seismic zone applying 2™ level
screening method based on BNBC93.

L,~=0.8-Z.CI (4.2.4)
In case of the 1* level screening method is applied.

L=2-CI (4.2.5)
Where:

Z : Seismic zone coefficient, as defined in Section 2.5.6.1 of BNBC93
I : Structure importance factor, as defined in Section 2.5.6.1 of BNBC93

C :Numerical coefficient given by the relation,
2

C=125-S/T3
S :Site coefficient for soil characteristics, as defined in Section 2.5.6.1 of BNBC93

T :Fundamental period of vibration in seconds, the value of C need not exceed 2.75, as defined
in Section 2.5.6.2 of BNBC93

In case the seismic safety of a structure is judged by Eq. (4.2.4) in the second and assessed to be "Safe," Eq.
(4.2.6) shall also be satisfied.

CrySp>04-Z2-Cl (4.2.6)
Where:

Cry : Cumulative strength index at the ultimate deformation of structure.

Sp : Number of the storey for evaluation, where the first storey is numbered as / and the top
storey as n.

The proposed Seismic Demand Index of Structure Igy to meet the condition of BNBC93 is derived using
same concept of that of BNBC 2015.
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Seismic Demand Index I5 in different seismic zones based on BNBC93 are shown below.

lSO
0.80 — I, in Zone -1 for 2" Level of Screening Based on BNBC 93
0.70 -
~——Soil Type S1
060 Soil Type S2
0.50 Soil TypeS3 |
Soil Type S4
0.40 e—— . B
0.30
0.20
2Ly e ———
e ——
OOO T T T 1
0.0 0.5 1.0 15 2.0
Period T (sec)

Figure 4.3.5 Is; in ZONE-1 for 2™ Level of Screening Based on BNBC93

Table 4.3.5 Quick-Reference of Iy in ZONE-1 Based on BNBC93 Relationship
Building Soil Tvpe
Height(m) S1 S2 S3
30.0
270
24.0
210

with Building Height

18.0
15.0
12.0
9.0
6.0
3.0
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so
080 - s inZone -3 for 2" Level of Screening Based on BNBC 93
0.70 S
—S0il Type 51
0.60 ' —Soil TypeS2 [
0.50 ——Soil TypeS3 |
Soil Type S4
0.40 e
0.30 4
0.20
0.10
0.00 T T T ]
0.0 0.5 1.0 1.5 2.0
Period T (sec),

Figure 4.3.6 Is; in ZONE-2 for 2™ Level of Screening Based on BNBC 93

Table 4.3.6 Quick-Reference of I5, in ZONE-2 Based on BNBC 93 Relationship with Building Height
Building
Height(m) Sl
300
27.0
240
210

18.0
15.0
12.0
9.0
6.0
3.0
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ISO

080 -+ Isoin ZONE-3 for 2™ Level Based on BNBC93 ___
0.70

—Soil Type S1
0.60 [

= S0il Type $2

0.50 AN D N\ Soil Type S3

TN
el N
e

0.10

0.00 T T T
0.0 0.5 1.0 1.5 2.0

" % __PeriodT (sec);
Figure 4.3.7 Iy in ZONE-3 for 2" Level of Screening Based on BNBC 93

Table 4.3.7 Quick-Reference of Iy in ZONE-3 Based on BNBC 93 Relationship with Building Height
Building Soil Type
Height(m) S1 S2 S3
30.0
27.0
24.0
21.0

18.0
15.0
12.0
9.0
6.0
3.0
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4.3.2 Example

Calculate to obtain a combination, which makes E, its maximum, by using Ductility-dominant equation
and calculate to obtain Ej, which makes E, and E, the maximum when F value is its minimum, by using

Strength-dominant equation. /; of each floor obtained by calculation is shown below.

Basic seismic index, E, have to be calculated based on both ductility dominant equation and Strength
dominant equation. Maximum E), thus obtained out of two equations is the basic seismic index. This E,

have to be calculated for each storey and each direction.

Sample calculation of E,, CrSpand I, have been shown in Table 4.3.8. In this example E, have been

calculated following Eq. 4 (blue cells) and Eq. 5 (white cells). For strength dominant equation cumulative

C (C,+Za,C)) is provided for the specific F value. But for ductility dominant equation individual C is
T

provided for corresponding F value.

Table 4.3.8 Example of I;Result

Results of the secondLevel screening s
Name of build Garrage Building |Construction year . 1885
Address
Evaluated Engineer PWD I Data ofevaluation , 23-jun-12
Seismic demand index Iso= 0.30 Cry* Sp= 0.15
Direction | Story @ F;:';': Eo T Sy Is CoSo Result pdoptio Eg
5
4 0.750 1.50 0.67 0.700 1.000 0.47 0.45 oK [
5
3 0.320 1.50 0.33 0.700 1.000 0.23 0.22 NG [ ]
4
0.203 1.18| 0.18 0.13 0.15 NG [ ) 5
X 2 0.180 1.50 0.20 0.700 1.000 0.14 0.14 NG L
0.040 1.18
0.180 1.50 3 021 0.15 o1 [ y6 | 4|4
0.139 100 ¢ L 0.12 0.08 012 | N6 | @ | 5
1 0.110 1.50 i 0.14 0.700 1.000 0.10 0.09 NG
0.061 1.00
0.110 1.50 - 0.15 0.10 0.09 NG 4
0.070 1.00 5 0.07 0.04 0.06 [ ]
0.048 1.13 0.06 0.04 0.03 NG 5
G 0.034 1.40 0.05 0.700 0.900 0.03 0.03 NG
0.030 1.00
0.020 1.13 0.06 0.04 0.03 NG 4
0.034 1.40
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Isy = 0.8-2/3 Z-1-C,

Z =0.20,1 = 1.0 Soil SC,h,, = 15.24m
T = 0.0446 - (h,)%. 9 = 0.546s

C, = 2.88

Igp = 0.8-%-0.2-1.0-2.88 =0.30

Cru * Sp 20'4'2/3.2'1'(:,
Cry-Sp =042/, 0.2-10-288=0.15

]

n+1
Ep = n+i(ci+ZGjCj)'F1

i

+1
Ep = 2—_*_2(0.06 +0.72-0.11)-1.00 = 0.857-0.139-1.00 = 0.119

Ig=Ep-Sp T = 0.119-1.0- 0.70 = 0.08

n+1
Cru-Sp = €7

Sp = 0.139 - 0.857 - 1.00 = 0.12

n+1
Eo= n+i(Cl+Za]q).F1

i

541
T 542
Ig=Ey-Sp T = 0.14-1.0-0.70 = 0.10

E (011+0)-1.50=10.857-0.110-1.50 = 0.14

n+1
n+i

Cry:Sp =C:

Sp = 0.11-0.857 - 1.0 = 0.09

n+1 2 2 2
n+iJ51 +E,% +Eq

o=

E, = C; x F; = 0.061 x 1.00 = 0.061
E, = C, x F, = 0.110 x 1.50 = 0.165

1
Ey = % J0.0612 +0.1652 = 0.857 x 0.175 = 0.153

Is=Eg-Sp-T = 0.153-1.00-0.70 = 0.10

21 s =0.110-0.857 - 1.00 = 0.0

+
§p=C.2F2
Cru - Sp n+i
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. : - Is
oo ol a2

aa 0% o8

Figure 4.3.8 Example of I; Result Graph

3;------------:- - =

4.3.3 Seismic Zone Coefficient Z

Seismic zone coefficient Z shall be evaluated according to BNBC 2015 (Refer to Section 2.5.4.2 BNBC
2015). Seismic Zoning Map of Bangladesh is shown below.

Seismic Zone
Bangladesh

L) T L]
BATE rUE e
Legeind Seismic Zono o
| W, ®
~— District boundlary Tlzmen | o 35 70 140
- River || Zonednn P Data Source © BNBC
= Scale © 13,000,000

Figure 4.3.9 Seismic Zoning Map of Bangladesh
(Refer to Section 2.5.4.2, Part 6, BNBC 2015)
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4.3.4 Structure Importance Factor /

Structure importance factor / shall be evaluated according to BNBC 2015 (Refer to Section 2.5.7.10f
BNBC 2015). Occupancy category of buildings and other structures for Flood, Surge, Wind and

Earthquake Loads are shown below.

Table 4.3.9 Importance Factors for Buildings and Structures for Earthquake Design

(Table 6.2.17 of BNBC 2015)

Occupancy Category Importance factor I
1,11 1
111 1.25
IV 1.5

Table 4.3.10 Occupancy Category of Buildings and Other Structures for Flood, Surge, Wind and

Earthquake Loads (Table 6.1.1 of BNBC 2015)

* Hospitals and other health care facilities having surgery or emergency treatment facilities

* Fire, rescue, ambulance, and police stations and emergency vehicle garages

* Designated earthquake, hurricane, or other emergency shelters

+ Designated emergency preparedness, communication, and operation centers and other facilities required for
emergency response

* Power generating stations and other public utility facilities required in an emergency

Ancillary structures (including, but not limited to, communication towers, fuel storage tanks, cooling towers, electrical

substation structures, fire water storage tanks or other structures housing or supporting water, or other fire-

suppression material or equipment) required for operation of Occupancy Category IV structures during an emergency

* Aviation control towers, air traffic control centers, and emergency aircraft hangars

* Water storage facilities and pump structures required to maintain water pressure for fire suppression

* Buildings and other structures having critical national defense functions

Buildings and other structures (including, but not limited to, facilities that manufacture, process, handle, store, use, or
dispose of such substances as hazardous fuels, hazardous chemicals, or hazardous waste) containing highly toxic
substances where the quantity of the material exceeds a threshold quantity established by the authority having
jurisdiction.

Nature of Occupancy %c:r:;x;;y
Buildings and other structures that represent a low hazard to human life in the event of failure, including, but not limited I
to:

*+ Agricultural facilities

* Certain temporary facilities

* Minor storage facilities

All buildings and other structures except those listed in Occupancy Categories I, I1I, and IV IT il
Buildings and other structures that represent a substantial hazard to human life in the event of failure, including, but not m
limited to:

* Buildings and other structures where more than 300 people congregate in one area

* Buildings and other structures with daycare facilities with a capacity greater than 150

* Buildings and other structures with elementary school or secondary school facilities with a capacity greater than 250

* Buildings and other structures with a capacity greater than 500 for colleges or adult education facilities

* Health care facilities with a capacity of 50 or more resident patients, but not having surgery or emergency treatment

facilities

+ dJails and detention facilities

Buildings and other structures, not included in Occupancy Category IV, with potential to cause a substantial economic

impact and/or mass disruption of day-to-day civilian life in the event of failure, including, but not limited to:

* Power generating stationsa

* Water treatment facilities

* Sewage treatment facilities

+ Telecommunication centers

Buildings and other structures not included in Occupancy Category IV (including, but not limited to, facilities that

manufacture, process, handle, store, use, or dispose of such substances as hazardous fuels, hazardous chemicals,

hazardous waste, or explosives) containing sufficient quantities of toxic or explosive substances to be dangerous to the
public if released.

Buildings and other structures designated as essential facilities, including, but not limited to: v
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4.3.5 Normalized Acceleration Response Spectrum Cs

Normalized acceleration response spectrum Cs shall be |
evaluated according to BNBC 2015 (Refer to Section ‘
2.5.6.30f BNBC 2015). Csdepends on S and values of T3, ‘

Tcand Tp, (Figure 4.2.4) which are all functions of the site |
class.

| T Tc To Period T

| Figure 4.3.10 Typical Shape of the Elastic
Response Spectrum Coefficient Cy

CB=S-(1+T1(2.5-1]—1)) for0=T<Tg
B

C,=25:89 forT, < T<T¢
c (4.2.4)
CB=2.5-S-11-(TT—) forTc <T<Ty
C, =25.5-5-(1C D forTp <T <4
Where:
S : Soil factor which depends on site class

T  : Structure (building) period(s)
T=0.0466 - (h,)"’
h, :Hight of building(m)
Ty :Lower limit of the period of the constant spectral acceleration branch given in Table 4.3.11 as a
function of site class

Tc : Upper limit of the period of the constant spectral acceleration branch given in Table 4.3.11 as a
function of site class

Tp : Lower limit of the period of the constant spectral displacement branch given in Table 4.3.11 as a
function of site class

n : Damping correction factor as a function of damping with a reference value of #=1 for 5% viscous
damping. It is given by the following equation:
n=410/(5+&) 20.55

Where, & is the viscous damping ratio of the structure, expressed as a percentage of critical
damping. The value of # cannot be smaller than 0.55.

Table 4.3.11 Site Dependent Soil Factor and other Parameters Defining Elastic Response
Spectrum from Table 6.2.16 of BNBC 2015

Soil type] Tg(s) Tc(s) Tp(s)
SA 0.15 0.40 2.00
SB 0.15 0.50 2.00
SC 0.20 0.60 2.00
SD 0.20 0.80 2.00
SE 0.15 0.50 2.00
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4.3.6 Site Classification

Site Classification will be done in accordance with Table 4.3.12 based on the soil properties of upper 30
meters of the site profile.
Table4.3.12 Site Classification Based on Soil Properties
(From Table 6.2.13 of BNBC 2015)

Site classification based on soil properties

Average Soil Properties in top 30 meters
Standard  Undrained

Site Class Description of soil profile up to 30 meters depth Shear. wave Penetration shear
velocity Vs
(x/s) Value N  strength Su
(blows/30cm) (kPa)
Rock or other rock - like geological formation,
SA including at most 5 m of weaker material at the > 800 - --
surface.
Deposits of very dense sand, gravel, or very stiff
SB clay, at least several tens of metres in thickness, 360-800 >50 >250

characterised by a gradual increase of
mechanical properties with depth.

Deep deposits of dense or medium dense sand,
SC gravel or stiff clay with thickness from several 180-360 15-50 70-250
tens to many hundreds of metres.

Deposits of loose - to - medium cohesionless soil
SD (with or without some soft cohesive layers), or of <180 <15 <70
predominantly soft - to - firm cohesive soil.

A soil profile consisting of a surface alluvium
SE layer with Vs values of type C or D and
thickness varying between about 5 m and 20 m,
underlain by stiffer material with Vs > 800 m/s.

After selection of site class, Soil factor shall be determined according to following table.
Table4.3.13 Seil Factor S (From Table 6.2.16 of BNBC 2015)

Site class Soil factor
SA 1.00
SB 1.20
SC 1.15
SD 1.35

4.3.7 Cumulative Strength Index at The Ultimate Deformation of Structure Cyy

To ensure seismic safety of a building, it is required to secure a certain minimum strength at ultimate
deformation in addition to /; index. Especially building with low strength capacity, as is the case in
Bangladesh, may show unstable response and cause large deformation, even collapse. To resolve the
problem, Cry - Sp has been set to ensure minimum ultimate strength, even though the building may possess
high ductile capacity. The upper limit of deformation is not fixed yet for Bangladesh because of lack of
data and experiment on local design and construction conditions. Presently, the upper limit may be set as
F=2.0 (about 1/80 as upper limit) to ensure the minimum strength after satisfying the required L.

It is equivalent to the ultimate strength that is required for a low rise building designed by R =5 of Sp soil in
BNBC 2015.

F=CxQ/R=388x3/522.00xC,xQ
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Following figure shows the case that the building has three ductility indices. Cry shown below is for the
case when Isis determined by strength-dominant equation and Ductility-dominant equation at the points 1,
2, and 3.

@
c.
S v®
E
acs ||
— \
S -
=

Horizontal Displacement

Figure 4.3.11 Calculation of Cry

Ductility-dominant basic seismic index of structure

E, = B v B v B = B, = (G x B + (G < ) + (G x B

n+1i n+i
... Eq (4) of J. Standard

Strength-dominant basic seismic index of structure

E, = ”“(c +%,a,C))-F ..Eq (5) of J. Standard
n+

At point 1 Eq(4) Cyy = ”:1
n

><C3

and Eq (5) CTU—Z—H(C +Za;C; ] ::1(C1+a2xC2 +a3><C3)

+1
n+i

Atpoint 2 Eq(4) Cry =

-xCj

and Eq (5) Cpy _ﬂ(c +Za;C; ) ntlg C2+a3xC3)
n-+

Ci+Za;C C
( +jaj j) n+ix 3
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SUPPLEMENT 1. PROPOSED SEISMIC DEMAND INDEX OF STRUCTURE Iso
1.1 GENERAL

(1) Purpose

An investigation of proposed Seismic demand index of structure, J,, based on BNBC 2015 was done.
Proposed I, for soil type SC (hard soil) is 0.30, which is the peak value and is 80% of elastic response shear
coefficient 0.38. Proposed I, for soil type SD (soft soil) is 0.36, which is the peak value and is 80% of
elastic response shear coefficient 0.45.

(2) Method

Time-history response analysis was done based on supposed restoring force characteristics and artificial
earthquake waves. Degrading tri-linear model as restoring force characteristics was used, and parameter is
shear strength and storey deflection angle at yield.

The response of shear force coefficient and storey deflection angle was studied. Proposed I, was
investigated using ductile 1 storey frame through case 1 to case 6. Brittle frame of 1 storey frame was
studied through case 7 and 8 for comparison purpose. 3 storey brittle frames were used for case 9 and 10.

(3) Time-History Response Analysis
Structure Vibration Model: RC frame with 1 lumped mass shear type model for case 1 to case 8. RC

frame with 3 lumped mass shear type models for case 9 and case 10. Response at peak area of spectrum was
assumed providing short period of 1 lumped mass.

Restoring Force Characteristics: Degrading tri-linear type model (type 4), O.= 0.4 Q, is supposed.

O,: Yield shears force. Q.: Shear force when crack occurs. Initial stiffness is supposed as two times of

yield stiffness.

Case 1 to Case 6: Storey deflection angle at yield is supposed as 1/150, yield strength is changed for 3
types for SC and SD respectively. Refer to Figure S 1.1.

Case 7 to Case 10: Storey deflection angle at yield is supposed as 1/250, Yield strength is changed for SC
and SD respectively. Refer to Figure S 1.2.

Input earthquake waves: Artificial wave corresponding to response spectrum of soil type SC (hard) and
SD (soft) 3 wave each as shown. Max. Acceleration is not «c=0.133 g. Refer to the attachment.

Damping constant: Stiffness proportional type 5% was supposed. Building data: Building weight
W=5,040kN, storey height H=300cm.

Case 1 to case 3 for soil type SC and case 4 to case 6 for soil type SD, supposing ductile RC frames.

Case 7 & case 8: 1 lumped mass system, restoring force characteristics is degrading tri-linear type. Yield
shear force coefficient is 0.30 for soil type SC, and 0. 36 for soil type SD. Storey deflection angle at yield is
assumed as 1/250. Ductility index, F is supposed as 1.0. Target response ductility factor is less than 1.0.
Case 9 and case 10 is 3 lumped mass systems, and other condition is same to those of case 7 and 8.

The result of case 1 to case 8 is introduced first, and result of case 9 and case 10 is shown later.
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ElasticResponse
of Sail SC/SD, 0
4 BNBC2014 Final Draft

0.00375* K
w Qy/wW ?

v

Shear Force 0:375* K
Q H coefficient

0.4*Qy/W

ol

K
/;/750(0.4cm) Sy=H/150 (2.0cm)

Story deflection, §

Figure S1.1 Restoring Force Characteristics (1)
A model supposing storey deflection angle 1/150 when the frame yield.
Qe/W,
ElasticResponseI

5 of Soil SC, New
BNBC forinput

Qy/wW

Shear Force |
coefficient s Collapse

Qc/W=0.12

“d

K
/ 0.24cm 1.2em (H/250)

Story deflection, &

Collapse

Figure S1.2 Restoring Force Characteristics (2)
A model supposing storey deflection angle 1/250 when the frame yield.

1.2 RESULTS OF CASE 1 TO CASE 8

(1) Elastic response

Stiffness proportional type damping constant 5% was applied. In case of waves of soil type SC, the result of
shear force coefficient distribute in the range of plus minus 10% from the peak design value 0.38. In case of
waves of soil type SD, the result of shear force coefficient distribute in the range of plus minus 10% from
the peak design value 0.45. It is reasonable to use damping constant 5%.
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(2) Response of D-trilinear
All results excluding case 3 are evaluated as the response within the peak range of response spectrum.
Table S1.1 shows the results of case 1~case 6. Table S1.2 shows the results of case 7 and case 8.

Table S 1.1 Results of Response Analysis (Case 1~ case 6)

Soil type SC Soil type SD

Ese 1 Case 2 Case 3 Case 4 Case 5 Case 6
Assumed restoring force characteristics
R at yield R=1/150 R=1/150
Ini Stiffness(kN/em) | 1,189 1,008 862 1,426 1,210 1,038
Yield shear force co. 0236(=030/127) | 0.200(=0.30/1.5) |0.171(=0.30/1.75) |0.283(=0.36/1.27) [0.240(=036/1.5) [0206(=036/1.75)
0/ W (=) F)
Nat. period (sec.) | 0.410 0.448 0.485 0377 0.409 0.442
Elastic Ist 10.350(0.00493) | 0.413(0.00687) | 0.374(0.00729) |0.449(0.00529) | 0.414(0.00574) |0.498(0.00806)
rispf’ﬂsef 2nd ]0.387(0.00546) | 0.390(0.00650) | 0.374(0.00729) | 0.461(0.00542) | 0.462(0.00641) | 0.462(0.00747)
zoearQ ﬂ;rce 3rd | 0360(0.00509) [0387(0.00645) | 0.379(0.00737) | 0.411(0.00483) | 0.418(0.00579) | 0.454(0.00735)
5% damping
(R=6/h)
Target response 100(R=1/150) |121(R=1/124) | 1.50(R=1/100) | 1.00(R=1/150) [1.21(R=1/124) | 1.50(R=1/100)

ductility factor, (R)

Degrading tri-linear, stiffness proportional damping constant 5%

Response Ist |0.236(0.674) | 0.201(0.487) | 0.171(0.457) | 0.284(0.633) | 0.242(0.585) | 0.208 (0.493)

hears co.

SQ;V (Q°/°Q ) 2nd 10224 (0.579) | 0.200(0.513) | 0.171(0.457) | 0.283(0.614) | 0.241(0.522) | 0.207 (0.416)
3rd 10.220(0.611) | 0.200(0.517) | 0.171(0.451) | 0.276(0.672) | 0.240 (0.574) | 0.207 (0.456)

ductility Ist | 1.151 1.281 1.191 1212 1.531 1.636

factor, u 2nd | 0.932 1227 1.195 1.021 1242 1.359

(9/6)) 3rd | 0914 1.042 1.091 0.967 1.082 1.264

Average 1.00=<1.00 | 1.18<121 1.16 (ref)) 1.07> 1.0 1.28>1.21 142<1.50

Note: R: storey deflection angle (6/ &)
Case 7 & Case 8: 1 lumped mass system, restoring force characteristics is degrading tri-linear type. Yield
shear force coefficient is 0.30 for soil type SC, and 0. 36 for soil type SD. Storey deflection angle at yield is
assumed as 1/250. Ductility index, F is supposed as 1.0. Target response ductility factor is less than 1.0.

Note: Time-history response analysis
Time-history response analysis is a numerical analysis and is a useful tool to get the dynamic response of
buildings by earthquakes. Input earthquake waves are expressed by acceleration data at the ground level.
Lumped mass type shear model was used at here. Building static behavior is expressed by restoring force
characteristics, and is derived from static structural evaluation. In case of RC frame structure, Degrading
Tri-linear model is supposed generally. This is expressed by tri-linear model and the stiffness is degraded
gradually by repeated loading. Damping constant is also supposed, which affect the response. Output is
such as, maximum storey deflection (angle), maximum plastic ratio, maximum storey shear force
(coefficient), and others.
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Table S 1.2 Results of Response Analysis (Case 7 & Case 8)

Soil type SC (3 waves) Soil type SD (3 waves)
Case 7 Case 8

Assumed restoring force characteristics

R(=d/hjat yield 17250 1/250

Ini. Stiffness (kN/ecm) 2,520 3,023

Yield shear
co.Q/ W (=IL/F)

force

0.30 (=0.30/1.0)

0.36 (=0.36/1.0)

Target response ductility

<1.0 (<R=1/250)

<1.0 (<R=1/250)

factor, (R=d/h)

Natural period (sec.) [0.283 0.259

Elastic response shear |1st 2nd 3rd 1st 2nd 3rd

force co. O/ W, (R) 0.353(0.002353) |0.384(0.00256) |0.398(0.00265) |0.459(0.00255) |0.474(0.00264) |0.494(0.00274)
Degrading tri-linear, stiffness proportional damping 5%

Response shear co. 0.246 (0.697) |0.245(0.638) |0.229(0.575) |0.325(0.708)  |0.272(0.574) [0.286 (0.579)
oOW.(0/0.)

Ductility factor, , 0.760 0.755 0.685 0.871 0.676 0.727

(0/6,). 4

Average 0.733<1.0 0.758 <1.0

(3) Strength index and ductility index (C—F) relation, soil type SC
Yield shear force coefficient and response ductility ratio (C,/C, — p) is shown. 3 waves x 4 models, stiffness
proportional type damping constant 5%.

C,/C,=

0.75(1+0.05 - 1)

wﬂ2,u—li

Commentary eq. 3.2.3-20f the J. Standard

Cy/Cr = Response (yield) storey shear force coefficient/ elastic response shear force coefficient.
Commentary equation 3.2.3-2 of the J. Standard, which is the original equation (16) of the Standard, is the
envelope of the response of soil type SC.

0.9 -
0.8 — € =075(11-005 1)
07 +—4 - / ~Afu-1)
* Explanatory equation 3.2.3-20f the;
0.6 . -—‘
G/ o5 4] 9— ——‘—.—
0.4
03 +——— —
|
0.2 +—— T T T T 1
0.6 0.8 1.0 1.2 1.4 1.6 1.8 20

J. Standard

Response ductility factor, u

Figure S 1.3 Yield Shear Force Coefficient and Response Ductility Ratio (C, /C, - #), Soil Type SC
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Strength Index and Ductility Index (C — F) Relation
Conversion from response ductility factor 1 to ductility index F is as follows.

. \/i 2u-1 )
~0.75(1+0.05)
Equation (15) of the Standard is applied in case that y is less than 1.0.
0.2(0.0044 —0.002)
0.002

Some results exceed C-F = 0.304 relation. It is slightly in the safe side (overestimated) that proposed value of
0.304 compared with average value of the response.

Commentary eq. 3.2.3-30f the J. Standard

Case 7, u=1(=1/250) and p is less than 1.0, F=0.8 +

was used.

0.35 —— - — -
\ Proposed /s, =0.30 (=C . F), for soil type SC

o |03 — ™ —
3
o | 025 + I
£ 'S
L
/020 ——
c
£
» | 015 —1

010 +—810Ho9b——1 e . - .

0.6 0.8 10 1.2 1.4 1.6 1.8 20

Ductility index, F
Figure S1.4 Strength Index and Ductility Index (C-F) Relation, Soil Type SC

(4) Strength Index and Ductility Index (C-F), Soil Type SD

Yield shear force coefficient and response ductility ratio (C,/C.-) . 3 waves x 4 models, stiffness
proportional type damping constant 5%.

0.75(1+0.05 )
C/Co= - =)
/ ,112;1—15

C,/C. = Response (yield) storey shear force coefficient/ elastic response shear force coefficient
Envelope curve of eq. 3.2.3-2 of the Standard almost covers the response of soil type SD.

Commentary eq. 3.2.3-2of the Standard

Pay-d

0.9 —0.75(t0:05-11)

C/Cm — 20 H)
0.7 ® \ Anmmentary eq-3.2.3-2 of the J. Standard
. \
L 2
®
0.6 ey ° &
0.5 4 -
C,/C, ¢
Yool 04 * —
0.3 S
0.2 T

-

0.6 0.8 1.0 1.2 1.4 16 1.8 20
Response ductility factor, u

Figure S1.5 Yield Shear Force Coefficient and Response Ductility Ratio (C,/C, —u), Soil Type SD
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Strength Index and Ductility Index (C—F) Relation
Conversion from response ductility factor ¢ to ductility index F is as follows.

_ 1Ifi2,u -1) Commentary eq. 3.2.3-30of the J. Standard
0.75(1+0.054)

Equation (15) of the Standard is applied in case that 4 is less than 1.0.

Case 8, u=1(=1/250) and y is less than 1.0, F =0.8+ 0'2(“10'8%?); 0.002) was used.

5 cases out of 12 cases exceed the curve of 1,,=0.36, and proposed /,,=0.36 will be average of response in
case of soil type SD.

0.40 \

0.35

Proposed I, = 0.36 (= C-F"), for soil type SD
0.30 - -

0.25

Strength index, C

0.20
0.15

0.10 -+ . -
0.6 0.8 1]0 1.2 1.4 1.6 1.8 2.0 22

Ductility index, F
Figure S1.6 Strength Index and Ductility Index (C—F), Soil Type SD

(5) Response Shear Force Coefficient and Storey Deflection Angle Relation

Relation of shear force coefficient and storey deflection angle by elastic response and degrading tri-linear
are shown as follows. Damping constant of stiffness proportional type 5% is used.

Soil type SC (hard soil, suffix e of each case shows elastic response, red color circle (O) shows target
allowable response).Response of case 3 seems not the response of the peak of response spectrum.

0.45 [ Elastic

C=0:38 (elastic design response)] - N
response

, Case 2e

0.40 - 5
----------------------------------------------------------- Case 3e
0.35
)
E‘ 0.30 Elastic response
2 |
& 0.25 Ay ~ Casel '.
2 - Case2 |
. . - S g »—‘—O—:—-'s— - i
"% / essssnasrassansanensasen:
2 %" / Cape 3 Referance orly |
m
0.10 : | S| S — ;
0.05 . i - s = :
R=1/250 R=1/150 R=1/124 |
0.0 0.002 0.004 0.008 0.008 0.010 |

Figure S1.7 Response Shear Force Coefficient and Storey Deflection Angle, Soil SC
118



Supplement 1.

Soil type SD (soft soil, suffix e of each case shows elastic response, red color circle (O) shows target
allowable response)

0.50 - “C= 045 (elastic design response)

M

Case 4e

0.45 -

0.40  FElastic [/

035 - Elastic response

025 - Case 5

. Case6
. 020 - e

0.15 -

Base shear coefficient, C

| 010 — )
R=1/124

| 0.00 o 1250 R=f/150 R=1/100
| 0.000 0.002 0.004 0.006 0.008 0.010 0.012

4Storey deflection angle, R= 6/ H
Figure S1.8 Response Shear Force Coefficient and Storey Deflection Angle, Soil SD

(6) Summary

1.

2.

Time history response analysis was done using artificial waves, to evaluate the strength index
(response shear force coefficient) and storey deflection angle.
Proposed /,=0.30, 80% of peak value of elastic response shear force coefficient of soil type SC, and

proposed I, =0.36, 80% of peak value of elastic response shear force coefficient of soil type SD will
be reasonable.

. This reduction has been proposed incorporating the effect of energy absorption (hysteresis) by crack

occurrence for Case 7 and Case 8, and the energy absorption (hysteresis) by crack occurrence and
yield for Case 1 to Case 6.

4. Damping constant of stiffness proportional type 5% was supposed. If tangential stiffness proportional

type 5% is assumed, the response was increased approximately 20% to 40%. This will be an issue to
investigate further. If this tangential stiffness type damping is reasonable, the value of elastic
response (without any reduction), 0.38 for soil type SC and 0.45 for soil type SD might be used as /.
This will be an issue in future.

1.3 RESULTS OF CASE 9 AND CASE 10

(1) Restoring Force Characteristics

Restoring force characteristics of degrading tri-linear type is assumed, incorporating crack occurrence, and

no-ductility frame, and with yield shear force 0.3 (= QV;/ ). Response up to yield is supposed, which is

degrading bi-linear. Negative slope is supposed after the yield point but zero stiffness was provided for the
limitation of the software. Storey deflection angle at yield is assumed 1/200 and 1/250 of storey height

300cm (2 cases). 3 storey lumped mass shear model is used. Tangential stiffness proportional type damping
constant is used.
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Table S1.3 Structural Input Data of a Sample Building for Time-History Response Analysis

Weight(kN) | Total (kN) | Initial Stiffness | Shear force at Crack Stiffness Yield strength
(kN/cm) Occurrence (kN) Degrading ratio | (Qy, kN)
4030 4030 3133 (3917) 940 0.375 2350
5040 9070 4986 (6233) 1496 0.375 3740
5040 14110 5640 (7050) 1692 0.375 4234

Natural period (Two different stiffness or natural period is considered).
(1/200), T1= 0.426sec. T2=0.176sec. T3=0.117sec.
(1/250), T1=0.381sec. T2=0.157sec. T3=0.104sec.

BNBC 2015, Fundamental building period, T

T=C(h,)"(6.2.38) BNBC 2015

Concrete moment-resisting frame, C~=0.0466, m=0.9, 3 storey (1,=9m height), T=0.337sec.

(2) Elastic Response and Damping Constant,

Soil type SC and SD of BNBC 2015, example; 3 storey RC building with 2 different stiffness

T1=0.42sec. T=0.38sec.
#SC1 mSC2 ASC-3 SD-1 1SD-2 SD3 MSCIESCa2 JESCSS T SPA1 WOToRasD-d
10 — i 1.0 T —— 019
|
09 - 0.9 0.68 g N
| ¥ oss " 086
Y ot . N 08 —
08 ] x
| .
07 } &8?13 . 07 )K 660
i X oesx 088 N ¢o0 %o 064
| N 06 ‘ 0.61
06 ————— BNBCZ015, Q 060
i n ossx 055 , 0.54 *qa) A osiggf BNBC 2015,
05 | — 3 3% %_541933!! type SD, g 05 | 052. o {oll‘tvpe sb,
~
| 04590 & g ® o043 5
__ ;044 04548421 S | g4 | ?’ﬁ
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I BNBC 2015, 03f3| = . BNBC 2015,
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Figure S 1.9 Elastic Response with Different Damping Constant
Zone 2; Z=0.2

Peak value of acceleration response spectrum, in case of elastic response
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i 27ZIC; 2 2.875 . . .
Soil type SC; S, =§T=§x 0.2x1x =0.383 (R=1.0, Elastic response, in case of damping
constant 5%)

2ZIC; 2 3.375

Soil type SD; S, = 3 =—x0.2x1 XW =0.45 (R =1.0, Elastic response, in case of damping

3

constant 5%)

(3) Response Base Shear Coefficient by Degrading Tri-Linear

Soil type SC

Comparison between the elastic response and D-tri-linear response is shown in Figure S1.10. In case of
model T,= 0.42sec. and T,= 0.38sec. Response shear force coefficient is lower than 0.30, which is

proposed “I,”.
T,=0.42sec
* Elastic, SC-1 m Elastic, SC-2  Elastic, SC-3 - D-Tri, SC-1 + D-Tri, SC-2 D-Td, SC-3
0.6
® 0.55
A (53
0.5
Elastic Response —
5 BNB
W 0.45 ¢ 0.45 C 2015, SC
2 O~ 0.383
o4 — odt—————— § 039

0.30, Proposed 832

Response by [ fIso” !
0 w880 xo0s30™ ffrfg_'gc;x 0.28

D-Tri-linear ® 0297
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X 0.26 M 0.25
. X 0.25 ® 024
02 . . —
0.01 0.02 0.03 0.04
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Figure S 1.10 Comparison between Elastic Response and D-Tri-Linear Response
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(4) Result of Response of case 9 and 10, 3 storey, 6/h = 1/200, T1=0.426sec. T2 = 0.176sec. T3
=0.117sec. Damping C= Tangential stiffness 4%, BNBC 2015 Soil type SC (3 waves) and SD (3 waves)
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Figure S1.11 Response of Each Storey (Wave SC-A Means S-1.)

Response Ductility Factor

Storey BNBC Type SC 1, 2,3 BNBC Type SD- 1,2, 3
3 0474 0.490 0.445 0.684 0.703 0.594
2 0.746 0.637 0.630 0.969 0.793 0.845
1 0.918 0.744 0.779 >1.387 0.935 >1.051
Average of soil type SC is 0.8139, average of soil type SD is more than 1.0.
Response Shear Force Coefficient
Storey BNBC Type SC 1, 2,3 BNBC Type SD- 1,2, 3
3 0.353 0.360 0.340 0.445 0.340 0.445
2 0.334 0.300 0.298 0.403 0.298 0.403
1 0.281 0.242 0.250 0.300 0.250 0.300

Average of soil type SC is 0.258 (67% of 0.383).
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(5) Example of Artificial Earthquake Waves
Artificial earthquake wave is prepared to produce the response spectrum of BNBC 2015. The Specification

of response of soil classification type SC and type SD of BNBC 2015 is shown below.
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Figure S1.12 Specification of Response Spectrum by BNBC 2015

Table S1.4 Peak Ground Acceleration and Velocity of Each Wave

Result is not indicated

Name gal kine
New SC 1 179.7 16.50
New SC 2 2154 14.14
New_SC_3 187.5 14.85
New SD 1 218.6 23.01
New SD 2 256.1 21.46
New_SD 3 210.0 21.53
1993 1 181.4 16.39
1993 2 193.7 16.35
1993 3 186.9 18.27

in this supplement.

Note: Response of acceleration was controlled, but acceleration amplification factor was not controlled.
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BNBC 2015, Response spectrum of Soil type SC-1
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Figure S 1.13 Response Spectrum of Seil Type SC by BNBC 2015
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Figure S1.14 Acceleration and Velocity Waves of Soil Type SC by BNBC 2015
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BNBC93, Specification of Soil type 2, Reference Only
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Figure S1.15 Specification of Response Spectrum of Soil Type 2 by BNBC93

BNBC 93, Response spectrum of Soil Type 2-1, Reference Only
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Figure S1. 16 Response Spectrum of Soil Type 2 by BNBC93
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Strength Index, C

Supplement 1.

1.4 COMPARISON OF PROPOSED I5o AND ACTUAL /5 OF BUILDINGS BY BNBC93

Proposed Seismic Demand Index I, is compared with Seismic Index of Structure I, of recent buildings in
Zone 2 (Dhaka) designed by BNBC93. Seismic evaluation of a 6 storey residential building and a 6 storey
hospital building in Zone 2 and Zone 3 (Sylhet) designed by BNBC93 was done, and the result is shown in
Figure S1.17. C-F relation at ground floor of residential building is shown in Figure S 1.18.The values
shown are x and y direction at ground floor level. The line of I, equal to 0.30 is shown for reference for
mid-rise RC buildings in Zone 2 (Dhaka), and this value of I, (0.30) is recommended for zone-2 of
Bangladesh. On the other hand, the line of /;, equal to 0.55 is shown in the figure for reference in Zone 3
(Sylhet). The accumulation of this kind of data will be recommended for further study.
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Figure S1.17 Seismic Index of Structure of Buildings Designed by BNBC93
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Ductility index and shear force at Ground story is shown in Figure S1.19 for a residential building designed

based on BNBC93.
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1.5 PUSHOVER ANALYSIS

Pushover analysis was done for a residential building shown in Figure S1.19 designed by of BNBC93.
(Reduction factor R= 8 was used, concrete strength F.= 25N/mm?). Incremental horizontal load with fixed
distribution ratio was provided. Load-deflection curve of X direction frames is shown (a) of Figure S 1.20.
Lower 4 storied had yielded, while upper 2 storied had not yielded yet. This shows that horizontal strength
at higher storey is higher than that of lower storey, and building damage will be concentrated at lower
storey. Formation of plastic hinges by flexural moment is shown (b) of the Figure. Column hinges occurred
at the bottom of ground storey and others. Beam hinges also occurred at upper storied. It is noted that more
investigation will be required related to the brittle failures such as shear failure of members.

o (k)

/ I — P, ST

Load (KN)

1006, 00 1~50 1.~40 133, 33 128 87

Storey deflection angle
(a) Load deflection Curve of X-direction
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1 1930021800 2340U]239QU 1800U] 2720018000
g 19300 FA 200 163y
206 FA FANB3QU FA FA
- 18600 17400 1800023200 1800U| 174001800
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03—
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(b) Plastic hinges formation in a frame
Figure S 1.20 An Example of Result of Pushover Analysis
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1.6 NUMERICAL COEFFICIENT C OF BNBC93 AND BUILDING HEIGHT

Numerical coefficient C related to building height or natural period of building by BNBC93 was compared
with R, of Japanese Seismic Design Standard for reference. BNBC 2015 was not used for the purpose of
this comparison. For example, natural period by simple method is calculated for 6 storey and 24.3m height
building. According to BNBC93, natural period is 7= 0.80se., and C = 1.2 in case of ground type 2. This is
63% of max. value of C as shown in Figure S1.21. In case of Japanese code, natural period is estimated as
T = 0.49sec. by height and no reduction from the max. value. It is recognized that there is approximately
40% difference by the application of coefficient C.

&
[N
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tEma
1.0 —_— — 1 \\
e \7,\:\ 4
08 SN
~Y

Numerical Coefficient C/2.75 and Japanese Rt
o
[}

17, 7
® '
BNBC93
04
02
0.0
0.0 0.2 04 06 08 1.0 12 14 16
T( period, sec.)
== = Japanese Code, Type 1 =— — Japanese Code, Typs 2 — — Japanese Code Type 3

BNBC 93, Type 1

BNBC 93, Type 2

BNBC 93, Type 3

Figure S1.21 Comparison of Numerical Coefficient C/2.75 of BNBC93 and Japanese CodeR,

Example: 6 storey new RC building with 24.3m height, located on ground type 2
Natural periggl by BNBC93,
T=Cyh,) =0.80 sec.
RC moment frame, C, = 0.073, 4, = building height by meter,
Reference only, by BNBC 2015: T = Cy(h ) "=0.82 sec.
In case concrete moment-resisting frames, C, = 0.0466, m = 0.9, h, = height of building in meters
Numerical coefficient C = 1.25xS/T " S = 1.2 on ground type 2
C/2.75 = 0.633. (Point B of Figure)
Reference only, Natural period by Japanese Standard: approximate T= 0.02x, z = 0.02x, 24.3= 0.486 sec.
Natural period is 0.59 times of that of BNBC93, because of the stiffness difference.
Vibration characteristics coefficient, R, = 1.0. (Point J of Figure), and much higher than that of BNBC93.
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1.7 SEISMIC ZONING MAP OF BNBC

Seismic Zoning map, BNBC1993

Seismic Zoning map, BNBC 2015
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SUPPLEMENT 2. PROPOSED DUCTILITY INDEX F RELATED TO AXIAL FORCE RATIO

Axial force ratio N/(b-D-F) is an important factor to evaluate ductility of columns. Japanese standard states
that the ductility index F is 1.0, when axial force ratio exceeds 0.4 and tie interval is more than 100mm. On
the other hand, BNBC93 specifies that allowable axial force of column is approximately 60% of combined
strength of concrete and re-bars. It is proposed incorporating the requirement of BNBC. In case of axial
force ratio N/(b-D-F.) exceeds 0.4 and up to 0.60, proposed ductility index F is 1.27 for low strength
concrete, from the structural experiment by CNCRP. Ductility index of column will be 1.0 in case axial
force ratio exceeds 0.6.

1) Ductility index of a flexural failure column with high axial force ratio by the experiment
Simplified monotonic load-deflection curve of two frame specimens are shown in Figure S 2.1. Specimen 1
is low strength concrete and axial force ratio of column is 0.68. Storey deflection angle of this specimen at
ultimate capacity R, is estimated as approximately 1/100. Specimen 2012-No.5 is ordinary concrete and
axial force ratio is 0.44. Storey deflection at yield deformation R, is estimated as approximately 1/100.
(Note: If the deflection in Japanese Standard is used, it is 1/150.)

In this condition, Ductility Index is calculated as follows:

In case R, = R,
' ,/ZR,"" /R, -1

F=
0.75-(1+0.05R_, /R )

F<32 The J. Standard (16)

F=1.27 is calculated (R,= approx.1/100, specimen 2012-No.5, R,,,~approx.1/100, specimen No.1)
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Figure S 2.1 Simplified Monotonic Load-Deflection Curve of Two Frame Specimens
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2) Axial force ratio NV/(b-D-F.)> 0.4 and Ultimate story deflection angle
It is general understanding that ultimate deflection angle is reduced in case that axial force ratio NAb-D-F)
exceeds 0.4. Experimental study of ultimate deflection related to axial force ratio and shear reinforcement
ratio of column by the J. Standard is introduced in Figure S 2.2 and S2.3.
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Figure S 2.2 Influence of Axial Force Ratio ( by the Data n > 0.25) (Commentary Figure 1.2-3 of the Standard)
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Figure S 2.3 Influence of Shear Reinforcement Ratio and Interval of Tie under High Axial Force of Column
(Commentary Figure 1.2-4 of the Standard)
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3) Relation of Deflection Limit and Axial Force Ratio

Deflection member angle limit and ductility factor related to axial force ratio is introduced by RC structural
design code 2010, Japan

(Source: Architectural Institute of Japan, "Structural Calculation Code of Reinforced Concrete Structure 2010")
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Figure S 2.4 Ductility Factor and Axial Force Ratio Relation (Commentary Figure 14.8 of above A1J)
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SUPPLEMENT 3. FLEXURAL STRENGTH OF COLUMNS BY SIMPLIFIED CALCULATION

Flexural strength of column after retrofit is calculated by Equation (3.3.4-2) of the Guidelines. This is the
development of the Equation (A1.1-1) of the J. Standard. Following is the basis of the Equation J. (A1.1-1).

1) Flexural Strength of Column

In case neutral axis is within the section against axial force,

Assuming compressive and tensile re-bars are yield, and following unit/ dimension are supposed.

Y= ac/ at=1.0, d1= d/D=0.9, dc1=d1/ D=0.1,d S d’/D =0.1 x =x /D

ky = k3 =0.85 in case F,< 28 N/mm,

Equilibrium of axial force,

N=k -ky-x,-b-D-F, 1

Neutral axis ratio,

X, = N
b-D-F, -k -k,

Flexural strength is calculated from the equilibrium of flexural moment against center of section,

03]

M,=08a,-0,-D+0.5N-D 1——1— S 3
’ ky\b-D-F,

k] =k3 :0.85,

M,=08a,-0,-D+0.5N-D 1—L LN & 4)
' 0.85{b-D-F,

More simplified formula,

N

M,=08a,-0,-D+05N-D|1-| ——— (5)

' b-D-F,
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Stress block

L S 7
1[*’1'%

By detail analysis
Axial force y b
ratio EquatioI @
NAbDFe), 4
Equation (53
0
Flexural Strength, Mu Equation (12)

Compression ! ac
L

t——0)

b

Neutral axis

Figure S 3.1 Supposed Stress Distribution of Concrete and Re-bar (left) and Column Interaction (right)
Source; JSCA, Japan, “Seismic Design Guide for Buildings”

Equilibrium axial force, where maximum flexural strength, Differentiating N of eq. (4), M, where
inclination is zero,

M, =05D-——| N _|-0, — N __ _05x085=0425 ©6)
0.85\ 5 F, b-D-F,

Differentiating N of eq. (5),

M, =0sp-—2_ -0, — ¥ __o5 7

b-F, ' bDF,

This axial stress, %is assumed as0.4b-D - F., and flexural strength in case axial stress is higher than this

value,
N 2
Mu xat0.4b-D-Fc = O.8at O'y 'D+O.5N'DX1—m=O.8at O'y -D+0.12b-D 'FC (8)
Following formula is defined for 0.4bD X F.<N<Npax,
N -N
My =(0.8a, -0y -D+0.12b-D* ~Fc)>< fmax ©9)
Nmax —O.4b'D'FC

In case N is tension, 0 < N <N,,;,, where tension strength of concrete is ignored,
M, (at N is zero) = 0.8 a,-0,-D(10)

min N (at M, is zero) = 2a,-0,(11)

Inclination of the straight line is 0.4D,

Flexural strength is shown,

M,=0.8a,-0,-D + 04N -D(12)
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2) Axial Force of Column and Deformability

Axial force ratio n = N/(b-D-F,) is an important factor that affect the deformability of columns, together
with the allowance against shear failure. N-M interaction curve and related strain distribution of column
section is shown in Figure S 3.2.

High axial force ratio; Region B shows that tension re-bar will not yield, and low ductility of the section
(member) is supposed.

Medium axial force; Region C shows that tension re-bars will yield, and reasonable ductility of the section
(member) are supposed.

It is requested to control axial force ratio in the region C which is not larger than 0.4 in case of ordinary
shear reinforcement of column. If the concrete is low strength concrete, this axial force ratio will become
high, and the ductility will be limited.
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Figure S 3.2 Axial Force of Column and Deformability

Source: Architectural Institute of Japan, Kanto Branch, “Design of Earthquake Resistant Structures,
Chapter 5 Reinforced Concrete Structure, (in Japanese)”
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SUPPLEMENT 4. FORMULA FOR ULTIMATE SHEAR STRENGTH OF
COLUMN USED FOR SEISMIC EVALUATION IN JAPAN

Comparison between Japanese modified Arakawa minimum formula and BNBC formula
Ultimate shear strength of columns shall be calculated with equation

033 .

0.053p," "8+ 0p)| [ o 7 = I
M/(Q'd)+0-12 borne by shear

borne by concrete reinforcement

Q.s‘u . kr '

—

}-b-j (Al.1-2)

increase in ultimate strength
from effects of axial force

[Supplementary provisions 1 Column with modified to consider low strength concrete]

(k< 1.0)

Where:

k. :Reduction factor of low strength concrete (03< 13.5 N/mm®) £, = 0.244 + 0.056 o
P : Tensile reinforcement ratio (%).

op = F, : Compressive strength.

pw - Shear reinforcement ratio, p,, = 0.012 for p,> 0.012.

sOwy : Yield strength of shear reinforcing bars (N/mm?).

d : Effective depth of column. D — 50mm may be applied.

M /Q : Shear span length. Default value is 4,/2.

h,  :Clear height of the column.

J : Distance between centroids of tension and compression forces, default value is 0.8D.

If the value of M/(Q-d) is less than unity or greater than 3, the value of M/(Q-d) shall be unity or 3
respectively in using above equation and if the value of o, is greater than 8N/mm’, the value of g, shall be
8N/mm’ in using above equation.

The formula for ultimate shear strength of column used in the Japanese standard for seismic evaluation was
proposed more than 50 years ago, using the evaluation formula for ultimate shear strength of beam as its
original model. Since then, a number of modifications have been made and a term to consider the influence
of axial force has been added to arrive at the current evaluation formula.

This evaluation formula is an empirical formula (evaluation of ultimate shear strength based on experiment
of elements). In Japan, even though there is also a theoretical formula using the arch and truss theory under
the lower bound theory of plasticity, this formula is still used widely for its high reliability in Japan today,
as the standard formula.

This formula consists of three terms, the first term being those borne by concrete, the second term for the
effects of shear reinforcements, and the third term for the influence of axial force, and by aggregating the
three, evaluates the ultimate shear strength of the column. In Japan, concrete strength of 13.5 N/mm? or
higher are subject to the scope, under the Japanese standard for seismic evaluation. However, in
Bangladesh, in many cases, concrete strength of existing buildings falls short of 13.5 N/mm’. Assuming
such cases, by considering %, the reduction factor for low strength concrete proposed in Japan, the lower
limit of applicable scope of concrete strength has been lowered from 13.5 N/mm?’ to 9 N/mm?. The outline
of Japanese evaluation formula for ultimate shear strength constitution is indicated below:

Q. = Reduction factor for low strength concrete x (borne by concrete + borne by shear reinforcements +
increase in ultimate strength from effects of axial force)

A paper summarizing experiments conducted in Japan (277 samples) and the influence of major parameters
on this equation has been published and is indicated below:
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The paper is a collection of experimental data concerning RC columns for experiments conducted between
1983 and 2008. Of the data collected, an outline of the 277 samples and their results, as well as the
calculated results, are as indicated in Table S 4.1.

Table S 4.1 Summery of Collected Sample Data

Series of comeressive concrete strength Tensile reinforcing Shear remforcing ber Axial force
Number Dimension Shear G Shear

of 8D span strength Tersie Yield Pl Yiekd Unitof shear | Acitstress | Axial force

tamo Range Dsta (mm) ratio ofcorcrete | inrcomen Strength e . nm Strength reinforcment 9 ratio

I8 1 rato Ty RS 0w B Oy {N/me) 7

0 0u<15 21 200~400 08~20 33~143 024~149 335~808 0.30~1.79 252~587 0.14~6.0 1.3~5.6 0.15~1,05

senes . (296) (1.43) (0. (0.79) (441) (0.30) {345) (1.08) (a.n (0.33)
200~400 1.0~20 15.0~360 § 042~225 | 328~1098 | 006~1.76 | 209~ 1455 | 0.t4~107 20~218 0.08~0.70

M R 8

tores | 15200336 | 128 | “pgy (1.48) 280) (1.00) (506) ©054) 600) 3.16) ®2) 0.28)

. 200~400 1.0~20 37.0~600 | 060~145 378~846 0.10~1.60 | 327~1721 | 058~1t1.2 40~268 0.10~0.60
Heres | 36<0 560 § 60 (330) (1.42) (44.0) 087 (509) 055) (1038) @.16) (135) ©31)
SH §0< g 8 250~400 10~20 61.0~116 | 061~1.33 349~988 0.15~1.56 | 365~1373 | 1.51~157 98~378 0.15~0.50

senes L (319 (1.50) (80.4) (0.93) (648) (0.74) (893) (6.58) (230 (0.29)

Reference: KITANI, E etc. Discussion of adaptability investigation a case for the modified ARAKAWA MINIMUM FORMULA, 2011
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Figure S 4.1 Relationship between Asmin(= Qmar/Qsmin) and op(compressive strength of concrete)

T
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Figure S 4.2 Relationship between A,,;; and Figure S 4.3 Relationship between A, and n (Axial
Pw 0, (Unit of shear reinforcement)

0.0 0.2

0.

force ratio)

06 0.8

n

10 1.2

From the comparison of the maximum value from this experiment with the calculated value, in general,
with the exception of the range of low strength concrete, equation (Al.1-2) evaluates the lower bound of
the experiment results. In this comparison no consideration has been given for the reduction factor for low

strength concrete.
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Here, in order to grasp the outline of the relationship between the shear evaluation formula for columns
adopted by BNBC 93 and those of Japan, a comparison of calculation results using major parameters shall
be conducted. Shear evaluation formula by BNBC 93 is as indicated below:
Design for shear shall be based on

=0V

where V, =V. + 1V, and @ = 0.85 [BNBC-936.2.7,Part 6]

For members subject to axial compression,in additon to flexure and shear

V. =017 (14 0.073 N, /Ag)- [f'. by -d
V=4, f,-d/s

N,,:Axial load

Ag:Gross area of section

b,,:web width

d :distance from extreme compression fibere to the centroid of tensile
reinforcement

A, :Area of shear rainforcement within a distance s
s :Spaceing of shear rainforcement

Calculation has been conducted on the member indicated below, using the same parameters used for the
comparison between the experimental values and the calculated values indicated above.

Shear strength comper between JNBC and BNBC

Inner height: hy= 2,400 {mm)
L m/a= 333> 3.00
J

o ":?T_"é‘ 7-

1
&:‘f he=2,400
1
|
e
~
1

400 {mm)
40 {mm)
<reinforcing bar>
Tensile reinforcing bars 3- 24 a,= 1140.4 (mm?)
p= 0.713 (%)
Total reinforcing bars 8- 2¢ ag= 3041.1 (mm?)
Compressive strength of existing concrete  (F): N/mm? 135
Tensile strength of existing rebar(a ,): N/mm? 400
Tensile strength of Shera reinforcement (0 ,,): N/mm? 280

The solid lines in the graphs are the evaluated results of the formula indicated in this literature. The coarse
broken lines indicate the results of the original equation for each (Reduction factor for Bangladesh and low
strength and upper bound of axial force gy <8.0 N/mm” for Japan’s seismic evaluation are not considered).

The thin broken lines and dashed lines indicate the proof stress by concrete + axial force and the proof
stress by shear reinforcement bars for each equation.
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Figure S 4.4 Influence of difference in the strength of concrete on shear strength evaluation between
Bangladesh and Japan(Axial force ratio is different for each graph)
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Figure S 4.5 Influence of difference in the strength of concrete on shear strength evaluation between
Bangladesh and Japan (Unit of shear reinforcement is different for each graph)

* For concrete + axial force, the evaluated portion is almost parallel indicating that there is no difference in
influence of the variance of concrete strength on proof stress of both evaluation formulas.
* As the axial force ratio increases, its influence on proof stress will increase in the Japanese evaluation

formula. However, in the evaluation formula actually used in Japan, there is a limit on axial force and the
values are modified for this part.
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¢ With the reduction factor for low strength, the difference in proof stress is larger for 13.5 N/mm® and less.
* The unit of shear reinforcement (p,c.,) becomes almost equivalent in evaluation around 0.8.

* As the unit of shear reinforcement (p,,-o,,) increases, its influence on proof stress will increase in the
Bangladesh evaluation formula.

400
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Z
s 30
B
@ 200
-]
©n
-
™ 150 -
Q
<
i
100
: 50
o - - = = - . .
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Unite of shear reindorcement (N/mm?)
I
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300
:
T »0 g
b
o 200 - ==
& ; Tl
@ |-
T -
§ 1w /-
L =y - —— =aas
] /r = 4
100 L > i : -—
— I—’—"J
Sl e =
50 = -
T
o £ T . .
0.00 0.20 0.40 0.60 0.80 1.00 1,20 1.40 1.60
Unite of shear reindorcement (N/mm?)
m .
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350 b
200 e e e e T
g e
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»
o 200
5
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G 150 |
Q
L
w
lm -
50
. L : !
0.00 0.20 0.40 0.60 0.80 1.00 1.20 140 1.60
Unite of shear reindorcement {N/mm?)

Figure S 4.6 Influence of difference in the unit of shear reinforcement on shear strength evaluation
between Bangladesh and Japan (Axial force ratio is different for each graph)
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Figure S 4.7 Influence of difference in the unit of shear reinforcement on shear strength evaluation
between Bangladesh and Japan (Axial force ratio is different for each graph)

It can be clearly seen that the influence of unit of shear reinforcement (p,, ‘Owy) On proof stress
evaluation is the largest among the major factors.

(Difference in evaluation for the two equations is large)
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Figure S 4.8 Influence of difference in the axial force ratio on shear strength evaluation between
Bangladesh and Japan (Concrete strength is different for each graph)
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Figure S 4.9 Influence of Difference in the Axial Force Ratio on Shear Strength Evaluation Between
Bangladesh and Japan (Unit of Shear Reinforcement is Different for Each Graph)
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There is also a large difference in evaluation between the two equations for axial force ratio. When
axial force ratio is high, proof stress for Japanese evaluation formula will increase. However in the

actual formula used in Japan, an upper bound is given to the axial force evaluation and the values are
modified for this part.

A study was conducted on the influence of p,, the tensile reinforcement ratio found only in the Japanese
evaluation formula.

350

250 P T - - ey e e e

=2 / { __-_.__--___"__“_'_”"_“-"__.:

s32
-
-
-~

150

Shear strength (KN)

/
’
’

100 !
-_—

50 -

0.00 0.50 1.00 1.50 2.00 2.50
Tensile reinfocement ratio (%)

Figure S 4.10 Influence of Tensile Reinforcement Ratio

In the commonly used range in this country, variance of proof stress from tensile reinforcement is small and
the influence of tensile reinforcement ratio (p,) to the evaluation is small.

Summary

For the buildings in Bangladesh, within the commonly used range of each parameter, the Japanese
evaluation formula produced larger results.

Presuming from the comparison between the experimental results and the Japanese evaluation
formula results, the Bangladesh evaluation formula is on the safer side.

However in case the axial force ratio is small and the concrete strength are low, and then it will fall
slightly on the dangerous side.

In the case where the unit of shear reinforcement (p,-0,,) is 0.80 or larger, it will fall slightly on the
dangerous side. However, in real life, this is out of range of common use.

When adopting the Bangladesh evaluation formula for seismic evaluation, it is necessary to consider

whether to modify the evaluation and use it, in case the axial force is small and the concrete is of low
strength.
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SUPPLEMENT 5. SHEAR STRENGTH OF BEAM COLUMN JOINT

Shear strength of beam column joint sample calculations based on Japanese code and BNBC93 are shown
below:

1) A Study Based on Japanese Design Guidelines

Architectural Institute of Japan, “Design Guidelines for Earthquake Resistant Reinforced Concrete
Buildings Based on Inelastic Displacement Concept” is used for sample calculation.

Shear strength of beam column joint is calculated using following equation,

Vju =K-¢-Fj -bj -Dj (8.3.1) (Design Guidelines)

Where, k: Coefficient by the configuration of beam column joint
= 1.0+ type
k= 0.7 + type
k=0.5L type
¢: Adjustment coefficient with/ without orthogonal beam
@= 1.0 with orthogonal beam at both side
@ = 0.85 other cases
F;: Standard strength of shear at beam column joint
F;=1.6 x g5" (kg/mm?)
F;=0.8 x gz (N/mm?)
og: Compressive strength of concrete
Dy: Column depth or horizontal projected length of 90 degree bending re-bar b; is effective width of
beam,
b=by+b,;+b,5(8.3.2)
Where,
by is beam width, b,; is smaller value of /2 and D/4, and bi is the parallel distance from beam surface to
edge of column, and D is column depth.

a) Shear force at beam/column yield (Design shear force) V;
Vj=T+Cg +C, =V . =T+T'-V, (Exp8.3.1)

Column shear force V,
Beam failure,

M, L/L+M, -L,,'/L_(Mb*Mb )'Lb/L

V=2 ,
Lo +L, Le

(Exp.8.3.2)
Where, M,, M,': Flexural moment of beam at end of beam

Ly, Ly': Beam span length at each side

L, L': Beam clear span length at each side

L., L/: Column length at upper and lower side

; 2-M,
Column failure, V=

Where,
L = clear length of column
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Figure S 5.2 Flexural Moment of Beam and Figure S5.3 Classification of Beam Column Joint

Column (Figure 8.3.2 of Design Guidelines*)
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(Figure 8.3.3 of Design Guidelines*)
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Figure S5.5 Shear Strength of Joint, which Cause Shear Failure
(Design Guideline*, Paper by Prof. Morita, others)

* Design Guidelines for Earthquake Resistant Reinforced Concrete Buildings Based on Inelastic Displacement
Concept

Source: Architectural Institute of Japan.
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Example member (a typical mid-rise building)
Column section, 400mm x 400mm, main 8-22mmg,

Beam section, 300mm x 500mm, top main bar 5-20mm, bottom 3-20mm, 400mm

Yield strength 400N/mm>

Concrete strength: F, = 14kN/mm’, F.= 9kN/mm’

Storey height: 3m
Column span: 5m

Example calculation, one way direction only has been evaluated at here.

k= 1.0 (+ type), 0.7 ( type)
¢=1.0, 0.85
F;=0.8 x 6B (N/mm?)

500mm

=0.8x14%"= 0.8 x 6.34= 5.07kN/mm? (¥, 14N/mm?)

bj = by+b,;+b,;

=300 + 50/2 +50/2 = 350mm
D;=400mm

F.=14N/mm’, F=5.07N/mm?

400mm

%

Main: 8-22mm ¢

300mm

Main: 5-20mm ¢
Main: 3-20mm ¢

VimkpFjbj-Dj

Vju (kN)

V=T+T"V,

Vj (kN)

Vil V;

=1.0, 9=1.0
(+ type, orthogonal beam)

709

N
b-D-F,

e

Beam hinge (

=0.4, 0.6)

Column hinge (

N
=0.8
i )

e

859
783

0.825< 1.0
0.905<1.0

1=1.0, ¢=0.85
(+ type, no orthogonal beam)

603

Beam hinge (

=0.4, 0.6)
b-D-F,

Column hinge ( B

N _o38)
F,

GG

859
783

0.702< 1.0
0.770< 1.0

1=0.7, 9=1.0
(+type, orthogonal beam)

496

Beam hinge

537

0.924< 1.0

1=0.7, 9=0.85
(+type, no orthogonal
beam)

422

Beam hinge

537

0.786< 1.0

Vii: Shear strength of beam column joint

k: Coefficient by the configuration of beam column joint
¢: Adjustment coefficient with/ without orthogonal beam
Vj: Shear force at beany/ column hinge formation

Fj: Standard strength of shear at beam column joint
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F=9.0N/mm’, F ,:3.72mem2, assume equation ¥}, can be applied for low strength concrete.

V=0 Fjbj-Dj VuN) [ V=T+ TV, 7N | 7/ Y,
=1.0, 9=1.0 521 Beam hinge ( N =0.4, 0.6) 859 0.606 < 1.0
(+ type, orthogonal beam) b-D-F 730 0.714<1.0
Column hinge (——— =0.8)
-D-F,
(+ type, no orthogonal beam) b-D-F; 730 0.607< 1.0
. N
Col h =0.8
olumn hinge ( 5D F )
k=0.7, 9=1.0 365 Beam hinge 537 0.680<1.0
(+type, orthogonal beam)
1=0.7, p=0.85 310 Beam hinge 537 0.577< 1.0
(+type, no orthogonal beam)
F=18N/mm’, F=6.05N/mm’
Vo Fyb,D) VuN) | V= T+T"Ve VN) [ Vil V,
=1.0, 0=1.0 847 Beam hinge ( N =0.4, 0.6) 859 0.986< 1.0
(+ type, orthogonal beam) b-D-Fe 817 1.04> 1.0
. N
Col h =0.8
olumn mge(b-DF,_. )
=1.0, p=0.85 720 Beam hinge ( =0.4, 0.6) 859 0.838<1.0
(+ type, no orthogonal beam) b-D-F, 817 0.818<1.0
. N
Col h =0.8
olumn 1nge(b.D'FC )
¥=0.7, p=1.0 593 Beam hinge 537 1.10>1.0
(+type, orthogonal beam)
x=0.7, p=0.85 504 Beam hinge 537 0.939>1.0
(+type, no orthogonal beam)

Column flexural strength, M= 284kN.m (

b-D-F,

b) Shear Strength of Beam Column Joint

F, 14kN/mm’
F;=0.8xoB"’ (N/mm’)

=0.8x14%" = 0.8x6.34= 5.07kN/mm’ (F. 14N/mm’)

V= F;b;-D;

= 1.0 x0.85x5.07x350x400 =603.3kN (422.3kN, in case x=0.7)

F. 9kN/mm’, assume same equation is can be applied for low strength concrete.

F;=0.8 x ¢B"” (N/mm”)

=0.8 x 9%7=(.8x6.34= 3.72kN/mm’

Vi= 1@ X FjxbxD;

= 1.0 x0.85%3.72x350x400 =443kN (310kN, in case x=0.7)

¢) Shear Force at Beam/Column Yield (Design Shear Force) V;
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Vi=T+C,*C.“V.=T+T"-V, (Explanation 8.3.1)
Beam failure, Column shear force V.

2(M,,.L,,/L+M,,'-L,,'/L') (M,,+M,,').L,,/L
V= - = (Explanation 8.3.2)
L+L L

c

Ve=(251+151) x 5.0/4.6/3.0
= 146kN (251%5.0/4.6/3=91kN, +type)
Column failure,
Ve=2xM./ L (clear length of column)

Flexural strength of beam
M,=0.8xa,xg,xD
=251kN-m (5-20mmg)
=151 kN'm (3-20mmg)
Flexural strength of column, based on previous calculation of Supplement 6.
Equilibrium at the center of joint
F=14.0N/mm’
(Mp+M,)xLy/L= 43TkKN-m < 2-M,-L /L= 2x253%3.0/2.5=607kN-m (N=0.4xbDF,)
< 209 =502 0.6 Beam hinge
> 165 =396 0.8  Column hinge
(396/437=0.91)
Shear force when beam/column yield

Beam hinge

F.14N/mm’
V=T+T"-V.
= (628 (5-¢20) + 377 (3-920)) — 146 M, is calculated as N=0.4xb-D-F,
( ditto ) -146 0.6
( ditto )x0.91 - 132 0.8
=1005- 146
1005 -146
915-132
= 859kN > 603kN (¥}, shear strength of joint of + type) 859/603= 1.42, shear failure,
859 >
783 >
In case of Ftype (Beam hinge)
V=628 — 91

= 537 > 422kN (V},, shear strength of joint of Ftype) 537/422=1.27
537>
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2) Study on Beam-Column Joint According To BNBC 93

General requirements:

Joint shear capacity shall be checked for special moment frame (SMF) only. During joint shear calculation
25% over strength (1.25f,) of beam main rebar is considered. Strength reduction factor (¢ = 0.85) due to
shear shall also be implied. Joint shear capacity is also calculated for without over strength of rebar (1.0f;)

and without strength reduction factor (¢ = 1.0) for comparison with Japanese method. Calculation result is
shown in the parenthesis.

A member that frames into a face is considered to provide confinement to the joint if at least three-quarters
of the face of the joint is covered by the framing member. Effective joint area (4;) is shown in Figure-3

Ve y
col
! Tona=1.25A.1, — .
— : f—h -——— Cpr. B= Tpr. 8
| A; =
'
) M +
MPI-,A ! Mpr+,5 —_— o .8
A q E D Myr A —ma Vi=Tya* Tpyg- Vew
Vezdl | Vess C, 4=
EE S el A T,.a=1.25A.1,
1 ﬁ —
: S—
| Vool
|
JPS—— V
< Figure S 5.7 Joint Shear Free Body Diagram
VcoI= [(Mpr+,B + Mpr_,A) +
(ve2.A +Ve1,B) g]/ec

Figure S 5.6 Free Body Diagram of Column to Use Column Shear V,,

Effective
joint area, A,

Figure S 5.8 Definition of Beam-Column Dimension
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Tensile Force of Beam Rebar:
Tprq= 5%314 % 1.25 x 400 = 785 kN (628kN)
Tpor.a=3 x 314x1.25 x 400 =471 kN (376.8kN)

Joint Shear for /7. =14 MPa

For top bar, a = 5x314x1.25x400 /(0.85%14x300) = 220mm (176mm)

S0, My, 4= 5 % 314x1.25%400 (400 — 220/2) = 227650 kN-mm (196000 kN-mm)
For bottom bar, a’= 3x314x1.25x400/(0.85%14x300) = 132mm (105.5mm)

So, M, 5= 3%314x1.25x400 (400 — 132/2) = 176150 kKN-mm (145900 kN-mm)

Beam end shear = (227650 + 176150)/ (5000 — 400) = 877.8 kN (743.3 kN)
Veor = (227650 + 176150 + 877.8x400)/ 3000 = 146.1 kN (123.8 kN)
So, Joint force if beam hinge form

Vi =785+ 471-146.1 = 1109.9 kN (881 kN)

Joint Shear for /7, =9 MPa

For top bar, a =5 x314x1.25x400/(0.85x9x300) = 342mm (273.6mm)

S0, M, o= 5%314x1.25x400 (400 — 342/2) = 179760 kN-mm (165300 kN-mm)
For bottom bar, a’ = 3x314x1.25x400/(0.85x9x300) = 205mm (164.2mm)

So, M, 5 = 3%314x1.25%400 (400 — 205/2) = 158960 kN-mm (134900 kN-mm)

Beam end shear = (179760+ 158960)/ (5000 — 400) = 736.4 kN (652.6 kN)
Veor = (179760 + 158960 + 736.4 x 400)/ 3000 = 122.7 kN (108.8 kN)
So, Joint force if beam hinge form

V;=1785+471-122.7=1133.3 kN (896 kN)

Shear Strength of Joint
Shear strength capacity of the joint shall not be greater than as specified below —

Viu=1.66 ¢/ f. - A4, for joint confined on all four sides
=1.24 ¢\/ fe - A, for joint confined on three faces or two opposite faces

= 1.0 ¢/, - A, for others

Since 0.75 % 400 (column width) < 300 (beam width), so the joint is confined.
Since the beam passes through the centre of the column
b;=400mm
d; = 400mm
A;=1400 x 400 = 160000mm?>
For /7. = 14 MPa:
Vi = 844.7 kN (993.8 kN) for joint confined on all four sides
= 631.0 kN (742.4 kN) for joint confined on three faces or two opposite faces
= 508.8 kN (598.6 kN) for others
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For f.= 9 MPa:
Vi, = 677.3 kN (796.8 kN) for joint confined on all four sides
= 505.9 kN (595.2 kN) for joint confined on three faces or two opposite faces
= 408.0 kN (480.0 kN) for others

For f7.= 14 MPa:

Joint Type Joint Capacity, Column Axial | Joint Force, V{kN) Vil V;
Viu (kN) Force Ratio For Beam Hinge | For Column
Hinge

+  Type 04 1109.9 (881) X 0.76 (1.12)
With 844.7 (993.8)

orthogonal 0.6 1109.9 (881) X 0.76 (1.12)
beam 0.8 x 757.9 (881) 111 (1.12)
+  Type 04 1109.9 (881) X 0.57 (0.84)
Without 631.0 (742.4)

orthogonsl 0.6 1109.9 (881) X 0.57 (0.84)
beam 0.8 X 757.9 (881) 0.83 (0.84)
- Type 0.4 703.3 (557.7) x 1.20 (1.78)
With 844.7 (993.8)

orthogonal 06 703.3 (557.7) X 1.20(1.78)
beam 0.8 703.3 (557.7) x 1.20(1.78)
F Type 04 703.3 (557.7) X 0.90 (1.33)
Without 631.0 (742.4)

orthogonal 0.6 703.3 (557.7) X 0.90 (1.33)
beam 0.8 703.3 (557.7) x 0.90 (1.33)

Note:

1. Calculation result shown in the parenthesis is for Japanese method with £, in main bar and ¢= 1.0
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For /7. = 9 MPa:
Joint Type Joint Capacity, Column Axial | Joint Force, V;(KN) V./V;
Vi (KN) Force Ratio For Beam Hinge | For Column
Hinge

-|- Type 677.3 (796.8) 0.4 1133.3 (896) X 0.60 (0.89)
With
orthogonal 0.6 1133.3 (896) X 0.60 (0.89)
bz 0.8 x 1071.4 (896) 0.63 (0.89)
-|- Type 505.9 (595.2) 0.4 1133.3 (896) x 0.45 (0.66)
Without
orthogonal 0.6 1133.3 (896) x 0.45 (0.66)
beam 0.8 X 1071.4 (896) 0.47 (0.66)
|- Type | 677.3(796.8) 0.4 720.8 (568.5) x 0.94 (1.41)
With
orthogonal 0.6 720.8 (568.5) X 0.94 (1.41)
beam

0.8 720.8 (568.5) x 0.94 (1.41)
|— Type | 505.9(595.2) 0.4 720.8 (568.5) X 0.70 (1.04)
Without
orthogonal 0.6 720.8 (568.5) x 0.70 (1.04)
beam

0.8 720.8 (568.5) X 0.70 (1.04)

Note:

1. Calculation result shown in the parenthesis is for Japanese method with £ in main bar and ¢= 1.0

3) Summary

A sample calculation of strength and design shear force for beam column joint was done using Japanese
code and BNBC for comparison. The result shows similar trends of shear failure at beam column joint,
especially in case of low strength concrete.

Beam Column Joint,

1. Shear strength of joint is affected by concrete strength and is proportional to the size of effective width
and column depth. It is easy to cause shear failure in case of small column (depth).

2. Shear failure is easy to occur, in case that the quantity (Area of beam main-bar x yield strength of re-bar)

is big and size of joint is small. Strength will decrease if shear failure or deterioration of the bond of
main-bar occurs.

From the sample calculation,

1. Shear failure at the joint is easy to occur, in case of low concrete strength.

2. Shear failure of the joint is easy to occur, in case of + type joint compared with Ftype joint, and joint
without orthogonal beam.

3. (In case that floor slab is ignored), there is difference of beam hinge and column hinge formation by the
column strength due to axial force ratio (V/b-D-F.=0.4, 0.6, 0.8), but there is no clear difference of shear
force at the joint.
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Countermeasures,

1. In case of low strength concrete (F,.< 13.5N/mm°) or small size column, it will be required to evaluate
shear strength of joint and shear force of joint when beam/column hinge occurs for typical members.

2. If the failure of the joint is supposed, the reduction of strength of frames by 2™ level screening, which
suppose column failure, will be considered.

3. It has been said that the storey deflection angle will be R=1/100 when shear failure of beam column joint
occurs. It is recommended to provide strength oriented retrofit such as RC in-filled wall and steel framed
brace to reduce horizontal deflection of frames. (AlJ, Chapter 6 Recommendation of assessment for
beam column joint, “Seismic Design of RC Structure after the Hanshin. Awaji Earthquake Disaster,
1998, written in Japanese)

Storey deflection angle will be controlled, in case of shear failure type RC in-filled wall, which is
R=1/250 (F=1.0), and in case of steel framed brace which is R=1/124~ (F=1.5~). It is recommended to
control storey deflection angle within 1/124 (F=1.5) or less in case of low strength concrete.
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SUPPLEMENT 6. UPPER LIMIT OF DRIFT ANGLE OF THE FLEXURAL
COLUMN, R,y BY TENSILE REINFORCEMENT RATIO p,

1. BOND SPLIT FAILURE

In case there is a possibility of a bond split failure of the main reinforcement, the upper limit of drift angle
of the flexural column Ry, Will restrict the upper limit of the drift angle of the flexural column as its
deformability will decrease.

From the results of past experimentation in Japan, it has been confirmed that bond split failures tend to
increase when tensile reinforcement bar quantity exceeds 1%. Therefore, in the seismic evaluation standard
in Japan, for columns with tensile reinforcement bar quantity of 1.0%or more, distortion performance is
limited to =1.0 (member distortion angle 1/250).

However, in the evaluation, columns with a shear-span depth of column ratio (M/(Q -D) of 3 or more or with
round steel bar main reinforcement are excluded from the subject of study, since the possibility of a bond
split failure is low. Another seismic evaluation system in Japan” indicates that a bond split failure is easy to
occur especially in members where the shear-span depth of column ratio is around 1.5 with deformed bars
as its main reinforcement.

Shear-span depth of column ratios of almost all the buildings in Bangladesh are 3.0 or more (ignoring the
effects of brick walls) leading to believe the possibility of destruction from a bond split failure to be low.
However, it is difficult to predict that there are no possibilities, when the conditions are different from the
members in Japan, such as concrete strength, the combination of rebar strengths, rebar quantity and their
arrangements.

Therefore, a study has been made to include this regulation in the seismic evaluation standard for
Bangladesh.

There are no experimental or building damage data from earthquakes covering a bond split failure in
Bangladesh. Therefore, using the bond failure strength formula used in Japan, a study for a bond split
failure was conducted on the members of the seven buildings where seismic evaluation were conducted.
The study method of Japan’s bond split failure is shown below:
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Bond failurestrength

n-@?-g,/4<k-JF-Y-(a—1,)
Design stress Strength

where:
@ :Diameter of the vertical reinforcing bar (mm)
o,:Yeild strength of reinforcing bar (N/mm?)

0.19:----- No supplemental tie
k: {0.22 """" Vertical reinforcing bar at only four coners
0.24------ All virtical reinforcing bars are hooked \ o / i
F:Compressive concretestrength (N/mm?) i G, O] oy
Y : Length of bond splitting (mm) e e "o
Y-—{ b—n-g :b/n < 2-2-d, (Side splitting)
2-(2:V2-d, — @) : b/n> 22 -d, (Coner splitting) bony 2vV2di—p

(Stde splitting) (Conersplitting)

n :Total number of the tensil reinforcing-bar (When b/n > 2 -\/2-d, n=2)
b :width(mm)
d,:Distance from the centroid of the tensil reinforcing-bar to the surface of tensil side of concrete
a : shear span M/Q(mm)
l,:Length of lost bond strength of vertical reincorcing-bar(mm) 1, = 0.5-(M/(Q - D)) -d
for 1.5<M/(Q-D) < 3.0
D :Depth of olumn.(mm)
d : Effective depth of column. D-50mm may be applied.(mm) —

Table S6.10verviewof the Seven Buildings where Seismic Evaluation was Conducted

Building Name A B C D
Usage OFFICE HOSPITAL HOSPITAL HOSPITAL
Structural Type Reinforced concrete | Reinforced concrete | Reinforced concrete | Reinforced concrete
Frame Type Moment Resisting Frame|Moment Resisting Frame|Moment Resisting Frame|Moment Resisting Frame|
Above Ground story 5 5 5 6
Eaves High(m) 15 247 18 -
Year of design 1985 1984 1999 In planning
Aggregate Brick Brick Brick -
Building Name E F G
Usage Garment factory Garment factory HOSPITAL
Structural Type Reinforced concrete | Reinforced concrete | Reinforced concrete
Frame Type Moment Resisting Frame|Moment Resisting Frame|Moment Resisting Frame
Above Ground story 4 6 5
Eaves High(m) 15.2 19.3 225
Year of design 2002 2003 1964
Aggregate Brick Brick Stone
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Table S 6.2 Structural Specifications of Columns Where Calculation Was Conducted
(Minimum, Maximum and Average)

o | 5 NEIR e .
e @ g [« o = < B0 —_ = o | o
] > —~ e E & *® = e ©
Tl s lelel s | B8 el o |22 B 8| o | ElEel 2| S |a E| E| &
2 @ |88 2 [3 = > [=} - - b 5 w E| &£ 3 s E = 3
El s 8] 2125 E| 2 |35| 28| £ | 2 |gf| E Bl 2|2 %
2] E|7°% 5|54 22| 53 2 (8 S I =
é 1 8 L = E T
[
Minmum | 0.15] 1964 [ 6 | 250 | 033 - 2.53) 3.60 [ 1.93 6 0.161 [0.643 | 75 |0.104]|0.290| 3 [0.00| 0.0 | 0.000
Maximum | 0.20 {2013 | 4 | 750 | 1.00{17.50| 4.01115.80| 9.84 25 1.683 | 4714 | 300 | 1.040]4.180 15[ 2.10| 1.9 | 1.640
Average - 11999] - - = 3.80 {330} 840 [ 490 - 0.689 { 1.907 | 229 |1 0.329]1.207( 9 (0.70( 0.4 | 0.087

2. STUDY USING JAPAN’S BOND SPLIT FAILURE FORMULA

A study was conducted using Japan’s bond split failure formula of the possibility of a bond split failure
occurring on each member. The results are shown below. The following shows low strength concrete
(F.<13.5 N/mm?) and for normal concrete, separately.

Results indicate that members with the possibility of a bond split failure are all low strength concrete
members.

7.00 - ]
~ [1Bond failure (Fc<13.5)

" ¢Nobond failure(Fc>13.5)

S
&

Ty

és.oo . No bond failure(Fc<13.5)

£ 400 AA- :

an -

Y30 A

[ -4 |

LR A A 1 1

.g 2.00 I 'g‘[ A A i
T o AV ] I

S é 4 Y Al b

0.00 ' |

000 100 200 300 400 500 600 700 800 900
Shear span ratio (M/(Q*D))

Figure S6.1 Tensile Reinforcement Ratio and Judgment Value

The relationship between the tensile reinforcement ratios and judgment values indicates that there are
possibilities of a bond split failure even in members of which tensile reinforcement ratio is lower than
1.00%.
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7.00 - —— : —— .
+ [1Bond failure (Fc<13.5)
- o:0 A " @ No bond failure(Fc>13.5)
g 5.00 _ No bond failure(Fc<13.5)
& B e
4.00 A . [ I
)
® 5 JEnEnE! ImaR
£, 3 _%&A ]
L 2.00 N A ; @
E EEEEmssL U
HHE T
0.00 + . . _ - .
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80
Tensile reinforcement ratio(P,)

Figure S6.2 Shear-Span Depth of Column Ratio and Judgment Value

The relationship between the shear-span depth of column ratios (M/(Q-D)) and judgment values indicates
that many of the members with possibility of a bond split failure fall the range 3.00 or lower, however, there
are some members with the ratio greater than 3.00 with possibility.

1.80 =
& 160 SRS RS v
° . HEA j
.E A0 T == i 1
= 120 o e =
o 1 | 1
g 1.00 : S % 25 A
o S A A SR A A A
L 0 T : - : P e e
‘T 0.60 . =
; ol |\ [1Bond failure (Fc<13.5)
2 & No bond failure(Fc>13.5)
@ 0.20
= | FE SR No bond failure(Fc<13.5)
0.00 ! == = : :
000 100 200 300 400 500 600 700 800 900 1000
Shear span ratio (M/(Q" D))

Figure S6.3 Tensile Reinforcement Ratio and Shear-Span Depth of Column Ratio

The relationship between the tensile reinforcement ratios and shear-span depth of column ratios was
investigated. Members with possibility of a bond split failure with shear-span depth of column ratio of 3.00
or greater had tensile reinforcement ratio of 1.3% or greater.
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3. STUDY OF BOND-SPLIT-FAILURE OF THE COLUMNS, WHICH SHEAR-SPAN DEPTH OF
COLUMN RATION IS 3.00 OR LESS (LOW-STRENGTH-CONCRETE ONLY)

Studied the bond-split-failure of the columns, which are low-strength-concrete and have the shear-span
depth of column ratio of 3.0 or less.

350 +—— .

w
8

8

(Stre ngth/Stress)
g B

8 &

Ratio

o
3

°
8

166 | 204 2¢ 25¢
Diameter of rebar (mm)

Figure S 6.4 Diameter and Judgment Value

Here is the relation between the diameter of reinforcing-bar and the verdict of bond-split-failure. It shows
the possibility of bond-split-failure when the diameter of reinforcing-bar is 20mm or more.

3.50
3.00 i : -
w
(7]
gz.so
ﬁzoo
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7] I .
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= ] =
%050 j’
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275 400
Yield strengh of rebar (N/mm?)

Figure S 6.5 Yield Strength and Judgment Value

Here is the relation between the strength of reinforcing-bar and the verdict of bond-split-failure. It shows
that the possibility of bond-split-failure becomes higher when grade400 is used. Possibility of
bond-split-failure is not completely erased even the strength of reinforcing bar is grade300.
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700.00 _ { :
60000 M No bond failure '
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Figure S 6.6 Width and Yield strength

Here is the relation between the strength of reinforcing-bar and the column width. The drawing shows that
when the strength of reinforcing bar is Grade300, the conditions of column width of 300mm or less and the
diameter of reinforcing-bar of 200mm or more increases the possibility of bond-split-failure.

4. SUMMARY

Bond split failures of members were investigated using the bond split failure formula used in Japan. The
results of the investigation conducted for the buildings this time shows that the most members likely to
cause bond split failures are the members made of low strength concrete (F,<13.5N/mm’) with a
shear-span depth of column ratio of 3.0 or smaller or with a tensile reinforcement ratio of 1.3% or greater.

Judging from test results in Japan, the possibility of a bond split failure is small because of the large
shear-span depth of column ratio.

However, based on the consideration that there are no test results using locally available members or
earthquake damage data, this regulation should be retained for the time being.

The following shall be specified based on the study results. The specified range contains members unlikely
to cause a bond split failure, however, the regulation shall apply for safety.

Distortion limit of members by tensile reinforcement ratio(?,)
The condition is limited to the buildings with low-strength concrete(F.<13.5N/mm").
F =1.0 for P, =1.3%.

Further study is recommended when the shear-span-depth-of-column-ratio is 3.0 or less,
reinforcing bar is Grade400, and the diameter of reinforcing bar is 20mm or more, or when
reinforcing bar is Grade300, column width is 300mm, and the diameter of reinforcing bar is
20mm or more.

Reference materials:

1) Seismic evaluation standards and commentary for existing reinforced concrete buildings, revised edition

2) Seismic evaluation standards and commentary for existing reinforced concrete buildings, 2001 revised
edition. Both published by the Japan Building Disaster Prevention Association

3) Seismic evaluation and seismic reinforcement design manual for existing buildings, 2012 edition.
Published by Japan Association for Building Research Promotion.
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1. General Remarks

1.1 Objective

To find out Seismic capacity of the Sample building by detail seismic evaluation and compare that with
required seismic capacity as per BNBC 2015.

1.2 Flow Chart of Seismic Evaluation

The Seismic Evaluation flow diagram is shown in FigureS8-1. The Evaluation method is based on
“Manual for Seismic Evaluation of Existing Reinforced Concrete Buildings” published by PWD.

Start
v

Calculate unit weight and column load

v

Shear at the ultimate flexural failure .Q,,,
Ultimate shear strength .Q,,

v

Compare Shear at the ultimate flexural failure with
ultimate shear strength, taking the smaller as the ultimate
lateral load-carrying capacity C of members.

v
Determine the ductility index F of columns |

L Calculate the basic seismic index Eo—l
L 2

| Calculate the irregularity index S
—

| Calculate the time index T |
v
I Evaluate the seismic index of structure I ]

Retrofitting design or
End Another safty measure

Figure S7.1 Flow Diagram for Seismic Evaluation
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2. Site Investigation

The main object of the work site investigation is to prepare as built structural drawings which is essential to
do the seismic evaluation.

2.1 Material Testing

1) Tests (both non-destructive and destructive) are carried out to determine the following properties of
materials:

e Concrete Strength

e Carbonation of concrete

e Rebar strength

e Rebound hammer test on RC surface

2) Test result of materials.
o Concrete compressive strength  : £, =9.7 N/mm” (Table 2.1)
e Rebar yield strength :£,=400 N/mm2(Table 2.2)(Grade 400W)

Table S7.1Results of Concrete Compressive Strength Tests Carried out on Concrete Core Samples

Building Name:Sample Building Completion Year:1978
Result of concrete Compressive Strength
Mass of Compressive 5 Average of | Standard Compressive Mass of unit volume y N/mm’
; Young's . A N
unit Strength modulus Compressive| deviation | Strength for | Diameter | Cross high "
F:loor Core No. | volume ¥ xi Strength m o evaluationoyg d section ight ass
0.
N/mm® kN/mm® 10'N/om® N/mm” N/mm’ N/om® cm m® mm N
01-L5D2 11. 27
02-L5F3 10. 85
4™ | 03-15D5 9.98 10.7 0.7 10.3
04-1.4D2 10. 97
05-L4F3 13. 82
3% | 06-L4D5 9. 05 11.2 2.4 10.0
07-L3D2 9.75
08-1 3F3 7.21
2" 1 09-L3D5 10.5 0.2 1.7 8.3
10-L2D2 i1. 00
11-L2F3 9. 45
15T | 12-1205 10.24 10.2 0.8 9.8
13-L1D2 10. 67
14-L1F3 9.75
F [H8-LIDS Al 1005 0.6 10. 1
Result of whole building 10. 4 1.4 9.7
specified design stren N/mm* Concrete classification : Aggregate : Brick
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Table S7.2 Result of Rebar Tensile Strength Test

St Frog Nominal | Actuat | Actual |Average| Yield or Yield or Average Ulimata | Uitimato Average TS/YS | Elongaton | Average Bend Rebend
No. Mark Dia | Dia | umt | Actuel | Proof | Proof | YieMorProol | Load | Btrength™ | Uitimate (%) |Elongason|  Test Test
Waight | Umit load |Stength™| Sirength Strangth %)
Woight (s} (Ts) {G longth = | (G length =

— e | kR R ki M L] L2 L pes Ll 20men S IRZ00 ey
1 RSM60.RE 400 20 | 19.8 | 2430 149.0 | 478 470 2350 | 740 740 17 Satistactory
2 RSM0R8.400 20 | 19.9 | 2437 | 2.430 | 1520 | 485 fesoopsny | 240.0 760 (108000 pey | 1.57 16 17 Batistactory
3 RSM.60RBA00 20 | 198 | 2423 1440 | 460 |4810kpsqcm) 2300 | 730 | pssoxpmgcm 18 Satyhactory
1 RSM60RB.400 18 | 157 | 1527 784 400 400 1300 | eso 660 19 Satistactory
2 RSM.60.RB 400 16 | 467 | 1520 | 1.523 | 814 410 (sso00pc) | 1300 | 860 (95500ps) | 1.65 15 - Satistactory
3 RSM.60.RE 400 18 | 167 | 1522 794 400 |(40%0kghacm) 1300 | 850 6700 kpmaom 19 ¥
1 RSM 60.RB.400 12 | 120 | oess 506 470 470 760 700 700 17 Satistactory
2 RSM 60.R8 400 12 | 120 | 0889 | 0.887 | 510 415 (s8000p=) | 760 710 (102000 pet) | 1.49 16 17 Setistactory
3 RSM 50 8 400 12 | 120 | o884 508 | 470 |u7ookgaqcom)| 780 | 700 | 1s0kgreacm 18 Batiatactory
1 RSM 60 RE.400 10 | 10.1 | 0827 355 | s00 500 550 770 780 16 Satistactory
2 RSM.60.R8.400 10 | 104 | 0635 | 0.631| 359 510 (@2500pe) | 560 790 (113000 pe) | 1.56 15 16 Satistactory
3 RSM 60 A8 400 10 | 109 | 0832 354 495  |(5100kgsqcm)| 550 770 | (e00 kpimacm) 17 Satistactory

2.2 As Built Structural Drawings

1) Following actions are taken to prepare the as built architectural and structural drawings:

« Field visit and measurement for number of stories and storey height, column section size, internal
column length, wall section size, spandrel wall and hanging wall dimensions, wall opening size

« Chipping, stripping and rebar scanning; column bar arrangement

« Digital survey and measurement; beam (spandrel wall and hanging wall) section size, beam span

« Digging and measurement of foundation size and thickness.

2) As built structural drawings are prepared based on above measurements.

3) The prepared as built structural and architectural drawings are listed in Appendix.
3. Seismic Evaluation
3.1 Principle of Seismic Evaluation

The principle of evaluation is as follows:
e Seismic Index s is calculated as per the Manual. Second level screening methods is followed as per the
manual.
o Seismic Evaluation is carried out based on the as built structural drawings and material test data.
e Seismic Index Isis calculated by the following formula based on the Manual.
L,=E,Sp-T
Where:
Ep : Basic seismic index of structure (defined in 3.2).
Sp :Irregularity index (defined in 3.3).
T :Time index (defined in 3.4)

e Seismic Demand Index:
Seismic Demand Index I, is determined by as per requirement of BNBC 2015.
I,,=08-2/3.-Z-1-C;

Where:
Z : Seismic zone coefficient, as defined in Section 2.5.6.2 of BNBC 2015
I :Structure importance factor, as defined in Section 2.5.7.1 of BNBC 2015
Cs : Normalized acceleration response spectrum, which is a function of structure (building)

period and soil type (site class) as defined by Equations 2.5.5a-d of BNBC 2015

Z =02
I =1.0 (Importance factor)
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Igp=08-2/3-Z-1-C;

Z = 0.20,1 = 1.0 Soil SD(S3),h,, = 15.24m
T = 0.0446 - (h,,)%° = 0.5465

C,=3.38

I =0.8-2/3-0.2-1.0-3.38=0.36
Iso=0.36isselected.

3.2 Seismic Evaluation

The ultimate strength, F index and ultimate failure mode for individual column are summarized in the plan
of Figure S8-2, and in the section of Figure S8-2, respectively.
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‘ F=1.0 F=1.0 F=1.0 F=150
| | Q=109.3N | T Q=1128kN | Q=112.8kN | Q=103.4kN
; n=0.468 n=0426 g n=0.426 n=0.213
—_— —g
| ::‘-:1.50 " FC ke
Q711N ¢ LSO F=1,50 P10
n=0 256 Q=69.4kN Q=67.5kN =56.0kN
I Tt a=023¢ 1 nog213 | n=0.106
-+ o H
Explanatory note

Qu:Ultimate strength of column

F :Ouctility index

FC:Frexural failure type of column
SC:Shear failure type of column

n :Axial force ratio

Figure S 7.2 The Ultimate Strength, F Index and Ultimate Failure Mode for Individual Column

(Plan)
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Qu Ultimate strength of column

f :Duetility index

FC.Fresural faure type of column
SC:Shear fallure type of column

n Aalalforce eatio

X direction - e

H Qerian (o ] gty - I
b 026 ) 102 bt o

#3150 [ Fe150 B I
Qe7i kN =rr=t] Qa7 I Gl |
[ 025 T ne.256 ‘.r.:-wi.
5
’

i S

Figure S 7.3 The Ultimate Strength, F Index and Ultimate Failure Mode for Individual Column

(Elevation)
3.2.2 Seismic Index (I5)
The following indexes are calculated,;
1) Strength Index (C), Ductility Index (F)
X Direction I*" story
Cindex ——Evaluation Result
\
0.50 | \\ - -~Required C
\\ — -Required EO
040 | \
\
h AN
030 | N
N
~
. ~

Cilafign.m g nwm o = = = Pl T A B

010 ¢

0.00 ' L :

0.00 1.00 1.27 1.50  2.00 3.00
F index

Figure S 7.4 C-F Curve
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2) Time Index (T)

Table S 7.3Time Index

Tilting of a building or obvious uneven settlement is

0.70
observed
|Landfill site of former rice field 0.90
| Deflection of beam or column is observed visually 0.90
|No correspondence to the foregoing 1.00
[Rain leak with rust of reinforcing bar is observed 0.80
|inclined cracking in columns is obviously observed 0.90
|Countless cracking is observed in external wall 0.90
|Rain leak without rust of reinforcing bar is observed 0.90
INo correspondence to the foregoing 1.00
Trace 0.70
|Experience but traceless 0.80
|No experience 1.00
Grade iii or more 0.90
Grade iior more 0.95
Grade i 1.00
lover the thickness of concrete(Grade ii) 0.90
Same or less the thickness of cover concrete(Grade i) 0.95
No correspondence to the foregoing 1.00
. Significant spalling of external finishing due to aging is
, 0.90
|observed
| Significant spalling and deterioration of internal finishing 0.90
is observed ’
No problem 1.00
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3) Irregularity Index (Sp)

Nearly regular a2 Irregular a3
< <
<s 5<b=<8 8<b 1.000 0.25
<
0.5<c<0.8 c<0.5 1.000 e
1/2005d<1/100 | d<1/200 1.000 0.25
QS_O.D 0.1<e=<03 03<e 1.000 05
— N f1<504&01<f2 | 04<flor
<o0.4&f2=0. 1.000
<03 03<f2 0.00
1.000
< <
1.0=<h 055h<1.0 h<0.5 1.000 -
< <i H
0.8<i 0.75i<0.8 i<0.7 1.000 025
Eccentric soft
Soft story - 1.000 1.00
1.000
Second level irregurity index SD,'(AtoK) 1.000
< <
1<0.1 0.1</<0.15 0.15<I 1.000 Lo
<
0.1<d=<0.15 0.15<I 1.000 100
<
0.1d=<0.15 0.15<l 1.000 L0
<
0.1<<0.15 0.15<I 1.000 100
<
1217 1.7¢n 1.000 100
<
12=17 1.7<n 1.000 100
<
12<n<17 1.7<n 1.000 100
12<n<17

cEccentricityxStiffness)
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4) Seismic Index (I5)

Calculated seismic Index I is shown in Table 3.3.

Table S 7.5 Result of Seismic Evaluation

Results of the secondLevel screening
Name of build Garrage Building |Construction year 1885
Address
Evaluated Engineer PWD [ Data ofevaluation 23-Jun-12
Seismic demand index Iso= 0.36 Cry* So= 0.18
Direction | Story (& F;I(I:: Eo T So 1s Cry*Sp Result Eq
5
4 0.816 1.50 0.73 0.700 1.000 0.51 0.49 OK @
S
3 0.347 1.50 0.35 0.700 1.000 0.24 0.23 NG @
4
5
2 0.189 1.40 0.20 0.700 1.000 0.14 0.14 NG @
0.041 1.10
0.189 1.40 0.20 0.14 0.14 NG 4
0.145 1.00 0.12 0.09 0.12 NG (o] 5
1 0.117 1.50 0.15 0.700 1.000 0.11 0.10 NG
0,061 1.00
0.115 1.50 0.16 0.11 0.10 NG 4
0.074 1.00 0.07 0.05 0.06 NG [ ] 5
G 0.063 1.50 0.09 0.700 0.900 0.06 0.06 NG
0.029 1.00
0.063 1.50 0.10 0.06 0.06 NG 4
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1 1 i

- - 1s0=0.36

0.0 0.1 0.2 0.3

04 0.5

Figure S7.5 I Distribution

3.3 Judgment

Is
0.6

Isat all stories without 4™ storey for both directions is drastically smaller than I,,, and therefore retrofitting

design should be carried out.
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APPENDIX
AS BUILT DRAWINGS

STRUCTURAL AS BUILT DRAWINGS

PROJECT NAME:

<Y CNCR

i s s e |

2
[

DRAWING TITLE

SHEETNO

COLUMN LAYOUT AND COLUMN SCHEDULE

Q
=

MAT REINFORCEMENT DETAILS (BOTTOM REBAR)

MAT REINFORCEMENT DETAILS (TOP REBAR)

LONG SECTION OF FOUNDATION BEAM

SECTIONS OF FOUNDATION BEAM-1

SECTIONS OF FOUNDATION BEAM-2

TYPICAL FLAT SLAS REINFORCEMENT DETALLS (BOTTOM REBAR)

TYPICAL FLAT SLAB REINFORCEMENT DETAILS (TOP REBAR)

gl(8|9 |8 |8 |28 |8 |2

ROOF SLAB REINFORCEMENT DETALS (BOTTOM REBAR)

8 |2[(2 |8 |8|® |8 (R

-
o

ROOF SLAB REINFORCEMENT DETAILS (TOP REBAR)

-
o

-
pry

ROOF BEAM DETALLS
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SUPPLEMENT 8. REPORT ON PREPARATION OF AS-BUILT DRAWINGS
(A SAMPLE REPORT)

Prepared By:
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1.

General

i.  Objective:
The main objective of the work is to prepare as built architectural and structural drawings, which
is essential for seismic assessment and retrofitting design of an existing building.

ii. Work period:
23/07/2013 to 07/10/2013

iii.  Target building: Building Overview

Name Sample building r sp*wa% n. % ]
Usage Hospital Building - il
Storey 5 (Five)
Structure RC framed structure
(Flat Slab with drop panel)
Construction 1964
year
Extension
Total floor 38655qm
area
Floor Height | 3.5m

Total Height 18.3m from Plinth Level(PL)

Front view of Sample building

Structural Characteristics

® The building is separated into ten blocks, from block-A to block-J. The interest of this report

is block-J.
m«J %@f"‘
PA 2 - g

L g

» ItisaRC framed structure. Slab is flat slab-.‘with drop panel. There is peripheral floor beams
only in roof slab.
* Building is on Mat Foundation as shown in the drawings.
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iv. Investigation
Seismic evaluation of the building is conducted as per the following flow diagram.

This work was conducted for the work of preparing as-built drawings shown in the flow diagram, when
design drawings are missing.

Start

Preliminary inspection

Design drawings
available

Inspection for preparation
of as build drawings

R
v

preparation of as build
drawings

1

Detailed inspection

Setting of the values necessary for conducting the seismic evaluation
(irregularity index, time index, material strength etc.)

v !
Calculation for evaluating the seismic performance
v

Comprehensive evaluation of the seismic performance

v

| End |
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The investigation flow chart and the field investigation items list for preparation of as built drawings.

Start

V

Actual survey
2

Infer the rebar arrangement of the each member by
same the design method of at construction time

W

To be inferred of the structural drawings
v
Verify bar arrangement on the site

v

Material inspection

v

Modification of structural drawings

v
End
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Comparision of |Necessity for

Items the design the issuance of |Application methods
drawings on site |survey maps
Floor space No Yes Based on the digital survey and
measurement
Number of stories and story height No Yes Same as above
Column section size No Yes Same as above
Internal column length No Yes Same as above
\Wall section size No Yes Same as above
S'pandrgl wall and hanging wall No Yes Same as above
dimensions
Wall openeing size No Yes Same as above
Column bar arrangement No Yes Chipping, Stripping and Rebar Scanning
Concrete strength No Yes
Core cutting, Smidth Hammer Sampling
Concrete specific gravity (Light and No Yes and Analysis
normal)
Column and wall reinforcement yield No Yes Sample collection from building and
point strength laboratory test
Beam (spandrel wall and hanging wall) No Yes Based on the digital survey and
Section size measurement
Beam span No Yes Same as above
Beam (spandrel wall and hanging wall) No Yes Sample collection from building and
reinforcement yield point strength laboratory test.

Show below the investigation item was conducted.

= Foundation

» Column

® Beam

Slab

Material Testing (Concrete strength, Carbonation of concrete, Rebar strength)
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3. Investigation Locations
= 1.

g
BT
gﬁ'ﬁ“ﬁ
b
FL
E
m
L
1
m
[N
[J
m
[ u )
a
Tﬂ
¢

g
m
B
A
[ ]
2
%9
B

=

®uis A CURESAMPLING

@_Z<mm._._0>._._oz LOCATIONS A cousmisTREPS

[ FEBOUD HAMMER
5 FOUNDATION HVESTISATION LOCATIOR
@ SOLTESTLOCATION
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4. Investigation of Building

Measurement of Building , Picture

Measured Items:
' = Structural elements
* Brick wall length, thickness and height
| ®= Doors and windows sizes
= Stair

Concrete Core Sampling-Step 1 [

= Fixation of core cutter

| Concrete Core Sampling-Step 2 l

= Location- Column at ground floor level .
= Diameter- 100 mm |
= Length- 200 mm
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Concrete Core Sampling-Step 3

~ Picture

Concrete Compressive Strength
= 50mm dia core = (Report Attached)
» 100mm dia core = (Report Attached)

!

Neutralization

= Concrete is Neutralized in a depth from 50mm to

100 mm

Column Investigation-1 (Interior Column)

» Method- Stripping of Column for Main/vertical
rebar

» Location- Column at Grid point3-B at ground
floor

= Column Dimension- 625mm x 625mm

= Main rebar diameter 12-d25mm at ground floor

= Shear Rebar size-10mm,

* Spacing-200mm
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Column Investigation-2 (Exterior Column) (

Picture

= Method- Stripping of Column for shear rebar

* Location- Column at Grid point3-A at ground
floor

= Rebar size-10mm, Spacing-200mm

Column Investigation-3 (Exterior Column)

= Main rebar diameter 8-d25mm
® Shear Rebar size-10mm,
= Spacing-200mm |

[ a3 1

Beam Investigation

Picture

* Location- The building frame is mainly a flat slab
system from 1* to Roof floor. There are peripheral
beams at the roof level but investigation could not
carried out because the space has been used as
“Operation Theatre”

* Dimension- 250 x 500 (Short Direction) and 250
% 600 (Long Direction)
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! Foundation Investigation

s Location= Grid line -6A

* Type = Raft Foundation

= Slab thickness = 400mm

= Foundation Beam = 600mmx»1225mm

® F. Depth = 1825mm from FGL

= Soil type = Shown in subsoil investigation report.

= No sign of differential settlement observed in the
building.

Slab Investigation-1 (Bottom Rebar) Picture

Investigation at the bottom of slab.
= Location = Room at ground floor

= 200mm thick flat slab with 100mm thick (2250mm x
2250mm-Interior) and (1125mm X 2250mm-exterior)
drop panels.

= Clear cover = 40mm
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Slab Investigation-2 (Top Rebar) Picture

Investigation at the top of slab.

= Location- In between Grid line-C3 and
C4 at 1™ floor level

»  Top Clear Cover- 40mm

= Col. strip top - d16mm@150mm c/c

= Col. strip bot. - d1I6mm@225mm c/c

=  Mid. strip bot. - d16mm@300mm c/c

Slab Investigation-3 (Slab Thickness) Picture

= Location- Grid line-A1 at 1* floor
= Thickness = 200mm

; '..‘.,""

" EXPANSION GAP=150mm

Lintel Investigation-1 (For Depth) Picture

= Dimension — 125mm * 300mm
= Clear Cover- 50mm
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Lintel Investigation-2 (For Rebar)

Picture

= Top rebar - 1 - 20mm
= Bottom rebar- 1 - 22mm
® Shear Rebar = 10mm @ 200mm c/c

Digital Survey to find the column grids

® The Building is horizontally regular

column grids

® Digital survey performed to find out the actual

Picture

Subsoil Investigation

= ] ocation- Around the building

= Bearing capacity as per report attached.
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After Investigation

* During the investigation the building was under
schedule repair and renovation.

= All the core cutting and stripping locations have
been filled by non-shrink grout and furnished
under the renovation work as shown below.

i
Ground Floor Corridor and Room
(Sna_p Date 25/09/2013)
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5. Architectural Drawings

See Appendix-‘A’
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6. Structural Drawings

See Appendix ‘B’
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7. Re-bar Test Report

Test Report
E | Diameter |  Average el e
= . Sample | Lengthof | of Cross- ftimate rushing 908 . e
8 | Locaton Pop Sample | Sample | Sectional Load Strength, |, Failure
0] Area . | @
Tinek) [ Gnch) | | (sauar&inch) [ (b)
Ground 1570 psi e
1 Floor, Grid 1-E 37 1.94 2.96 4,647 (10.8 MPa) Combined
Line D7
2300 psi ok
1st Floor, N 19 209 6,882 Combined
2 |GiaLness | 2E | 37 J (15.9 MPa)
2110 psi A
2 Floor, 1.95 209 6,323 Combined
3 |Grguness | JE | 37 : (14.6 MPa)
960 psi ——
3 Floor, ) 1 2.99 2,860 Combined
4 | GrdLineBo | *E il = (6.6 MPa)
1930 psi PN
4 Floor, : 2.99 5,765 Combined
5 | gidunens| oF | 37 1 (13.3 MPa)

8. Result of Concrete Compressive Strength

Test Report

*Combined = Mortar & Aggregate Failure

e Diameter Average
= Logation Sample | Length of of Cross- Ultimate Crushing Mode of
;‘;:g ID Sample | Sample Sectional Load Strength Faiture
Area
{inch) {inch) (square inch) (Ib.)
Ground
Floor
1| coumn, | 64 | 60 390 1195 20427 | 1810Dsi o ined
Grid Line B2 (PEle)
of J-Block
Ground
Floor
2 | Column, | 7-J 57 3.89 11.88 16113 | 1300psi | ined®
Grid Line B3 (OMPa) |
of J-Block |
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9. Comments

1.

10.

11.
12.
13.

14.
15.
16.

Construction Year of this building was 1964. At that time WSD Method (Working Stress Design
Method) was popular. So, for back calculations (structural elements investigation) WSD method
have been used.

In case of reinforced concrete elements design the book “Simplified Design of Reinforced
Concrete by Harry Parker” has been used. This book was very much popular in that time. The
book reflects “Building Code Requirements for Reinforced Concrete structure (ACI-1963)”.
One of the Design Engineer of PWD worked at that time period said in a conversation that the
ratio of concrete casting was (Cement: Sand: Shingles) is 1:2:4. Depending upon the
information, concrete test result and other issues connected with the construction, the concrete
strength considered during design is f’.=2500 Psi (17.25 MPa). Information about the
reinforcement is 40,000 Psi (275 MPa)-plain rebar and we have got similar test result. But for
the 4" floor level which constructed in 1995 is with 60,000 Psi (415 MPa) deformed rebar and
test shows the same.

Shingles has been used as aggregate, because this material is locally available. One of the main
reasons of low concrete strength may be due to shingles.

With the above discussed concrete strength and rebar strength column capacity has been
calculated and cross checked with the column load. Column load calculated considering only the
gravity loads both dead loads and live loads.

Capacity of columns calculated with observed section, reinforcement and concrete strength are
lower than the calculated column loads (calculations Attached).

Flat slab design performed and rebar found by calculation matched with the observed
(Calculations Attached).

Mat depth and foundation beam size are observed by excavation. Reinforcement provided is
from back calculations (Calculations Attached).

Several concrete cores have been taken from columns in different floors. The core dia were both
50mm and 100mm. Test result attached will provide a clear picture regarding the strength and
carbonation of existing column concrete.

Rebound Hammer test also performed in several columns. The results are as attached table-7.
Concrete strength in rebound is higher than core test values.

No corrosion observed in the existing rebars.

No serious cracks were observed in concrete elements or in brick walls of the building..

The concrete and brick wall surface is in dry condition and no dampness observed in visual
inspection.

Observation does not show any settlement of the existing foundation.

Digital survey performed and attached to get the actual column grids.

Subsoil investigation carried out to get the soil strata, properties and standard penetration test
values.
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10. Appendix (Calculation Sheets)

DESIGN CALCULATIONS

UNIT WEIGHT AND COLUMN LOAD

1.0 Determination of Unit Weight:

Considerations:
*First floor slab consider for calculation
*Slab Sixe 133'-0"x 65'-0"
*Dimension of structural
*Live load considered 60

member as per structural drawings
Psf (Typ Flr.) & 30 Psf (Roof)

*Unit weight of concrete 150 pcf
*Unit weight of wall 120 pcf
First Floor Size
Length 40538 mm 133 ft
Width 19837 mm 65 ft
SL ITEMS TYP. FLR |UN (0] FLR |UNIT
1 SW of slab 864.50}kip 64.50]kips
2 Drops 5 ips .00]kips
3 FF 3 s .25]kips
4 Column 29Q 6|k 0.00]kips
5 Wal 79. ki 0.00|kips
6 Load 8. kiP's 259.35|kips
TOTAL OR IG 2 1 ips 1556.10{kips
(UNIT WEIG f) 0.284 0.180(Ksf
UNIT WEIGHT 2841Psf 180|Psf
2.0 Determination of Column Load @ PL Level (Service):
Interior Column Size (Typ.) 24x24|inxin
Tributory area = (22x21) Sft 462|Sft
Column Load = 609|Kips
Exterior Column Size (Typ.) 12x24|inxin
Tributory area = (22x10.5) Sft 231|sft
Column Load = 304|Kips
Corner Column Size (Typ.) 12x24|inxin
Tributory area = (11x10.5) Sft 115.5|Sft
Column Load = 152|Kips

3.0 Determination of Column Load @ Foundation Level (Service):

Load calculated by StaadPro software and attached in next

page.
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Column.CapacitX of a Existing Building

INTERIOR COLUMN

General Design Specifications:
Unit wt.of concrete

Unit wt.of steel

Yield strength of steel
Compressive strength of concrete

Allowable tensile strength of steel

Allowable compressive strength of concrete

Allowable shear strength of concrete
Modulus of elasticity of steel
Modulus of elasticity of concrete
Modular ratio

Stress ratio

Coefficient

Lever arm coeff

Resisting moment Coefficient

Size of column
B

D

No/Size of B
Bar per membe
Dia of Main Bar
Area of Bars

fc

fs

Gross Concrete Area, Ag

Steel Area, As

Net Concrete area, Ac
Capacity of Column, P

(P = 0.85x0.25f'cxAg + fsxAs

Design of Ties

Diameter (1/4 of Main Bar)

Provide

Spacing of Stirrups

(a) Least Lateral Dimension of Column

(b) 16 times the diameter of main bar

(c) 48 times the diameter of tie bar
Provide

Pecentage of Reinforcement
(_ This should be between 1% to 4%)

9e
9s
fy
£

= fsx0.45fy

£, (0.45f'y)
v 2 (£, Y2

[

i

150 cfs
490 cfs
40000 psi
2500 psi
18000 psi
1125 psi
100 psi
29000000 psi
3031244 psi
10
16.00
0.37
0.88
184.23

24 in
24 in

12 Nos.

1.00 in.
0.79 sq.
1125 psi
18000 ps1

576.00 sqg.
9.42 sq.
566.58 sq.

in.

in
in
in

475.56/kip

5

24 in
16 in
18 in
16 in

1.64 %

197




861

X3ON
T ONIMVEIO
:
=
Lz v £ OO NOUYVATR v
b 207 96 ORIO NOLLVAT® s
z 9 £€ ORIO NOLLVATH z
" ZZT¥ - GRIO NOLLVATS "
o -0 GO NOLVATT o
] 20 GRID NOLLVATH ]
L] 86 QIO NOUVATE 0
AMOLYNEIS O35HOHLNY 0 V¥ QRID NOUYATE 0
b %0 e %0
% NVId HOOH HLY o0
4] NVId OO GiS 0
0 B NVd ¥O0H ONZ )
LINVITNENOD z NVd HOOH 18t ®
TMd 7 RIOND e e ®
NI ON 133H8 TUL ONMVIC ‘ON78
NOILLYDO LI5M08d
PONMVAT
e SONIMVYQ LTINE SV TVHNLIILHONY
e ]
dUINI &
SNVN 103r0obd

(sBurmeaq

[BIN)INIYIIY) V, XIpuaddy 11

g "oN Juswayddng



66T

SMVA30 NVIE S00M

=
b=

s
=

(visH dOL) 8IV.130 INSNIDVO-NISY BVI8 S00H

a
=

o
t=

(GIVEE NOLLOR) SIVL30 AINIWSDUO-NITH BVT8 3008

(dva= dO1) V130 INSWSOUO-NIZY EV18 1V TVOIdAL

(MVERS NOLLOR) STIVLIC INSWSOUO-NIZH BYI8 AV TWOIJAL

THV3E NOLLYONNOA 40 SNOLLDSS

$-Hv38 NOLLVONNOA H0 SNOLLO38

WY38 NOLLYONNOS 40 NOLLD3S ONOT

(VBRI dOL) SWVITT INSNIDHO-NY LVYN

QivaR) NOLLOE) S1VL30 LNINIOUOINISY LYW

|8 83|88 /8|8

TINAIHIS NNMIOD ONV LNOAYT NANT0D

5| 8|83 8/8B(5(8|8

!
>
8
g
:

T ONIMYEA

g
#

SONIMVYA 117INg SV TVANLONYLS

“JUSUIINSEIU [EIJO. JO J[NSIT Y} WO JUSISJJIP SI 11 ‘910J3I5Y I, *}[NSI UONB[NO[ed ay) uo paseq patedord sem Suimel(g

(sSuimeaq reanyonys) . g, xipuaddy -7y

8 *ON uewslddng






SUPPLEMENT 9. EVALUATION EXAMPLE

The procedure of the seismic evaluation is shown in this example with a moment resisting structure
which is outlined in the section 1. Since the main purpose of the example is to show how to calculate the
Basic Seismic Index of structure (E;) based on the Japanese standard of seismic evaluation.

Note: RC core wall is ignored to avoid complicacy in calculation.
1 Outline of the Structure

Outline of the example structure is described in this section. The building has 6-storey.

ELEVATION GRID 22
L2 oo

2-2 Grid
Figure S 9.2 Grid Elevation
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COLUMN SCHEDULE COLUMN TIE DETALS
COLUMN [ COLUMN DIMENSKON COLUMN REINFORCEMENT
INDEX
ABOVE GL. GROUND T0 2nd Focr 20d FLODA 10 d Floor 3rd FLOGA TO ROCF COMMENTS
T
) o E
o o [[Dlg[ EEDlgL EED|5L A P I
it 8-820mm 5-020mm ]
Tie =B10mm@ 250mm c/c_| Tie =B10mm@ 250mm v | Tie=B10mme@ 250mm /e —
=S
c-2 500:300 inlorcement as per imestigation | ¢
OoF | @D0F | [0 | g
20250 8-025mm 8-020mm £
Tie=B10mm@ 250mm &/c | Tie- 250mme/c | T @ 250me c/c g
e asperi :
© | = | OO | @01 | @OF 5 3
5. 3-G25mm 8-020mm 1 )
Tie=B10mm@ 250mmc/c | Tie=B10mm@ 250mmc/c | Tie=010mm@ 250mm c/c { f
@ @ @ Reintorcement as per E
aicdation and spiral is A0
C4 2500 u M m mm m NOTE:
a1 135 /il DN, 125 /c Spcal = B10nAnG 125mm ¢ e
7.25 WP,
e sre?qm of siee, ly=275VPa
Reinforcement as per For Seismic Assessment.
@ @ @ catcutation and spiral is Compressive sirengeh of concrece, I = 2000psi
M H shown considering oid (1365 MPa).
C-5 8500 praclice. Yield strengeh of steel, ty = 275MPa
8-258 8-200 8-208
ISpiral = 010mm@ 125mm c/c Spiral V@ 125mm c/c Spiral 125mm c/e
Figure S 9.3 Column Schedule 3 -
g Tie spacing @250
90degrees hook
Figure S 9.4 Column Layout
[Material Properties]

Concrete: o= 13.7 kKN/mm’ (Ordinary concrete)
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Rebar

2. Preliminary Calculation

2.1

Structural weight and axial force of column

0, = 275 KN/mm’ (g,,, =275 kN/mm®)

Table S$ 9.1 Building weight

Story N+1/N+i 2 Wi(kN)

6 0.583 3210.0

5 0.636 9949.0

4 0.700 15918.0

3 0.778 21879.0

2 0.875 27842.0

1 1.000 33801.0

Table S 9.2 Floor Wise Axial Force on Column
COLUMN ID FLOOR Nos. N (KN) b (mm) D (mm)

c1 6 2 75 300 600
c1 5 4 150 300 600
c1 4 4 225 300 600
c1 3 4 300 300 600
c1 2 4 375 300 600
c1 1 4 450 300 600
C1-A 5 2 75 600 300
C1-A 4 2 150 600 300
C1-A 3 2 225 600 300
C1-A 2 2 300 600 300
C1-A 1 2 375 600 300
C1-B 5 10 129 600 300
Ci-B 4 10 258 600 300
C1-B 3 10 387 600 300
Ci-B 2 10 516 600 300
C1-8B 1 10 645 600 300
C1-C 5 1 155 600 300
C1-C 4 1 310 600 300
C1-C 3 1 465 600 300
C1-C 2 1 620 600 300
c1-C 1 1 775 600 300
C1-D 6 2 129 300 600
C1-D 5 4 258 300 600
C1-D 4 4 387 300 600
C1-D 3 4 516 300 600
C1-D 2 4 645 300 600
C1-D 1 4 775 300 600
C1-E 6 2 171 300 600
C1-E 5 2 341 300 600
C1-E 4 2 513 300 600
C1-E 3 2 684 300 600
C1-E 2 2 855 300 600
C1-E 1 2 1025 300 600
C1-F 6 4 171 600 300
Ci-F 5 4 341 600 300
C1-F 4 4 513 600 300
C1-F 3 4 684 600 300
C1-F 2 4 855 600 300
C1-F 1 4 1025 600 300
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COLUMN ID FLOOR Nos. N (KN) b (mm) D (mm)
C2-A 6 1 188 300 600
C2-A 5 3 375 300 600
C2-A 4 3 563 300 600
C2-A 3 3 750 300 600
C2-A 2 3 938 300 600
C2-A 1 3 1125 300 600
c2-8 6 1 188 300 600
C2-8 5 1 375 300 600
C2-B 4 1 563 300 600
C2-B 3 1 750 300 600
c2-8 2 1 938 300 600
C2-B 1 1 1125 300 600
C2-C 5 2 188 600 300
C2-C 4 2 375 600 300
C2-C 3 2 563 600 300
C2-C 2 2 750 600 300
C2-C 1 2 938 600 300

C3 6 2 250 600 300
c3 5 2 500 600 300
c3 4 2 750 600 300
c3 3 2 1000 600 300
c3 2 2 1250 600 300
C3 1 2 1500 600 300
C4 6 2 300 330 330
Ca 5 2 600 330 330
Cc4 4 2 900 330 330
Ca 3 2 1200 330 330
Cc4 2 2 1500 440 440
Ca 1 2 1800 440 440
C5 6 2 150 330 330
c5 5 2 300 330 330
C5 4 2 450 330 330
(] 3 2 600 330 330
(] 2 2 750 330 330
C5 1 2 900 330 330

3. The Second Level Screening Method

According to the second level seismic capacity evaluation, the seismic capacity of a structure is evaluated
based on the performance of the vertical elements on the assumption that beams are strong enough not to
fail.

3.1 The Ultimate Flexural Strength Of Column

(1) The ultimate flexural strength of column
The ultimate flexural strength of column is calculated with the Eq. (Al.1-1 in Standard)
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The ultimate flexural strength of colum/Supplementary Provisions 1.1 Ultimate stength A1.1-1]

ForNpmagx2N>04'b-D-F;

M, = {08a;- 0, D +0.12b- D? - E}- (ﬁ{%) (N-mm)- -1

For 04-b-D-Fc2N>0
My =08ac gy, D+05N-D (1 -2 (N-mm)-2
[4

For 02N > Ny
M, =08a; 0y D +04N -D(N -mm)----- 3

Where:

Nmqyx = Axial compressive strength=a,- 6, + b -D - F¢ (N)

Nmin = Axial tensile strength = —a, - g, (N)

N :Axialforce (N)

a; :Total cross sectional area of tensile reinforcing bars in existing part of column (mm)
a, :Total cross sectionalarea of reinforcing bars in existing part of column (mm)

b :Width in existing part of column (mm)

D :Depth in existing part of column (mm)

ay :Yield strength of reinforcing bars in existing part of column { N/mm?)

F. :Compressive strength of concrete for existing structures { N/mm?)

First Equations 1Area-M,;

v Equivalent axial force
3

Axial force
N/bDF.

Second Equtation 2 Area-M,,

¥ Flexural moment Mu
v Third Equations 3 Area-M,;
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Direction X Location GRID F 3 G Floor Column Cl
Existing column
450 Story height: h= 3,600 (mm)
; Inner height: hg= 3,080 {mm)
-7/ -+ |-
wn d,=50
T
§
g :
&
Y
D=600
3 f
i . X
8-209
2-10¢ @250
(Grade 40)
= 2
0 g=13.7N/mm
Material Properties
Compressive strength of existing concrete  (F ) 13.7 N/mm?
Tensile strength of existing rebar(c ,): 275 N/mm’? (Grade 40)
Strength of existing column
Colum: ci d.=50+1 I-—
axial force: N= 450 (kN)
bXD= 300 X 600 {mm)
d.= 50 {mm) i
Y
D=600
[+
X
8-20¢
2-10¢ @250
(Grade 40)
= 2
0 g=13.7N/mm
<reinforcing bar>
Tensile reinforcing bars 2- 209 a.= 628.3 (mm?)
Total reinforcing bars 8- 20 ag= 2513.3 (mm?)
Tie 2- 104 @250 a,= 157.1 {mm?)
Hook 90 Degrees

206



Supplement 9

{ column(C1)
bXDXF .= 300X600X13.7= 2,466,000 {N)
N/bXDXF .= 450X1043/2466000= 0.182
Nax =ag gy +b-D-Fc (N)
Npin = —ag - 6, (N)
N rax= 2513.27X275+300X600X13.7= 3,157,150 (N)
N in=-2513.27X275= -691,150  (N)
0.4XbXDXF .= 0.4X2466000= 986,400 (N)
M ;1= (0.8X628.32X275X600+0.12X300X600%2X13.7)X(3157150-450000)/(3157150-986400)
= 324,858,046 (N -mm)= 324.9 (kN-m)
M 2= 0.8X628.32X275X600+0.5X450X 10°3X600X(1-450X103/2466000)
= 193,303,010 (N -mm)= 193.3 (kV-m)
M 3= 0.8X628.32X275X600+0.4X450X10°3X600
= 190,938,046 (V-mm)= 190.9 (kV-m)

Use Mu2
The shear force at the ultimate flexural strength Q,,, can be calculated as follow s on the assumption that the M, at the top and the bottom

are the same.
Q0 =2XM ,/h o= 2X193.3/3080X10"-3= 125,52 (kN)

The ultimate flexural strength of each column can be calculated in the same procedure.

(2) The ultimate shear strength of column
The ultimate shear strength of column is calculated with the Eq.(A1.1-2 in Standard)

Shear strength of column{Modified supplementary Provisons 1.1 Ultimate sten gthAl.1-2]

_ . [0.053P,°%(18+F;) )
Qm—kr.{mﬂlBS [Dw awy+0.1 ag(b-j ()

M/Q - d shall be in the rangeof 1.0 to 3.0

Where:
k, : Reduction factor of low strength concrete(op < 13.5N /mm?) k.= 0.244 + 0.05605
P, :Tensile reinforcement ratio (%)

Dw :Shearreinforcementratio p, = 0.012 forp, > 0.012
owy  :Yield strengthof shearreinforcement (N/mm?2)

oy :Axial stress in column (N/mm?) oy < 8.0
d :Effective depth of the retrofitted column{mm):d-dc
d. :Distance between centroid of compressive reinforcement bar and extreme compression fiber
M/Q :Shear spanlength. Defaultvalueis ho/2
hy :Clear heightof column(mm)
k,= 0.244+0.056X0 5= 0.244+0.056X13.7= 1.000
Pe= a,/(b-D)x100 = 628.3/(300X600)X100= 0349 (%)
M/Q= ho/2=  3080/2= 1540 (mm) M/Q-d=  1540/(600-50)= 2.8 2.80
pw= a,/b @(spacing)= 157.08/(300X250)= 0.00209
o,=  N/b D= 450X1043/(300X600)= 2.50 (N/mm?) <8 (N/mm?)
Q=  1X{0.053X0.34910.23X(13.7+18)/(2.8+0.12})+0. 85XV[0.002X275]+0. IXZ.5}X300X0.8X 600
= 193932.17 (N)= 1939 (kN)
The strength of column
Qmy < Q. Flexural failure type
Q,= 125,51 (kN)

The ultimate shear strength of each column can be calculated in the same procedure.
The calculated strength of each member is listed as follows.
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Table S 9.3 The Strength of Members

o
Z g
1D Name Flaar (kl:d- l:n]l ?k':‘l; co:rr::I:ion (?(:;; Qu § Mode _g Failure Mode
g £
© X
u
1 C1 6 104.7 68.0 1.00 163.8 68.0 241 fiexural 5.1 Flexural column
5 ci1-D 6 119.8 716 1.00 168.1 718 2.17 flexural 5.1 Flexural column
6 Ci-E 8 130.6 848 0.91 1715 718 2.02 flexural 5.1 Flexural column
7 Ci1-F 6 106.8 69.3 091 1314 §3.4 1.90 flexural 103 Flexural column
8 C2-A 6 135.0 87.7 1.00 172.8 87.7 1.97 flexural §.1 Flexural column
9 C2-B 6 135.0 81.7 0.91 172.8 80.2 1.97 flaxural 5.1 Flexural column
11 Cc3 [} 116.6 75.7 091 137.8 6§9.2 1.82 flexural 10.3 Flexural column
12 c4 6 107.9 70.1 0.9 122.9 64.1 1.75 flexural 9.3 Flexural column
13 CS5 6 90.7 58.9 0.91 1108 53.8 1.88 flexural 9.3 Flexural column
1 c1 5 125.2 813 1.00 168.8 81.3 2,09 flexural 5.1 Flexural column
2 Ci-A 5 93.8 60.9 0.91 1238 55.7 2.03 flexural 103 Flexural column
3 Ci-B 5 101.2 65.7 091 128.1 80.1 1.95 flexural 103 Flexural column
4 ci1-C 5 104.7 68.0 091 130.2 82.2 1.91 flexural 103 Flexural column
5 Ci-D 5 152.2 98.8 1.00 1784 98.8 1.81 flexural 5.1 Flexural column
8 Ci-E 5 171.0 111.1 091 185.1 101.8 1.87 flexural 5.1 Flexural column
7 Ci-F 5 1270 824 091 145.0 754 1.78 flexural 103 Flexural column
8 C2-A 5 1783 1158 1.00 187.8 1158 1.62 flexural 5.1 Flexural column
9 c2-B 5 1783 115.8 0.91 1878 105.9 1.62 flexural 5.1 Flexural column
10 c2-C 5 108.9 70.7 0.81 1328 84.7 1.88 flexural 103 Flexural column
11 ox] 5 14217 92.7 091 157.8 84.7 1.70 flexural 10.3 Flexural column
12 c4 5 127.2 82.6 0.91 1469 75.5 1.78 flexural 8.3 Flexural column
13 o] 5 107.9 70.1 091 1228 64.1 175 flexural 93 Flexural column
1 C1 4 144.2 93.7 1.00 175.8 93.7 1.88 flexural 5.1 Flexural column
2 Cl1-A 4 104.0 67.8 0.91 1298 61.8 1.92 flexural 10.3 Flexural column
3 c1-B 4 1175 76.3 0.91 1384 69.8 1.81 flexural 10.3 Flexural column
4 Ci-C 4 123.6 80.2 0.91 1428 134 1.78 flexural 10.3 Flexural column
5 Ci1-D 4 180.8 1174 1.00 188.7 1174 1.61 flexural 5.1 Flexural column
(] Ci1-E 4 204.8 133.0 0.91 198.8 121.8 1.50 flexural 5.1 Flexural column
17 Ci-F 4 143.8 934 091 158.8 854 1.70 flexural 10.3 Flexural column
8 C2-A 4 260.0 168.8 1.00 209.9 168.8 1.24 flexural 5.1 Flexural column
9 Cc2-B 4 260.0 168.8 0.91 209.9 1544 1.24 flexural 5.1 Flexural column
10 c2-C 4 177.3 115.1 0.81 1555 1053 1.35 flexural 103 Flexural column
11 c3 4 207.9 135.0 0.91 185.5 123.5 1.37 flexural 10.3 Flexural column
12 C4 4 140.5 91.3 0.91 173.5 83.5 1.90 flexural 9.3 Flexural column
13 CS 4 120.2 78.1 091 134.9 714 1.73 flexyral 9.3 Flexural column
1 C1 3 161.9 105.2 1.00 181.8 105.2 1.73 flexural 5.1 Flexural col
2 Ci1-A 3 1136 7317 091 135.8 874 1.84 flexural 10.3 Flaxural column
3 Ci1-B 3 131.8 85.8 091 148.7 783 1.74 flexural 103 Flexurel column
4 Ci-C 3 139.5 90.8 091 155.0 828 1.71 flexural 103 Flexural column
5 Ci-D 3 205.3 1333 1.00 199.1 133.3 1.49 flexural 5.1 Flexural column
8 C1-E 3 231.2 150.1 091 2125 137.3 1.42 flexural 5.1 Flexural column
7 Ci-F 3 157.0 102.0 0.91 172.5 83.3 1.69 flexural 10.3 Flexural column
8 C2-A 3 286.2 185.8 1.00 224.8 185.8 1.21 flexural 5.1 Flexural column
8 C2-B 3 286.2 185.8 091 2248 1700 1.21 flexural 5.1 Flexural column
10 c2-C 3 194.8 126.5 091 170.5 115.7 1.35 flexural 103 Flexural column
11 Cc3 3 217.2 1411 091 205.5 128.0 1.48 flexural 103 Flexural column
12 C4 3 1153 74.9 091 173.5 68.5 232 flexural 9.3 Flexural column
13 C5 3 127.2 828 081 146.9 75.5 1.78 flexural 9.3 Flexural column
1 Ci1 2 178.3 115.8 1.00 187.8 1158 1.62 floxural 5.1 Flexural column
2 Ci-A 2 122.4 79.5 091 1418 72.7 1.78 flexural 10.3 Flexural column
3 C1-B 2 144.1 93.6 0.91 159.0 856 1.70 flexural 103 Flexural column
4 Ci1-C 2 1525 99.0 0.91 167.4 90.6 1.68 flexural 10.3 Flexural column
5 C1-D 2 2258 146.6 1.00 2094 146.6 1.43 flexural 5.1 Flexural column
] Cl1-E 2 250.5 162.8 0.91 226.2 148.7 1.39 flexural 5.1 Flexural column
7 Ci1-F 2 166.7 108.2 0.81 186.2 99.0 1.72 flexural 103 Flexural column
8 C2-A 2 304.0 197.4 1.00 239.9 1974 1.22 flexural 5.1 Flexural column
9 C2-B 2 304.0 1974 091 238.9 1805 1.22 flexural 5.1 Flexural column
10 c2-C 2 207.8 135.0 0.91 185.5 1235 137 flexural 103 Flexural column
1 C3 2 195.9 127.2 0.91 2255 1163 1.77 flexural 103 Flexural column
12 C4 2 280.9 182.4 0.91 286.0 186.8 1.57 flexural 1.0 Flexural column
13 C5 2 153.1 99.4 0.91 1638 90.9 1.85 flexural 9.3 Flexural column
1 c1 1 193.3 1255 1.00 1938 1255 1.54 flexural 5.1 Flexural column
2 Ci-A 1 13068 84.8 091 147.8 778 1.74 flexural 10.3 Flexural column
3 C1-B 1 1543 100.2 0.91 169.4 917 1.89 flexural 103 Flexural column
4 Ci-C 1 162.6 105.8 081 179.8 968 1.70 flexural 103 Flexural column
5 C1-D 1 2423 157.4 1.00 219.8 157.4 1.40 flexural 5.1 Flexural column
] Ci-E 1 2558 166.1 091 239.8 151.8 1.44 flexural 5.1 Flexural column
7 Ci-F 1 168.6 109.5 091 199.8 100.1 1.82 flexural 103 Flexural column
8 C2-A 1 290.5 188.7 1.00 254.8 188.7 1.35 flexural 5.1 Flexural column
9 C2-B 1 290.5 188.7 0.91 2548 1725 1.35 flexural 5.1 Flexural column
10 Cc2-C 1 2168 140.8 091 200.5 128.7 1.42 flexural 103 Flaxurel column
11 c3 1 1748 113.4 0.81 240.7 103.7 212 flexural 103 Flexural column
12 c4 1 247.2 160.5 091 290.0 146.8 1.81 flexural 7.0 Flexural column
13 o] 1 1405 91.3 0.91 173.5 8315 1.80 flexural 8.3 Flexural column

# Since the frame against calculating direction is inclined, the ultimate strength of column multiply the
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angle correction.
3.2 The Ductility Index F

The F index for the independent column is calculated according to its failure mode, considering the

strength margin for shear failure (ultimate shear strength/shear force at ultimate flexural strength) and
deflection angle.

Start
v

Shear at the ultimate flexural failure .Q,,
Ultimate shear strength O,

v

Compare Shear at the ultimate flexural failure with
ultimate shear strength, taking the smaller as the ultimate
lateral load-carrying capacity of members.

shear | failure
Determine mode

failure modes .

Flexural
failure mode

Determine upper limite of the
drift angle of members by
minmum drift angle each items.

v

Calculate the plastic deformation
angle of members.

v

Calculate the deformation angle
at the ultimate flexural strength
of members .

v

Calculate of the inter-story
deforomation angle omembers .

Determine the ductility index F of columns

Figure $ 9.5 Flowchart to Calculate the Ductility Index of Column
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The ductility index of column is calculated with bellow.

<Flexural column>
IncaseRpmy <Ry
Rpmu— R
F=10+027-"2—22 /otandard (15)]
Ry —Ras0
IncaseRpmy = Ry

P ,)ZRm,,?Ry—l
0.75- (1 + 0.05 Rymu/Ry)
where:
Ry :Yield deformation in terms of inter-story deformationangle, which in principle shall be taken as Ry=1/150.
R,s0 :Standard inter-story deformation angle, R =1/250.
Ry :Inter-story deformation angle at the ultimate deformation capacity in flexuralfailure of the column member.
R = (ho/Hg) * ¢Rmu = Raso [Supplementary Provisons 1.3 Yield Deformation Flexural COlumns A1.3-1]
where: hg/Ho < 1.0
cRmu = cRmy + cRmp < ¢R3o[Supplementary Provisons 1.2 Ultimate Deformation A1.2-2]
where:
hy :Clearheight of column
Hgy :Standard clear height of column from bottom of the upper floor beamto top of the lower floor slab.
cRmy :Yield deformation angle of column (measuredin clear height of column)
cRumy :Deformation angle at the ultimate flexuralstrength of column (measured in the clear height of column).
¢Rmp :Plastic deformation angle of the column (measured in the clear height of column)
<R3 :Standard deformation angle of the column {(measured in the clear height of column),R=1/30.
cRmy = CR150 fOT ho/D 23.0
cRmy = CRZSO fOr ho/D <20
[Supplementary Provisons 1.3 Yield Deformation Flexural COlumns A1.3-2}
cRmyis set by interporation for 2.0 < hy/D < 3.0
cRmp = 10(cQsu/cQmu—9) * cRmy = 0 [Supplementary Provisons 1.2 Ultimate Deformation A1.2-3]
q=10 for s<100mm
q=11 for s> 100mm [Supplementary Provisons 1.2 Ultimate Deformation A1.2-4]
where:
Qsy :Ultimate shearstrength of the column
cQmu :Shearforce at the ultimate flexuralstrength of the column.
s :Spacing of hoops
The value of R, shall not be greaterthan that of R pox

< 3.2 [Standard (16}]

cRmax = min{ cRmaxnys cRmax(s)» cRmax(e): cRmax(by cR mux(h)}
[Supplementary Provisons 1.2 Ultimate Deformation A1.2-5]
cRmax) : upper limit of the deformation angle of the flexural column determined by the axial force

cRmax(n) = cRas0 for n>06

cRmaxm) = cRiso ) for 06=n=ny
R n

cRmax(n) = cR3o* (fﬁ) < (R forother case

[Modified Supplementary Provisons 1.2 Ultimate Deformation A1.2-6]
n' = —-n)/ (s = o).
n =Ng/(b-DF).
ny =025 and ny = 0.5 for s £ 100mm.
W, =020 and ny = 0.4 for s > 100mm.
cRmaxtsy + upper limit of the deformation angle of the flexural column determined by the shear force
cRmax(s) = cRaso for (Tu/F.>02
[Supplementary Provisons 1.2 Ultimate Deformation A1.2-7]
cRmax(sy = cR30  for other case
cRmax(t) : upper limit of the deformation angle of the flexural column determined by the tensile
reinforcement ratio
cRmax(ty = cR2so for Py >1.0% [Supplementary Provisons 1.2 Ultimate Deformation A1.2-8)
cRmax(y = cRao for other case
cRmax(p) :  upper limit of the deformation angle of the flexural column determined by the spacing of hoops
cRmax() = cRso for s/dy, >8 [Supplementary Provisons 1.2 Ultimate Deformation A1.2-9]
cRimax(p) = cRag  for other case
cRmaxm) : upper limit of the deformation angle of the flexural column determined by the clear height
cRmax(n) = cRaso for ho/D < 2 [Supplementary Provisons 1.2 Uitimate Deformation A1.2-10]
cRmax(n) = cRao  for other case
where:
N :Additionalaxialforce of column due to earthquakes
Ty : Shearstress at the column strength
= min{cQmy /(b ), Qsu/ (b )}
s:Spacing of hoops
dy:Diameter of the flexuralreinforcing bar of the column
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<Shear column>
Ro,— R
F=10+027—22 [stondard (14)]
Ry — Ras
where:

Rg,  nter-story deformation angle at the ultimate deformation capacity in shear failure of the column member.
R — cQ:u/ Qmu—~03 . R
oy = o emu 73

07 my = Raso for ca* (Qmy < Qsy
[Supplementary Provisons 1.2 Ultimate Deformation A1.2-11]

Rg = Raso for ca+ Qmy 2 Qsy
ca=03+ 0.7(R250/ Rmy) [Supplementary Provisons 1.2 Ultimate Deformation A1.2-12]

where:
@su :Ultimateshear strength of the column
cQmu :Shearforce at the ultimate flexural strength of the column.
ca :Effective strength factor of the colum
Rpyy :Yield inter-story deformationangle
Rmy= (ho/Ho) * cRmy = Ryso
[Supplementary Provisons 1.3 Yield Deformation Flexural COlumns A1.3-1]
cRuny :Yield deformation angle of column (measured in clear height of column)

Upper limit of the deflection angle of flexural colum R

maox

cRmax = min{cRmax(n)n cRma.x(s)' cRmax(t)' cRmax(b): cRmax(h}-cRmax(p)' cRmax(a)' cRmax(B)]

[ cR moxinp] Upper limit of the deformation angle of the flexural column determined by the axial force

n= 450X103/(300X600X13.7)= 0.182
Concrete : Ordinary strength concrete
tie spacing: @250  with 90 Degrees hook
n.= 0.20 Nu= 0.40
n'=s -0.088
cR maxtn) = Rap X{Raso/cRao)"= (1/30X((1/250)/(1/30)))A(-0.09)
= 1/25 > 1/30
= 1/30
[cRmaxis)] upper limit of the deformation angle of the flexural column determined by the shear force
Tu= min(125.51,193.93)X103/(300X0.8X600)= 0.87
R/ 0.88/13.7= 0.064 < 0.2
R maxts)= 1/30
[ cRmaxy] upper limit of the deformation angle of the flexural column determined by the tensile
p.= 0.349 < 13
R maxt = 1/30
[ cR maxp)] upper limit of the deformation angle of the flexural column determined by the spacing of hoop
5= @250 dy= 20¢
s/d = 250/20= 12.5 > 8.0
cRmaxp) = 1/50
[ cR maxry] upper limit of the deformation angle of the flexural column Betermined by the clear height@
h,/D= 3080/600=  5.13 > 2.0
R maxtey = 1/30

[ cRmaqp)] upper limit of the deformation angle of the flexural column determined by the beam-column joint
Concrete: Ordinary strength concrete
cR maxto) = 1/100
[ ¢R maxta)] upper limit of the deformation angle of the flexural column determined by the anchor length
Concrete: Ordinary strength concrete
cR maxta)= 1/100
[cR maxe)] upper limit of the deformation angle of the flexural column determined by the clear height
%452 (consider brick walls)

h /D= 3080/600=  5.13 > 2.0
cRmoxie)= 1/30
[ [ R mux] 1/ 100
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The yielding deflection angle of the colum R,

ho/D=  3080/600= 5.1
Reny= 1/150
The plastic deflection angle of the column R .,
s= @250 < 100 {mm)
q= 1.0
The strength margin for shear failure
Qu/ Q= 193.93/125.51= 1.55
The plastic deflection angle of the column
Rmp= (1.55-1)X1/150= 1/28
The deformation angle at ultimate flexural strength of column
Rmu= 1/150+1/28= 1/24 > 1/100
Renax = 1/100
The inter-story deflection angle at the deformation capacity
ho/Ho= 3080/3080= 1.00
Rnw=  1X1/100= 1/100 > 1/250 oK
Rmu= 1/100 2 1/150 =R,
F=  V2X1/100/1/150-1/0.75%1+0.05X1/100/1/150)
= 1.75 < 3.2 oK
F= 1.75 Flexural failure type
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Table S 9.5 The Ductility Indices a* to 3™ Level)

3
> & o equivalent b=
] <] 2 | Name| column Qmu(kN) QsulkN) cQsweQmu @ cRmax cRmy cRmp cRmu Rsu Rmy Rmu F Qu
e & Nomber M
‘d
<
1 C1 2 106.2 181.8 1473 Flexural column 1/100 1/150 1/24 1/100 == 1/160 1/100 | 1.75 | 105.16
2 C1-A 2 73.17 135.8 1.84 Flexural column 1/100 1/160 1/20 1/100 = 1/160 1/100 | 1.756 67.44
3 Ci-B 10 85.6 148.7 1.74 Flexural column 1/100 1/150 1/24 1/100 = 1/160 1/100 1.756 78.29
4 C1-C 1 90.6 155.0 7L Flexural column 1/100 1/150 1/26 1/100 == 1/160 1/100 | 1.76 82.84
b Ci-D 4 133.3 199.1 1.49 Flexural column 1/100 1/160 1/38 1/100 = 1/160 1/100 | 1.76 | 133.31
6 Cl1-E 2 150.1 212.5 1.42 Flexural column 1/100 1/150 1/48 1/100 = 1/150 1/100 | 1.756 | 137.28 |
3 X 7 Cl-F 4 102.0 172.5 1.69 Flexural column 1/100 1/160 1/26 1/100 =i 1/160 1/100 | 1.76 93.26
8 C2-A 3 185.8 224.8 1.21 Flexural column 1/100 1/150 1/137 1/100 i 1/150 1/100 | 1.76 | 185.84
9 C2-B 1 185.8 224.8 1.21 Flexural column 1/100 1/1650 1/137 1/100 = 1/150 1100 | 1.76 | 169.95
10 | C2-C 2 126.5 170.6 1.35 Flexural column 1/100 1/160 1/60 1/100 = 1/150 1/100 1.756 | 115.68
11 C3 2 141.1 205.5 1.46 Flexural column 1/250 1/250 170 1/250 = 1/250 1/260 | 1.00 [ 129.01
12 C4 2 74.9 173.5 2.82 Flexural column 1/250 1/250 1/21 1/2560 = 1/250 1/250 | 1.00 68.48
13 Cb 2 82.6 146.9 1.78 Flexural column 1/250 1/250 1/37 1/260 = 1/260 1/250 | 1.00 75.64
1 C1 2 115.8 187.8 1.62 Flexural column 1/100 1/150 1/29 1/100 — 1/150 1/100 1.76 | 115.77
2 Cl-A 2 79.5 141.8 1.78 Flexural column 1/100 1/150 1/22 1/100 - 1/160 1/100 1.75 72.70
3 C1i-B 10 93.6 169.0 1.70 Flexural column 1/100 1/150 1/25 1/100 — 1/150 1/100 | 1.75 85.67
4 C1-C 1 99.0 167.4 1.69 Flexural column 1/100 1/150 1/26 1/100 - 1/150 1/100 1.756 90.57
5 C1-D 4 146.6 209.4 1.43 Flexural column 1/100 1/150 1/46 1/100 — 1/150 1/100 1.75 | 146.61
6 Ci1-E 2 162.6 226.2 1.39 Flexural column 1/100 1/150 1/52 1/100 — 1/150 1/100 | 1.75 | 148.74
2 X 7 C1-F 4 108.2 186.2 1.72 Flexural column 1/100 1/150 1/24 1/100 - 1/150 1/100 1.756 98.98
8 C2-A 3 197.4 239.9 1.22 Flexural column 1/100 1/150 1/130 1/100 = 1/150 1/100 1.756 | 197.39
9 C2-B 1 1974 239.9 1.22 Flexural column 1/100 1/150 1/130 1/100 — 1/150 1/100 | 1.75 | 180.52
10 | C2-C 2 135.0 185.5 1.37 Flexural column 1/100 1/150 1/565 1/100 — 1/150 1/100 1.756 | 123.47
11 C3 2 127.2 225.5 1.77 Flexural column 1/250 1/250 1/37 1/250 = 1/250 1/250 1.00 [ 116.34
12 C4 2 182.4 286.0 1.57 Flexural column 1/250 1/260 1/53 1/250 = 1/250 1/250 | 1.00 | 166.80
13 C5 2 99.4 163.8 1.65 Flexural column 1/250 1/250 1/46 1/250 — 1/250 1/250 | 1.00 90.94
1 C1 2 126.5 193.8 1.54 Flexural column 1/100 11560 1/34 1/100 = 1/160 1/100 1.76 | 125.49
2 C1-A 2 84.8 147.8 1.74 Flexural column 1/100 1/160 1/23 1/100 = 1/150 1/100 | 1.76 77.66
3 C1-B 10 100.2 169.4 1.69 Flexural column 1/100 1/160 1/26 1/100 = 1/150 1/100 | 1.76 91.65
4 C1-C 1 105.6 179.8 1.70 Flexural column 1/100 1/160 1/26 1/100 = 1/160 1/100 1.75 96.57
5 | Ci-D 4 157.4 219.8 1.40 Flexural column 1/100 1/150 1/51 1/100 = 1/160 1/100 | 1.76 | 1567.36
6 Cl1-E 2 166.1 239.8 1.44 Flexural column 1/260 1/260 1/73 1/260 = 1/250 1/250 | 1.00 ! 151.91
1 | X [ 7 |CiF 4 109.5 199.8 1.82 Flexural column 1/250 1/250 1/36 1/260 — 1/260 1/260 | 1.00 |100.13
8 C2-A 3 188.7 254.8 1.35 Flexural column 1/250 1/250 1/100 1/260 = 1/260 1/250 1.00 | 188.66
! C2-B 1 188.7 254.8 1.35 Flexural column 1/2560 1/250 1/100 1/250 = 1/250 1/250 | 1.00 | 172.54
10 | C2-C 4 140.8 200.5 1.42 Flexural column 1/100 1/160 1/46 1/100 — 1/150 1/100 1.76 | 128.75
11 C3 2 113.4 240.7 2.12 Flexural column 1/250 1/260 1/24 1/250 = 1/260 1/260 1.00 | 103.67
12 C4 2 160.5 290.0 1.81 Flexural column 1/260 1/260 1/356 1/260 = 1/260 1/250 | 1.00 | 146.80
13 Cb 2 91.3 173.5 1.90 Flexural column 1/250 1/250 1/31 1/250 = 1/250 1/250 | 1.00 | 83.46
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Supplement 9

3.3 The Basic Seismic Index of Structure E,

(1) The effective strength factor
The effective strength factor indicates the ratio of the restoring force at the uitimate deflection angle of
the first group (R, to the uitimate strength.

Table S 9.6 Effective Strength Factor (In case the first group F1)

Cumulative point of the first group FI >1.0 (Deformation angle R1>R,5~=1/250)
F; Fi=1.0 1.0<F;<1.27 1.27<F,
R, Rso R250<Ri<Ris0 Ri50<R;
Shear (R, =R>s0) 1.0 0.0 0.0
Shear (R|<Ry,) as as 0.0
Second and higher groups | Flexural (R,,<R;) | 1.0 1.0 1.0
Flexural (Ri<Rny) | Gm Om 1.0
Flexural(R,,=R;s0) | 0.72 O 1.0
(Note)
as - Effective strength factor of a shear column, calculated by a,=Q(F)/Qsw =0n Qm/Osu <1.0
Oy : Effective strength factor of a flexural column, calculated by a,= (F})/Qn,~=0.3+0.7 %R /Ry

Ruy : Deformation angle at flexural yielding, calculated by Eq. (A1.3-1) in the Supplementary
Provisions 1 of the standard.

R, : Deformation angle at shear strength, calculated by Eq. (A1.2-11) in the Supplementary
Provisions 1 of the standard.

O(F)) : Shear force at the deformation capacity R, of a column in the second and higher groups.
Osu : Shear strength of a column in the second and higher groups (3.2.2).
Omu : Shear force at flexural yielding of a column in the second and higher groups (3.2.2).
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Table S 9.8 Effective Strength Factor (1 to 3™ Level)

R1=1/500 R1=1/250 R1=1/200 R1=1/166 1/150<R1
> .m equivalent = = = = = S = o
m m 2 | Name column = 2 3 = £ & =] S 5 ) © 5 5
@ | & Nomber | | 3| 2 s | '8 =l 2| 8 S| sl e | | ¢
a Z £ =1 % £ =] % € =] A= £ ] ]
3 5 y Bl 5] 5] 3 =]
1 C1 2 = 0.51 |107.26 072 |151.43 083 |173.51 093 [19613 | 100 21032
2 | ClLA 2 = 0.51 | 68.79 072 | 97.11 083 |111.28 . 083 |12578 | 1.00 134.88
3 [ C1-B 10 < 0.51 |39928 072 |563.69 083 |645.89 093 |730.08 | 1.00 |78290
4 | C1-C 1 = 0.51 | 4225 072 | 59.64 0.83 | 68.34 093 | 7725 | 100 |8284
5 | C1-D 4 = 051 |271.96 0.72  |383.95 083 |439.94 093 [497.28 | 1.00 |533.26
6 | CI'E 2 = 0.51 140.03 072 1197.69 0.83 22852 093 [256.04 | 100 [274.57
3 X 7 | C1'F 4 = 0.51 |190.24 072 |268.58 0.83 |307.74 093 |347.86 | 1.00 [373.02
8 | C2-A 3 = 051 |284.33 0.72 40141 0.83 |459.95 093 |51980 | 1.00 [557.52
9 | C2-B 1 = 051 | 86.68 072 12237 083 |140.21 093 |15849 | 1.00 |169.95
10 | c2-C 2 = 0.51 [117.99 072 |166.57 0.83 |190.87 093 21574 | 1.00 23135
11 Cc3 2 = 0.65 |167.71 1,00 |258.01 0.00 0.00 0.00 0.00 0.00 0.00
12 C4 2 = 0.65 | 8903 1.00 |136.97 000 | 000 0.00 0.00 0.00 0.00
13 C5 2 = 065 9821 100 |151.09 0.00 0.00 0.00 0.00 0.00 0.00
1 C1 2 = 0.51_1118.08 072 |166.71 0.83 |191.02 093 |215.92 | 1.00 23154
2 | C1-A 2 = 0.51 | 74.15 0.72 | 104.69 0.83 |119.95 093 13559 | 1.00 14540
3 | C1'B 10 = 051 |436.42 072 |616.13 0.83 |705.98 093 |797.99 | 1.00 }855.73
4 | C1-C 1 = 051 | 46.19 0.72_ | 65.21 083 | 7472 093 | 8446 | 100 | 9057
5 | C1-D 4 = 0.51_1299.09 0.72  |422.25 0.83 1483.82 093 [546.89 | 1.00 |586.45
6 | C1-E 2 = 051 [161.1 072 |214.18 0.83 24541 093 27740 | 1.00 ]29747
2 X 7 | C1-F 4 = 051 [201.92 0.72 |285.07 0.83 |326.64 093 369.21 | 1.00 }395.93
8 | C2-A 3 = 0.51_1302.01 072 |426.37 0.83 |488.55 093 |552.23 | 1.00 |592.18
9 | C2-B 1 = 0.51_} 9207 072 |129.97 083 14893 093 [168.34 | 1.00 [180.52
10 | C2-C 2 = 0.51 1125.93 072 |177.79 0.83  |203.72 093 |230.27 | 100 [246.93
11 C3 2 = 0.65 [151.24 1.00 1232.68 0.00 0.00 0.00 0.00 0.00 0.00
12 C4 2 = 065 [216.84 1.00 |333.60 0.00 0.00 0.00 0.00 0.00 0.00
13 C5 2 = 0.65 [118.23 1.00 |181.88 0.00 0.00 0.00 0.00 0.00 0.00
1 C1 2 = 0.51 |128.00 0.72 |180.71 0.83 |207.07 093 [23405 | 100 25099
2 | C1A 2 = 051 | 79.10 072 |111.67 0.83 |127.96 093 [144.64 | 100 |155.10
3 | C1B 10 = 051 |467.44 0.72. 1659.91 0.83 |756.15 093 |854.70 | 100 [916.54
4 | C1-C 1 = 0.51 | 49.25 0.72 | 69.53 0.83 | 79.67 0.93 | 9005 | 1.00 | 96.57
5 | C1-D 4 = 051 [321.00 0.72 [453.18 0.83 |519.27 0.93 |586.95 | 1.00 |629.42
6 | C1-E 2 = 0.65 [19749 1.00 |303.83 0.00 0.00 0.00 0.00 0.00 0.00
1 X 7 | C1-F 4 = 0.65 |260.35 1.00 [40053 0.00 0.00 0.00 0.00 0.00 0.00
8 | C2-A 3 = 0.65 1367.90 1.00 |56599 0.00 0.00 0.00 0.00 0.00 0.00
9 | C2B 1 = 0.65 |112.15 1.00 117254 0.00 0.00 0.00 0.00 0.00 0.00
10 | C2-C 2 = 0.51 |131.32 072 |185.40 083 21244 0.93 24012 | 1.00 25750
11 C3 2 = 0.65 |134.78 1.00 |207.35 0.00 0.00 0.00 0.00 0.00 0.00
12 C4 2 = 0.65 |190.84 1.00 |293.60 0.00 0.00 0.00 0.00 0.00 0.00
13 C5 2 = 0.65 10849 100 [166.91 0.00 0.00 0.00 0.00 0.00 0.00
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Basic seismic capacity index have to be calculated based on both strength dominant equation and
ductility dominant equation. The basic seismic capacity index have to checked at different critical stage
of failure forming some grouping among vertical structural member. The maximum value between two
equations among various combinations will be the basic seismic capacity index of a particular storey for
a specific direction.

(2) Basic seismic capacity index Ej is calculated by strength dominant equation
The Basic seismic capacity index Ej is calculated by strength dominant equation with bellow.
Strength-dominant basic seismic index of structure (Eq. (5))

n+1
J

Where:
C; : Strength index of the first group
C; : Strength index of the j-th group
F;  :Ductility index of the first group

o;  : Effective strength factor in the j-th group at the ultimate deformation R,
corresponding to the first group (ductility index of F)), given in bellow Table 1.

F value GN
GN : Group Number 0.80 1
; 100 SF<1.10 2
Q : Ultimate Strength (kn) 110 =F<120 3
C : Strength Index 120 SF<1.27 4
C1:Srength Index of 1grouping i:; §§§1“5§ ':
F : Ductility Index 150 SF<175 7
EQ:Basic seismic index of structure ;;z ziz;ozg :
* Show muximum_E, 2.25 SF<260 10
2.60 =F<30 11
N+1/N+i= 1.000 3.00 SF<3.2 12
Iwi= 32901.0 kN 3.20 13
Direction Story GN Q C p{e} C1 F EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 2110.8 0.06 3771.16 0.115 1.00 0.115 0.11
3 0.0 0.00 1902.54 0.058 1.10 0.064
4 0.0 0.00 2150.52 0.065 1.20 0.078
S5 0.0 0.00 2306.12 0.070 1.27 0.089
6 0.0 0.00 2306.12 0.070 1.40 0.098
X 1 7 0.0 0.00 2306.12 0.070 1.50 0.105
8 2306.1 0.07 2306.12 0.070 1.75 0.123 0.07
9 0.0 0.00 0.00 0.000 2.00
10 0.0 0.00 0.00 0.000 2.25
11 0.0 0.00 0.00 0.000 2.60
12 0.0 0.00 0.00 0.000 3.00
13 0.0 0.00 0.00 0.000 3.20
IQ 4416.9 MAX_EO 0.070 1.75 0.123
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X Direction 1°7 story

— FEvalution reult

C index h
0.80 r —— Required_EO
0.70 + \ — Required C
0.60 \
0.50 | AN
0.40 | NG
N
0.30
\
. - — — — —_— _ e e e —
0.20 F T
—_—
0.10 /‘/—
0.00 : - : : —
0.00 0.50 1.00 1.50 2.00 2.50 3.00
F index
F value GN
GN : Group Number 0.80 — 1
. 1.00 =F<110 2
Q : Ultimate Strength (kn) il =F<i0| 3
C : Strength Index 120 §F<1.27 4
. 1.27 SF<1.40 5
C1:Srength Index of 1grouping sl
F : Ductility Index 150 £F<175 7
EO:Basic seismic index of structure ig z’r:z;ozg g
* Show muximum_Eg 225 SF<260| 10
. 2.60 <F<3.0 11
N+1/N+i= 0.875 3.00 SF<32 12
Iwi= 27092.0 kN 3.20 13
Direction | Story GN Q (¢ po} c1 0] Ctu
1 0.0 0.00 0.00 0.000 0.80
2 748.2 0.028 3356.52 0.124 1.00 0.108 0.11
3 0.0 0.000 2988.75 0.110 1.10 0.106
4 0.0 0.000 3378.30 0.125 1.20 0.131
5 0.0 0.000 3622.73 0.134 1.27 0.149
6 0.0 0.000 3622.73 0.134 1.40 0.164
X 2 7 0.0 0.000 3622.73 0.134 1.50 0.176
8 3622.7 0.134 3622.73 0.134 1.75 0.205 0.12
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
2Q 4370.9 MAX_EO 0.134 1.75 0.205
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X Direction 2"° story

—FEvalution reult

C index
0.80 \ — 'Required_EO
0.70 - - -Required C
0.60 | \
\
0.50 \
N\
0.40 ~
~ ~
0.30 + ~
o~
e == s I P G
S
- b
0.20 e~ —
0.10
0 00 1 1 Il ] 1 ]
0.00 0.50 1.00 1.50 2.00 2.50 3.00
F index
Fvalue GN
GN : Group Number g'gg T ;
Q : Ultimate Strength (kn) 110 SF<1.20 3
C :Strength Index 12‘7’ i::iz ‘;
C1: Srength Index of 1grouping 140 =F<150 6
F : Ductility Index 13‘5’ i;:;g ;
EO:Basic seismicindex of structure 200 SF<225 9
* H 2.25 SF<2.60 10
Show muximum_E, R 5
N+1/N+i= 0.778 3.00 SF<3.2 12
Swi= 21279.0 kN 22 L
Direction | Story GN Q C 2Q C1 EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 546.1 0.026 2958.51 0.139 1.00 0.108 0.11
3 0.0 0.000 2764.26 0.130 1.10 0.111
4 0.0 0.000 3124.55 0.147 1.20 0.137
5 0.0 0.000 3350.62 0.157 1.27 0.156
6 0.0 0.000 3350.62 0.157 1.40 0.171
X 3 7 0.0 0.000 3350.62 0.157 1.50 0.184
8 3350.6 0.157 3350.62 0.157 1.75 0.214 0.12
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
2Q 3896.7 MAX_EO 0.157 1.75 0.214
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Supplement 9

i i RD .
X Direction 37" story —Evalution reult
C index
0.80 - — ‘Required_EO0
0.70 F - - -Required C
0.60 \
N\
0.50
N
0.40 N
~
=~ ~
0.30 - ~
........................... B - = st -
~
s
0.20 + \ -
0.10
0.00 - :
0.00 0.50 1.00 1.50 2.00 2.50 3.00
Findex
F value GN
0.80 1
GN : Group Number T Zan0 5
Q : Ultimate Strength (kn) 110 SF<120| 3
. 1.20 SF<127 4
C :Strength Index AT :
C1: Srength Index of 1grouping 1.40 <F<150 6
. ™ 150 <F<175| 7
F : Ductility index s EF<i00 :
EO:Basic seismic index of structure 2.00 SF<225 9
. 2.25 SF<2.60 10
* Show muximum_E, >0 ZF<s0 | o
N+1/N+i= 0.700 3.00 SF<32 2
Iwi= 15468.0 k N - -
Direction | Story GN Q C 2Q C1 EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 166.9 0.011 2613.37 0.169 1.00 0.118 0.12
3 0.0 0.000 2803.24 0.181 1.10 0.140
4 0.0 0.000 3168.61 0.205 1.20 0.172
5 0.0 0.000 3397.86 0.220 1.27 0.195
6 0.0 0.000 3397.86 0.220 1.40 0.215
X 4 7 0.0 0.000 3397.86 0.220 1.50 0.231
8 3397.9 0.220 3397.86 0.220 1.75 0.269 0.15
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
IQ 3564.8 MAX_EO 0.220 1.75 0.269
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Supplement 9

irecti TH
X Direction4'" story — Evalution reult
C index
0.80 - \ — ‘Required_E0
0.70 F \\ - - -Required C
0.60 | \
\
0.50 | N
N
~N
0.40 ~
~
~ ~
0.30 . @B 4 &M s Emm s Em s mE s ED o A% s EmE s EE s e s mm ¢ am s - ‘n; --------- -
b
—
S —————
0.20 -
0.10
0.00 . L ) i : i
0.00 0.50 1.00 1.50 2.00 2.50 3.00
F index
F value GN
GN : Group Number ‘l’ﬁg T ;
Q : Ultimate Strength (kn) 110 SF<120 3
C : Strength Index 12‘7’ ii:ﬁ; ‘;
C1:Srength index of 1grouping 140 SF<150 6
F : Ductility Index 135] ii:;g ;
EO:Basic seismicindex of structure 200 SF<225 9
* B 2.25 SF<2.60 10
Show muximum_E, S —r=a0 5
N+1/N+i= 0.636 3.00 SF<3.2 12
Swis= 9649.0 k N 220 =
Direction | Story GN Q C po} C1 F EO Ctu
1 0.0 0.00 0.00 0.000 0.80
2 151.1 0.016 2107.77 0.218 1.00 0.139 0.14
3 0.0 0.000 2242.04 0.232 1.10 0.163
4 0.0 0.000 2534.26 0.263 1.20 0.201
5 0.0 0.000 2717.62 0.282 1.27 0.228
6 0.0 0.000 2717.62 0.282 1.40 0.251
X 5 7 0.0 0.000 2717.62 0.282 1.50 0.269
8 2717.6 0.282 2717.62 0.282 1.75 0.314 0.18
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
2Q 2868.7 MAX_EO 0.282 1.75 0.314
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Supplement 9

X Direction 5™ story

C index

—FEvalution reult

0.80 - — ‘Required_E0
0.70 \ - - -Required C
0.60 |
0.50 N
N
~
0.40 ~
~
e o s o s mm s mm ¢ wm e mm s mm o mm s mm o mm s mm e mm s EVaam s mm o mm o mm o mm o wm s
0.30 - ~
S
0.20
0.10 -
0.00 ' ' ' '
Findex
F value GN
GN : Group Number L) =
. 1.00 =F<1.10 2
Q : Ultimate Strength (kn) 1,10 SF<1.20 3
C : Strength Index 1.20 SF<1.27 3
. 1.27 SF<1.40 S
C1:Srength Index of 1grouping 1.40 SF<1.50 6
F : Ductility Index 1.50 SF<175 7
) o - 1.75 SF<2.00 8
EO:Basic seismic index of structure 200 SF<225 9
* Show muximum_E, 2.25 SF<2.60 10
260 SF<3.0 11
N+1/N+i= 0.583 3.00 SF<3.2 12
Twi= 3210.0 kN £ 2
Direction Story GN a C pa{e} (el EO Ctu
1 0.0 0.000 0.00 0.000 0.80
2 0.0 0.000 894.39 0.279 1.00 0.163
3 0.0 0.000 1024.82 0.319 1.10 0.205
4 0.0 0.000 1158.40 0.361 1.20 0.253
5 0.0 0.000 1242.21 0.387 1.27 0.287
6 0.0 0.000 1242.21 0.387 1.40 0.316
% 6 7 0.0 0.000 1242.21 0.387 1.50 0.339
8 1242.2 0.387 1242.21 0.387 1.75 0.395 0.66
9 0.0 0.000 0.00 0.000 2.00
10 0.0 0.000 0.00 0.000 2.25
11 0.0 0.000 0.00 0.000 2.60
12 0.0 0.000 0.00 0.000 3.00
13 0.0 0.000 0.00 0.000 3.20
zQ 1242.2 MAX_EO 0.387 1.75 0.395
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Supplement

9

C rndex
0.80

0.70
0.60
0.50
0.40
0.30
0.20
0.10

0.00
O.

i i TH
X Direction 6 story ——FEvalution reult

- . — Required_EO
L \ — Required C

(o]0} 0.50 1.00 1.50 2.00 2.50 3.00
Findex

(3) Basic sei

smic capacity index Ej is calculated by ductility dominant equation

The Basic seismic capacity index Ej is calculated by ductility dominant equation with bellow.
Ductility-dominant basic seismic index of structure (Eq.(4))

Bo = B+ B 4 B @

Where:
E, :C,;°F
E, :C;°F,
E 3 :C 3 -F 3
C; :The strength index C of the first group (with small F index).
C; :The strength index C of the second group (with medium F index).
C; : The strength index C of the third group (with large F index).
F; : The ductility index F of the first group.
F; :The ductility index F of the second group.
F3; : The ductility index F of the third group.

The maximum E, is calculated by ductility dominant equation is found following method.
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Supplement 9

F value GN
0.80 1
100 SF<1.10 2
110 F<1.20 3
1.20 SF<1.27 4
tz :::i:‘;g Z GN : Group number
150 SF<175 7 C : Strength index
1.75 SF<200 8 E : Findex
2.00 SF<225 9
2.25 SF<260 10 EO :Basic seismic index of structure (Noconsist extremely short columes)
S Eames * Show muxim ( Muximum 0138 )
3.20 13
X Direction 1 Story N+1/N+i= 1 0.06 1.00 0.07 1.75
GN -1 GN -2 GN -3 C1 F1 Cc2 F2 Cc3 F3 EO Ctu
20 2 3 13 0.064 1.00 0.058 1.10 0.090 0.058
2- 3 4- 13 0.064 1.00 0.065, 1.20 0.101 0.065
2- 4 5 - 13 0.064 1.00 0.070 1.27, 0.110 0.070
2 - 5 6- 13 0.064 1.00 0.070 1.40 0.117 0.070
2- 6 7- 13 0.064, 1.00 0.070| 1.50 0.123 0.070
N QI[N gi=e 1 3 0.064 1.00 0.070 1.75 0.138 0.070
2 - 8 9 - 13 0.115 1.00 0.000 2.00| 0.115 0.115
2 - 9 10 - 13 0.115 1.00 0.000 2.25 0.115 0.115
2 - 10 11 - 13 0.115 1.00 0.000 2.60 0.115 0.115
2 - 11 12 - 13 0.115 1.00 0.000 3.00] 0.115 0.115
2 - 12} 13 - 13 0.115 1.00 0.000 3.20 0.115 0.115
ol B Lis ik 0.000 1.10 0.065 1.20 0.078 0.065
B G 13 0.000 1.10 0.070 1.27 0.089 0.070
3 - 5 6 13 0.000 1.10 0.070| 1.40 0.098 0.070
3- 6 7- 13 0.000 1.10 0.070 1.50 0.105 0.070
o Yyl e ik 0.000 1.10 0.070 1.75 0.123 0.070
gl ) Elee SE 0.058 1.10 0.000 2.00 0.064 0.058
= TN 9JN10=1013 0.058, 1.10 0.000 2.25 0.064 0.058
3 - 10 11 - 13 0.058 1.10 0.000 2.60 0.064 0.058
3 - 11 12 - 13 0.058 1.10 0.000 3.00 0.064 0.058
3- 12| 13 - 13 0.058, 1.10 0.000 3.20 0.064 0.058
4 - 4 5- 13 0.000 1.20 0.070 1.27 0.089 0.070
4 - SlEMolsIE13 0.000 1.20 0.070 1.40 0.098 0.070
4 - 6 7- 13 0.000 1.20 0.070 1.50 0.105 0.070
4 - 7 8 13 0.000 1.20 0.070 1.75 0.123 0.070
4 - S1EoE=N 13 0.065 1.20 0.000 2.00 0.078 0.065
4 - 9 10 - 13 0.065, 1.20 0.000 2.25 0.078 0.065
4 - 10| 11 - 13 0.065 1.20 0.000 2.60 0.078 0.065
4 - 11| 12 - 13 0.065 1.20 0.000 3.00 0.078 0.065
4 - 12 13 - 13 0.065 1.20] 0.000 3.20 0.078 0.065
5 - 5 6 - 13 0.000 1.27 0.070 1.40 0.098 0.070
SE-CETp Iy ULl 13 0.000 1.27 0.070 1.50 0.105 0.070
SIS 13 0.000 1.27 0.070 1.75 0.123 0.070
5- 8 9- 13 0.070 1.27 0.000 2.00 0.089 0.070
5 - 9 10 - 13 0.070 1.27 0.000 2.25 0.089 0.070
5- 10 11 - 13 0.070 1.27 0.000 2.60| 0.089 0.070
5- 114 12 - 13 0.070 1.27 0.000 3.00 0.089 0.070
5- 12} 13 - 13 0.070 1.27 0.000 3.20 0.089 0.070
6- 6 7- 13 0.000 1.40 0.070 1.50 0.105 0.070
6 - 7] 8- 13 0.000 1.40 0.070 1.75 0.123 0.070
6 - 8 9- 13 0.070 1.40 0.000 2.00 0.098 | «0.070
6 - 9 10 - 13 0.070 1.40 0.000 2.25 0.098 0.070
6 - 10} 11 - 13 0.070 1.40 0.000| 2.60 0.098 0.070
6 - 11 12 - 13 0.070 1.40 0.000 3.00 0.098 0.070
6 - 12| 13 - 13 0.070 1.40 0.000 3.20 0.098 0.070
e gl s fE 0.000 1.50 0.070 1.75 0.123 0.070
7 - 8 9 - 13 0.070 1.50 0.000 2.00 0.105 0.070
7 - 9 10 - 13 0.070 1.50 0.000 2.25 0.105 0.070
7 - 10} 11 - 13 0.070 1.50 0.000 2.60 0.105 0.070
7 - 11 12 - 13 0.070 1.50 0.000 3.00 0.105 0.070
71l B13p=N13 0.070 1.50 0.000 3.20 0.105 0.070
8- 8 9- 13 0.070 1.75 0.000 2.00 0.123 0.070
8- 9 10- 13 0.070 1.75 0.000 2.25 0.123 0.070

236



Supplement 9

GN -1 GN -2 GN -3 Cl F1 C2 F2 C3 F3 EQ Ctu

8 - 10 11 13 0.070 1.75 0.000 2.60] 0.123 0.070

SE=N1 {12 8=01 3 0.070, 175 0.000 3.00 0.123 0.070

8 - 12| 13 - 13 0.070 175 0.000 3.20 0.123 0.070

O R O K10 E=013 0.000, 2.00 0.000 2.25 0.000 0.000

9 -, 10011 - 13 0.000 2.00 0.000 2.60 0.000 0.000

9 - 11} 12 - 13 0.000 2.00 0.000 3.00 0.000 0.000

OF=101 2|18 IR N1 3 0.000; 2.00 0.000, 3.20 0.000 0.000

10 - 10 11 - 13 0.000 2.25 0.000 2.60 0.000 0.000

10 - 11} 12 - 13 0.000 2.25 0.000 3.00, 0.000 0.000

10 12| 13 - 13 0.000 2.25 0.000 3.20 0.000 0.000
1TESTN 1)1 TSN 3 0.000 2.60 0.000 3.20 0.000 0.000

11 12] 13 - 13 0.000 2.60 0.000 3.20 0.000 0.000
12808128135 -S513 0.000 3.00 0.000 3.20 0.000 0.000

28 2l 3- 3 4- 13 0.064 1.00 0.000 1.10 0.065 1.20] 0.101 0.065

2:E 2l 3 - 4 5- 13 0.064 1.00 0.000 110 0.070, 127] 0110 0.070

25 2l 3- 5 6- 13 0.064 1.00 0.000 1.10 0.070 140, 0.117 0.070

2 - 2l 3= 6 7 - 13 0.064 1.00 0.000 110 0.070 1.50] 0.123 0.070

* 2 - 2|13 SR | e 8= 13 0.064 1.00 0.000 1.10 0.070 175 0.138 0.070
2 - 2l 3 - 8 9 - 13 0.064 1.00 0.058 110 0.000 2.00] 0.090 0.058

2= 2| 3 - 9] 10 - 13 0.064 1.00 0.058 1.10 0.000 2.25| 0.0%0 0.058

26 2l 3 - 10 11 - 13 0.064 1.00 0.058 1.10 0.000 2.60| 0.090 0.058

2 - 2l 3 - 13] 12-- 13 0.064 1.00 0.058 110 0.000 3.00] 0.0%0 0.058

2 - 21354 112|9138=2113 0.064 1.00 0.058, 110 0.000 3.20] 0.090 0.058

2 - 31 4 - 4 5 - 13 0.064 1.00 0.000 1.20 0.070 127] 0.110 0.070

2= 31 4 - 5| 6 - 13 0.064 1.00 0.000; 1.20 0.070 140, 0.117 0.070

2 - 3] 4 - 6l 7 - 13 0.064 1.00 0.000 1.20 0.070 1.50] 0.123 0.070

* 2= 3 "4 - 7] 8 - 13 0.064 1.00 0.000, 1.20 0.070 1.75] 0.138 0.070
28 3] 4 - 8 9 - 13 0.064 1.00 0.065] 1.20 0.000 2.00 0.101 0.065

28=500 YIRS 9|2:10=113 0.064 1.00 0.065 1.20 0.000 2.25| 0.101 0.065

200 3] 4TETTI0]E 11 13 0.064 1.00 0.065] 1.20 0.000, 2.60] 0.101 0.065

2= 3 4 - 11 12:--- 13 0.064 1.00 0.065 1.20 0.000 3.00 0.101 0.065

257000 3] (T4 T= 8 12] 8813 5913 0.064 1.00 0.065] 1.20 0.000, 3.20] 0.101 0.065

2- 4 5 - 5 6- 13 0.064 1.00 0.000; 1.27 0.070 140, 0.117 0.070

ot 6 7 - 13 0.064 1.00] 0.000 127 0.070; 1.50] 0.123 0.070

* 2= 47 5= 7 8= 13 0.064 1.00 0.000 127 0.070] 175 0.138 0.070
2= 4 5 - 8 9- 13 0.064 1.00 0.070 127 0.000 2.00 0.110 0.070

28= AR S-S 110 =813 0.064 1.00 0.070 1.27 0.000] 2.25| 0.110 0.070

25 AIN 5 =1 0] JE=EN 3 0.064 1.00 0.070 1.27 0.000 2.60| 0.110 0.070

2- 4 5= 11 12 - 13 0.064 1.00 0.070 1.27 0.000 3.00) 0.110 0.070

2= 4 5= 12| 13:-= 13 0.064 1.00 0.070 1.27 0.000 3.20 0.110 0.070

2 - 5 6 - 6f 7 - 13 0.064 1.00 0.000 1.40 0.070] 150, 0.123 0.070

* 2E-IERIG| N6 N 71 8 - 13 0.064 1.00 0.000 1.40 0.070 175 0.138 0.070
A= B @5 8 9 - 13 0.064 1.00 0.070 1.40 0.000 2.00f 0.117 0.070

2= 5| 6 5= 9 10 - 13 0.064 1.00 0.070 1.40 0.000 2.25| 0117 0.070

2 - 5| 6- 100 11 - 13 0.064 1.00 0.070, 1.40 0.000 2.60; 0.117 0.070

2 - 5| 6- 11f 12 - 13 0.064 1.00 0.070 1.40 0.000 3.00, 0117 0.070

20= SIEN 6 = 12130003 0.064 1.00 0.070 1.40 0.000 3.20 0.117 0.070

* 2= 6 7 - 71 8- 13 0.064 1.00 0.000 1.50 0.070 175 0.138 0.070
2 - 6 7 - 8 9- 13 0.064 1.00 0.070, 1.50 0.000 2.00 0.123 0.070

2 - 6] 7= 9] 10 - 13 0.064 1.00 0.070 1.50 0.000, 2.25| 0.123 0.070

288 6 7 - 10 11 - 13 0.064 1.00, 0.070, 1.50 0.000 2.60] 0.123 0.070

2 = 6] 7 - 11 12 - 13 0.064 1.00 0.070 1.50 0.000, 3.000 0.123 0.070

2 - 6 7 - 121 13 - 13 0.064 1.00 0.070 1.50 0.000 3.20| 0.123 0.070

* 20 7| M 8 5= 8|S 9E=0013) 0.064 1.00] 0.070 175 0.000] 2.00 0.138 0.070
* 2= 71 8 - 9] 10 - 13 0.064 1.00 0.070 1.75 0.000 2.25| 0.138 0.070
* 20 )0 8- 10j= 1113 0.064 1.00 0.070 1.75 0.000 2.60| 0.138 0.070
* 71 = 71 8- 1Y 12 - 13 0.064 1.00 0.070 175 0.000] 3.00) 0.138 0.070
2B ) L O = 9 10 - 13 0.115 1.00 0.000 2.00 0.000, 2.25| 0.115 0.115

2 - 8 9- 10 11 - 13 0.115) 1.00 0.000, 2.00 0.000 2.60| 0.115 0.115

2 - 8 9 - 11 12 - 13 0.115 1.00 0.000 2.00 0.000] 3.00] 0.115 0.115

2= SENOE-WN 11 13E=28813 0.115 1.00 0.000 2.00 0.000 3.20 0.11s 0.115

285 9 10 - 100 11 - 13 0.115] 1.00 0.000 2.25 0.000 2.60] 0.115 0.115

2 - 9 10 - 11§ 12 - 13 0.115 1.00 0.000 2.25 0.000 3.00f 0.115 0.115
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Supplement 9

GN -1 GN -2 GN -3 Cl F1l C2 F2 C3 F3 EQ Ctu
2= IR 10E=N12|N81 3 R=0N13 0.115 1.00 0.000, 2.25 0.000 3.20] 0.115 0.115
2-— 10011 = 1112 - 13 0.115 1.00 0.000 2.60 0.000, 3.00] 0.115 0.115
2= 1011 F=R 1 28 3RS Y 0.115 1.00 0.000 2.60] 0.000 3.20] 0.115 0.115
22112 5T 1 AT 13513 0.115 1.00 0.000 3.00 0.000 3.20] 0.115 0.115
3= 3 4 E- BT B 5 BN ) 0.000 1.10 0.000 1.20 0.070 1.27] 0.089 0.070
g 3 4 - 5] 6 - 13 0.000 1.10 0.000 1.20 0.070 1.40] 0.098 0.070
SE 3 4 - 6 7 - 13 0.000 1.10 0.000 1.20 0.070, 1.50| 0.105 0.070
sl E| GF 1 8- 13 0.000, 1.10 0.000 1.20 0.070 175 0.123 0.070
3N 3 4 - 8 9 - 13 0.000 1.10 0.065] 1.20 0.000 2.00] 0.078 0.065
& e 3 4 - 9 10 - 13 0.000 1.10 0.065 1.20 0.000 2.25] 0.078 0.065
£l = 3 4- 1 11 - 13 0.000, 1.10 0.065 1.20 0.000! 2.60] 0.078 0.065
£l = IS4 S=EN 11128 -T 13 0.000 1.10] 0.065 1.20 0.000 3.00] 0.078 0.065
& = 33 4- 12 13 - 13 0.000 1.10 0.065 1.20 0.000 3.20] 0.078 0.065
gl O BeriEl Be bk 0.000, 1.10 0.000 127 0.070 1.40] 0.098 0.070
3NN 5 B S T 0.000 1.10 0.000, 1.27 0.070 1.50| 0.105 0.070
3 W R O ot 1] A 8 =R 3 0.000 1.10 0.000 1.27 0.070] 1.75| 0.123 0.070
B 4 5- 8§ 9- 13 0.000 1.10 0.070, 1.27 0.000 2.00] 0.089 0.070
3 - 4 S5="9 10 - 13 0.000 1.10 0.070 1.27 0.000 2.25| 0.089 0.070
3 - 4 5- 100 11 - 13 0.000, 1.10 0.070 127 0.000 2.60| _ 0.089 0.070
e il B BRIl ABl o) Sk 0.000 1.10 0.070, 1.27 0.000 3.00]  0.089 0.070
U S e 12N 1 39T 3 0.000] 1.10 0.070 1.27 0.000] 3.20] 0.089 0.070
£ = 5 6 - N1 0.000, 110 0.000; 1.40 0.070 1.50{ 0.105 0.070
g e SR bR 71 8- 13 0.000 1.10 0.000 1.40 0.070 175 0.123 0.070
3N | 6 ES Elg, dk 0.000 1.10 0.070 1.40 0.000] 2.00] 0.098 0.070
ele LT 30 9 10 - 13 0.000, 1.10 0.070 1.40 0.000, 2.25] 0.098 0.070
3- 5 6-. 104 11 - 13 0.000 1.10 0.070 1.40 0.000 2.60] 0.098 0.070
g o 5 6- 11 12 - 13 0.000 1.10 0.070 1.40 0.000 3.00] 0.098 0.070
Blag & B b iko Ik 0.000, 1.10 0.070 1.40 0.000 3.20] 0.098 0.070
k= il = Atde ak 0.000 1.10 0.000, 1.50 0.070 1.75| 0.123 0.070
& o 7 - g 9- 13 0.000 1.10 0.070 1.50 0.000] 2.00] 0.105 0.070
13 EE o 7= 9 108-013 0.000 1.10 0.070, 1.50 0.000 2.25] 0.105 0.070
IP-E N7 =1 11 3 0.000 1.10 0.070 1.50 0.000 2.60| 0.105 0.070
3 B 78 11112 13 0.000, 1.10 0.070 150 0.000! 3.00] 0.105 0.070
o L Y= Gk} Skls Ok 0.000, 1.10 0.070, 1.50 0.000 3.20] 0.105 0.070
3= 71 8 - 8 9.- 13 0.000 1.10 0.070; 1.75 0.000] 2.00] 0.123 0.070
3= 71 8 - 9 10 - 13 0.000, 1.10 0.070 1.75 0.000 225 0.123 0.070
3 - 71 8- 10 11 - 13 0.000 1.10 0.079 175 0.000 2.60] 0.123 0.070
3 - 77 8- 11 12 - 13 0.000 1.10 0.070 175 0.000 3.00, 0.123 0.070
&= 1 _8- 13 13- 13 0.000) 1.10 0.070 1.75 0.000 3.20{ 0.123 0.070
B 9- 9 10 13 0.058 1.10 0.000 2.00] 0.000 2.25] 0.064 0.058
g} = B] 9- 10 11- 13 0.058 1.10 0.000] 2.00 0.000 2.60] 0.064 0.058
gl g 9- 1] 2- 1B 0.058 1.10 0.000 2.00 0.000 3.00] 0.064 0.058
3= SISO 12198 1 3 R 0.058] 1.10 0.000, 2.00 0.000] 3.20] 0.064 0.058
3- 9 10- 100 11 - 13 0.058 1.10 0.000; 2.25 0.000] 2.60]  0.064 0.058
3= ] 0 RSN 12 =1 3 0.058 110 0.000 2.25 0.000 3.00] 0.064 0.058
3- 9 10- 14 13 - 13 0.058 1.10 0.000 2.25 0.000 3.20] 0.064 0.058
3- 1 11 1 12 - 13 0.058 1.10 0.000, 2.60 0.000, 3.00] 0.064 0.058
3- 10 11 - 12 13 - 13 0.058 1.10 0.000 2.60 0.000 3.20] 0.064 0.058
3.~ 13012 - 1 13 - 13 0.058, 110 0.000, 3.00] 0.000 3.20] 0.064 0.058
4= 4 515" 6i= 13 0.000 1.20 0.000 1.27 0.070 1.40{ 0.098 0.070
4- 4 5- § 7- 13 0.000, 1.20 0.000, 127 0.070 1.50] 0.105 0.070
4 - 4 5 - 7S 13 0.000 1.20 0.000, 1.27 0.070 1.75] 0.123 0.070
4 - 4 5 - & 9 - 13 0.000 1.20 0.070 1.27 0.000, 2.00] 0.089 0.070
4 - 4 5 - 9 10 - 13 0.000, 1.20 0.070, 1.27 0.000] 2.25| 0.089 0.070
4 - 4 5- 10 11 13 0.000] 1.20 0.070, 1.27 0.000] 2.60] 0.089 0.070
4 - 4 5- 1§ 12 - 1 0.000; 1.20 0.070 1.27 0.000 3.00] 0.089 0.070
4 - 4 5- 12 13 - 13 0.000, 1.20 0.070 1.27 0.000 3.20] 0.089 0.070
4 - 5 6 - 7 - 13 0.000 1.20 0.000 1.40 0.070 150 0.105 0.070
4 - 9. 6= ol e Sk 0.000, 1.20 0.000 1.40 0.070, 1.75| 0.123 0.070
4 - 8 6= el o Ik 0.000, 1.20 0.070, 1.40 0.000] 2.00] 0.098 0.070
4 5 6 - 9 10 - 13 0.000 1.20 0.070 1.40 0.000 2.25| 0.098 0.070
4 - § 6- 10 11 - 13 0.000, 1.20 0.070 1.40 0.000] 2.60] 0.098 0.070
G S e SRRkl s Gk 0.000 1.20 0.070, 1.40 0.000 3.00] 0.098 0.070
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GN -1 GN -2 GN -3 Cl F1 C2 F2 C3 F3 EO Ctu
4 - 5] 6- 124 13- 13 0.000 1.20 0.070 1.40 0.000, 3.20| 0.098 0.070
4 - 6] 7 - 74 8= 13 0.000 1.20 0.000 150 0.070 1.75] 0.123 0.070
4 - 6li 7 - IMNON=7 13 0.000 1.20 0.070] 1.50 0.000 2.00] 0.105 0.070
4EERIE) N7 8= 9] 10 - 13 0.000 1.20 0.070] 1.50 0.000, 2.25| 0.105 0.070
4 - 6] 7- 10| 11 - 13 0.000, 1.20 0.070 1.50 0.000, 2.60] 0.105 0.070
Ai=S el N7E- 1T INA25=2 113 0.000, 1.20 0.070 1.50 0.000 3.00] 0.105 0.070
45" 6l 7i= 12)0130-0 13 0.000, 1.20 0.070] 1.50 0.000 3.20] 0.105 0.070
4- 7] 8- 8 9- 13 0.000 1.20 0.070 1.75 0.000 2.00] 0.123 0.070
4- 7] 8- 9] 10 - 13 0.000 1.20 0.070 1.75 0.000 2.25| 0.123 0.070
4- 7] 8- 10} 11 - 13 0.000, 1.20 0.070 1.75 0.000, 2.60| 0.123 0.070
4 - 7] 8- 11} 12 - 13 0.000 1.20 0.070 175 0.000; 3.00] 0.123 0.070
A=/ [N 8 I 21365813 0.000 1.20 0.070 1.75 0.000 3.20| 0.123 0.070
4 - 8 9- 9] 10 - 13 0.065| 1.20 0.000 2.00 0.000, 2.25| 0.078 0.065
4 - 8 9- 101 11 - 13 0.065 1.20 0.000 2.00 0.000] 2.60] 0.078 0.065
4 - 8|08 11812555013 0.065 1.20 0.000] 2.00 0.000; 3.00f 0.078 0.065
ARSI g OE = 1 O[S 30E 13 0.065 1.20 0.000 2.00 0.000, 3.20; 0.078 0.065
4 - 9 10- 10| 11 - 13 0.065 1.20 0.000 2.25 0.000 2.60| 0.078 0.065
4 - 9] 10 - 11f 12 - 13 0.065 1.20 0.000] 2.25 0.000 3.00] 0.078 0.065
4 - 9] 10 - 12 13 - 13 0.065] 1.20 0.000] 2.25 0.000 3.20| 0.078 0.065
4 - 10/ 11 - 11| 12 - 13 0.065] 1.20 0.000 2.60 0.000 3.00, 0.078 0.065
4 - 10/ 11 - 12| 13 - 13 0.065 1.20 0.000 2.60 0.000 3.20 0.078 0.065
4- 111112 = 12} 13- 13 0.065 1.20 0.000 3.00 0.000 3.20] 0.078 0.065
5 & SE6E-T 6| SN 5. 13 0.000 127 0.000 1.40 0.070 1.50] 0.105 0.070
5= 5{ 6- 71 8- 13 0.000 1.27 0.000 140 0.070, 175 0.123 0.070
S - SIN6E - W SIS Q=113 0.000 127 0.070 1.40 0.000, 2.00] 0.098 0.070
SRR SN 6 - N 9 HE1OE=113 0.000 1.27 0.070 1.40 0.000 2.25| 0.098 0.070
5- 5 6- 10f 11 - 13 0.000 1.27 0.070 1.40 0.000, 2.60| 0.098 0.070
SE= 5] 6- 11| 12 - 13 0.000 127 0.070, 1.40 0.000 3.00] 0.098 0.070
SEEa SlIEeE-— 121813551 013 0.000, 1.27 0.070 1.40 0.000, 3.20; 0.098 0.070
5 - 678 7] 8 - 13 0.000 1.27 0.000 1.50 0.070 175) 0.123 0.070
5 - 6] 7- 8 9- 13 0.000 1.27 0.070) 150 0.000 2.00] 0.105 0.070
5 - 6] 7 - 9] 10 - 13 0.000 1.27 0.070 1.50 0.000, 2.25| 0.105 0.070
SE-NEUIG]IEN7 2 SN 10| 811550013 0.000 1.27 0.070 1.50 0.000 2.60] 0.105 0.070
SE=RNNIGHIN7E=E 1 1181 2013 0.000, 1.27 0.070 1.50 0.000 3.00] 0.105 0.070
SE=RNI6EN7 8= 012}8131=8013 0.000 1.27 0.070] 1.50 0.000 3.20] 0.105 0.070
SE= 7| 8L 8| 9E=ST113 0.000 1.27 0.070] 1.75 0.000 2.00] 0.123 0.070
e ) IS ]|l SRk 0.000 1.27 0.070 1.75 0.000 2.25| 0.123 0.070
5 - 7| SNEE= 0] S5 1913 0.000 1.27 0.070 175 0.000 2.60] 0.123 0.070
5 - 7] 8 - 11 12 - 13 0.000 127 0.070 175 0.000 3.00 0123 0.070
SEE 7] 8 - 12| 13 - 13 0.000 127 0.070 1.75 0.000 3.20| 0.123 0.070
5- 8 9- 9 10- 13 0.070 1.27] 0.000 2.00 0.000 2.25] 0.089 0.070
SE 8 9- 10 11 - 13 0.070 1.27 0.000 2.00 0.000] 2.60] 0.089 0.070
8 = 8 9 - 11f 12 - 13 0.070 1.27 0.000, 2.00 0.000 3.00] 0.089 0.070
SEE 8 9 - 12f 13 - 13 0.070 1.27 0.000 2.00 0.000 3.20] 0.089 0.070
Si= 9 10 - 10] 11 - 13 0.070 1.27 0.000 2.25 0.000, 2.60] 0.089 0.070
SE= 9 10 - 11] 12 - 13 0.070 1.27 0.000 2.25 0.000 3.00] 0.089 0.070
5 - 9] 10 - 12 13 - 13 0.070 1.27 0.000 2.25 0.000; 3.20| 0.089 0.070
S- 10 11 - 13f 12 - 13 0.070 1.27 0.000 2.60 0.000 3.00] 0.089 0.070
5- 10f 11 - 12f 13 - 13 0.070 1.27 0.000] 2.60 0.000 3.20] 0.089 0.070
5- 11 12 - 12f 13 - 13 0.070 127 0.000 3.00 0.000 3.20] 0.088 0.070
6 - 6 7 - Ul Bls Sk 0.000 1.40 0.000 1.50 0.070 175 0.123 0.070
6 - 6] 7- 8 9- 13 0.000 1.40 0.070 1.50 0.000 2.00] 0.105 0.070
6 - 6] 7- 9 10 - 13 0.000 1.40 0.070 150 0.000 2.25| 0.105 0.070
6 - 6] 7 - 10 11 - 13 0.000 1.40 0.070 1.50 0.000 2.60] 0.105 0.070
6- 6 7- 11 12 - 13 0.000 1.40 0.070 1.50 0.000 3.00] 0.105 0.070
6 - 6 7- 12| 13 - 13 0.000 1.40 0.070 1.50 0.000 3.20f 0.105 0.070
6 - 71 8- 8 9- 13 0.000, 1.40 0.070 1.75 0.000 2.00] 0.123 0.070
6- 7] 8- 9 10- 13 0.000, 1.40 0.070 175 0.000 2.25| 0.123 0.070
6- 7] 8- 10/ 11 - 13 0.000 1.40 0.070 1.75 0.000, 2.60] 0.123 0.070
6- 71 8- 11 12 - 13 0.000 1.40 0.070 1.75 0.000, 3.00 0.123 0.070
6- 7] 8- 12 13 - 13 0.000 1.40 0.070 1.75 0.000 3.20 0.123 0.070
6- 8 9- 9 10- 13 0.070 1.40 0.000] 2.00 0.000 2.25| 0.098 0.070
6 - 8 9= 10 11- 13 0.070 1.40 0.000] 2.00 0.000 2.60] 0.098 0.070
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GN -1 GN -2 GN -3 C1 F1 C2 F2 C3 F3 EO Ctu
6 - S| OS] ] 21 3 0.070 1.40 0.000 2.00 0.000 3.00] 0.098 0.070
6| - 8 9 2] 0813 =013 0.070 1.40 0.000 2.00 0.000 3.20] 0.098 0.070
6 - 9] 10 - 10f 11 - 13 0.070 1.40 0.000 2.25 0.000 2.60] 0.098 0.070
SHE 9 10 - 11) 12 - 13 0.070 1.27 0.000 2.25 0.000 3.00] 0.089 0.070
6 - 9| 10 - 12) 13 - 13 0.070 1.40 0.000 2.25 0.000 3.20| 0.098 0.070
6 - 10} 11 - 11} 12 - 13 0.070 1.40 0.000 2.60 0.000 3.00] 0.098 0.070
6 - 10 11 - 12| 13 - 13 0.070 1.40 0.000 2.60 0.000 3.20] 0.098 0.070
6 - 11) 12 - 12| 13 - 13 0.070 1.40 0.000 3.00 0.000 3.20; 0.098 0.070
78 7] 8 - 8 9- 13 0.000 1.50 0.070 1.75 0.000 2.00 0.123 0.070
7 - Il [§e 9] 10 - 13 0.000 1.50 0.070 1.75 0.000 2.25| 0.123 0.070
7 - 71 8- 10] 11 - 13 0.000 1.50 0.070 1.75 0.000 2.60| 0.123 0.070
7B 7|1 8 ST 11 | 1 2 o1 3 0.000 1.50 0.070 175 0.000 3.00] 0.123 0.070
1/ 7] S ] 2151 3N 13 0.000! 1.50 0.070 175 0.000 3.20p 0.123 0.070
7 - 8 9 - 9] 10 - 13 0.070 1.50 0.000 2.00 0.000 2.25| 0.105 0.070
78 8|0 F-NE] O[N] 15NN 3 0.070 1.50 0.000 2.00 0.000 2.60| 0.105 0.070
Yot B Icl o S0lFabae SE 0.070 1.50 0.000 2.00 0.000 3.00] 0.105 0.070
L= 8 9 - 12 13 - 13 0.070 1.50 0.000 2.00 0.000 3.20| 0.105 0.070
7 - 9] 10 - 10f 11 - 13 0.070 1.50 0.000 2.25 0.000 2.60[ 0.105 0.070
i7EC 9 10 - 11 12 - 13 0.070 1.50 0.000 2.25 0.000 3.00] 0.105 0.070
7 - 9] 10 - 12] 13 - 13 0.070 1.50 0.000 2.25 0.000 3.20] 0.105 0.070
74501055 1E-TNE] 1|20 T 3 0.070 1.50 0.000 2.60 0.000 3.00p 0.105 0.070
7= 10 "11 =5 12] 13-= 13 0.070 1.50 0.000 2.60 0.000 3.20| 0.105 0.070
78 11| Ne12 NN 12|01 3001 3 0.070 1.50 0.000 3.00 0.000 3.20| 0.105 0.070
8= 8 9 - 9] 10= 13 0.070 1.75 0.000 2.00 0.000 2.25| 0.123 0.070
8 - S|S0 O 1= 113 0.070 175 0.000 2.00 0.000 2.60| 0.123 0.070
8 - S| IROEEIN1 11 25N 3 0.070 175 0.000 2.00 0.000 3.00p 0.123 0.070
8 .- Gl Bl obl] Skl “TE 0.070 1.75 0.000 2.00 0.000 3.20 0.123 0.070
8 - 9] 10- 10} 11 -© 13 0.070 175 0.000 2.25 0.000 2.60p 0.123 0.070
8 - 9] 10 - 11] 12 - 13 0.070 175 0.000 2.25 0.000 3.00 0.123 0.070
8 - 105 12| 135013 0.070 175 0.000 2.25 0.000 3.20 0.123 0.070
8 - 101 11 - 11} 12 - 13 0.070 1.75 0.000 2.60 0.000 3.00f 0.123 0.070
8- 10/ 11 - 12 13 - 13 0.070 175 0.000 2.60 0.000 3.20 0.123 0.070
8 - 11} 12 - 12 13 - 13 0.070 175 0.000 3.00 0.000 3.20p 0.123 0.070
9 - 9] 10 - 10] 11 - 13 0.000 2.00 0.000 2.25 0.000 2.60] 0.000 0.000
9. 9| 10 - 11} 12 - 13 0.000 2.00 0.000 2.25 0.000 3.00] 0.000 0.000
9 - 9] 10 - 12| 13 - 13 0.000 2.00 0.000 2.25 0.000 3.20] 0.000 0.000
9 - 10| 11 - 11} 12 - 13 0.000 2.00 0.000 2.60 0.000 3.00] 0.000 0.000
9- 10/ 11 - 12| 13 - 13 0.000 2.00 0.000 2.60 0.000 3.20; 0.000 0.000
9 - 11} 12 - 12§ 13 - 13 0.000 2.00 0.000 3.00 0.000 3.20] 0.000 0.000
10 - 10] 11 - 11} 12 - 13 0.000 2.25 0.000 2.60 0.000 3.00] 0.000 0.000
10 - 10f 11 - 12] 13 - 13 0.000 2.25 0.000 2.60 0.000 3.20] 0.000 0.000
10 - 11] 12 - 12] 13 - 13 0.000 2.25 0.000 3.00 0.000 3.20| 0.000 0.000

The Basic seismic capacity index E, is calculated by ductility dominant equation of each floor can be
calculated in the same procedure.
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3.4 The Irregularity Index S,
(1) The center of gravity

F-5 is set as an origin of coordinates. Below shows the distances from the origin and the axial forces of
the columns.

E (2
6 0 & .5lm—0, 23m|[10.00m 0. OOm? 0 Q

-9. 06rm 0. 38m TG
7 C1-D C2-A 5 71 0. 24m
-8.24 (W
0.00m -3.67m
gt 56 @
.95m
)
4.31m~-6.61m
2/ 81m ~12. 89m
O
.
11.34m -19. 02m
C1-B @)
9.88m -25. 15m

A COLUMN LAY OUT
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distances from the origin

242

1 2 3 4 5 6 7 8 9
Lx(m) | ty(m) | tx{m} | Ly(m} | Le(m} | ty{m) | be(m) | ty(m) | i) ] ty(m) | ofm) [ Lytm | ixim) [ Ly(m) | ixim) [ ty(m) | txm) | Ly(m)
; c1 D C2-A C1-D iy
-9.06] -038 -551 -023] o000 o000 571 024 9.19] 039
. ciD C1-D
-8.24] -2.98 8.54] -2.05
5 C1B c1-C C2-A a [ s a C2-A c2C c1-8
1379] -7.95 -1057] -695] -7.32] 594 -a.04] -493] 000] -367 456] -461 7.70] -5.26] 11.08] -5.95| 14.31 -6.61
. C1-B C1-F CLE ca c4 C1-F C1-B
-11.86 -14.01] -8.64] -13.11] -5.39] -12.10] -2.12] -11.08| 3.06] -10.89 9.58] -12.23] 12.81] -12.89
. c1
B
-8.06 -14.96
N c1
-7.47| -16.85
5 C1-8 C1-F C1-E cs [ CIF | c18
-9.98] -20.12] -6.76] -19.12[ -3.51] -18.11] -0.24] -17.09 1.59] -17.02 8.11] -18.36] 11.34| -19.02
R C1-A C1B C1-B c2-C C1B c18 | ClA
-8.11] -26.12] -4.92] -25.10] -2.23] -24.23 0.77] -23.27 3.93] -23.92] 6.65] -24.48] 9.88] -25.15
Axial forces 1F{Ground Floor)
1 2 3 a 5 5 7 8 9
(kN} (kN) (kN) (kN} (kN} (kN) (kN) (kN} (kN}
z a1 [EE?) C2-A €1-D c1
450 775 1125 775 450
o CL-D C1-D
: 775 775
= C1B ci-C A =} c28 [&] C2A c2-C C1B
645 775 1125 1500 1125 1500 1125 938 645
c c18 C1F CLE c4 4 Cif Ci-8
645 1025 1025 1800 1800 1025 645
- c1
= 450
T c1
450
. c18 C1F CIE cs [ CiF C1-8
645 1025 1025 900 900 1025 645
A CL-A C1B C1-B c2C C18 C18 C1-A
375 645 645 938 645 645 375
IN=

33801 kN
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HN-Lx 1F{Ground Floor)

1 | 2 3 4 s 6 7 8 | 9
(kN°m) [ (kN'm) {(kN<m) {(kN*m) (kN -m) (kN*m} (kN*m) (kN°m) | (kN-m)
Ccl C1-D CZ-A C1-D C1
7 450°-9.06 775%-5.51 1125*0 775*5.71 450*9.19
E €1-0 €1-D
775%-8.24 775*8.54
o C1-8 C1-C C2-A c3 C2-8 (ex] C2-A C2-C Cl-B
645*-13.79 775*-10.57 1125*-7.32 1500%-4.04 1125*0 1500*4.56 1125*7.7 938*11.08 645*14.31
c Cl-8 C1-F C1-E C4 Cc4 Ci-F C1-8
645*-11.86 1025*-8.64 1025*-5.39 1800°*-2.12 1800*3.06 1025*9.58 645*12.81
T [=1
450*-8.06
- cl
450*-7.47
8 C1-8 C1-F Cl-E c5 Cc5 C1-F C1-B
645*-9.98 1025*-6.76 1025*-3.51 900°-0.24 500°*1.59 1025*8.11 645%11.34
A Cl-A C1-B Cl-8 C2-C C1-B Ci-B Cl1-A
375*-8.11 645*-4.92 645*-2.23 938*0.77 645*3.93 645*6.65 375%9.88
-26023 -34139 29258 -14362 722 18204 21951 32815 28512
sum Grid 1 sum Grid 2 sum Grid 3 sum Grid 4 sum Grid 5 sum Grid 6 sum Grid 7 sum Grid 8 sum Grid 9
IN-Lx=
BN-Ly  1F{Ground Floor)
1 | 2 3 4 5 3 7 8 | ]
(kN+m} | {kN-m} (kN*m) {kN*m) (kN-m) (kN *m} {kN-m) {kN-m) I (kN*m)
£ Cc1 C1-D C2-A Cl-D C1
450*-0.38 775%-0.23 1125*0 775%0.24 450*0.39
£ Cl-D C1-D
775%-2.98 775*-2.05
D Cl-B C1-C C2-A (ex] C2-8 Cc3 C2-A C2-C Cl-B
645*-7.95 775*-6.95 1125°-5.94 1500%-4.93 1125*-3.67 1500*-4.61 1125*-5.26 938*-5.95 645*-6.61
c Cl-8 C1-F C1-E c4 c4 C1-F C1-B
645*-14.11 1025*-13.11 1025*-12.1 1800*-11.08 1800*-10.89 1025*-12.23 645*-12.89
o [
450*-14.96
T c1
450*-16.85
8 C1-B i C1-F Cl1-E c5 Cc5 C1-F C1-8
645*-20.12 1025*-19.12 1025*-18.11 900*-17.09 900*-17.02 1025*-18.36 645*-19.02
A C1-A ClB Ci1-B C2-C Cl-B C1-B Cl-A
375*%-26.12 645*-25.1 645%-24.23 938*-23.27 645°-23.92 645%-24.48 375%-25.15

243

-1578 kN*m

12 sum GridF

-3898 sum GridE

-51397 sum GridD

-95337 sum GridC

-6732 sum GridB"

-7583 sum GridB'

-112924 sum Grids

-104089 sum GridA

\ 4

IN-ly= -381948.21 kN-m
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Distance to the center of gravity from the origin of each direction is obtained by dividing the total value of

all directions with the total weight, which the floor is holding.

IN-Lx= -1578.25 kN*m
SN+ly=  -381948.21 kN-m
Gx= EIN+Lx/EN= -1578.25 / 33801 = -0.047 m
Gy=  EIN-Ly/IN= -381948.21 / 33801 = -11.300 m
® ® ® @ 5@
- 1C2-A
| c2-8
u
“ >
A [G)
XC4 o — s
G (Centerof gravity)
|
\ Gx=47
c5 y
\{/cs
Y
-8 B2C  Joi-s
-B R &
W
X ey ’
AV
4™ COLUMN LAY OUT
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(2) The center of stiffness

This calculation method is a simple one that takes the sectional area and the stiffness of column into
consideration.

Below shows the distances from the origin and the stiffness of each column is shown below

® ® & ® ©®__ @

9.06m 30.38m 5. 51m -0 23m 0. 00m 0. 00m —
Rl \¢1-D C2-A 5710 24m

4. 31m-6.61m

2 81m -12.89m

F—©

11.34m -19.02m

3.93m-23.p2m  FCToRQ@
. X 92rm-25. 10
X % -92m m 9. 88m ~25. 15m

4™ COLUMN LAY OUT
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distances from the origin

1 2 3 4 5 6 7 8 9
Lx(m) [ Ly(m) | tx(m} | Ly(m] | tx(m) | Ly(m) | ix{m} | Ly{m) | tefm) ] ty{m) | i}  tytm) | oxtm) [ Ly(em) | ixtm) [ ty(m) [ tx(m) ] Ly(m)
. c1 C1-D C2-A C1-D c1
9.06] -038] -551 -023] o000 000 571 o024 919 039
: C1-D C1-D
-8.24] -2.98 8.54] -2.05
R C1-8 C1-C C2A =] C2-8 c3 C2-A C2-C C1-B
13.79] -7.95 -10.57] -6.95| -7.37] -5.94] -404] -4.93 000] -3.67] 4.56] 461 7.70] -5.26] 11.08] -5.95 1431 -6.61
c C1-B C1-F ClE c4 ca C1-F C1-B
-11.86] -14.11] -864] -13.11] -5.39] -12.10] -2.12 -11.08 3.06] -10.89) 9.58] -12.23] 12.81] -12.89)
c1
g
-8.06] -14.96
o c1
-7.47| -16.85
. c1-8 Cl-F C1-E cs ] [ CL-F c1-8
-9.98] -20.12] -6.76] -19.12] -3.51] -18.11] -0.24 -17.09 1.59] -17.02 8.11] -18.36] 11.34] -19.02
A C1-A C1-B C1-B c2-C c1-8 C1-B Cl-A
-8.11] -26.12] -a.92] -25.10] -2.23] -24.23 0.77] -23.27) 3.93] -23.92] 6.65] -24.48] 9.88] -25.15
section area of column Dx=Dy (mli
1 2 3 4 5 6 7 8 E)
(m?) (m?) (m?) (m?) (m?) (m?) (m?) (m?) (m?)
3 a1 c1-D C2-A C1-D [=1
0.1800 0.1800 0.1800 0.1800 0.1800
: C1D C1D
0.1800 0.1800
e C1B ci-C C2A a €28 [&] C2-A c2-C €18
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
z c18 C1F CLE ca c4 C1-F C1-B
0.1800 0.1800 0.1800 0.1936 0.1936 0.1800 0.1800
= [
5 0.1800
. c1
. 0.1800
. C1-8 C1-F _ CLE [ s C1F c18
0.1800 0.1800 0.1800 0.1089 0.1089 0.1800 0.1800
A Cl-A c18 C1B 2-C C1B C1-B C1-A
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
IDx=IDy=
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Multiply stiffness (section area of column) and distance in X and Y direction respectively and then sum
them in each X and Y direction separately. Note that when calculating the center of stiffness that affects
in X direction, it is to multiply the stiffness in X direction and the distance in Y direction. Vice versa for
Y direction.

Effect of Y direction
WDy Lx  1F(Ground Floor)

1 2 3 4 5 6 7 8 9
{m*-m) (m?-m) (m?+m) (m?-m) {m?-m) {m?*+m) {m*-m) (m?*m) (m?:m)
E Cc1 C1-D C2-A Cl-D C1
0.18%-9.06 0.18*-5.51 0.18*0 0.18*5.71 0.18*9.19
E C1-0 €1-D
0.18*-8.24 0.18*8.54
D C1-8 C1-C C2-A c3 C2-8 3 C2-A C2-C C1-B
0.18*13.79 0.18*-10.57 0.18%-7.32 0.18%-4.04 0.18%0 0.18%4.56 0.18°7.7 0.18*11.08 0.18*14.31
C C1-B C1-F C1-E C4 C4 Cl-F Cl1-8
0.18*-11.86 0.18*-8.64 0.18*-5.39 0.1936*-2.12 0.1936*3.06 0.18*9.58 0.18*12.81
- c1
0.18*-8.06
r c1
B 0.18*-7.47
8 C1-B C1-F C1-E CcS5 Cc5 C1-F Ci-B
0.18%-9.98 0.18%-6.76 0.18%-3.51 0.1089°-0.24 0.1089*1.59 0.18*8.11 0.18*11.34
A Cl-A C1-B C1-8 C2-C Cl-B Cl1-8 C1-A
0.18*-8.11 0.18*-4.92 0.18%-2.23 0.18°0.77 0.18*3.93 0.18*6.65 0.18*9.88
-7.87 -8.36 -6.44 -2.16 0.14 261 528 6.38 870
sum Grid 1 sum Grid 2 sum Grid 3 sum Grid 4 sum Grid 5 sum Grid 6 sum Grid 7 sum Grid 8 sum Grid 9 ‘

IDy-Ly= L7l miem
Effect of X direction
WDx*Ly 1F{Ground Floor}

1 2 3 4 5 3 7 8 9
{m* m) (m*-m) {m?+m) (m?«m) {m*-m) {m*sm) {m*-m) {m®m) (m?-m)
- c1 C1-D C2-A Ci-D c1
0.18%-0.38 0.18°-0.23 0.18*0 0.18%0.24 0.18%0.39 0.00 sum GridF
E Ci-0 C1-p
0.18*-2.98 0.18*-2.05 -0.91 sum GridE
o C1-8 C1-C C2-A c3 C2-B c3 C2-A C2-C C1-B
0.18*-7.95 0.18%-6.95 0.18*-5.94 0.18*-4.93 0.18%-3.67 0.18*-4.61 0.18*-5.26 0.18°-5.95 0.18°-6.61 -9.34 sum GridD
@ C1-B CL-F C1-E ca ca C1-F C18
0.18*-14.11 [ 0.8%1311 | 0.18%12.1 | 0.1936*-11.08 0.1936*-10.89 0.18*-12.23 | 0.18°-12.89 | -15.85 sum GridC
- c1
0.18*-14.96 -2.69 sum GridB"
- c1
0.18*-16.85 -3.03 sum GridB'
s C1-8 C1-F C1-E [ Cs C1-F C1-B
0.18*-20.12 | 0.18%19.12 | 0.18*1811 | 0.1089%-17.09 0.1089*-17.02 0.18*-1836 | 0.18*-19.02 | -20.77 sum Grid@
A C1-A C1-B C1-B (X d C1-8 C1B Ci-A
0.18*-26.12 | 018*251 | 0.18*-24.23 0.18%-23.27 0.18*-23.92 | 0.18*-24.48 | 0.18*-25.15 | -31.01 sum GridA

4

IDysly= -83.59 miem
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Distance from the origin of each direction to the center of rigidity of a building is obtained by dividing
the total value of one direction with the total rigidity of that direction.

Dy Lx= 171 miem
IDx:Ly= -83.59 m’em
Sx= IDy" Lx/IDy= -171/ 6.905 = -0.247 m
Sy= IDx " Ly/IDx= -83.59 / 6.905 = -12.106 m
C2-A
C2-B

(0
!

& T
B! 04 S (Center of stifness)
C1-E

Sx=247 1-B e
5] |
\ | [cs )

nC2-C

Sy=12106

X 4N GOLUMN LAY OUT
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(3) The Eccentricity ratio

Gx=

-0.047 m Sx= -0247 m @ S: Center of stiffness
Gy= -11.3 m Sy= -12.106 m QO G: Center of gravity
ex=|Gy-Sy|=| -12.106 | -| -11300 | = 0.806 m
ey= | Gx-Sx | =| -0.247 | - | -0047 | = 0.200 m
= C2-A
C2-B
/Eb\ y @
11,
18 g
~ b C1-B
“ 5 5 ~@
W >
8 | sxda7 ©
A
1
Gx=47
.‘-,.‘
—S -‘g C4 'I'I
1]
J
ey=200 i B
x 1-B
C5
C5 4
C1-E 3 &
1)
C1-B @
01-B pl2c 1c1-B
\-B R & f G1-A
C W o
- S
X
4\ COLUMN LAY 0UT
distances from the center of stiffness
1 2 3 4 5 6 7 8 9
bx(m) | ty(m) | tx(m) [ ty(m) | ox(m) ] ty(m) | wx(m) ] tytm) | x(m) ] ty(m) | txim) T ty(m) | tx(m) T ty(m) | ix{m) [ Ly(m) | ix(m) ] Ly(m)
; ci C1D C2-A LD al
88| 11.73] 526 11.88] 0.25] 12.11] 5.96] 12.35] 9.44] 1250
¢ GLONN C1-D
7.99] 9.13 8.79] 10.06
R T c1-c C2A a3 [ c2B a3 C2A c2-C C1B
13.54] 416 1032] 56| 707 6.a7] 379 7.18] 0.25] 844 481 750 7.95 .85 1133] 6.16] 14.56] 5.0
c C1B CiF Ci-E ca ca Ci-F ci-8
1161] -2.00[ 839 -1.00} 514 o0.01] 187 1.03 331 1.2 9.83] -0.12| 13.06] -0.78
g o [
7.81] -2.85
: c1
B
7.22] -4.74
8 C1-8 C1-F C1-E c5 | [ Ci-F C18
973| -801] 651 -7.01] 3.26] -6.00] 0.01] -4.98 184 -4.91 8.36] -6.25| 11.59] -6.91
R C1-A C1B C1-B c2C Ci-B C1-B C1-A
7.86] -14.01] 467] -12.99] 193] -12.12 1.02[ -11.16 418| -11.81] 6.90] -12.37] 10.13] -13.04
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250

Dx=Dy (m?)
1 2 3 4 5 & 7 B8 g
{m’) (m?) (m’) (m?) (m?) (m?) (m?) (m?) (m?
5 C1 €1-D C2-A C1-D C1
0.1800 0.1800 0.1800 0.1800 0.1800
£ C1-D C1-D
0.1800 0.1800
o C1-8 C1-C C2-A 3 C2-B 3 C2-A c2-C Cci-8
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
c Cl-B C1-F Cl-£ C4 ca C-F C1-B
0.1800 0.1800 0.1800 0.1936 0.1936 0.1800 0.1800
; a1
B 0.1800
- c1
B 0.1800
8 C1-B Cl-F Ci-E s €5 Ci-F Ci1-8
0.1800 0.1800 0.1800 0.1089 0.1089 0.1800 0.1800
A Cl-A Ci-B C1-B c2-C C1-B Cl-8 C1-A
0.1800 0.1800 0.1800 0.1800 0.1800 0.1800 0.1800
IDx=IDy= 6.905 m?
WDx-Ly’ 1F(Ground Floor)
1 2 3 4 5 6 7 B8 9
(ml_ml) (ml_ml) (mZ_mZ) ‘ml_ml) (ml.ml) (ml.ml) (mZ_ml) (ml.mZ) (ml_ml)
E 1 C1-D C2-A C1-D C1
0.18*11.7372 | 0.18*11.88*2 | 0.18%12.11*2 | 0.18*12.35°2 | 0.18%*12.52 132.15 sum GridF
e C1-D C1-D
0.18%9.132 0.18*10.06"2 33.22 sum GridE
D C1-8 Ci-C C2-A Cc3 C2-B c3 C2-A C2-C Ci-8
0.18%4.16/2 0.18*5.16~2 0.18%6.1772 0.18*7.18%2 0.18%8.4472 0.18%7.5°2 0.18%6.85%2 0.18%6.16%2 0.18*5.5°2 67.71 sum GridD
¢ C1-8 C1-F CL-E ca Cc4 C1-F C1-8
0.18%-2/2 0.18%-172 0.18%0.0122 | 0.1936%1.03~2 0.1936%1.2272 0.18%-0.1222 | 0.18*-0.78"2 1.51 sum GridC
- ci
0.18*-2.85"2 1.46 sum GridB"
- 31
0.18*-4.74%2 4.04 sum GridB'
B C1-8 CI1-F CL-E c5 c5 C1-F Cl1-B
0.18*-8.01*2 | 0.18*-7.01%2 0.18*-6*2 | 0.1089*-4.98"2 0.1089*-4.9142 0.18%-6.25°2 | 0.18*-6.912 47.83 sum GridB
A Cl-A Cl-8 C1-B Cc2-C C1-B Ci-8 Cl-A
0.18%-14.0142 | 0.18*-12.99%2 | 0.18%-12.1272 0.18*-11.16"2 0.18%-11.8172 | 0.18*-12.3742 | 0.18*-13.04*2 | 197.82 sum GridA
Ix=EDx-Ly’= 485.73 m?-m’
WDy-Lx’* 1F{Ground Floor)
1 2 3 4 5 6 7 8 9
(mz_mz) (mz_mz) (mz.mz) (mz_mz) (mz_mz) (ml'mi) (mz,mz) (ml_ml) (mz_mz)
E Ci C1-D C2-A C1-D Cl
0.18*8.8172 0.18*5.26%2 0.18°0.25%2 0.18*5.96"2 0.18*9.44*2
£ C1-D C1-D
0.18*7.992 0.18*8.7942
D C1-B C1-C C2-A [oc] C2-8 Cc3 C2-A C2-C C1-B
0.18%13.54%2 | 0.18*10.32°2 | 0.18*7.07"2 0.18%3.79~2 0.18*0.25%2 0.18%4.81*2 0.18%7.95%2 0.18*11.33%2 | 0.18*14.56*2
c C1-8 Ci-F C1-E C4 C4 C1-F C1-8
1! 0.18*11.6172 | 0.18*8.39"2 0.18°5.142 | 0.1936*1.8772 0.1936%3.312 0.18*9.83/2 0.18*13.06"2
- c1
0.18*7.81"2
. ci
0.18*7.22°2
B C1-B CL-F C1-E c5 Cc5 C1-F C1-8
0.18*9.732 0.18%*6.51"2 0.18*3.26°2 | 0.1089*0.01°2 0.1089*1.84"2 0.18*8.36%2 0.18*11.59°2
A C1-A €1-8 Ci-8 C2-C C1-B Ci-B C1-A
0.18*7.86%2 0.18%4.67"2 0.18%1.98"2 0.18*1.02"2 0.18%4.18~2 0.18*6.9°2 0.18*10.13"2
85.42 6376 41.83 8.24 021 13.05 44.47 61.65 11151 ‘
sum Grid 1 sum Grid 2 sum Grid 3 sum Grid 4 sum Grid 5 sum Grid 6 sum Grid 7 sum Grid 8 sum Grid 9
ty=EDy-Lx’= 430,14 m®-m’
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Torsional stiffness

Ky=Ix-+ly
Ky: Torsional stiffness
IX: 5Dx - Ly?
ly: 5Dy~ Lx’
Ix=5Dx * Ly?= 485.73 m*+ m?
|y=sz- Lx2= 430.14 mz' m2
K= Ix+ly= 48573 + 430.14 = 915.88 m*+m?

Spring radius
Obtain the spring radius to be used for evaluating the earthquake-load of X and Y directions from the torsional stiffness.

Tex =/ Kr/ZDx rey =/ Ky/IDy

rex: Spring radious for X direction
rey: Spring radious for Y direction

Fex = +/915.88/6.905 - 11517  m
ey = 4/915.88/6.905

11.517 m

Eccentricity ratio
Eccentricity is evaluated by the ratio of eccentric distance and spring radius that obtained.Balculation example is as shown below.

R

o= eX[r,= 0806 /11517 0.070 =015

Rey=  ey/fe= 0200 / 11517

0.017 =0.15

Rex: Eceentricity ratio for Xdirection
Rey: Eceentricity ratio for Ydirection
Eccentricityi  Gi=1.0for Re<0.15
Gi=0.8 for Re20.30
Gi is set by interporation for 0.15<Re<0.3

The eccentricity ratio can be calculated in the same procedure.

Table § 9.9 The Eccentricity Ratio and G,

Rex Gl
6F | 5thFloor 0.437 >0.15 GI=0.8
SF| 4thFloor 0.136 < 0.15 GI=1.0
4F |  3rd Floor 0.102 = 0.15 Gl=1.0
3F| 2nd Floor 0.086 =< 0.15 GI=1.0
2F 1st Floor 0.076 = 0.15 Gl=1.0
1F | Ground Floor 0.070 = 0.15 Gl=1.0
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(4) The (Stiffness/mass) Ratio of Above and Below Stories

Stiffness balance of upper and lower floors of the building can be evaluates by comparing the
stiffness/mass-ratio of upper and lower floors. Calculation is shown below.

IWi(kN) N (N-[13)/N

5th Floor 6 3210 1 2.000

4th Floor 5 9949 2 0.500

3rd Floor 4 15918 3 0.667
2nd Floor 3 21879 4 0.750

1st Floor 2 27842 5 0.800
Ground Floor 1 33801 6 0.833

N: The number of floors sustained by the story concerned.

n=(the ratio of the stiffness to the weight of the story above) / (the ratio of the stiffness to the
weight of the story concerned) x B

B=(N-1)/N

(Stiffness/mass)Ratio=(Stiffness of the story)/(the weigh of the story above)
Stiffnes of the story=(the sum of column area +the sum of wall area x a)/the story height

Stiffness of the ground floor= 6.905/3.6 = 1.918
Stiffness of the first floor= 6.905/3.6 = 1.918
(Stiffness/mass)Ratio of ground floor= 1.918 / 33801 = 0.000057
(Stiffness/mass)Ratio of first floor= 1.918 / 27842 = 0.000069
nl=  0.000069 / 0.000057 * 0.833 E 1.012 n=1.2

|

(Both direction is same)
The (Stiffness/mass) Ratio of above and below stories can be calculated in the same procedure.
Table S 9.10 The (Stiffness/mass) Ratio of Above and Below Stories and G,

. . g?égls Check
IWi(kN) |height(m) N B=(N-1)/N S:rzﬂ:g?l stiffness | Stiffness/mass n Gn
column
6F| SthFloor 3210 3.600 1 2.000 2.956 0.821 0.000256 1471 |12<n<17| Gn=09
5F| 4thFloor 9949 3.600 2 0.500 6.736 1.871 0.000188 0.680 n<1.2 Gn=1.0
4F|  3rd Floor 15918 3.600 3 0.667 6.736 1.871 0.000118 1.067 n<1.2 Gn=1.0
3F| 2ndFloor 21879 3.600 4 0.750 6.736 1.871 0.000086 1.031 n=1.2 Gn=1.0
2F§ 1stFloor 27842 3.600 5 0.800 6.905 1.918 0.000069 0.993 n=<1.2 Gn=1.0
1F | Ground Floor | 33801 3.600 6 0.833 6.905 1,918 0.000057 1.012 n<1.2 Gn=1.0
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(5) The Irregularity Index S,

The result of the irregularity index Sp is shown below.

Table S 9.11 The

Nearlyregulara2

Irregularity Index S,

Irregulara3

D 5<b=8g 8<b 1.000 1.0
0.55¢<0.8 ¢<05 1.000 1.0
1/200=d<1/100 d<1/200 1.000 1.0
01<e=03 03<e 1.000 1.0
f1=04 8(;.(;.1<f2§ 0.3:f<1f:r 1.000 e
1.000 1.0
0.55h<1.0 1.000 0.8
0.75i<0.8 i<0.7 1.000 1.0
Soft story Eccentric soft story 1.000 1.0
1.000 1.0
1.000
0.1<1=0.15 0, 15<1 0.800
0.1<1=0.15 0.15<1 1.000
0.1<1=0.15 0.15<1 1.000
0.1<1=0.15 0.15<1 1.000
0.1<1£0.15 0.15<1 1.000
0.1<1=0.15 0. 15<1 1.000
1.2<n=1.7 1. 7<n 0.900
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000
1.2<n=1.7 1. 7<n 1.000

SD,
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3.5 The Time Index T

The result of the time index T'is shown below.
Table S 9.12 The Time Index T

egree

| Tilting of a building or obvious uneven settlementis
observed

| Landfill site of former rice field 0.90
'| Deflection of beam or column is observed visually 0.90
No correspondence to the foregoing 1.00

| Rain leak with rust of reinforcing bar is observed 0.80
Indined cracking in columns is obviously observed 0.90
\|Countless cracking is abserved in external wall 0.90
Rain leak without rust of reinforcing bar is observed 0.90
No correspondence to the foregoing 1.00
0.70

0.80

| No experience 1.00
Grade iii or more 0.90
0.95

1.00

0.90

0.95

1.00

|observed

0.90

I Significant spalling and deterioration of internal finishing is
|
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3.6 The seismic index of structure I; and Cry - Sp
Result of I5 and Cyy x Sp is shown below.
Table S 9.13 Result of Seismic Evaluation

Results of the secondLevel screening

Name of build EBLOCK FOR MAG OSMANI MEDICAL COLLEGE HOSPITAL IConstrucﬁon year
Address
Evaluated Engineer PWD | Data ofevaluation
Seismic demand index Iso= 0.43 CTU-SD=' 022
Directon | Story c F F:;:;': Eo T S s CwSo | Result pdoptio| Eq
0.387 1.75 0.40 0.28 0.16 NG 5
0.387 1.27 0.287 0.206 0.2064 NG
6 0.279 1.00 [0.163] 1.000 0.720 0.117 [0.117] NG
| __ 0.000 1.00
0.387, 1.75 0.395 0.284 0.163 NG [ ] 4
0.282 1.75 0.31 0.31 0.18 NG 5
0.282 1.27| 0.228 0.228 0.2276 NG
5 0.218 1.00 [0.139] 1.000 1.000 0.139 [0.139] NG
0.016 1.00
0.282 1.75) 0.314 0.314 0.179 NG [ ] +
0.220 1.75 0.27 0.27 0.15 NG 5
0.220 1.27| 0.195 0.195 0.1953 NG
4 0.169 1.00 [0.118] 1.000 1.000 0.118 [0.118] NG
0.011 1.00
0.220 1.75 0.269 0.269 0.154 NG o 4
X
0.157 1.75 0.21 0.21 0.12 NG 5
0.157 1.27 0.156 0.156 0.1555 NG
3 0.139 1.00 {0.108] 1.000 1.000 0.108 [0.108] NG
0.026 1.00
0.157 1.75 0.215 0.215 0.122 NG { ] 4
0.134 1.75 0.20 0.20 0.12 NG o 5
0.134 1.27 0.149 0.149 0.1486 NG
2 0.124 1.00 [0.108] 1.000 1.000 0.108 [0.108] NG
0.028 1.00
0.134 1.75 0.206 0.206 0.117 NG 1
0.070 1.75 0.12 0.12 0.07 NG 5
0.070 1.27| 0.089 0.089 0.08%0 NG
1 0.115 1.00 [0.115] 1.000 1.000 0.115 [0.115] NG
0.064 1.00
0.070 1875 0.138 0.138 0.070 NG [ ] “+

Iso=08-2/3-Z-1-C,

Z =0.20,1 = 1.0 Soil SD(S3), h,, = 22.50m
T = 0.0446 - (h,;)%9 = 0.768s

Cs = 2.246

Iso=0.8-2/3-036-1.0- 2.246 = 0.431
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