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Abstract

Assessment and Application of Direct Displacemeasd?l Design for Frame —Wall Reinforced
Concrete Buildings

Eskedar Kassahun
Addis Ababa University, 2016

In this thesis work Direct Displacement Based Desigethod is assessed in dual frame-wall
reinforced concrete building. Traditional forcedsed design method compared with this method
applying to different case studies. The effectrafife shear ratio, base shear shared by the frame,
when DDBD design method is applied is studied iaildy taking frame base shear ratio 25%,
40% and 60%, in terms of base shear and displadevhére building.

Also the effect of presence and absence of contéicie beam which directly has an effect on
moment profile of the wall is studied. The effeetress of the method has been tested by
designing a set of case studies. Dual frame-waltlimg with story 4, 8, 12, 16 and 20 is taken
as case studies.

From the study the base shear calculated using D¥BI@ss than FBD in all case studies
considered. In low rise building, with storey 4thmis study, the base shear increases as frame
shear ratio increase. However in building with leigistories the base shear decrease as frame
shear ratio increases. Similarly the storey shbtaiwed from DDBD is less than FBD in all case
studies. Considering building with and without lipéam the moment profile with link beam has
low moment than that beam without link beam incakle studies.
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Chapter one

1. Introduction
1.1. Background

Viewed through the historical prism of the past 3@@rs, seismic structural design can be seen
to have been in constant evolution much more so design for other load cases or actions such
as gravity, wind, traffic etc. Initially, followingtructural damage in the seminal earthquakes of
the early 28century, seismic attack was perceived in termsople mass proportional lateral
forces, resisted by elastic structural action.Ha 1940’s and 50’s the influence of structural
period in modifying the intensity of the inertiarées started to be incorporated into structural
design, but structural analysis was still based eastic structural response. Ductility
considerations were introduced in the 1960’s arid & a consequence of the experimental and
empirical evidence that well-detailed structuresldcsurvive levels of ground shaking capable
of inducing inertia forces many times larger thérose predicted by elastic analysis. Predicted
performance came to be assessed by ultimate dtrengsiderations, using force levels reduced
from the elastic values by somewhat arbitrary forexuction factors, that differed markedly
between the design codes of different seismicaltira countries. Gradually this lead to a
further realization, in the 1980’s and 90’s thaesgth was important, but only in that it helped
to reduce displacements or strains, which can teettl related to damage potential, and that the
proper definition of structural vulnerability shdulhence be related to deformations, not
strengthl1]

Most structural damage during earthquakes is cabygetthe failure of the surrounding soil or

from strong shaking. Damage also results freorface ruptures, the failure of nearby
lifelines, or the collapse of more vulnerabkructures. We consider these affects
secondary because they are not always predering an earthquake. Most engineered
structures are designed only to prevent collap3éis is not only to save money, but also
because as a structure becomes stronger it atteagey forces. Thus, most structures are
designed to have sufficient ductility to sSues an earthquake. This means that elements will
yield and deform but they will be strong in shead @ontinue to support their load during and
after the earthquake. During large earthquakesgtbend is jerked back and forth, causing
damage to the element whose capacity is furthéstvitbe earthquake demari@]

Nowadays there are four design philosophy typ8&rength design philosophy, Capacity
design philosophy, Performance based desigroguphy and displacement based design
philosophy (structures should be designed dbiexe a specified performance level, defined
by drift limits, under a specified level of seisnmtensity)

Among these methods Direct Displacement-Based Dg&dpBD) which has been developed
over the past ten years with the aim of mitigating deficiencies in current force-based design.
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The fundamental difference from force-basedsigie is that DDBD characterizes the
structure to be designed by a single-degfdeeedom (SDOF) representation of
performance at peak displacement response, rallaer by its initial elastic characterist[8$.

Most building codes propose a simplified noethcalled the equivalent lateral force (ELF)
procedure or the multi-mode response spectmethod to compute design forces which
assume the dynamic forces developed in ectanel during an earth quake are proportional
to the maximum ground acceleration and thedahcharacteristics of the structure. These
forces are approximated as a set of equivddteral forces which are distributed over
the height of the structure. However, theiemjant lateral force method is based on a
number of assumptions which are true for reg@fauctures “structures with uniform
distribution of stiffness, strength, and mass dkierheight”.[4]



1.2. Objective

The main objective of this thesis work is &sses and apply direct displacement based
design method (DDBD) for dual frame-wall reirded concrete buildings and give brief
design procedures of the method . In addition camgahis method with traditional force based
design method then put final conclusion which mdtlsomore appropriate in designing of such
buildings for seismic.

Specific objective of this study includes:

- introduce the newly recommended design philosopiBD
- Putting this method as one method of design fansieidesign of a building.
- Study the merits and also the limitation of the moelt

1.3. Scope of the project
This work is limited to only dual frame-wall reinfed concrete buildings in which seismic force
is resisted by both frame and wall. And also theecatudies considered here are regular
buildings both in elevation and plan.

1.4. Organization of the study

This study is organized in to five chapters. Thestfichapter introduces the background,
objectives and the scope of the study. The proeedtidirect displacement based design for
frame-wall reinforced concrete building is brieigvered in chapter three of this study. Chapter
four describes application of the method for franadl reinforced concrete building by taking
different case studies, buildings with storey 418, 16 and 20, is discussed and also in this
chapter the result obtained from the case studmek the corresponding discussion is also
covered. Finally chapter five contains the condnsaind recommendations of this study.



Chapter two
2. Literature review

2.1. General

Severity of ground shaking at a given location ngran earthquake can be minor, moderate and
strong. Relatively speaking, minor shaking occuegdently; moderate shaking occasionally and
strong shaking rarely. For instance, on averageiahnabout 800 earthquakes of magnitude
5.0-5.9 occur in the world while the number is oabout 18 for magnitude range 7.0-7.9. So,
should we design and construct a building to rabest rare earthquake shaking that may come
only once in 500 years or even once in 2000 ydaifseachosen project site, even though the life
of the building itself may be only 50 or 100 yea&ifice it costs money to provide additional
earthquake safety in buildings, a conflict arisgsould we do away with the design of buildings
for earthquake effects? Or should we design thielings to be “earthquake proof” wherein there
is no damage during the strong but rare earthgehk&ing? Clearly, the former approach can
lead to a major disaster, and the second appreado iexpensive. Hence, the design philosophy
should lie somewhere in between these two extrefbes.

Earthquake Design Philosophy
The earthquake design philosophy may be summaaigzddllows: (Figure 2.1):

(a) Under minor but frequent shaking, the main membétse building that carry vertical and
horizontal forces should not be damaged; howevddibg parts that do not carry load may
sustain repairable damage.

(b) Under moderate but occasional shaking, the maimlrees may sustain repairable damage,
while the other parts of the building may be dandagach that they may even have to be
replaced after the earthquake; and

(c) Under strong but rare shaking, the main memipeay sustain severe (even irreparable)
damage, but the building should not collapse.
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Fig.2.1 Performance objectives under different intensitéearthquake shaking

Thus, after minor shaking, the building will be lfjubperational within a short time and the
repair costs will be small. And, after moderatekaig, the building will be operational once the
repair and strengthening of the damaged main memiseicompleted. But, after a strong
earthquake, the building may become worthlessddhér use, but will stand so that people can
be evacuated and property recovered.

The consequences of damage have to be kept inivi¢lae design philosophy. For example,

important buildings, like hospitals and fire stasp play a critical role in post-earthquake

activities and must remain functional immediatelieathe earthquake. These structures must
sustain very little damage and should be desigoed thigher level of earthquake protection.

Collapse of dams during earthquakes can causeifigad the downstream reaches, which itself
can be a secondary disas{é.

2.2. Evolution of Seismic Design

The concept of seismic design started in earl{ 26ntury. Discussions on deficiencies of
structural systems and the resulting damage dubetd906 San Francisco earthquake can be
found in abundance in the literature. Since th@sssdpeople in seismically active countries like
USA (especially the west coast), New Zealand, apéd have been working towards forming a
robust earthquake resistant design. The first acttep in mitigating seismic risk was taken by
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the Seismological Society of America in 1910, witddentified three earthquake-related issues
requiring further investigation: phenomenon of lkequiakes (when, where and how they occur),
the resulting ground motions, and their effect tmciures. The seismic performance of then-
existing structural forms had been perceived to weak. Records show that structural
engineering communities throughout the world hadleustood that earthquakes expose
structures to lateral forces that are differentrfriie vertical gravity loads and structures need to
be specially designed to withstand earthquake iedilground shaking. A review of historical
seismic design codes of different countries revéladt the definition of seismic safety has
undergone gradual changes towards making it mareig®, specific and performance-based. To
accommodate these sophistications, several imgartarcepts have evolved through the years.
Through all these revisions of seismic design aoihies, the underlying design concept of
“capacity greater than demand” has remained pivdisvertheless, the meaning of the general
terms “capacity” and “demand” has been interpredéfterently at different stages of this
journey.[6]

2.2.1.Strength based design

Until the 1960s, seismic design provisions wergydlr based on “induced stress less than
allowable stress” criterion. The induced stress&se calculated by applying lateral seismic
design forces which were taken as a fraction efwikeight of the structure and the structure was
designed such that the stresses induced by thgndesismic forces when combined with gravity
loads were less than the allowable stress levéis. Was the “working stress method” applied in
seismic design. In seismic design a truly elas@sigh approach is difficult to correlate with
expected structural response. After all, by debnita design earthquake is an ultimate-strength
event. From the 1970s onwards, the concept ofifialie strength design” started to appear in the
seismic design codes.

This change also brought the need to take inelég&iavior into account; mainly to conduct
nonlinear analysis to calculate the ultimate stierafj a member. The ultimate strength based
seismic design basically involved calculating tlesign strengths and comparing them against
factored seismic design actiofig}

2.2.2.Multi-objective prescriptive design

When the ultimate strength design method was bemmmonly used in seismic design,
earthquake engineers realized that just ensurigigatiilesigned building does not fail in an ULS
earthquake is not enough and the building also sxé@despond to smaller and more frequent
earthquakes without causing any significant disastrib its occupants. This led to the use of
limit state design where both the serviceabilityd aritimate limit states would need to be
satisfied. The serviceability criteria required Idinigs to sustain no or minimum damage
(loosely referred to as remaining elastic) in freguearthquakes (typically with 50% probability
of exceedance in 50 years) and the ULS requiredbthigling not to collapse (to ensure life
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safety) in a design level earthquake (5% probgbdit exceedance in 50 years). This was a
significant advancement as for the first time alding needed to satisfy more than one
performance criteria. This marked also the meigg of multi objective performance based
seismic design, where multiple performance criterresponding to different levels of
earthquakes (usually specified in terms ofirtipeobability of occurrence) are checked an
precise and quantitative manner.

Structural Engineers Association of Californf8EAOC) seismic design manual stated that
the lateral force requirements are to prodsteictures that should be able to resist: a
small earthquake with no damage, medium earthqualte some nonstructural and contents
damage but no significant structural damagej #me largest earthquake predicted at the
site with significant damage of structural gmments but without structural collapse.
Design of structures following today’s design stmd, although having many different forms
and equations, generally still follow the same géolphy presented in the SEAOC document
mentioned above. One of the features of these bjuedeis that the demand and capacity are not
concisely defined; vague and subjective terms sigscimoderate”, “one or more times”, “limited
damage” are used. Three levels of performance sigtiree different levels of earthquake are
required, but only the largest earthquake intensigy major) is quantified as 10% probability of
exceedance in 50 years. The ambiguity of the d&fivé can lead to wide variations in the

interpretation of the cod§g]

2.2.3. Performance based seismic design

Until late in the 28century, all design codes had prescriptive guigslito achieve serviceability
and safety. In doing so, the codes specified a commalue of response parameter that the
designed structures shall not exceed in limit seatents. The concept of performance based
design evolved when designers started realizinggheh a prescriptive design was not always
the most appropriate method. Different structurgehdifferent performance requirements and it
is not appropriate that the same prescriptive rigitee used for designing different structures. In
performance based design, the aim is to satisfypdgréormance requirements of a structure
rather than to ensure that the response ithinrwa prescribed limit. The performance
requirements are structure specific; for a regidehuilding severe damage in an extreme event
is permitted where as any damage in a hospitahoeraergency facility (even in an extreme
event) is required to be minor so that the fundiibty of such important facilities are not
interrupted after an earthquake.

Currently, many seismic design codes require gsirast to satisfy more than one seismic
performance requirement. In such a multi-level m@sperformance based design concept, in
addition to verifying the prevention of collapse @En extreme earthquake, structural
performances in smaller levels of earthquakes aked to be checked. Typically, required
performances against three different seismic halesmels are specified in modern performance
based seismic design codes for buildings. The theesmic hazards are generally categorized as

7



frequent earthquakes (usually with 100 years repenod; 50% probability of exceedance in 50
years), design basis earthquake (DBE) with 475syeaturn period (i.e. 10% probability of
exceedance in 50 years), and maximum considemetiquake (MCE) with 2475 vyears
return period (i.e. 2% probability of exceedancé&hyears). The actual earthquake intensities
corresponding to these hazard levels depend oseibmicity of the location of intere$6]

2.3. Force Based Design (FBD)

Although current force-based design is consioly improved compared with procedures
used in earlier years, there are many fumtdah problems with the procedure,
particularly when applied to reinforced coner@®r reinforced masonry structures. In order
to examine these problems, it is first neags to briefly review the force based design
procedure, as currently applied in modern seismgigh codes.

The sequence of operations required in foased seismic design is summarized in Fig
below.[3]



1. Estimate Structural Dimension

\/

2.Member Stifness

v

3. Estimate Natural
Periods

v

4, Elastic Forces from
Acceleration Spectrum

v

5. Select Ductility Level
(Force-reduction factor)

v

6. Calculate Seismic

10. Revise Stifness

A Forces

v

7. Analyse Structure
Under Seismic Forces

v

8. Design Plastic
Hinge Locations

v

9.Displacements
OK?

11. Capacity Design for
Shear, Non-hinge Moments

Fig. 2.2: Sequence of Operations for Fc- Based Design Methq



1. The structural geometry, including member sizesstmated. In many cases the
geometry may be dictated by non-seismic load cenaiwns.

2. Member elastic stiffnesses are estimated,edasn preliminary estimates of
member size.

3. Based on the assumed member stiffnesses, the femtanperiod or periods (multi-
mode dynamic analysis) are calculated. The fundé&hperiod is given by:

Where, me is the effective seismic mass (normally taken asttial mass) an& is member
stiffness

In some building codes a height-dependentidorental period is specified, independent of
member stiffness, mass distribution, or strradt geometry. The typical foraf this is given
in Eq.(2.2), as:

T=C/(H,)*"” (2.2)
Where,C; depends on the structural system, Biads the building height.

4. The design base shean.Me for the structure corresponding to elasésponse
with no allowance for ductility is given by an edjoa of the form

Vbase,E = C:T I (gme)
(2.3)

Where,C; is the basic seismic coefficient dependent on deismtensity, soil conditions and
periodT, andl is an importance factor reflecting different lesvef acceptable risk for different
structures, and g is the acceleration of gravity.

5. The appropriate force-reduction fack®y corresponding to the assessed ductility capacity
of the structural system and material is select8énerallyR, is specified by the design
code and is not a design choice, though the desigag elect to use a lesser value than
the code specified one.

6. The design base shear force is then found from
V,

base,E
Voo = —
base,E
R

i

(2.4)
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The base shear force is then distributeddifterent parts of the structure to provitlee
vector of applied seismic forces.

. The structure is then analyzed under the vectdatefal seismic design forces, and the
required moment capacities at potential locatiohgelastic action (plastic hinges) is
determined. The final design values will dependrenmember stiffness.

8. Structural design of the member sections lastijg hinge locations is carried out,
and the displacements under the seismic actioasti®ated.

9. The displacements are compared with code-spedfialacement limits.

10. If the calculated displacements exceed the codislimedesign is required. This
is normally effected by increasing member sizesnd¢cease member stiffness.

11. If the displacements are satisfactory, the finapstf the design is to determine
the required strength of actions and membedrat tare not subject to plastic
hinging. The process known aspacity design ensures that the dependable strength in
shear, and the moment capacity of sectionsrevtpastic hinging must not occur,
exceed the maximum possible input correspondingnaximum feasible strength of
the potential plastic hinges. Most codes inclagwescriptive simplified capacity design
approachi3]

2.3.1.Problems with Force Based Design

1) Interdependency of Strength and Stiffness

A fundamental problem with force-based desigaysticularly when applied to reinforced

concrete and reinforced masonry structuiss the selection of appropriate member
stiffness. Assumptions must be made about lmeensizes before the design seismic forces
are determined. These forces are then diséab between members in proportion to their
assumed stiffness. Clearly if member sizes modified from the initial assumption, then

the calculated design forces will no londer valid, and recalculation, though rarely cakrie

out, is theoretically required.

With reinforced concrete and reinforced masonrgaae important consideration is the way in
which individual member stiffness is calculatedeThktiffness of a component or element is
sometimes based on the gross-section stiffnasd sometimes on a reduced stiffness to
represent the influence of cracking. A common aggion is 50% of the gross section stiffness,
though some codes specify stiffnesses that depemeember type and axial force.

Regardless of what assumption is made, the reestiffness is traditionally assumed — to be
independent of strength, for a given member i@@cfo examine this assumption, consider
the flexural rigidity which can be adequatebstimated from the moment- curvature
relationship in accordance with the beam equaf®jn:
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(2.5)

Where My is the nominal moment capacity, abgl is the yield curvature based on the
equivalent bi-linear representation of the matrcurvature curve. The assumption of
constant member stiffness implies that theldyicurvature is directly proportional to

flexural strength, as shown in Fig. 2.3(®etailed analyses, and experimental evidence
show that this assumption is invalid, in ttlsliffness is essentially proportional todén

and the vyield curvature is essentially indemnt of strength, for a given section as
shown in Fig. 2.3(b).

A A M,
IHZ
5 5
E E
s s M
b, 9
Curvature Curvature
(a) Design Assumption (b)Realistic Conditions
(Constant stiffness) (Constant yield curvature)

Fig.2.3: Influence of strength on Moment-Curvature Relattop

As a consequence of these findings it is not ptessdperform an accurate analysis of neither
the elastic structural periods, nor of tHas#c distribution of required strength throogh

the structure, until the member strengthsehheen determined. Since the required member
strengths are the end product of force-baskedign, the implication is that successive

iteration must be carried out before an adequadstiel characterization of the structure is

obtained. Although this iteration is simpli,is rarely performed by designers, and does
not solve additional problems associated wiitial stiffness presentatiof]

2) Period Calculation

Considerable variation in calculated periods caulteas a consequence of different assumptions

for member stiffness. When the height-dependenatons common in several codes are
considered, the potential variations are exacetbate
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It is often stated that it is conservative, anddeesafe, to use artificially low periods in seismic
design. However, as has been already disdussteength is less of an issue in seismic
design than is displacement capacity. Caledlatdisplacement demand based on an
artificially low period will also be low, a@nhtherefore non-conservative.

3) Ductility Capacity and Force-Reduction Factors

It has long been realized that the equal-displacémpproximation is inappropriate for both
very short-period and very long-period struesyr and is also of doubtful validity for
medium period structures when the hysteretigratter of the inelastic system deviates
significantly from elasto-plastic. Further, theleas been difficulty in reaching consensus
within the research community as to the appate definition of yield and ultimate
displacements.

Clearly, with a wide choice of limit displacents, there has been considerable variation in
the assessed experimental displacement ductdapacity of structures. This variation is
assessed ductility capacity has, not surprisingbgen expressed in the codified force-reduction
factors of different countries.

In the United States of America, force- reduttfactors as high as 8.0 are permitted fo
reinforced concrete frames. In other countmedably Japan and Central America, maximum
force-reduction factors of about 3.0 apply for femn

With such a wide diversity of opinion as to the iegmpiate level of force- reduction factor, the
conclusion is inescapable that the absolute valighe strength is of relatively minor
importance[3]

4) Ductility of Structural Systems

A key tenet of force-based design, as ctiyemracticed, is that unique ductility
capacities, and hence unique force-reductimctofs can be assigned to different structural
systems. Thus force-reduction factors of @l @ might be assigned to reinforced concrete
frame and wall structures respectively, and cdedoeidges might be assigned a value of 3.
Note, however, that we have already estaddisthat different codes will provide different
force-reduction factors for identical systemnsd materials.

With reference to Fig.2.4, the yield displacementtaken to be defined by point 3, and the
ultimate displacement by the lesser of disgaent at point 6 or point 5where point 5
is defined by a strength drop of 20% froine peak strength obtained.
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Fig. 2.4: Defining Ductility Capacity

This assumes a bi-linear approximation to forapldicement (and to moment-curvature)
response and enables direct relationshipsbeo established between the displacement
ductility and force-reduction factors. The dwiof a yield displacement based on secant
stiffness through the first-yield point issal based on rational considerations. A rea&dr
concrete structure loaded to first yield, aaded and then reloaded, will exhibit essdptial
linear unloading and reloading, along the line mksdi by point 3. Thus once cracking occurs,
the line from the origin to point 3 provildhe best estimate of elastic stiffnesseatls

close to yield.

It is noted that for design purposes, a maximurpldcement for the damage-control limit state
should be reduced from the expected ultimatecollapse displacement by a displacement-
reduction factor of approximagg =0.67.[3]

5) Relationship between Strength and Ductility Demand

A common assumption in force-based desigrtha& increasing the strength of a structure
(by reducing the force-reduction factor) impgs its safety.

Using the common force-based assumption thi#finests is independent of strength, for a
given section, itis seen thatincreasing $trength reduces the ductility demand, sitiee
final displacement remains essentially const@ghe “equal displacement” approximation is
assumed), while the yield displacement increase
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It has already been noted that this assumptionotsvalid. However, we continue as it is
essential to the argument that increasing streregthces damage. The reduction in ductility
demand results in the potential for damadeo abeing decreased, since structures are
perceived to have a definable ductility dedthaand the lower the ratio of ductility demand
to ductility capacity, the higher is the safety. \Wave already identified three flaws in this
reasoning:

1) Stiffness is not independent of strength;
2) The “equal displacement”, approximation is valid; and
3) Itis not possible to define a unique dugtittpacity for a structural type.

More importantly, we note that the displacemeapacity displays the opposite trend from
that expected by the force-based argument: ihathe displacement capacity decreases as
the strength increases. At a reinforcemenioraif 0.5% it is 31% higher than the
reference value, while at 4% reinforcementiorathe displacement Thus, if the “equal
displacement” approach was valid, we have decreabed safety by increasing the strength,
and we would be better off by reducing the gitien

The elastic stiffness increases with strength, dlastic period reduces, and the displacement
demand is thus also reduced. If we assume thatdtnectural periods for all the different
strength levels lie on the constant-velocitgpe of the acceleration spectrum , thercesin
the period is proportional to the inverse lé tsquare root of the stiffness (Eg.2.1), the
displacementiemand will also be related tol/k’®> We can then relate the ratio of
displacement demand to displacement capacity, amghare with the reference value.

It will be seen that taking realistic assessth@# stiffness into account, the displacement
demand/capacity ratio is insensitive to thmergjth, with the ratio only reducing from 1.25
to 0.92 as the strength ratio increases by#0Xorresponding to the full range of
reinforcement content). Clearly the reasoningrmtthe strength/safety argument is invalil.

6) Structural Wall Buildings with Unequal Wall Lengths

Force-based design to requirements of existodes will require the assumption that the
design lateral forces be allocated to the wallproportion to their elastic stiffness, withet
underlying assumption that the walls will be jsgbed to the same displacement ductility
demand. Hence the force-reduction factor is asdutnebe independent of the structural
configuration. The yield curvature for a given smttis essentially constant, regardless of
strength.

A more rational decision would be to design thelsvédr equal flexural reinforcement ratios,
which would result in strengths proportional to thguare of wall length. the code force-
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reduction factor for the structure will nohké cognizance of the fact that the differen
walls must have different displacement ductilgmands in the design earthquake.

7) Structures with Dual (Elastic and Inelastic) Loal Paths.

A more serious deficiency of force-based desig apparent in structures which possess
more than one seismic load path, one ofwhiemains elastic while the others respond
inelastically at the design earthquake level.

A common example is dual wall/frame buildings (d€g2.5). If the seismic force is
distributed between the frame and the walpmoportion to their elastic stiffness, the dea
carrying capacity of the frame will be unessarily discounted. The yield displacement of
the frame will inevitably be several timearder than that of the wall, so the proportion of
seismic force carried by the frame at maximumaasp will be larger than at first yield of
the wall.

Note that the interaction between the franamd wall due to resolving the
incompatibilities between their natural verticabplacement profiles will also be modified by
inelastic action, and bear little resemblance &dlastic predictions]3]

'

Wall
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Fig.2.5: Dual Wall/Frame Building

8) Relationship between Elastic and Inelastic Disptement Demand

Force-based design requires assumptions to be mddm determining the maximum
displacement response. The most common assumptis the equal-displacement
approximation, which states that the displamemof the inelastic system is the same as
that of the equivalent system with the same el asififness, and unlimited strength.

The equal displacement approximation is knotwnbe non-conservative for short- period
structures. As a consequence, some desigaescatbtably in Central and South American,
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and some Asian countries, apply the equalggneapproximation when determining peak

displacements. The equal energy approach equdtes energy absorbed by the inelastic

system, on a monotonic displacement to pezdponse, to the energy absorbed by the
equivalent elastic system with same initiaiffreess.

Where codes employ inelastic design spectrsigdeis based on specified ductility, rather
than force-reduction factor, and the desigectral accelerations for short-period structures
are adjusted to correct for displacement amplifocat

In the United States, where until recentte tdominant building code for seismic regions
has been the UBC , design displacements wereastimas

3R

Amax,duct = Ay (?j (26)

WhereAy is the yield displacement corresponding the reduced design forces, found
from structural analysis. Since the structurelésigned for a force-reduction factor of Rs th

would appear to imply that the displacement dugtis and the displacement of the ductile
system is 3/8 of the equivalent elastic exyst

However, the apparent reason behind this isegyn unconservative result is that the
actual force-reduction factor was substantidiwer than the design force-reduction factor,
as a consequence of the design period bpegped to an unrealistic height- dependent
equation|3]

Generally:

- Force-based design relies on estimates of irgtithess to determine the period and the
distribution of design forces between differentuistural elements. Since the stiffness is
dependent on the strength of the elements, thisatdse known until the design process
is complete.

- Allocating seismic force between elements tasmn initial stiffness (even if
accurately known) is illogical for many struasr because it incorrectly assumes that
the different elements can be forced to yield siemdously.

- Force-based design is based on the assumpitiain unique force-reduction factors
(based on ductility capacity) are appropridte a given structural type and
material. This is demonstrably invalid.

Despite these criticisms it should be empsasithat current force-based seismic design,
when combined with capacity design principlasd careful detailing, generally produces
safe and satisfactory designs. However, tbhgrake of protection provided against damage
under a given seismic intensity is very mwoiform from structure to structure. Thus, the
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concept of “uniform risk” which is impliciin the formulation of current seismic design
intensity, has not been continued into theicsural design[3]

2.4. Direct Displacement Based Design (DDBD)

Nowadays methodologies based on forces rather thiaplacements, are still the most
widespread in various design codes and most usddsdign offices to estimate the response of
structures subjected to seismic action. During fi990’s as a result of the growing interest
for methods based on displacements, in partidatawhat regards RC structures, as they are
felt more appropriate and able to overcome initerdeficiencies of traditional force-based
methodologies, several displacement based sed#sign methodologies emerged. One of the
new seismic design methodologies was the DirectplBeement-Based Design (DDBD)
developed on the base of Priestley's wofKs.

The use of displacement-based design is becomicepterd as the logical direction for seismic
design practice. Among all displacement-based desigthods only few ones can be used in
codes for designing purpose. The particular forravkm as Direct Displacement based Design
(DDBD) has been developed over the past 10 yedhs the aim of mitigating the deficiencies
in current force-based design meth{@&j.

The fundamental difference from force-based igiesis that DDBD characterizes the
structure to be designed by a single-degfdeeedom (SDOF) representation of
performance at peak displacement responskerrdhan by its initial elastic characteristic
This is based on the Substitute Structure approBied. fundamental philosophy behind the
design approach is to design a structure lwhiculd achieve, rather than be bounded by, a
given performance limit state under a given sassmmtensity. This would result in essentially
uniform-risk structures, which is philosophicalompatible with the uniform-risk seismic
spectra incorporated in design codes. The desigcedure determines the strength required
at designated plastic hinge locations to achighe design aims in terms of defined
displacement objectives. It must then be combingith capacity design procedures to
ensure that plastic hinges occur only whemgenided, and that non-ductile modes of
inelastic deformation do not develop. Thespacdy design procedures must be calibrated
to the displacement- based design appr{zich.

Direct Displacement-Based Design (DDBD) haswnbeen developed to a point that
engineers can start to take advantage af ipractice. Not only does Direct Displaceten
Based Design overcome the fundamental dravebaok force-based design, but the
methodology also offers designers a ratiom@ans of designing structural systems that
may not be classified with in a traditiorddsign code approad®]

It is widely recognized that the traditional Foigased Design (FBD) approach cannot provide
the appropriate means for implementing concepts R&rformance-based Earthquake
Engineering. Performance levels, indeed, are tegtin terms of displacements, as damage is
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better correlated to displacements rather thanefordds a consequence, new design
approaches, based on displacements, have feeently implemented. One of such approach
is the Direct Displacement-Based Design (DDBD).e Tfundamental goal of DDBD is to

obtain a structure which will reach a targasplacement profile when subjected to
earthquakes consistent with a given reference respspectruni10]

2.4.1.Development of Displacement-Based Design Methods
a) Force-Based/Displacement Checked

A number of new design methods, or improvesmetd existing methods, have been
recently developed. Initially the approachesrewalesigned to fit within, and improve,
existing force-based design. These can be actaaized as force-based/displacement
checked , where enhanced emphasis is placa@atistic determination of displacement
demand for structures designed to force-basededures. Such methods include the
adoption of more realistic member stiffnessis deformation (if not for required
strength) determination, and possibly use nefastic time-history analysis, or pushover
analysis, to determine peak deformation anft demand. In the event that displacements
exceed the code specified limits, redesigmequired. Many modern codes require some
version of this approach. Several recent desigmageches have used this approach. In general,
no attempt is made to achieve uniform risk damage, or of collapse for structures
designed to this approach.

Paulay has suggested that the deficiencigednan previous sections can be eliminated
within a force-based design approach. yielsbldcement can be determined from section
and structure geometry without a prior knowkedof strength. Displacement demang, at
least for frame buildings will normally be gomed by code drift limits and the building
geometry. The yield strengtV is assumed, and hence the initial stiffné&ss V/Ay is
calculated. The elastic period is calculatedmf Eq. 2.1, and the elastic displacement
demand will be calculated. This is comparedhwihe code drift limit, and the strength
adjusted incrementally until the elastic displment equals the drift limit. Strength Feert
distributed between the different lateral-forcesisting elements based on experience,
rather than on elastic stiffness. This has beemed a displacement focused force-based
approach.

There are, however, problems associated with fipscach. Although the yield displacements
of the lateral-force resisting elements may known at the start of the procedure, the
equivalent system vyield displacement will rnm¢ known until the distribution of strength

between elements is decided. The approach reliessumptions about the equivalence between
elastic and ductile displacements (e.g. the edgligblacement approximation), and

considerable experience is required of thsigier. The procedure is suitable for those
well versed in seismic design, but ill-suitédr codification. a design approach based
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directly on displacements is simpler, bettertesl to codification and does not require
assumptions to be made about elastic/inelastidatisment equivalencg3]

b) Deformation-Calculation Based Design

A more refined version of the force-basegfdisement-checked approach relates the
detailing of critical sections (in particulaetails of transverse reinforcement for reioéal
concrete  members) to the local deformationmatel, and may hence be termed
deformation-calculation based design. Strength is related to a force-based desig
procedure, with specified force-reduction fastoLocal deformation demands, typically in
the form of member end rotations or curvedurare determined by state-of-the-art
analytical tools, such as inelastic pushoegralyses or inelastic time-history analyses.
Transverse reinforcement details are then rohded from state-or-the-art relationships
between transverse reinforcement details acdl |deformation demand.

Many additional variants of the approach have régebeen developed. In the variant
suggested by Panagiatokos and Fardis the wsteuds initially designed for strength to
requirements of direct combination of gravityad plus a serviceability level of seismic
force, using elastianalysis methods. The designed structure is thatyzed using advanced
techniqgues such as inelastic time-history amalysr inelastic pushover analysis to
determine the required transverse reinforcentstils.[3]

c) Deformation-Specification Based Design

Recently a number of design approaches haen lweveloped where the aim is to design
structures so that they achieve a specified defbom state under the design-level earthquake,
rather than achieve a displacement that iss lé¢han a specified displacement limit.

designing structures to achieve a specified digphant limit implies designing for a specified

risk of damage, which is compatible with thencept of uniform risk applied to determining

the design level of seismic excitation.

It thus means that different structures demigrio this approach will (ideally) have the
same risk of damage, rather than the variabigk associated with current design
approaches. Using state-of-the-art detailing/de&tion relationships, structures with uniform
risk of collapse, as well as of damage can themakyi be achieved. Different procedures have
been developed to achieve this aim. The nimsic division between them is on the
basis of stiffness characterization for design

Some methods adopt the initial pre-yield elastiffngtss, as in conventional force-based
design. Generally some iteration is requir@dodifying initial stiffness and strength, to
achieve the desired displacement. These apmesaalso rely on existing relationships
between elastic and inelastic displacementhsas the equal-displacement, or equal-
energy approximations
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The second approach utilizes the secant stiffb@ssiaximum displacement, based on the
Substitute Structure characterization and amivatgent elastic representation of hysteretic
damping at maximum response. Generally thesthods require little or no iteration to
design a structure to achieve the specifiesplacement, and are hence known Dasect
Displacement-Based Design (DDBD) methods.[3]

The different stiffness assumptions of the ta@pproaches are illustrated for a typical
maximum hysteretic force-displacement response Fig. 2.6, whereK; and Ks are the
initial and secant stiffness to maximum resggomespectively.

one of the principal problems with force-basseismic design is that reliance on initial
stiffnessresults in illogical force distribution betweedifferent structural elements. The
way in which hysteretic energy dissipationhiandled also varies between the methods.

Secant

=

- >
nlﬁp[nct ment

First cycle

Subsequent cycle

Fig. 2.6: Initial and Secant Stiffness Characterization g$tdretic Response

Alternatively, simplified relationships betweelorce-reduction factor and ductility that vary
between equal-displacement at long periods, amgbaleenergy at short periods are directly
generated[3]

d) Choice of Design Approach

Comprehensive presentation and comparison of diffetdlisplacement-based designs methods is
available in two recent documents. Apparent ireséh and other recent documents is a
plethora of different nomenclature to describe new design processes. This includes the
use of Displacement-Based Design”, “limit-states Design”, “Performance Based Design”

and ‘Consequence Based Design” amongst others. In our view, all attemphgrally the
same goal: that of providing satisfactory ptisement solutions to seismic design
problems.
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Direct Displacement-Based Design approachhis most intellectually satisfying, and best
equipped to address the deficiencies of cotmeal force-based design. This approach has
also been developed in rather more complete foem tither methods, and has been applied to a
wider category of structures. Finally, we claithat the method is simpler to apply, and
better suited to incorporation in design &de

Because of the simplicity of generation, amdder applicability, representation of
hysteretic energy absorption by equivalent viscdamping will be preferred to the use of
inelastic spectrd3]
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Chapter Three

3. DDBD of Dual Frame-Wall Reinforced Concrete Buildirgs
3.1 Introduction

A frame-wall system is a structural system thatsuseth frames and walls to resist the earth
guake induced actions in the structure. The seisb@bavior of a frame-wall structure
considerably different from that of a wall struauasnd a frame structure. The wall structures
have flexural behavior like a cantilevered beam tred/ can control the drifts at lower floor
levels, while pure frame structures restrained &drom at upper floors. On combining these two
systems a very efficient and economical systenrdsisting the earth quake forces is obtained.
[11]

Frame-wall structures are advantageous seismigtaasstructural systems, for they combine
the benefits of each of their components. lgVlrames tend to concentrate deformations
at the lower storeys, walls deflect more their top, and hence their working together
leads to better controlled displacements altmg whole height of the structuf&2]

In fact, they combine the structural advantageashes and walls. One of these advantages is
that walls provide good lateral stiffness to hetmtcol displacements over lower storeys and
resist the seismic load. Even more, due to thensit characteristics of functionality and
service, layouts of buildings are usually requitednclude walls to form stair wells and lift
shafts, being then convenient to use them alsardscpiake resistant members.

Frames offer additional energy dissipation and paeticularly effective in controlling the
deformations of upper storeys. Additionally, thamikghe interaction between frames and walls,
smaller shapes can be used for steel beams anchr®lin dual systems than in bare moment
resisting frames, with consequent economic savibgspite the fact that significant research
efforts have been focused on the experimentdl aralytical performance of frame-wall
systems, current seismic provisions include eratimited design guidelines for those
structures.

A general drawback of current seismic desigthodologies is that they are force-based,
implying that they incorporate irrational desigrcd@ns and do not effectively control damage,
as well documented by Priestly current design naghis that floor diaphragms impose
displacement compatibility between frames and walls arbitrary assignment of ductility
factors by means of force reduction factors (asgestgd by the codes) does not satisfy the
displacement compatibility requirement. Actually, dchieve the same displacement, walls of
typical dual systems are likely to undergo a miagger ductility demand than frames because
of their smaller value of yield displacemejit3]
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Dual structures in general, and frame-waltays in particular, are especially well suited to
be designed with the Direct Displacement-Based ddesiethod, given the known difficulties in
accounting for the different deformation and dutgtil capacities within force-based
methodologie$12]

An innovative seismic design procedure developedrome wall structures. In dual frames,
the system has wall dominating behavior ie tbwer story levels and frame dominating
behavior in the upper storey. DDBD procedureettgped for the moment resisting frames can
be used for the design of wall-frame structured. Bie most important step of the DDBD is
to define the displacement profile for the Idérames[14]
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3.2 DDBD Procedure for Frame-wall Buildings

Assign strength proportion to frames and walls

Determine wall inflection height, hinf | Determine yield displacement of
walls and yield drift of frames

N /

_/_,./-"’J Calculate design displacement profile

Determine effective height,he effective

Reduce
drift limit

mass,Me and design displacement, Ag

]
YES
Calculate the ductility demands on the ﬁ"ames\
and walls. Are ductility demands excessive 7

| NO

Determine equivalent viscous Reset

S ralls [*
damping values for frames and walls Terrial=Te

Te, trial ‘l_

Choose atrial  §
effective period, |—#

Use proportions of OTM resisted by the frames & walls to factor damping
values & obtain an equivalent system damping value, £ o=

!

< Plot displacement spectra at system damping level & use design
d

izsplacement to obtain required effective period , check Te=T e trial /* NO
YES

I Determine effective stifness and base shear, Vi=KeAd

Obtain beam & columns Distribute base shear up height in proportion to

strength by factoring strength — displacement of masses. subtract frame shear from

proportions by base shear total shears to obtain wall shears & thereby moment=
- L. '

erform capacity design with allowance for higher mode effects, to obtain
esign strengths in non-yielding elements & design shears in frames & wall

Fig.3.1.Flowchart of recommended design procedure for éistsmall structures
Step 1: Assignment of strength proportions to estdish the wall inflection height

In order to develop a sufficiently accura&DOF representation of the frame-wall
structure, strength proportions are assigned atvérg start of the design procedure. This
involves setting the proportion of base shear overturning resistance offered by the
frames and walls, in addition to the relatigtrength distribution of yielding elements
(beams and ground storey columns) within the fratAesmentioned above, by assigning these
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strength proportions the shear and moment prafilthé walls can be established and this then
enables determination of the inflection height.ufeg 3.2 locates the inflection height for a
frame-wall structure in which the frames and wadisist the total base shear in equal proportions
and the frames provide a constant shear resistareretheir height. The inflection height is of
particular interest as it will be used to form thesign displacement profilgl5]

Frame shear
4« (dashed line)
- Frame II
Total shear ~ oOverturning | |

4 (solid line) \, :
I

Wall BMD

Wall shear
(shaded area)

I

| Wall
I inflection
I

I

My

height, hin

y

05Vy 10V,
(a)Beam-sway mechanism (b) Shears @nbhts
Fig.3.2.Use of frame-wall strength proportions to locatieiction height in walls

Note that the proportions of strength asgigreg this stage of the design process are
related to the forces expected at formation of'abde plastic mechanism. They should not be
confused with the proportions of force that areezted to develop at maximum response. The
maximum forces are affected by over strength amghdri mode effects and are established
following DBD as part of a capacity design procedur

The storey shear above the base of the walls cameaibtained directly from the design base
shear since the walls remain elastic above thengrstorey and upper storey shears will depend
on the proportion of shear carried by the frames.sfich, wall shears are obtained as the
difference between the total shear and the franearsas shown in Eq. (3.1). Recall that the
frame storey shear can be determined since itperdéent only on the strength of the beams up
the building height.

i, frame

Vivar _ Vil _V

Vo Vo Ve (3.1)
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WhereV,, is the total base sheaf;, wall is the wall shear at levelVi,tal is the total shear at
leveli, andVi«ame IS the frame shear at levielFor the purpose of establishing the initect
height, a triangular distribution of the funtglental mode inertia forces up the height of
the structure is assumed. This approximatioabkes the total storey shear to be obtained
as a function of the base shear as shown.iif3E2)

\/i,totaj =1- i(i _1)

Vv, n(n+1) (3.2)
Where Vi is the total shear at level Vyis the total base shear, ands the total
number of storeys in the building.

As Eq. (3.2) provides the distribution of total retp shear up the building height, the only
unknown of Eq. (3.1) is the frame storey shearithistion. To obtain this shear proportion,
the relative strength distribution of yieldirglements within the frames is used. Although
the designer is free to choose any stremfigkribution they prefer, it is proposed ttae
use of beams of equal strength up the heajhthe structure is advantageous for design
and construction. Assuming that beam momanés carried equally by columns above and
below a beam-column joint, the frame stoiyear is obtained as a function of the beam
strength using Eqg. (3.3).

_ (ZMb,i +2Mb,i—1) _ ZMb,i

Vi rame ~
! 2(h —h) hey (3.3)

WhereVisame IS the frame shear at levgeMy; are the beam strengths at levedndh is the
inter-storey height.

Although the beam strengths are not actually knéavibegin with, Eq. (3.3) is useful as it
indicates that provided beams of equal strengtht@rge used then the frame storey shear is
constant up the building height. Consequently0¥dof the base shear is being carried by
the frames, this 40%pMvill be carried up the entire height of thame. As such, the shear
proportion carried by the frame can be substitinéal Eq.(3.1) and the wall shears and bending
calculated, all as a function of the design basash

A perfectly constant shear up the height of thenfaequires that the sums of the base column
strengths and roof beam strengths are bqtlaleto half the sum of the intermediate leve
beam strengths. If roof level beams are assigrredgth equal to those on other stories, then
the frame shear at roof level should besmered to be 50% greater than that at other
levels. Larger base column strengths will alsolymprger ground storey shears, with the
column inflection height shifting above 0.5hcol.
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The storey shear and consequently the monmenthe walls are used to establish the
inflection height in the walld),, where the moment and curvature is zerois Th
inflection height will be used to find the displacents of the structure at yield of the walls and
to develop the design displacement profile, asildetan the next subsections.

Other important design quantities that should b@iobd from the strength assignments are the
proportion of overturning resisted by thenies and walls respectively. The proportions of
overturning can be obtained directly from the shwafile up the height of the structures. These
overturning proportions are used later in the deggocedure for definition of the system
damping and for adjustment of the design driftltovafor higher modes.

Step 2: Moment Profiles for Frames and Walls

Total overturning moments resulting from tltegeral forces are shown in Figure (3.3(Q)),
together with the vertical distribution of ettening moment for the frames. Although
these are schematic, they have been basednoreight-storey structure with uniform
storey heights, and a chosen frame shean tpr- = 0.35 The vertical distribution of
wall moments, shown in Figure (3.3(i)). is holu by subtracting the linear distribution of
frame moments from the total. For this ca@md most cases) this implies a wall
contraflexure point at a heigli, as indicated in Figure (3.3(i)). This cofieaure height
is an important parameter in determining the wasligh displacementg3]

It is useful at this stage to consider thistribution of moments induced in the franye b
Vg, as illustrated in Figure (3.4) Here we assuthat all frames in a given direction are
identical, and the calculations relate to tbembined strength of all frames. We also
assume a point of contraflexure at mid-column hisigtht each storey. Initially we assume that
all storey heights are equaltkds- In each storey the sum of the column sheaf8]s:

D Ve =V +V, +V, =V,
(3.4)

Consideration of moment equilibrium at the rb&mlumn joint centres requires for
constant storey heighHs that the sum of all beam-end moments at ellels except roof
level, measured at the column centrelines mus3be:

ZMbi =M, +M,;, +M;;+M,, :ZVCHS
(3.5)
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At roof level, the sum of beam moments shoudally be half that given by Eqg. (3.5) since
the moment input from the columns at thmtjcentres is 50% of that at other levdfs.
this suggestion is not adopted, the shearezhrby the column in the top storey will be
greater than in other storeys, unless thieinoo flexural strength is reduced to provide
column hinge at the appropriate moment c&padiowever, some excess strength of the
roof level beams, especially in buildings le@al than (say) 10 storeys, is unlikely to
adversely affect performandg]

Column base moments are governed by

V.H
ZMC:¥:O-5\/FHS and ZMCizo'S\/iHS
(3.6)

The strength defined by Egq. (3.6) is lesantithat recommended for column bases in
reference[3] in Section 5.5.1. This is necessary to maintthe required uniformity of
frame shear with height. The reason for selgcsirhigher base moment capacity for pure
frame structures was to provide protection agansoft-storey mechanism developing in the
ground floor columns. With a dual wall-frameiilding, the stiffness of the wall above the
base plastic hinge provides adequate protectigainst such a soft-storey mechanism, and
hence the lower moment, defined by Eq. (3.6) ceptable][3]
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Note that the designer may select the waywhich the total shear forcér is distributed
between the different columns in recognitiohthe different axial forces in the columns,
and to optimize beam flexural design. If tkeorey heights vary up the height of the
building, the modifications to beam design momeéstsbvious, substituting.5(H; +Hi.1) for
Hsin Eg. (3.5) wherdd; is the height of the storey below the beamsaered. Beam
moments at roof level, and column base moments$oared using the adjacent storey height in
the appropriate equatiof8]

Step 3: Yield deformations of the walls and frames

As the walls tend to control the response of framadl-structures, the wall yield curvature and

displacements at yield are important for the dguelent of the design displacement profile. The
frame yield displacement, or yield storey drift,also important to the design process as it is
used to provide an indication of the energy absbitheough hysteretic response of the frame.
The yield curvature of the wallgywan, is firstly obtained using Eq. (3.735]

2&

- =%y
By wal = L
W (3.7)
Where gy is the yield strain of the longitudinal reinforcembhen the wall andL,, is the wall
length.

The displacement profile of the structure at yieldhe wall,A;y, can then be established using
the wall yield curvature, inflection height and retp height in accordance with Eg. (3.8a) and
Eq. (3.8b).
2
o ¢y,wa||hnf h B ¢y,wa||hinf
v 2 6

for h =2h,
(3.8a)

= ¢y,wal| hz _ ¢y,wal| hi3
Y 2 6|]nf

for h <h,
(3.8b)

The frame vyield drift,0yrame Used to estimate the ductility and eq@mal viscous
damping of the frames, is obtained in accordantke B&q. (3.9)

_ 03¢,

y, frame
h, (3.9)
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where |, is the average beam lengtls, is the vyield strain of beam longitudinal
reinforcement anddis the average depth of the beams at the leviaterfest.

Step 4: Design displacement profile and equivalel8DOF characteristics

The design displacement profile is developesing the various values obtained in the
preceding subsections, together with the desigewgtdrift, as shown in Eq. (3.10).

@, v Mg h
2

A=A+ {Hd
(3.10)
WhereA; is the design displacement for leveh;,, is the displacement of level i at yield of the

walls, 84 is the design storey driftpy wan is the yield curvature of the wallsy is the inflection
height, andh; is the height at level.

Note that the design storey drift can be initialigken as the code limit for non-structural
damage, reduced to allow for higher mode &ffecaccordance with Eq. (3.11).

_5\ (M
gd = 0d,|imit 1- (N 5)[ L + O'ZSJ = ed,limit

Where N is the number of storiedMormame IS the overturning resistance of the frame and
Mor,wotal IS the total overturning resistance of gteucture.

As mentioned eatrlier, the ratio of frame to toteéurning resistance can be obtained in terms
of the base shear using the strength assignmemnts atahe start of the design procedure. The
design drift given by Eq. (3.11) may be reducedhfer if it is found that inelastic demands on
the structure are likely to be excessive.edlatively, the critical value of storey drifan

be determined before the design displacenpeotile is developed. With knowledge of the
displacement profile at maximum respongg; the seismic massesy, and storey heights;
h;, the equivalent SDOF design displacemagt;effective massme, and effective heighthe,

can be calculated as shown in Eq. (3.12E¢tp (3.14) respectivel{3]

i(mA?)
Ad — =l

> (ma) (3.12)
i=1
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n Ai
m=y

ER (3.13)
D (MAH))

He - i=ln
2.(m4) (3.14)

i=1
Step 5:Design ductility values, effective period and equivant viscous damping

The only other substitute structure characteristiguired for Direct DBD is the equivalent
viscous damping. This is a function of ductilitydathe effective period. The ductility demands
on the walls for use within this equivalemiscous damping approach should be
calculated using displacement at the effecthveight. The wall ductility demangyya, is
therefore simply the design displacement dividedhsy yield displacement of the walls at the
effective height, as shown in Eqg. (3.15).

Ay

Hoat =
Apey (3.15)

WhereAq is the design displacement (from Eq. (3.12)) and, is the yield displacement of the
wall at the effective height (obtained sulositng the effective height into the approteia
version of Eq. (3.8)). The displacement ductilidgmands on the frames at each level up
the height of the structure can be obtainedgusie storey drifts as shown in Eq. (16).

B _(Ai —AHJ 1
frame,i —
h=h. )0, rame (3.16)

Where A Az, hi and hij,are the displacements and heights at levahd leveli-1
respectively, Urame, iS the frame ductility at level, and 0y rame is the yield drift of the frame
(from EQ.(3.9)). When beams of equal strengte used up the height of the structure,
the ductility obtained from Eq.(3.16) for each siprcan be averaged to give the frame
displacement ductility demand.
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Before proceeding with calculations of the equimakscous damping, it is necessary to check
that the ductility demands are sustainable. Ditictidemands on frames are typically not
critical as the walls tend to have smaligeld curvatures and vyield displacements. For
frame-wall structures in which frames are aflat to walls, ductility demands will be
fairly low and can typically be detailed foelatively easily. However, when link-beams
connect between frames and walls then these liakakeare likely to be subject to higher
curvatures than other beams and should becked separately. Although the wall
displacement ductility demand indicated by Eq. 3.6 appropriate for estimation of the
equivalent viscous damping, it is not a gaegresentation of the inelastic deformation that
the walls must undergo. A more appropriate paramistthe wall curvature ductilityie wal,
which can be obtained in accordance with Eq. (3.17)

_ 1 qa,wallhnf
Hop v _1+7[8d _yTJ

p Py, wall (3.17)

Where L, is the wall plastic hinge lengtl®y is the design storey drifipywanr is the yield
curvature of the walls antliys is the inflection height.

Note that because the curvature ductility demaradfisiction of the inflection height and not the
total height, inelastic deformation demands in wvalf frame-wall structures will typically be
larger than those in plane wall structures. The pfalstic hinge lengths to be used within Eq.
(3.17) are taken as the minimum of Eq. (3.18a)BEaqd3.18Db).

L, = 0.022f d, +0.054h,,
(3.18a)

L, = 02L, + 003,
(3.18b)

Where fy is the yield stress andl, the diameter of the longitudinal reinforcementtime wall,
Lwis the wall length andhiy; is the inflection height.

The curvature ductility capacity of a RC wall wilepend on the strain limits selected for the
concrete in compressiorz( and longitudinal reinforcement in tensiof).( For reasonably
conservative values af= 0.018 ands= 0.06,. The ultimate curvature of reinforced ceter
walls is well represented by Eq. (3.19).
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g = 0072

u L,

(3.19)

Where g, is the ultimate curvature arid, is the wall length. This equation was shown to be
representative of ultimate curvature over a randeaxal load ratios and longitudinal
reinforcement contents. Combining Eq. (3.19) and &g7), it is found that the curvature
ductility capacity is approximately equal to 0.036/f the checks on ductility indicate that
the inelastic deformations associated with dhsign drift will be excessive then the
design drift must be reduced and the degigplacement profile re-computed as discussed
in the previous sub-section. If the ductility demsnare sustainable then the next step én th
design procedure is to compute equivalent yusaamping values. Recent work recommends
that the equivalent viscous damping be coeguds a function of the effective period. As
this is unknown at the start of the design procadsal value can be used and an iterative design
process adopted. A reasonable estimate for tHevaiae of the effective period can be obtained
from Eq. (3.20).

N

Te,trial - :uws
6 (3.20)

WhereN is the total number of stories apd;s is the system ductility. Eq.(3.20) is similar in

form to a code based equation that uses the hesghtumber of storeys to estimate the initial
period. The ductility term accounts for the difiece between the initial and effective periods,
neglecting the effect of strain hardening. Givee #@ipproximate nature of Eq.( 3.20) trial

effective period values may be some 30% differBantthe final effective period, however by

using such a trial value, it will be found that gergence is attained within one or, at most, two
iterations. Having set the trial effective perioddaestablished expected ductility values, the
frame and wall equivalent viscous damping compaarg calculated using Eg. (3.21) and Eq.
(3.22) respectively15]

o5(, 1 1 1
=7"(1- -01r 1+
$ryst v ﬂ[ u% Hua ]{ (Towia + OBS)‘J 130

e

(3.21)
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120 1 1 1
= 1- -0.1r 1+
Zh)/st,frame T [ 'u;)rzme :uframeJ[ (T + 0.85)4] 130

etrial

(3.22)

Where r is the post-elastic stiffness coefficient,pitally taken as 0.05 for new RC

structures. Note that by considering the influeatéhe period on the damping values, it could
be argued that the period-dependence of daeping values can be neglected when
effective periods are greater than 1.0s, Wwiscusually the case for frame-wall strucsure

The equivalent viscous damping for the frames aalls is obtained adding the elastic and
hysteretic components together and then alevalf damping for the equivalent SDOF
system is determined using Eq. (3.23).

Z _ Mwall 'Zwall + |VIOT,frame'Zframe
SDOF
I\/Iwall + IleT,frame

(3.23)

Where Mot rrame 1S the overturning resistance of the frames ail,y IS the overturning
resistance (flexural strength) of the walls. Astpoint of the design process, all of the substitut
structure characteristics have been established asnduch, the displacement spectrum is
developed at the design level of damping. Thislmamlone using a damping dependent scaling
factor appropriate for the seismological charast®s of the design region. The Eurocodéd @
recommends that thgvalue obtained from Eq. (3.24) be used to scaeetastic spectrum to the
damping level of interest.

n=|-—20 o055
SAEECD (3.24)

Where&spor is the equivalent viscous damping of the systemivaen by Eq. (3.23). The design
displacement is then used to read off (or inteedbi@tween known points) the required effective
period,Te, as shown in Fig. 3.5.

36



1.00

0.80 Displacement spectrum at
= o~ system damping level. .
5 E
T
g .5 060
o Ay
I R
= 5 040
£ a8 |
X '
[}
“ 7 0.20 :
|
T
0.00 . : v L .
0.0 1.0 2.0 3.0 4.0 5.0

Period (s)

Fig. 3.5Direct displacement based design to obtain theired effective period

The effective period obtained from the Direct DBRogess illustrated in Fig.3.5 is then
compared to the trial effective period value. I& theriod values do not match, then the period
obtained from Fig.3.5 replaces the trial period #mel design step is repeated. When effective
periods finally match, the designer is inpasition to determine the effective stiffness a
design base shear as outlined next.

Step 6:Determining the design base shear and member streting

With the effective period established, thefedive stiffnessKe, is determined in
accordance with Eq. (3.25).

K, =4m* 2e
=
: (3.25)
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Where,me is the effective mass (from Eq. (3.13)) ands the effective period. This effective
stiffness is then multiplied by the design displaeat,A4, to obtain the base she#f,, as shown
by Eq. (3.26).

Ve = KA
(3.26)

Individual member strengths are then determinedhtaiming the strength proportions assigned
at the start of the design process. Note howehat, rather than use a triangular lateral force
distribution, better results are obtained ritisting the base shear up the height of the
structure according to Eq. (3.27).

L TAY
F=cmS v
Z L mA, (3.27)

WhereF; is the portion of base shear applied at layeh; is the mass at leve| andA; the
displacement at level This then completes the DBD process. It is evidleat there are several
steps to the design procedure, however, the prosessiple and does provide excellent control
of displacements and storey drifi&]

3.3 Design recommendations for frame-wall structures wh link-
beams

Frame-wall structures with link-beams possess peacaharacteristics that must be allowed for
in design. One of the first adjustments that mestiade when link-beams exist, is to alter the
wall moment profile associated with thé' rhode wall shears to account for the moments
transferred from the link-beams. Having decidedhenstrength assignments for the frame-wall
system, the beam strengths can be establishedrastian of the total design base shear. The
sum of the beam strengtt®&\,, at a given leveli, is given by Eq. (3.28).

\/i framehcol
Z M bi =
(1_'_ col ]

b

(3.28)
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Where,Viame IS the frame shear (known as a fraction of thal tdésign base sheah) is the
storey height at level, dco is the depth of the columns and, is the beam length (between
column faces). The beam strengths in this equatder to the strength at the face of the
columns which have been projected to the columneckmes using thel., on Ly, ratio. For
simplicity, these case studies neglect the effetiseam-column joints and assume that the
beam strengths develop at the column cenéli

This simplification implies that the.gl on L, term drops out of Eq. (3.28). The strength of a
single beam is obtained using Eq.(3.29), in whigh gum of the beam moments on the floor
are divided by the number of beam endg, that connect to beam-column joints. As the
frame shear used in Eq. (3.28) is equakh® sum of the column shears, the number of
beam ends that connectto the walls showtd be included withimy;.

Mb:ZMbi

(3.29)

Since the link-beams will develop the same stremgtlgiven by Eq. (3.28) at the edge of the
wall, the moment transferred to the centfettee walls can be obtained from the beam
moments and geometry as shown in Fig. 3.6. Substité&q. (3.28) into Eq. (3.29) and using the
geometry and beam bending moment diagram presantgd. 3.6, Eq. (3.30) is obtained for the

moment transferred from a link-beam to the walltedime.

M =V,

i,frame[l-'- %]de
", (1+ CO'] (3.30)
Ly

b,wall

Where Ly is the wall length andwy; is the number of beam ends connecting g¢anmb
column joints per link-beam.
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Fig.3.6.Wall moment increment from the link

The moments transferred to the wall from the ligedms are used to adjust the moment using
this approach, the moment profile in the wallsnswn as a proportion of the design base shear.
This then allows the inflection height to be detered and the design can proceed as normal.
Another stage in the design process in whilh inclusion of link-beams needs to be
accounted for is in determination of the nfea displacement ductility. As mentioned
earlier, link-beams undergo larger plastic rotagitman other beams at the same level. In order to
estimate the ductility demands on the link beansworth reviewing how the ductility demands
on a standard RC frame are established.

No link beams

Moment

Fig.3.7. Influence of Link Beams on Wall Moment Profiles
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For a standard beam-column sub-assemblage, the gidt for design is obtained using Eq.
(3.31).This is an approximate expression dgezldby assuming that the columns and joints
add respectively an additional 40% and 25% of tisplacement associated with the beams
yielding in flexure, to the storey deformation.also assumes that member shear deformations
add a further 10% to the yield drift.

I
B, peam = 0.5€ (—b]
' \hy (3.31)

Whereg, is the yield strain of the longitudinal reinforcemén the beamg is the depth of the
beams and, is the beam length. For a beam-wall assemblageuldcbe assumed that the
“column” and joint deformation contributions can teglected. This would imply that the factor
of 0.5 in the yield drift equation of Eq. (3.31dtees to 0.31. As a link-beam is supported at one
end by a stiff wall and at the other end by a caluihis apparent that an average factor of 0.4
can be used to approximate the yield drift of &-lb@am @y, link, as shown in Eq. (3.32).

I
B, = 04¢ [—bj
' \hy (3.32)

The displacement ductility demands on the link-b®aand other bays of the frame can be
obtained using Eqg. (3.31) and Eq. (3.32) retspaly, together with the storey drift associated
with the design displacement profile. A weighte@r@age ductility valuelrame i, for each floor

is then obtained in proportion to the number dtdreams, as shown in Eq. (3.33).

G, . 7,
D,i D,i
Mk T (nb - nlink)
gy,link 9y,beam
luframel
n,

(3.33)

Where#p is the storey drift associated with the design ldispment profile at leve| nynk is the
number of link-beams in the storey, angis the total number of beams on the storey. EG3{3

is valid when beams have equal length and strenfthis is not the case, it would be more
appropriate to factor the ductility demands by beam shears. Having determined the frame
ductility, the design proceeds as normal with thaiealent viscous damping determined in the
same manner as for the standard frame-wall streE{d5]
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Chapter Four

4. Application of DDBD for Dual Frame-Wall Reinforced

Concrete Buildings — case studies
4.1 Introduction

In order to assess the performance of the designeps outlined in the previous chapter,
it is implemented in the design of a series of frgited concrete frame-wall buildings. The
building is to be constructed in a region of moteseismicity as an ordinary building with class
of importancell, peak ground acceleration, PGA,®@Bgand the site is classified as soft soll.
The seismic action was defined according to Eured®fl6] and elastic acceleration response
spectrum from the national annex. The elastic disphent spectrumpS used for DDBD,
shown in Fig. 4.1 below, is the one defined in Eode 8 by Eq.(4.1) The assumed corner
period is 5 sec and the design drift linGi, is taken 0.02 as suggested by Prie$d}.

S,.(T) =S, (T)EJ

(4.1)

0.4 A

0.35 A+

0.3 A

0.25 4

Sd[m]

0 1 2 3 4 5
Tlzecl

Fig. 4.1 Design Displacement Spectrum

4.2 Problem Definition

For all of the buildings studied here, the heightirst storey is3.5m; the other stories are each
3min height. There are five equal 6-meter bays albegeast-West direction, and three equal 6-
meter bays along the North-South direction. Therédtresistance in the North-South direction is
provided by two shear walls and frames as showiigare 4.2. Dimensions of the slab, walls,
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columns and beams for all buildings are shown ibld4.1. In addition to the self-weight of the
beams and the slab, due to floor finishing andii@ms a distributed dead load of 3kNinas
well as an imposed live load with nominal value2&N/n? is considered. The material used in
this study is concrete with grade C25 and the stéalyield strength of 400MPa.

n n n n » N
! |
! !
n n n n
3@ 6m
, n n n n :
| a
| |
|
u » » » = mV
N 5@ 6m -

Fig. 4.2Plan view and dimensions of the case studies ewithnk beams

In this chapter 8 storey frame-wall reinforced aete building will be discussed in detall

following step of DDBD design method. However builgs with stories 4, 12, 16 and 20 will be

done following similar procedure and applicatiom dne results will be attached on appendix of
this paper.

Table 4.1.Characteristics of the Frame-Wall Buildings

4 12 16 20

storey | 8 storey| storey | storey | storey
Slab (mm) Thickness 15( 150 150 150 150
Beams except top floor | Width 250 300 300 300 300
(mm) Depth 300 400 500 500 500
Width 250 250 250 250 250
Top floor beams (mm) | Depth 250 250 250 250 250
Width 400 500 600 700 750

Interior columns (mm) | Depth 400 500 600 700 750
Width 400 500 600 700 750

Exterior columns (mm) [ Depth 400 500 600 700 750
Walls — with link beam | Length 6000 6000 6000 6000 6000
(mm) Thickness 20( 250 300 300 350
Walls- without link beam | Length 6000 10000( 6000 6000 6000
(mm) Thickness 20( 250 300 300 350
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4.3DDBD of 8 Storey Building

Step by step procedure of DDBD will be applied ddsuilding with storey 8 from now ongoing.
For this specific building in addition to the abalescribed loads the lumped mass for each story
is 290, 385and400tonne top storey, first storey and other typicatist respectively.

Step 1: Assignment of strength proportionsAllocate 286 of the base shear to the frames:
Br = 0.25. To ensure beam strength is approxim&@dy of that at the lower levels, the size for
top floor is reduced from the rest of the floorsigi taken250 x 250mm). Hence the frame
storey shear will be constant up the height oftithiéding and the internal columns will carry
twice the moment and shear of the externalrook. [3]

Step 2: Wall Contraflexure (Inflection) Height

Here to calculate contraflexure point displacenvesttor is assumed to be linear with height. All
necceray calculation to calculate contraflexurghiefHce) is presented in table 4.2 below.

The vertical profile of wall moments calculatedcolumn 10 of table 4.2 is calculated from the
relationship:

Mi = Mjy1 + Vi+1[Hi+1 - H]

(4.2)
Table 4.2 Preliminary Calculations to Determine Hg_without link beam
Height, | Mass,m Fi Vi MoTm,i VE; Vi M w,i
Level| Hi(m) | (tonne) [ mH; | (relative) | (relative) | (relative) | frame | wall wall
8 24.5 290| 7105 0.174 0.174 0 0.25| -0.076 0
7 21.5 385| 8277.5 0.203 0.377 0.522| 0.25| 0.127| -0.228
6 18.5 385| 7122.5 0.174 0.551 1.652| 0.25| 0.301] 0.152
5 15.5 385] 5967.5 0.146 0.697 3.305| 0.25| 0.447| 1.055
4 12.5 385| 4812.5 0.118 0.815 5.396] 0.25| 0.565| 2.396
3 9.5 385] 3657.5 0.09 0.904 7.841| 0.25( 0.654| 4.091
2 6.5 385] 2502.5 0.061 0.966| 10.554| 0.25( 0.716| 6.054
1 3.5 400 1400 0.034 1 13.451| 0.25 0.75| 8.201
0 0 0 0 0 1 16.95| 0.25 0.75| 10.826
sum 3000( 40,845 1

44



From table 4.2 wall contraflexure point is betwéevel 6 and 7 and its value can be calculated
by interpolating linearly.

Thus,H¢ = 19. fn
Step 3: Wall Yield Displacement

It is recommended that flexural strength reiduc factors not be used when designing
locations of intended plastic hinging. So basedhis suggestion the expected yield strength
of reinforcing steel is{3]

f.=L1f,
(4.3)

Thus in this case:
fye= 1.1*400Mpa = 440Mpa

Hence the yield strain of the flexural reinforcertnenil be

_11f,  _ 440MPa
' E 200000MPa

2

=0.0022

The yield curvature for the wall is estimated fré&ap.(3.7):

_2*0.0022

@, c = 733*10*/m

From EQ.3.8a & 3.8b described above:

H? H L HZ  HS3
For H <197m A, :%N{?_GHI } :733*104{7'—6H' }
CF CF

2 2
For H >197m A, :(0yw{HC;Hi - HgF} = 733*10‘4{'_"3;'4i - HGCF}

So the corresponding vertical profile of yield de&gments from the above equations is

presented in table 4.3
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Step 4: Design Displacement Profile

Here material strain has to be considered firat tfeeck whether drift governs.

i. Wall material strains:
The suggested limit-state curvature is given[By:

¢Is - Iw = 1'2£s,ls
(4.4)

Wheredys is limit curvaturel,, _length of the wall ang; s_steel limit state, strain range between
0.01< &sls < 0.08

Takinges s = 0.05

_12¢,, _12*005
= @, = o =001V m

8

w

The recommended form of the equation for plastigé&ilength for walls i43]

L, =KHg + 04, + L

(4.5)
Where, according to referenf
k= 0.2(L -1)< 008
fy (4.6)
And
LSp = 0'022fyedbl
4.7)

From the above equations the corresponding valikEbeyv

k= 02(L3-1) < 008 =006< 008

L, =0.022* 440*20 =1936mm
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Taking bar with diameter 20

Thus the plastic hinge length is:

L, = 006*19.7+ 0.1*10m+ 0.1936

=2376m

Hence check if drift limit aHcr is exceeded fronj3]

H
BCF =¢W ZCF +(¢fs _wyw)l—p

= 733*107"* 1977 + (001- 733*107%) *2.376= 0.02923
This exceeds the drift limit of 0.02, hence cod# dovern the wall design.
il. Drift limits:

According to referencE] for building with number of stories greater th@hcbrrection for drift
application is necessary, however here the buil@gngith story number 8 so this consideration
is not necessary (it is negligible).

Thus the design profile is given by Eq. (3.10)

Hee
2

JH. =4, + 002- 733*10“+ 2y
i yi 2

Adi :Ayi +(9c _¢yw

Ay =D, +0.013H,

The design displacement profile for each storyaisuated and presented in table (4.3)
Step 5: Design SDOF Displacement

The design displacement (generalized displacenmntimate) is thus given by Eq.(3.12):

i(mA?)
Ad — =l

> (ma)
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All the necceray calculation to compute design ldispment is presented in table (4.3). Hence:

20915
4 69427

=0.3013n

Step 6: Effective Height
Effective height of the substitute structure isegi\by: Eq. (3.14):

S ma )
H = _i=1

> (ma)

We can find all the necceray values to calculafiectf/e height from table (4.3)

_1202095
694.27

Thus H, =1731Im

It has around8% of total height of the building.

Table 4.3Design Displacement Information

Height, | Mass,m | Ay, Api
Level| Hi(m) | (tonne) | (m) (m) miA°pi MiApi MApiH;
8 24.5 290| 0.130| 0.443 56.80, 128.35 3144.51
7 215 385| 0.108| 0.383 56.35| 147.29 3166.78
6 18.5 385| 0.086| 0.323 40.06| 124.19 2297.55
5 15.5 385| 0.065| 0.263 26.64| 101.27 1569.66
4 12.5 385| 0.045| 0.205 16.16 78.88 986.04
3 9.5 385| 0.028| 0.149 8.57 57.43 545.54
2 6.5 385| 0.014| 0.097 3.61 37.28 242.34
1 3.5 400| 0.004| 0.049 0.96 19.58 68.53
0 0 0 0| 0.000 0.00 0.00 0.00
sum 3000 209.15] 694.27| 12,020.95

Step 7: Equivalent Damping

To obtain equivalent damping displacement ductiigynands of walls and frames be evaluated
first. Thus
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I Walls:
Yield displacement of SDOF found by substitutihg value oH. in Eqg. (3.8a)
Since, H< Hep(17. 31 > 19.7)

H*> HS
A — e _ e
i

2 3
A = 733%10° 17317 1731
- 2 6*19.7

=0077Mm

Ductility demands of wall obtained from Eq. (3.15)

_ B, _03013_ .0

o= A "= 00777

yw

Damping of the wall can be calculated as providethfreferencg3]

7. = 005+ o.44z{”—_1}

HIT (4.8)

7, = 005+ 0.444{ 388-1
3887

} =0.1549=154%%

ii. Frames:

Yield drift of reinforced concrete frame is giveyn Bq. (3.9)

g = 05¢ |,
y
h,

Whereg,=0.0019,L ,=6m andh, = 0.55m

o = 05*0.0019*6

) =0.0104
0.55
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Thus frame ductility demand can be calculated frefarencd3]

_ A, 03013 o,
6,H, 001041731

He

Damping of reinforced concrete frame is given dgmence3]

{., = 005+ 0565 ”—_1}
L KT (4.9)

(.= o0+ 0564 LT

| 1673

{4 =0.1223

Then, equivalent elastic damping of the systembeacalculated from Eq. (3.23)

Z — ZWI\/|OTM ,W+ZFMOTM,F
s M
OoT™

The values of OTM is obtained from table (4.2)

_0.1549*1083+0.1223*6.13
16.95

{os

=0.1432=143%%0

Step 8- Base Shear Force
i. Effective Period:

To calculate effective period first elastic accatem spectrum is calculated using the general
equations defined by priestly. Then design digm@ent spectra are generated from the
acceleration spectra assuming that the pesponse is governed by the equations of
steady-state sinusoidal response. Thus thears$aip between displacement and acceleration
can be expressef8]

E

AL =|—S g}
(M) A(T)
arr (4.10)
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Finally the effective period for the required dangicalculated fro the relation defined in
Eurocode§16]:

1

10 |2
A=A {_}
(9] 5%
5+{ (4.11)

0.9
0.8 A
0.7
0.6 -
05 -
04
0.3 A
0.2

0.1

Spectral Acceleration (xg)

a T T T T T

3
Period (sec)

Fig.4.3 Acceleration Response Spectrum

0.7
Aesop= 0.596m

9
o

bt
n

Ac14324,=0.429m

2
=

A4 =0.3013m

<
ra

Spectral Displacement (m)
[ ] [ ]
= i

Te = 2.81 sec
a 1 2 3 3 5
Period (sec)

Fig. 4.4Displacement Response Spectrum
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From the equations and the graphs above the eféepériod of the system %81 sec
il. Effective Mass:

From consideration of the mass participatimg the first inelastic mode of vibration, the
effective system mass for the substitute struagigaven by Eq. (3.13)

& mA
m, ;Ad

Taking the corresponding values from table (4.3)

69427

- = 230463
0.301% tonne

iil. Effective Stiffness

The effective stiffnesK, of the equivalent SDOF system at maximumpldsement can
be found by Eq. (3.25):

Ke:‘“ime

Substituting the values

_ 477 * 230463

Sap  ~HLS2MN/m

iv. Base Shear

The design lateral force, which is also the debiase shear force, is given by Eq. (3.26):

V

base

= KeAD

Substituting the corresponding values

=1152*0.3013=347/MN

Itis 11.79% of total weight
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Step 9: Wall Base Flexural Design:

The total wall base moment from will be, takingrfréable (4.2)

M, =1083V,.

w,base

M =1083*3.47Im =3758MNm

w,base

This total wall base is shared between the twovealts which resulting in a design moment of
18.79MNmper wall.

Step 10: Frame Beam Flexural Design

Except at the top level in each level the desigmased on the assumption of equal beam

strength.

Thus the total shear force to be carried by theérss:
0.25*8.376 = 2.71

Then the shear force per frame is 2.71/3 = 0.902MN

From Eq.(3.5), with all beam plastic hinge havimga strength there are six potential plastic

hinges per frame.
M, =V-H;/6=0.902*3/6 = 0.451KNm
Step 11: Column base
The design shear force for the columns will be:
Outer columns@; & Cy4) - 0.902/6 = 0.15 MN
Inner columns@, & Cs) - 0.902/3 = 0.30 MN

Moment capacity of columns at the base will be

VeaHor = 0-52 My,
(4.12)
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Outer columns

M = 325m*015-05*0.451
=0.265MNm

Inner columns

Mg =2%0.263
= 0.52EMNm

Step 12: Capacity design for walls

The system ductility can be found from the basasferces weighted by ductility demand:

— lquw,Base + luF,Base
V

/'l sys

Base

* *
_ 388 0.75-;1.673 025 _ 333

I. Mid-height moment

With an elastic fundamental period of T

T 281
T=— T=—"=154
Ju V333

From the following equation found from refereri@gwith ¢°=1

C,; = 04+0075T {% - }2 04

(4.13)

=04+ 0.075*1.54{%% —1} > 04

=0.69/>04

Thus M sHn= 0.697Myp

54



ii. Wall shear force

As suggested in referenf®] taking the over strength factdf = 1.25 so using Eq.(7.18) from

referencqd3]

w, :1+ﬂ7?,SC2,T
(4.14)
WhereC,, = 04+ 02(T, - 05)< 115 = 0.609< 115

w, = 1+%3*0.609: 223

The over strength shear demand on each of the allasifound from referenci8] Eq.(6.49)

Vb(e)lse = ¢Oa'</vw,base

(4.15)
Vo, =125%223*(075*3.471) = 7.256MN
According to Eq.(7.19) of referen{g]
V0 =04V,
(4.16)

V? =04*7.256= 29MN

Step 13: Capacity design for walls

The over strength requirement are based on the lsé@mgth, not the columns strength from
reference[3] section 7.3.2, Egs. (7.16) and (7.17) requihat the design moments and
shears for the columns (except for the column Idersges) be designed for the moments and
shears resulting from the design forces amglifiey a factor of 1.8° = 1.3x1.25=1.625. here
the column base has a moment demand that is ald@fd@yhigher than at other levels to provide
the required shear force in the ground floor whgchlose to the capacity design enhancement

factor, implying that the same column sizmld be used up the height of the building
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4.4 DDBD of 8 Storey Building connected with link beara

n n n n oy
n n n n
3@ bom
N ] n n
[ [ [ [ _ I
N 5@ 6m -

Fig. 4.5Plan view and dimensions of the case studiesh hvik beams

As mentioned earlier the two main consideratioreheith link is: to alter the wall moment
profile to account for the moments transferredrfrdhe link-beams and determination of the
frame displacement ductility.

So the procedure done for frame-wall building withbnk beam will be repeated here except
for the two considerations mentioned above.

» Wall moment profile when frames and wall are conneted by link beams

From equation (3.30) moment transferred from a-belam to the wall can be calculated. The
values are tabulated in the table 4.4 below. Alioceof base shear for frame taker®i25

» Wall Contraflexure Height

From table 4.4 below wall contraflexure point isvibeen level5 and6 and its value can be
calculated by interpolating linearly.

Thus,H¢ = 17.11
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Table 4.4Preliminary Calculations to Determingfdwith link beams

Height, | Mass,m Fi Vi MoTm,i Ve Vi M w,i
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall wall
8 24.5 290| 7105 0.174 0.174 0.000 0.25| -0.076 0.000
7 21.5 385| 8277.5 0.203 0.377 0.522 0.25 0.127 -0.228
6 18.5 385|7122.5 0.174 0.551 1.652 0.25 0.301 0.152
5 15.5 385 5967.5 0.146 0.697 3.305 0.25 0.447 1.055
4 12.5 385|4812.5 0.118 0.815 5.396 0.25 0.565 2.396
3 9.5 385 3657.5 0.090 0.904 7.841 0.25 0.654 4.091
2 6.5 385 2502.5 0.061 0.966 10.554 0.25 0.716 6.054
1 3.5 400| 1400 0.034 1.000 13.451 0.25 0.750 8.201
0 0 0 0 0.000 1.000 16.95 0.25 0.750] 10.826
sum 3000| 40845 1.000

» Design SDOF Displacement

Since the contraflexure height is changed the degigfile and SDOF displacement also

changed. The information need to calculate desigpiatement of frame-wall building with link

beam is mentioned in table 4.5 below.

Table 4.5Design displacement informationwith link beams

Height, | Mass,m Ayi Api
Level | Hi(m) | (tonne) (m) (m) miAZp; MiAbi miApiH;
8 24.5 290 0.118 0.454| 59.764913 131.6504| 3225.43452
7 21.5 385 0.099 0.394| 59.755806 151.6772| 3261.06066
6 18.5 385 0.080 0.334| 42.940537 128.5772| 2378.67894
5 15.5 385 0.062 0.274| 28.897268 105.4772| 1634.89722
4 12.5 385 0.043 0.214| 17.625999 82.37724| 1029.7155
3 9.5 385 0.024 0.154| 9.1267304 59.27724| 563.133781
2 6.5 385 0.005 0.094| 3.3994616 36.17724 235.152061
1 3.5 400 -0.014 0.034| 0.461499 13.58674 47.5536006
0 0 0 -0.036 0 0 0 0
sum 3000 221.97 708.80 12,375.63
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So he design displacement will be: - Eq. (3.12)

A, = 22197
7129

=0313n

» Effective Height

Effective height of the substitute structure wa: b Eq. (3.14):

H = 1237563

. =1746m
7129

» Equivalent Damping

- Walls:
Ayw =0.074m
M, =4.238

ZW =0.158=15.8%
iii. Frames:

As described earlier the inclusion of link-beamweds to be accounted for in the
determination of the frame displacement difgtil

From equations (3.31) and (3.32)

*
8, = 056, 1o | 2 097000196 _ 5
' h, 055

* *
6, = 04¢, b = 0470001976 =0.0083
' h, 055

The average ductility value of the frame will berfr equation (3.33) by substituting the
corresponding values.

,U frame,i = 1731
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Damping of reinforced concrete frame will be:

(o = 005+0.56 Lrsl-l)_ 0.1260=12.6%
1.731m7

Thus, equivalent elastic damping of the systembeaocalculated as:

_ 0.158*842+0.126*853
16.95

{os

=0.1420-14.2%

» Base Shear Force
- Effective Period:

Following the same procedure to calculate the affeqeriod of frame-wall building without
link beams the effective period e3sl4 sec.

- Effective Mass:

Using Eq.(3.13) effective mass is:

m, = 226334tonne

- Effective Stiffness
Using Eq.(3.25):
K, =1019MN/m

- Base Shear

From Eq. (3.26):

V... = 319MN

» Wall Base Flexural Design:

The total wall base moment from will be, takingrfréable (4.2)
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M =842*319

w,base

M =26 85MNm

w,base

After this all the procedure used in frame-walllbuig without link beam is repeated here for
frame-wall buildings connected with link beams.

4.5 Result and Discussion

4.5.1 Discussion on Comparison of FBD and DDBD
The theory and application of direct-displacememthmad is discussed clearly in the previous
chapters. Here this method and force based meshoahipared based on storey’s shear and base
shear obtained from both methods taking differasecstudies, frame-wall building with stories,
4,8, 12, 16 and 20.
For DDBD method the base shear shared by framenéfrshear ratio) is considered by taking
three values 25%, 40% and 60%. The results obtaired each case study are given and
discussed below.
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Fig. 4.6Base Shear Variation of FBD and DDBD
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From the above results of case studies one canluttin¢hat the base shear obtained f
traditional force based method is greater thandhdbne by Direct Displacement Based Des
method.

Looking the results obtained from DDBD with diffateframe hear ratio. When a buildir
assume high frame shear ratpr =60% in this cagethe base shear obtained approached
method in a building with stori4. However in case of building with stori8, 12, 16 and 20 the
result obtained assigning frame shratio 25% (which is the smaller value in this casglies)
is greater than results from other DDBD but lesstthat of FBD

Thus from the case studies considered above thihweghalues of base shear is different in €
three cases of DDBD (witBr =25%, 40% and 60¥4dt can be concluded that using DDE
method reduce the base shear though the sameustrigtiesigned using both methc

From the case studies above varying frame shearinabDBD vary the value of base sheln
case of buildings with storey base shear witlr =60%, is somehow large which indicates
base shear carried by wall is large but the rewends incase of buildings with stories 8, 12,
and 20.

(a). Storey - 4 . (b). Storey - 8
—— FBD
8
I = DDBD with BF= 25
4
7
= DDBD with BF= 40
6
3 |— DDBD with BF=60
— - 5
g g |
2 - 4
2
3
1 2
1
0 0
0 1000 2000 3000 0 1000 2000 3000 4000 5000
Storey Shear (KN) Storey Shear (MN)
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Fig.4.7 (e-e) Storey Shear variation of FBD and DD
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The storeyshears in each level of each case study are dedciribthe figures (4.7a) to (4.7
above. Similar to the base shear the forces in stchy calculated using DDBD is less than
forces calculated using force based metl

For a building with storey the torey $iear increases as the frame shear ratio assigoezhge:
with a value of 6% from 25 to 40 and 7% from 406t This indicates that more shears
resisted by frame in a building with low storey Ipably shear wall may not be requd.

For a building with stories 8, 12, 16 and 20 unkkéh storey 4 the storey shear increases a
frame shear ratio decreases fr60 to 25.

4.5.2 Discussion on Moment profile of stories— with connected link
beam and without link beams

As discussed in the previous chapters’ dual F-Wall building can be designed with or withc
link beams which connect the wall with frame. I tbase studies above it is shown in L
cases, with and without link beam, for all storpdag. The resulis described using graphs
shown in the figures below.

o

A L
= | | | |
J e 'With link beam Bf = 25%
. e withlink beam Bf = 40%

[0

—— with link beam Bf = 60%
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\ \
IAARN N
TN N

N

/
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S
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®

2 0 2 4 6 8 -5 0 5 10 15
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Fig. 4.8(a-e)Moment profile variation of buildings with and witht link beam
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From the above graphs one general idea about theemtoprofile of the each building with
different stories can be seen, which is the morperfile with connected link beam, is smaller
than that of without link beams for each frame shiatio cases.

Specifically speaking in both cases, with and withiink beam, as frame shear ratio increases
the value of wall moment also increases up todbwtraflexure point, from the top to the
bottom, after that the value of wall moment declisérame shear ratio increase.

Base overturning moment of the wall carried is lessase of 60% base shear shared by the
frame as compared to the other two cases (25% &)40%oth cases with and without link
beams.

However, taking the same base shear ratio of dradroverturning moment of the wall without
link beam has large OTM than that of connected limthbeams.
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4.5.3 Storey Displacement from DDBD — with and without Ink beams

In this section DDBD method is applied for the nmemed numerical case studies to assess the
effect of different frame shear ratio, 25%, 40% &0@o, on storey displacement. In addition, the

effect of providing connected link beam to the vaalt frame-wall without connected link beam
for each case is also discussed.
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(e) 20 stories
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Fig.4.9 (a-e)Stories displacement result from DDBD- without reated link beams
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Fig.4.10(a-e) Stories displacement result from DDBD - with cocted link beams

From the above figures, graphs showing displacemwiestiories with different frame shear ratio,
as frame shear ratio increases the displacemehedtory also increases. And this increment is
significantly seen in buildings with high storidgah in lower stories, in these case of studies the
displacement is significantly increases in casea dduilding with 20 Stories than in buildings
which has small stories. This is true in both casgls and without connected link beam. This
indicates that as the base shear carried by wialige the storey displacement decreases.

In case of buildings without connected link beam ¥alue of displacement with different frame
shear ratio shows significant difference unlikeldings with connected link beam. In general, in
addition to providing shear wall to the buildingasing much base shear to the wall can reduce

storey’s displacement.
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Chapter Five
5. Conclusion and Recommendation

4.1. 5.1 Conclusion

In this thesis work general theoretical backgroahBDBD method and its advantage over force
based design is covered in detail. The drawbadkaditional force based method is also briefly
discussed. The detail procedure and applicatiodBBD for dual frame wall building is
mentioned. And finally the design method is vedfigsing different case studies. Buildings with
storey 4, 8, 12, 16 and 20 with and without linkimeare considered.

The proposed DDBD procedure for frame-wall buildisgquite straight forward and easy to
implement though further refinement would be nedueidre these procedures are ready for use
in any design based on our code.

In this study it is observed that an initial strdmgssignment that assumes the frames will carry a
large fraction of the lateral load is likely to witsin a low inflection height. Having a low
inflection height implies that the design displaestnand damping is maximized and the
minimum possible base shear is obtained. Howeviawanflection height will impose large
curvature ductility demands on the walls, ahdhese are excessive then the design storey
drift should be reduced or a larger strength proporassigned to the walls. By assuming a large
proportion of the shear is given to the walls théme opposite will occur, the consequences
being that the design may not be very dffiti with heavily reinforced walls and poorly
utilized beams and columns possessing only minintemforcement contents

Direct displacement-based seismic design is a sirppbcedure for determining the required
base shear strength to ensure that a structuremésgt the design drift limit. And from the case
studies it is observed that base shear obtained ®BD is less than values those from
traditional force based method. This indicates tisatg DDBD method is economical than FBD.

Use of direct displacement-based design will resuihore consistent designs than force-based
design criteria, and will generally result in reddaesign forces.

Generally from the study the following points candoncluded:

- Comparing with force based method applying DDBD huodtfor design of buildings is
preferable because building failure is more relatedeformation than force.

- The proportions of total shear resisted bg frames and the walls can be assigned
arbitrarily to begin with and adjusted accordingdhe required strength.

- DDBD method is more preferable method in terms o€titity, which is basic and
important parameters in seismic design, througfultsapplication in a way it is directly
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used in analysis rather than being used indireaylybehavior factors in force based
method. And this method is more economical as coegpaith force based method.

5.2 Recommendation

From the work above it is recommended structuraigier can use this method since it is easily
applicable. And also in addition to those statedhoe in our code it is advantages to introduce

DDBD for seismic design as an option.

In this work only dual frame-wall reinforced contgeébuildings are assessed though there are
different buildings in different way of categoriesaspects.

Related to the present work the following issuesthe areas for further study.

- Studies may be carried out to verify that the psgagbmethod could be extended to the
design of structures having walls with a crossisaocbther than rectangular and/or core

walls.
- Application of the method for 3D analysis
- The application of this method for steel structures
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Appendix - A

Different Calculation of DDBD for 4 storey Building

Table A.1Preliminary calculations of 4 storey to determig — for pr =25%

M w,i M w,i

wall wall

(without | (with

Height, | Mass,m Fi Vi Motmi VE; Vi link link
Level | H;(m) | (tonne) mH; | (relative) | (relative) | (relative) | frame | wall beam) | beam)
4 12.5 27C 337t 0.32¢ 0.32¢ 0.00C| 0.2%] 0.07¢ 0.00( 0
3 9.t 352 334« 0.32¢ 0.65¢ 0.98¢| 0.2t 0.40¢ 0.23¢ | 0.02:¢
2 6.5 352 228¢ 0.22:¢ 0.87¢ 2.95¢| 0.2%F| 0.62¢ 1.45¢] 0.35]
1 3.k 35E| 1242 0.121 1.00( 5.591| 0.28] 0.75( 3.341| 1.63¢
0 0 0 0 0.00( 1.00( 9.091| 0.2%|0.75C 5.96€ | 3.56(

sum 132¢ | 10249.! 1.00(

Table A.2 Design displacement information of 4 steryvithout link beam andpr =25%

Height, | Mass,m | A, Api Ap He Me Ke V pase
Level | Hi(m) | (tonne) | (m) | (m) | mA% | MAp | mAgH; | (m) | (m) | (tonne) | (MN/m) | (MN)
4 12.5 27C| 0.03¢ | 0.231| 14.4(| 62.32| 779.3(] 0.166| 9.2C | 1098.4t 12.01| 1.9¢
3 9.t 352|0.02¢|0.171| 10.2¢| 60.1¢| 571.5(
2 6.5 352]0.011| 0.111] 4.3%| 39.0¢| 253.7¢
1 3.t 3551 0.004 | 0.05¢| 1.2C| 20.6( 72.1(
0 0 0 | 0.00C | 0.00( 0.0C 0.0C 0.0C
Sum 1329 30.20 | 182.14| 1,676.64
Table A.3Design displacement information of 4 sterwith link beam andfg =25%
Height, | Mass,m | Ay Api Ap He Me Ke Vpase
Level | Hi(m) | (tonne) | (m) | (m) | mA%i | mAp | mApH; | (m) (m) (tonne) | (MN/m) | (MN)
4 12.5 270| 0.035| 0.233| 14.61| 62.81| 785.16| 0.168| 9.265662 1,083.15| 11.07| 1.86
3 9.t 352 | 0.02z0.17¢| 10.4¢| 60.77| 577.3(
2 6.5 35z | 0.01C| 0.11z 4.47| 39.6¢| 257.7.
1 3.5 35E | -0.00: | 0.05: 0.9¢| 18.6¢ 65.4(
0 0 0]-0.017]0.00C] o0.0C| 0.0C 0.0C
sum 1329 30.55| 181.92| 1685.58
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Table A.4 Preliminary calculations of 4 storey to determithg — for r =40%

I\/Iw,i I\/Iw,i
wall wall
(without | (with
Height, | Mass,m F Vi Motmi VEi Vi link link
Level | H;(m) | (tonne) mH; (relative) | (relative) | (relative) | frame | wall beam) | beam)
4 12.5 270 3375 0.329 0.329 0.000 0.4| -0.071 0.000 0
3 9.5 352 3344 0.326 0.656 0.988 0.4| 0.256 -0.212| -0.020
2 6.5 352 2288 0.223 0.879 2.954 0.4| 0.479 0.554| -0.137
1 3.5 355| 12425 0.121 1.000 5.591 0.4| 0.600 1.991| 0.695
0 0 0 0 0.000 1.000 9.091 0.4| 0.600 4,091 2.167
Sum 1329 10249.5 1.000 4.267
Table A.5Design displacement information of 4 steryvithout link beam andpr =40%
Height, | Mass,m | Ay Api Ap He Me Ke Vpase
Level | Hi(m) | (tonne) | (m) | (m) | mA%i | mAp | mAgH;: | (m) (m) | (tonne) | (MN/m) | (MN)
4 125 27C|0.031]0.241| 15.6€| 65.0z2| 812.7¢4|0.1742| 9.15¢ | 1110.67. 12.67| 2.21
3 9.t 352 0.021]0.181| 11.51| 63.6% 604.6¢
2 6.5 352 |0.011]0.121| 5.14| 4257 276.4.
1 3.5 355 | 0.004 | 0.06: 1.4C| 22.2¢ 77.9¢
0 0 0] 0.00C| 0.00C| 0.0C 0.0C 0.0C
sum 1329 33.70 | 193.47]| 1,771.78
Table A.6 Design displacement information of 4 sterwith link beam andg =40%
Height, | Mass,m Ayi Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) (m) | mA%; | mAp | mAgH; | (m) | (m) | (tonne) | (MN/m) | (MN)
4 12.5 270| 0.023| 0.246| 16.29| 66.31| 828.87| 0.178| 9.13| 1117.34 11.46| 2.04
3 9.5 352| 0.017| 0.186| 12.12| 65.33| 620.62
2 6.5 352| 0.010| 0.126 555| 4421 287.36
1 3.5 355| 0.003| 0.066| 1.53| 23.29 81.50
0 0 0| 0.004| 0.000 0.00 0.00 0.00
sum 1329 35.49| 199.13| 1818.35
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Table A.7 Preliminary calculations of 4 storey to determithg — for pr =60%

Mw,i I\/Iw,i
wall wall
(without | (with
Height, | Mass,m Fi Vi Motmi VE;i Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame | wall beam) | beam)
4 12.5 27C 337t 0.32¢ 0.32¢ 0.00(¢ 0.€ -0.27 0.0C 0.0C
3 9.t 352 334¢ 0.32¢ 0.65¢ 0.98¢ 0.€ 0.0¢ -0.81 -0.0¢
2 6.5 352 2288 0.223 0.879 2.954 0.6 0.28 -0.65| -0.80
1 3.5 355 | 1242! 0.121 1.00(¢ 5.59] 0.€ 0.4C 0.1¢ -0.5¢
0 0 0 0 0.00( 1.00( 9.09] 0.€ 0.4( 1.5¢ 0.31
Sum 1329| 10249.5 1.000
Table A.8 Design displacement information of 4 steryvithout link beam andpr =60%
Height, | Mass,m | A, Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (M) (m) | mA% | mAp | mAgH | (m) (m) | (tonne) | (MN/m) | (MN)
4 12.5 27C|0.017| 0.24¢| 16.5¢| 66.92| 836.5:|0.1801| 9.11| 1122.6! 13.3¢| 2.41
3 9.t 352 0.012z| 0.18¢| 12.42| 66.1: 628.2(
2 6.c 352 | 0.00¢ | 0.12¢ 5.7¢| 45.01| 292.5¢
1 3.5 35E ] 0.00: | 0.06¢ 1.62| 24.0¢ 84.3:
0 0 0| 0.00C| 0.00( 0.0C 0.0C 0.0C
sum 1329 36.40 | 202.15| 1,841.60
Table A.9 Design displacement information of 4 sterwith link beam andpg =60%
Height, | Mass,m | Ay Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) | (m) | mA%i | mAp | mAgHi | (m) | (m) | (tonne) | (MN/m) | (MN)
4 12.5 27C| 0.005]| 0.25(| 16.85| 67.4%| 843.1:| 0.1¢| 9.0¢| 1127.0: 12.08| 2.1
3 9.t 352 ] 0.00¢| 0.19C| 12.6¢| 66.81| 634.7:
2 6.5 352| 0.003| 0.130| 5.93| 45.69| 297.01
1 3.5 355| 0.001| 0.070| 1.73| 24.78 86.74
0 0 0 | 0.000| 0.000| 0.00 0.00 0.00
Sum 1329 37.19| 204.74| 1861.61
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Different Calculation of DDBD for 8 storey Building

Appendix - B

Table B.1Preliminary calculations of 8 storey to determiihg — for pr =40%

Ivlw,i I\/Iw,i
wall wall
(without | (with
Height, | Mass,m Fi Vi Motm,i Vi Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)
8 24 .5 29C| 710t 0.17¢ 0.17¢ 0.0C 0.4 -0.22¢ 0.00( 0
7 21t 38t | 8277.f 0.20: 0.37i 0.5z 0.4 -0.02: -0.67¢| -0.06¢
6 18.5 38t | 7122.f 0.17¢ 0.551 1.65 0.4 0.157 -0.74¢| -0.68¢
5 15.5 38E | 5967.t 0.14¢ 0.697 3.3(C 0.4 0.297 -0.295 | -0.70¢
4 12.5 38t | 4812.F 0.11¢ 0.81°¢ 5.3¢ 0.4 0.41°¢ 0.59¢ | -0.20¢
3 9.t 38E | 3657.t 0.09( 0.90< 7.84 0.4 0.50¢ 1.841] 0.71
2 6.5 38E | 2502.t 0.06 0.96¢ 10.5¢ 0.4 0.56¢ 3.35¢ 1.9¢
1 3.5 40C 140( 0.03¢ 1.00(¢ 13.4f 0.4 0.60( 5.05] 3.51
0 0 0 0 0.00( 1.00(¢ 16.9¢ 0.4 0.60( 7.151 5.22
sum 3000| 40845 1.000
Table B.2Design displacement information of 8 steryvithout link beam andpr =40%
Height, | Mass,m | A, Api Ap He Me Ke Vpase
Level | Hi(m) | (tonne) | (m) | (m) | mA%i | mAg | miApH; (m) (m) | (tonne) | (MN/m) | (MN)
8 24.% 29C| 0.10% | 0.464 | 62.51|134.6¢| 3298.7| 0.31¢| 17.1¢ | 2341.7¢ 10.9¢| 3.5C
7 21.F 38E| 0.08¢| 0.40¢| 62.97| 155.6f| 3346.4!
6 18.t 38E| 0.07:| 0.342| 45.6:| 13258 2452.1!
5 15.t 38t | 0.057| 0.284| 31.11] 109.4¢ 1696.4:
4 12.5 385 0.041|0.22¢| 19.3¢| 86.371| 1079.6!
3 9.F 38E| 0.02¢ | 0.165 | 10.52| 63.6¢€ 604.7:
2 6.5 38t | 0.01% ] 0.10¢ 45| 41.8] 271.7¢
1 3.5 40C | 0.00< | 0.05¢ 1.27| 22.2] 77.72
0 0 0 0 | 0.00( 0.0C 0.0C 0.0C
sum 3000 237.86| 746.33| 12,827.65
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Table B.3Design displacement information of 8 sterwith link beam andfr =40%
Ke
Height, | Mass,m Ayi Api Ap He Me (MN/ | Vbpase
Level | Hi(m) | (tonne) | (m) (m) | mA% | mAp | mAgH; | (m) | (m) | (tonne) | m) (MN)
8 24.F 29C| 0.08¢| 0.47: 64.¢ 137.1| 3360.(| 0.32¢| 17.17 2345.¢| 9.72 3.1
7 21t 38| 0.07¢| 0.41: 65.€ 158.¢| 3417.¢
6 18. 385 | 0.06%| 0.35¢| 47.¢| 135.6| 2513.¢
5 15.5 38E| 0.05( | 0.29¢| 33.C| 112.7| 1747.¢
4 12.5 38| 0.037| 0.23: 208 89.¢ 1120.¢
3 0.t 385 | 0.02<| 0.17: 11.5 66.5 632.4
2 6.5 38E| 0.0171| 0.11: 4.S 43.2 282.%
1 3.t 40C | -0.00zZ | 0.05: 1.1 21.1 74.C
0 0 0 0 0 0 0
sum 3000 249.90| 765.63 | 13,149.2
Table B.4Preliminary calculations of 8 storey to determithg — for - =60%
I\/Iw,i Mw,i
wall wall
(without | (with
Height, | Mass,m Fi Vi Motwmi Vi Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)
8 24.t 29C | 710¢ 0.17¢ 0.17¢ 0.0C 0.€ -0.42¢ 0.00( 0
7 21.t 38t | 8277.t 0.20: 0.37i 0.5Z 0.€ -0.22: -1.27¢| -0.12¢
6 18.5 38E| 7122.% 0.17¢ 0.55] 1.65 0.€ -0.04¢ -1.94¢ -1.3¢
5 15.F 38t | 5967.t 0.14¢ 0.697 3.3(C 0.€ 0.097 -2.09t | -1.9¢
4 12.5 38E | 4812.% 0.11¢ 0.81°f 5.3¢ 0.€ 0.21°¢ -1.80¢ -2.0¢
3 9.t 38E | 3657.% 0.09( 0.90¢ 7.84 0.€ 0.30¢ -1.15¢ -1.74
2 6.5 38t | 2502.f 0.061 0.96¢ 10.5¢ 0.€ 0.36¢ -0.24€¢| -1.07
1 3.5 40C 140(¢ 0.03¢ 1.00( 13.4f 0.€ 0.40( 0.857| -0.13¢
0 0 0 0 0.00( 1.00(C 16.9¢ 0.€ 0.40( 2.251| 0.96¢
Sum 300C | 4084t 1.00(
Table B.5Design displacement information of 8 sterwithout link beam andpr =60%
Height, | Mass,im | Ay Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) | (m) | mA% | mAn | mAgH: | (m) (m) | (tonne) | (MN/m) | (MN)
8 24.F 29C | 0.04¢ | 0.48¢ 68.4| 140.¢| 3451.¢| 0.336| 17.0( | 2394.8 9.84| 3.3C
7 21. 38E | 0.04Z | 0.42¢ 69.6| 163.¢| 3524.¢
6 18. 38E| 0.03t| 0.36€| 51.E| 140.&| 2605.;
5 15.5 38E | 0.02¢ | 0.30¢ 36.C| 117.% 1825..
4 12.5 38t | 0.02: | 0.24¢ 23.2 94.¢ 1183.:
3 9.t 38E | 0.01¢€| 0.18¢ 13.C 71.5 679.7
2 6.5 38E| 0.01(| 0.12¢ 6.1 48. 314.¢
1 3.5 40C | 0.00: | 0.06¢ 1.7 26.c 92.1
0 0 0| 0.004| 0.004 0.C 0.C 0.0C
sum 3000 270.22| 804.45| 13,677.8
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Table B.6Design displacement information of 8 sterwith link beam andfr =60%

Height, | Mass,m | Ay Api Ap He Me Ke Vbase

Level | Hi(m) | (tonne) | (m) | (m) | mA%i | mAp | midpH; | (m) | (m) | (tonne) | (MN/m) | (MN)

8 24.F 29C | 0.02¢ | 0.48¢| 69.3(| 141.7°| 3473.3.| 0.33¢| 16.97 | 2405.5¢ 8.9C| 3.01
7 21.5 38E | 0.027 | 0.42¢| 70.81| 165.1.| 3549.8
6 18.5 38E | 0.02( | 0.36¢| 52.3¢| 142.0.| 2627.1
5 15.5 38E| 0.01€¢ | 0.30¢| 36.7¢| 118.9.| 1843.0¢
4 12.5 38E | 0.01%| 0.24¢| 23.8¢| 95.81| 1197.6:
3 9.E 38E|0.01( | 0.18¢| 13.7¢| 72.7] 690.7+
2 6.5 38E | 0.00¢ | 0.12¢ 6.3¢ | 49.6] 322.4¢
1 3.E 40C | 0.00: | 0.06¢ 1.90| 27.5¢ 96.4(
0 0 0 0 0 0 0
sum 3000 275.08] 813.46| 13,800.61
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Appendix - C
Different Calculation of DDBD for 12 storey Building

Table C.1Preliminary calculations of 12 storey to determihge — for B =25%

I\/Iw,i Ivlw,i
wall wall
(without | (with
Height, | Mass,m Fi Vi Motwm Vi Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)
12 36.5 30C | 1095( 0.11 0.11 0.0C 0.2f -0.1<4 0.0C 0
11 33.5 42C | 1407( 0.1t 0.2¢ 0.3¢ 0.2t 0.01 -0.41 -0.04
10 30.5 42C | 1281( 0.13 0.3¢ 1.12 0.2t 0.1 -0.3¢ -0.41
9 27.5 42C | 1155( 0.12 0.51 2.2¢ 0.2f 0.2¢€ 0.04 -0.3¢
8 24.t 42C | 1029( 0.11 0.62 3.8 0.2t 0.37 0.8: 0.1z
7 21.5 42C | 903( 0.0¢ 0.71 5.6¢ 0.2f 0.4¢€ 1.9¢ 0.94
6 18.t 42C| 777( 0.0¢ 0.7¢ 7.82 0.2f 0.54 3.32 2.07
5 15.5 42C| 651 0.07 0.8¢ 10.2( 0.2t 0.61 4.9¢ 3.4¢
4 12.5 42C | 525(C 0.0t 0.91 12.7¢ 0.2f 0.6€ 6.7¢ 5.1:
3 9.E 42C | 399( 0.04 0.9¢ 15.57 0.2t 0.71 8.71 6.97
2 6.5 42C | 273( 0.0 0.9¢ 18.3¢ 0.2t 0.7% 10.8¢ 8.9¢
1 3.5 44C | 154(C 0.0z 1.0C 21.3¢ 0.2t 0.7 13.0¢ 11.1C
0 0 0 0 0.0C 1.00( 24.8¢ 0.2t 0.7¢ 15.72 13.31
Sum 494( | 9649( 1.00(
Table C.2Design displacement information of 12 sterwithout link beam andpe =25%
Height, | Mass,m | Ay Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) | (m) | mA%i | miAp | mAgHi | (m) | (m) | (tonne) | (MN/m) | (MN)
12 36.5 30C| 0.2€ | 0.59¢| 106.7| 178.¢| 6530.2| 0.396| 25.7: | 3600.1: 12.0¢ | 4.7¢
11 33.t 42C| 0.28]0.54(| 122.t| 226.6€| 7592.:
1C 30.5 42C| 0.2z | 0.48: 97.¢| 202.¢ 6184."
9 27.5 420| 0.19]0.426| 76.2| 178.9| 4920.5
8 24.F 42C| 0.1€ | 0.36¢ 57.% 155.1| 3799.
7 21t 42C| 0.1z | 0.31- 41.C 131.2 2821.:
6 18.F 42C| 0.0¢|0.25¢| 27.4| 107.2| 1986.
5 15t 42C| 0.07 | 0.20 18.C 87.C 1348.(
4 12.5 42C| 0.0t|0.15¢| 10. 66.: 828.7
3 9.t 42C| 0.0z | 0.117 5.C 47.2 448.(
2 6.5 42C| 0.01| 0.071 2.1 29.¢ 193.¢
1 3.5 44C | 0.00< | 0.03¢ 0.5 15.% 53.7
0 0 0 0 | 0.00( 0.C 0.C 0.C
Sum 4940 565.2 | 1,426.5| 36,706.9
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Table C.3Design displacement information of 12 sterwith link beam andfe =25%

Height, | Mass,m yi Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) | (m) | mA%i | miAp; MiApH; | (m) | (m) | (tonne) | (MN/m) | (MN)
12 36.5 30C| 0.2¢| 0.65| 127.t 195.¢ 7137.¢| 0.44% | 26.17 | 3467.2 9.91| 4.41
11 33.5 42C| 0.2:] 0.5¢| 147.] 248.¢ 8327.:
10 30.5 42C| 0.2C] 0.5¢] 118.¢ 223.¢ 6812.¢
9 27.5 42C| 0.1¢| 0.4% 93.t 198.2 5449’
8 24.F 42C| 0.1t| 0.41 71.2 173.( 4237.¢
7 21t 42C| 0.1z | 0.3t 52.C 147.¢ 3177.:
6 18.F 42C| 0.0¢| 0.2¢ 35.¢ 122.¢ 2267.¢
5 15.5 42C| 0.07| 0.2t 22.€ 97.4 15009.!
4 12.5 42C| 0.0¢] 0.1% 12.£ 72.2 902.]
3 0.t 42C| 0.01]| 0.11 5.2 47.C 446..
2 6.5 42C| -0.0z | 0.0% 1.1 21.¢ 141.f
1 3.5 44C| -0.05 | 0.01 0.C 3.€ 12.¢
0 0 0 0.00( 0 0 0
sum 4940 687.26| 1,543.67| 40,396.22
Table C.4Preliminary calculations of 12 storey to deternthe— for e =40%
I\/Iw,i I\/Iw,i
wall wall
(without | (with
Height, | Mass,m Fi Vi Motwmi Vi Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)
12 36.5 30C | 1095 0.11 0.11 0.0C 0.4 -0.2¢ 0.0C| 0.0C
11 33.t 42C | 1407( 0.1¢ 0.2¢€ 0.34 0.4 -0.1¢4 -0.8¢| -0.0¢
10 30.5 42C | 1281( 0.1: 0.3¢ 1.12 0.4 -0.01 -1.2¢ | -0.9C
9 27.5 42C | 1155( 0.1Z 0.51 2.2¢ 0.4 0.11 -1.31| -1.2¢
8 24.t 42C | 1029( 0.11 0.62 3.8¢ 0.4 0.2z -0.97| -1.27
7 21.t 42C | 903( 0.0¢ 0.71 5.6¢ 0.4 0.31 -0.31] -0.91
6 18.t 42C| 777( 0.0¢ 0.7¢ 7.82 0.4 0.3¢ 0.6z | -0.2Z
5 15.5 42C | 651C 0.07 0.8¢ 10.2( 0.4 0.4¢ 1.8(C 0.74
4 12.5 42C | 525(C 0.0t 0.91 12.7¢ 0.4 0.51 3.1¢ 1.9¢
3 9.E 42C | 399( 0.04 0.9¢ 15.52 0.4 0.5¢€ 4.7z | 3.3¢:
2 6.5 42C | 273( 0.0: 0.9¢ 18.3¢ 0.4 0.5¢ 6.3¢| 4.8¢
1 3.t 44C | 154(C 0.0z 1.0C 21.3¢ 0.4 0.6( 8.1« 6.5¢€
0 0 0 0 0.0C 1.0C 24.8¢ 0.4 0.6( 10.2¢ 8.3
sum 494( | 9649( 1.0C
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Table C.5Design displacement information of 12 sterwithout link beam andpr =40%

Height, | Mass,m | Ay Api Ap He Me Ke Vbase

Level | Hi(m) | (tonne) | (m) | (m) | mA% | mAn | mAgHi | (m) | (m) | (tonne) | (MN/m) | (MN)

12 36.5 30C| 0.2z| 0.64| 122.5| 191.¢| 7003.¢| 0.431] 25.3¢| 3711.1« 0.8¢| 4.2¢
11 33.5 42C| 0.2C| 0.5¢| 142.7| 244.¢| 8200.¢
10 30.5 42C| 0.2¢| 0.5:¢| 116.2| 220.¢| 6738.f
9 27.5 42C| 0.1¢ | 0.47 92.5| 197.1| 5419.¢
8 24t 42C| 0.1z | 0.41 71.5| 173.2| 4244.
7 21.t 42C| 0.11| 0.3¢ 53.1| 149.¢| 3211.
6 18.t 42C| 0.0¢| 0.3C| 37.E| 125 | 2322
5 15.5 42C| 0.07| 0.24| 24.&| 102.C| 1580.¢
4 12.5 42C| 0.05| 0.1¢| 14.¢ 79.1 088.¢
3 9.E 42C| 0.0t | 0.14 7.8 57.2 544.¢
2 6.5 42C| 0.01| 0.0¢ 3.8 37.C 240.4
1 3.5 44C| 0.0C| 0.04 0.€ 19.4 68.1
0 0 0] 0.0C| 0.0C 0.C 0.C 0.C
Sum 494( 687.¢ | 1597. | 40563..

Table C.6Design displacement information of 12 sterwith link beam andpr =40%

Height, | Mass,imi | Ay Api Ap He Me Ke Vpase

Level | Hi(m) | (tonne) | (m) | (m) | mA% | miAp; MApiHi | (m) | (m) | (tonne) | (MN/m) | (MN)

12 36.5 30C| 0.2C| 0.6¢| 143.3¢| 207.3¢| 7569.4(| 0.47(| 25.4% | 3700.6- 8.57| 4.0:
11 33.t 42C| 0.1¢| 0.6%| 167.37| 265.17| 8881.9¢
10 30.5 42C| 0.1€| 0.57| 137.0°| 239.9¢| 7317.9¢
9 27.5 42C| 0.14| 0.51| 109.7¢| 214.7!| 5905.1¢
8 24.5 42C| 0.1z | 0.45| 85.5:| 189.5!| 4643.5¢
7 21.t 42C| 0.1C| 0.3¢| 64.3(| 164.3:| 3533.1f
6 18.5 42C| 0.0¢ | 0.3z 46.0¢| 139.1:| 2573.9¢
5 15.5 42C| 0.0€| 0.27| 30.97| 113.9:| 1765.9¢
4 12.5 42C| 0.04| 0.21| 18.7¢ 88.7:| 1109.1¢
3 9.t 42C| 0.0z | 0.1f 9.61 63.5: 603.5¢
2 6.5 42C| 0.0C| 0.0¢ 3.5C 38.3¢ 249.1¢
1 3.5 44C | -0.0z | 0.0: 0.4: 13.7¢ 48.1°F
0 0 0 0.0C 0.0C 0.0C 0.0C
sum 4940 816.69| 1738.47| 44201.17
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Table C.7Preliminary calculations of 12 storey to deternthge— for e =60%

I\/Iw,i I\/Iw,i
wall wall
(without | (with
Height, | Mass,m Fi Vi Motmi VEi Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)
12 36.5 30C | 1095( 0.11 0.11 0.0C 0.€ -0.4¢ 0.0C| 0.0C
11 33.5 42C | 1407( 0.1t 0.2¢ 0.3 0.€ -0.3¢ -1.4¢| -0.1¢
10 30.5 42C | 1281( 0.1: 0.3¢ 1.12 0.€ -0.21 -2.4¢| -1.5¢
9 27.5 42C | 1155( 0.12 0.51 2.2¢ 0.€ -0.0¢ -3.11| -2.5¢
8 24.t 42C | 1029( 0.11 0.6z 3.8 0.€ 0.0z -3.37| -3.1¢
7 21.t 42C | 903( 0.0¢ 0.71 5.6¢ 0.€ 0.11 -3.31| -3.3¢
6 18.5 42C | 777(C 0.0¢ 0.7¢ 7.82 0.€ 0.1¢ -2.9¢| -3.2¢
5 15.5 42C | 651( 0.07 0.8¢€ 10.2( 0.€ 0.2¢€ -2.40| -2.92
4 12.5 42C | 525(C 0.0t 0.91 12.7¢ 0.€ 0.31 -1.62| -2.3¢
3 9.F 42C | 399( 0.04 0.9¢ 15.52 0.€ 0.3¢€ -0.6¢ | -1.5:Z
2 6.5 42C | 273( 0.0: 0.9¢ 18.3¢ 0.€ 0.3¢ 0.3¢| -0.57
1 3.5 44C | 154(C 0.0z 1.0C 21.3¢ 0.€ 0.4C 1.5¢ 0.5(C
0 0 0 0 0.0C 1.0C 24.8¢ 0.€ 0.4C 2.94 1.6¢
sum 494( | 9649( 1.00(
Table C.8Design displacement information of 12 sterwithout link beam andpr =60%
Height, | Mass,m | Ayi | Ap Ap He Me Ke Vpase
Level | Hi(m) | (tonne) | (m) | (M) | mA%i | mMiAp; MiApiH; (m) | (m) | (tonne) | (MN/m) | (MN)
12 36.5 30C| 0.0¢ | 0.6& | 140.: 205.2 7488.t | 0.465| 24.9¢ | 3846.3: 8.61| 4.0C
11 33.t 42C | 0.0¢ | 0.6Z | 165.- 263.¢ 8823.:
10 30.5 42C | 0.0¢ | 0.57 | 136.¢ 239.f 7305.¢
9 27.5 42C| 0.07] 0.51| 110.¢ 215.7 5931.:
8 24.5 42C | 0.0€ | 0.4¢€ 87.€ 191.¢ 4699."
7 21.t 42C | 0.0t | 0.4C 67.z 168.( 3611.f
6 18.t 42C | 0.04 | 0.34 49.F 144.] 2666.:
5 15.5 42C | 0.0% | 0.2¢ 32.€ 116.¢ 1812.
4 12.5 42C| 0.0 | 0.2¢ 21.¢ 95.¢ 1195.¢
3 9.t 42C| 0.0z | 0.17 12.5 72.5 689.(
2 6.5 42C | 0.01] 0.1Z 5.7 48.7 316.7
1 3.E 44C | 0.0C | 0.0¢€ 1.€ 26.5 92.¢
0 0 0] 0.0C| 0.0C 0.C 0.C 0.C
sum 4940 831.18| 1,788.01| 44,632.20
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Table C.9Design displacement information of 12 sterwith link beam andfe =60%

Height, | Mass,m | Ay Api Ap He Me Ke V base

Level | Hi(m) | (tonne) | (M) (m) | mA% | mAg | miAgH; | (m) | (m) | (tonne) | (MN/m) | (MN)

12 36.5 30C| 0.0¢| 0.7:| 158.€| 218.1| 7961.c| 0.49%| 24.8¢ | 3871.7: 7.8¢| 3.8¢
11 33.t 42C| 0.0€| 0.67| 186.¢| 280.2| 9385.¢
10 30.t 42C| 0.05| 0.61| 154.¢| 255.(| 7776.t
9 27.5 42C| 0.05| 0.5t| 125.7| 229.¢| 6318.¢
8 24.5 42C| 0.0¢| 0.4¢| 99.€| 204.¢| 5011.¢
7 21.F 42C| 0.0¢| 0.4:| 76.€| 179.2| 3856.
6 18.F 42C| 0.0t| 0.37| b56.€| 154.2| 2852..
5 15.5 42C| 0.0z| 0.31| 39.€| 129.(| 1999.(
4 12.5 42C| 0.0z| 0.28| 25.€| 103.¢| 1297..
3 9.F 42C| 0.01| 0.1¢ 147 78.€ 746.4
2 6.5 42C| 0.01| 0.1 6.€ 53.4 346.¢
1 3.E 44C| 0.0C| 0.07 2.C 29.F 103.<
0 0 0 0.0C 0.C 0.C 0.C
Sum 4940 947.5| 1915.3| 47655.3
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Appendix - D
Different Calculation of DDBD for 16 storey Building
Table D.1Preliminary calculations of 16 storey to determihg— for pr =25%

M, wall
(without | My,; wall
Height, | Mass,m Fi Vi Mommi | Ve Vi, link (with link
Level | Hi(m) | (tonne) mH; | (relative) | (relative) | (relative) | frame | wall beam) beam)
16 48.t 35C 1697¢ 0.0¢ 0.0¢ 0.00 0.2t | -0.1¢€ 0 0
15 45.F 46( 2093( 0.11 0.2( 0.61 0.2¢| -0.0t| -0.4¢ -0.0f
14 42.F 46( 1955( 0.11 0.31 1.2z | 0.2t 0.0¢ | -0.6Z -0.4¢
13 39.t 46( 1817( 0.1C 0.41 2.1 | 0.2 0.1€| -0.4¢ -0.6(
12 36.5 46( 1679( 0.0¢ 0.5C 3.37| 0.2 0.2t 0.0: -0.3¢
11 33.5 46C 1541( 0.0¢ 0.5¢ 4.8¢| 0.2f 0.3: 0.77 0.1C
10 30.t 46( 1403( 0.0¢ 0.6t 6.6(| 0.2F 0.4( 1.7¢€ 0.87
9 27.5 46( 1265( 0.07 0.7z 8.5€| 0.2F 0.47 2.91 1.8¢
8 24.5 46C 1127( 0.0¢€ 0.7¢ 10.7:| 0.2 0.5: 4.3¢ 3.11
7 21.5 46( 989( 0.0t 0.8¢ 13.0¢ | 0.2 0.5¢ 5.9¢ 4.5t
6 18.5 46( 851( 0.0t 0.8¢ 15.5¢| 0.2 0.6: 7.7¢ 6.1€
5 15.5 46( 713( 0.04 0.92 18.27| 0.2 0.67 9.6t 7.94
4 12.5 46( 575( 0.0z 0.9t 21.0C| 0.2fF 0.7C| 11.6¢ 9.8¢
3 9.E 46( 437( 0.0z 0.97 23.85| 0.2 0.7z | 13.7¢ 11.8¢
2 6.5 46( 299( 0.0z 0.9¢ 26.77| 0.2F 0.7£| 15.9¢ 13.9¢
1 3.E 48C 168( 0.01 1.0C 29.78 | 0.2F 0.7¢| 18.1¢ 16.1f
0 0 0 0 0.0C 1.0C 33.28| 0.2 0.7¢| 20.7¢ 18.3¢
Sum 727( | 18609! 1.0C
Table D.2Design displacement information of 16 sterwithout link beam andpr =25%
Height, | Mass,m | Ay Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) | (m) | mA% | mAp | mAgH: | (M) (m) | (tonne) | (MN/m) | (MN)
16 48.F 35C 0.4¢| 0.78 | 196.(| 261.¢| 12701." | 0.49: | 34.6¢ | 5041.2: 14.4€¢| 7.1t
15 45.F 46( 0.45] 0.6€| 219.¢| 318.1| 14472.!
14 42.F 46( 0.41] 0.62| 185.2| 292.(| 12408.:
13 39.t 46( 0.37] 0.5¢ | 153.¢| 265.¢| 10500.
12 36.5 46( 0.32] 0.5z | 124.¢| 239.7| 8749.
11 33.t 46( 0.2¢ | 0.4¢ 99.2| 213.7| 7157.¢
10 30.t 46( 0.2t | 0.41 76.6| 187.¢| 5731.¢
9 27.5 46( 0.21] 0.3% 57.€| 162.7| 4475.¢
8 24 .5 46( 0.17 | 0.3C 41.€| 138.4| 3389.¢
7 21.5 46( 0.14] 0.2F 28.&6| 115.(| 2472.¢
6 18.5 46( 0.1C | 0.2C 18.¢ 93.C] 1719.
5 15.5 46( 0.0¢ | 0.1¢ 11.£ 72.4 | 1122.¢
4 12.5 46( 0.0t | 0.12 6.2 53.7 670.¢
3 9.t 46( 0.0z | 0.0¢ 3.C 36.¢ 350.¢
2 6.5 46( 0.01] 0.0% 1.1 22.L 145.¢
1 3.5 48C 0.0C | 0.0Z 0.z 10.¢ 38.2
0 0 0 0.0C | 0.0C 0.C 0.C 0.C
sum 727( 1224.t | 2484.F | 86108.:
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Table D.3 Design displacement information of 16 sterwith link beam andpr =25%

Height, | Mass,m | Ay Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) (m) | mA% | mAp | mAgH: | (M) (m) | (tonne) | (MN/m) | (MN)
16 48.k 35C 0.4€| 0.82| 239.t| 289.7| 14050.!| 0.57Z| 35.7% | 4696.6! 12.1] 6.9:
15 45.F 46C 0.4:| 0.7v| 271.1| 353.1| 16068..
14 42.F 46C 0.3¢| 0.71| 230.z| 325.t| 13835.¢
13 39.t 46C 0.3t | 0.65| 193.(| 297.¢| 11769.(
12 36.5 46C 0.31] 0.5¢| 158.¢| 270.:| 9867..
11 33.5 46C 0.26| 0.5z 128.1| 242.7| 8132..
10 30.5 46C 0.2£] 0.47| 100.€| 215.1| 6562.(
9 27.5 46C 0.2C| 0.41 76.5| 187.5| 5157.¢
8 24.5 46C 0.1€| 0.3t 55.€| 159.¢| 3918.
7 21.F 46C 0.1z | 0.2¢ 38.1| 132.7| 2845.
6 18.t 46C 0.0¢| 0.2¢ 23.C| 104.7| 1937.¢
5 15.t 46C 0.0t | 0.17 12.¢ 77.1] 1195.¢
4 12.5 46C 0.01| 0.11 5.8 49t 619.4
3 9.t 46C -0.0z | 0.0t 1.C 21.€ 208.t
2 6.5 46C -0.0€ | -0.01 0.1 -5.7 -36.7
1 3.5 48C -0.1C | -0.07 25| -34.7| -121.
0 0 0 0.0C 0.C 0.C 0.C
sum 7270 1537.8| 2687.5| 96010.9
Table D.4Preliminary calculations of 16 storey to determihe— for e =40%
I\/Iw,i I\/Iw,i
wall wall
(without | (with
Height, | Mass,m Fi Vi Mot VEi Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)
16 48.t 35C 1697¢ 0.0¢ 0.0¢ 0.0C 0.4 -0.30¢ 0 0
15 45.F 46( 2093( 0.11 0.2C 0.61 0.4 -0.19¢ -0.9: | -0.0¢
14 42.F 46( 1955( 0.11 0.31 1.22 0.4 -0.091 -1.52 | -0.9¢
13 39.5 46( 1817( 0.1C 0.41 2.1°F 0.4 0.00¢ -1.7¢| -1.54
12 36.5 46( 1679( 0.0¢ 0.5C 3.37 0.4 0.09; 177 -1.7¢€
11 33.5 46( 1541( 0.0¢ 0.5¢ 4.8¢€ 0.4 0.17¢ -1.48 | -1.74
10 30.5 46( 1403( 0.0¢ 0.6 6.6( 0.4 0.25¢ -0.94| -1.4:
9 27.5 46( 1265( 0.07 0.7z 8.5¢€ 0.4 0.32: -0.1¢| -0.87
8 24.t 46( 1127( 0.0¢ 0.7¢ 10.7: 0.4 0.38: 0.7¢] -0.0¢
7 21.5 46( 989( 0.0t 0.84 13.0¢ 0.4 0.43¢ 1.94| 0.9C
6 18.t 46( 851( 0.0t 0.8¢ 15.5¢ 0.4 0.48: 3.28| 2.0
5 15.5 46( 713( 0.0 0.9z 18.2: 0.4 0.521 4.7 3.3¢
4 12.5 46( 575( 0.0 0.9t 21.0( 0.4 0.55] 6.2¢€ 4.8t
3 9.t 46( 437( 0.0z 0.9 23.8¢ 0.4 0.57¢ 7.91 6.4z
2 6.5 46( 299( 0.0z 0.9¢ 26.7 0.4 0.591 9.64 8.0¢
1 3.5 48C 168( 0.01 1.0C 29.7¢ 0.4 0.60( 11.41] 9.81
0 0 0 0 0.0C 1.0C 33.2¢ 0.4 0.60( 13.51| 11.5¢
Sum 727C | 18609! 1.0C
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Table D.5Design displacement information of 16 sterwithout link beam andpe =40%

Height | Mass,m Ke
Leve , Hi i Ayi Api Ap He Me (MN/ V base
| (m | (tonne) | (m) | (m) | mA% | miAp | MApH; | (M) (m) | (tonne) m) (MN)
16 48.F 35C 0.3¢| 0.8: 240.7 290.:| 14077.¢| 0.555| 33.91| 53054 | 11.8i 6.5¢
15 45.F 46( 0.3¢| 0.77 274.% 355.2| 16169.(
14 42,5  46( 0.3:| 0.7z2| 235.6€| 329.2| 13992
13 39.5| 46C 0.3C| 0.6€| 199.7| 303.1| 11973.:
12 36.5 46( 0.27| 0.6C 166.¢ 277.C| 10110.:
11 33.5| 46C 0.2¢| 058 | 136.6| 250.¢| 8404..
10 30.5 46( 0.21| 0.4¢ 109.¢ 224 6854.¢
9 27.5 | 46C 0.1¢ | 0.4 85.6| 198.¢| 5462.:
8 24.5 | 46( 0.1£| 0.3¢ 64.7| 172t | 4227.:
7 21t 46( 0.1z | 0.3 46.¢ 146.7 3154.¢
6 18.t 46( 0.1C| 0.2¢ 32.1 121t 2248.(
5 15.5| 46C 0.07| 0.21 20.€ 97.2| 1507.¢
4 12.5| 46C 0.0t | 0.1¢€ 12.C 74.% 928.¢
3 9.t 46( 0.0:| 0.1z 6.1 53.C 503.2
2 6.5| 46C 0.01| 0.07 2.E 33.€ 218.¢
1 3.E| 48C 0.0C | 0.04 0.€ 17.2 60.4
0 0 0 0.0C | 0.0C 0.C 0.C 0.C
sum 727( 1635.2 | 2945..| 99891.¢
Table D.6Design displacement information of 16 sterwith link beam andfr =40%
Height, | Mass,m | Ay, Api Ap He Me Ke V base
Level | Hi(m) | (tonne) | (m) | (m) | mA%i | mAg | mAgH: | (m) | (m) | (tonne) | (MN/m) | (MN)
16 48.k 35C| 0.3¢| 0.9C| 282.2| 314.2| 15245.¢| 0.61| 34.1( | 5243.0° 10.4€| 6.3¢
15 45.5 46C| 0.3¢| 0.84| 323.1| 385.f| 17542..
14 42.F 46C| 0.31| 0.7¢| 278.| 357.¢| 15212.(
13 39.5 46C| 0.2¢| 0.7z| 237.z| 330.:| 13048.¢
12 36.5 46C| 0.28| 0.6€| 199.2| 302.7| 11050.:
11 33.t 46C| 0.2t 0.6(| 164.¢| 275.] 9217.:
1C 30.5 46C| 0.2C| 0.54| 133.2| 247.t 7550..
9 27.5 46C| 0.17| 0.4¢| 105.z| 219.C 6048.:
8 24.F 46C| 0.1f| 0.4z 80.2| 192. 4712.
7 21.5 46C| 0.1z | 0.3¢ 59.C| 164.3 3542.(
6 18.F 46C| 0.0¢| 0.3( 40.¢| 137.1 2537..
5 15t 46C| 0.07| 0.2 26.1| 109.t 1697.¢
4 125 46C| 0.0¢| 0.1¢ 14.¢ 81.C 1024.:
3 9.t 46C| 0.01| 0.1Z 6.4 54.: 516.:
2 6.5 46C | -0.01| 0.0¢ 1.€ 26.7 173.¢
1 3.5 48C | -0.0¢| 0.0C 0.C -0.¢ -3.1
0 0 0 0.0C 0.C 0.C 0.C
Sum 727( 1952.4| 3199.t | 109116.
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Table D.7Preliminary calculations of 16 storey to determihe— for = =60%

Ivlw,i Ivlw,i

wall wall

(without | (with

Height, | Mass,m Fi Vi M otmi VE; Vi link link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)

16 48.% 35C 1697¢ 0.0¢ 0.0¢ 0.0C 0.€ -0.51 0.0C 0.0C
15 45k 46( 2093( 0.11 0.2( 0.27 0.€ -0.4(C -1.55| -0.1f
14 42.F 46C 1955( 0.11 0.31 0.8¢ 0.€ -0.2¢ -2.72 | -1.64
13 39.t 46C 1817( 0.1¢ 0.41 1.81 0.€ -0.1¢ -3.5¢| -2.8C
12 36.5 46( 1679( 0.0¢ 0.5( 3.0¢ 0.€ -0.1(C -4.17| -3.6F
11 33.k 46( 1541( 0.0¢ 0.5¢ 452 0.€ -0.0z 448 | -4.2C
1C 30.5 46C 1403( 0.0¢ 0.6% 6.2¢€ 0.€ 0.0t -4.54 | -4.4¢
9 27.5 46( 1265( 0.07 0.72 8.22 0.€ 0.12 -4.38 | -4.5¢
8 24 .k 46( 1127( 0.0¢ 0.7¢ 10.3¢ 0.€ 0.1¢ -4.01| -4.3¢
7 21.F 46C 989( 0.0t 0.8¢4 12.7¢ 0.€ 0.24 -3.4€| -3.9¢
6 18.t 46( 851( 0.0t 0.8¢ 15.2¢ 0.€ 0.2¢ -2.75 | -3.3¢€
5 15.t 46( 713( 0.04 0.92 17.9( 0.€ 0.32 -1.9C| -2.67
4 12.t 46( 575( 0.0z 0.9t 20.6¢ 0.€ 0.3t -0.94| -1.81
3 9.t 46( 437( 0.0z 0.97 23.51 0.€ 0.37 0.11| -0.84
2 6.5 46( 299( 0.0z 0.9¢ 26.4¢ 0.€ 0.3¢ 1.24 0.2z
1 3.k 48C 168( 0.01 1.0C 29.4] 0.€ 0.4C 2.41] 1.3t
0 0 0 0 0.0C 1.0C 32.91 0.€ 0.4( 3.81 2.5%

Sum 727( | 18609! 1.00(
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Table D.8Design displacement information of 16 sterwithout link beam andpe =60%

Heig | Mass,
ht, m; ke Vbase
Leve | H; (tonne | Ay Api Ap He Me (MN/ | (MN
I (m ) (m) | (m) | mA% MiApi MiApiH; (m) (m) | (tonne) | m) )
16| 48.5| 350 0.16| 0.91| 287.48| 317.20| 15384.40| 0.614| 33.08| 5596.8| 10.22| 6.28
15| 45.5| 460 0.15| 0.85| 331.97| 390.77| 17780.22
14| 425| 460 0.14| 0.79| 289.07| 364.65| 15497.67
13| 39.5| 460 0.13| 0.74| 249.13| 338.53| 13371.87
12| 36.5| 460 0.12| 0.68| 212.17| 312.41| 11402.80
11| 33.5| 460 0.11) 0.62| 178.17| 286.28| 9590.47
10| 30.5| 460 0.10| 0.57| 147.14| 260.16| 7934.87
9| 27.5| 460 0.09| 0.51| 119.07| 234.04| 6436.01
8| 24.5| 460 0.08| 0.45| 93.97| 207.91| 5093.89
7| 21.5| 460 0.07| 0.40| 71.84| 181.79| 3908.51
6| 18.5| 460 0.05| 0.34| 52.68| 155.67| 2879.86
5| 15.5| 460 0.04| 0.28| 36.48| 129.55| 2007.95
4| 12.5| 460 0.03| 0.22| 23.25| 103.42| 1292.78
3 9.5| 460 0.02| 0.17| 12.99| 77.30 734.35
2 6.5| 460 0.01| 0.11 5.74| 51.39 334.01
1 3.5| 480 0.00| 0.06 1.59| 27.65 96.78
0 0 0 0.00| 0.00 0.00 0.00 0.00
sum 727( 2112.7| 3438.7| 113746..
Table D.9Design displacement information of 16 sterwith link beam andpr =60%
Height, | Mass,m Ayi Api Ap He Me Ke Vpase
Level | H{(m) | (tonne) | (M) (m) mA% | MAp | mAgH: | (m) | (m) | (tonne) | (MN/m) | (MN)
16 48.5| 350 0.12] 0.96| 325.1| 337.3] 16360.3| 0.654| 33.00| 5623.71 9.18| 6.01
15 455| 460 0.11) 0.90| 375.7| 415.7| 18916.3
14 42.5| 460 0.10] 0.84| 327.5| 388.1| 16496.0
13 39.5| 460 0.10, 0.78| 282.6| 360.5| 14241.4
12 36.5| 460 0.09] 0.72| 241.0| 332.9| 12152.4
11 33.5| 460 0.08) 0.66| 202.7| 305.3] 10229.0
10 30.5| 460 0.07] 0.60| 167.7| 277.7| 8471.1
9 27.5| 460 0.07] 0.54| 136.0| 250.1| 6878.9
8 245| 460 0.06|] 0.48| 107.7| 222.5| 5452.3
7 21.5| 460 0.05| 0.42 82.6| 194.9| 4191.3
6 18.5| 460 0.04| 0.36 60.9| 167.3| 3095.8
5 15.5| 460 0.03] 0.30 42.5| 139.7| 2166.0
4 12.5| 460 0.03] 0.24 27.3| 112.1| 1401.8
3 9.5 460 0.02| 0.18 15.5 84.5 803.2
2 6.5 460 0.01] 0.12 7.0 56.9 370.1
1 3.5 480 0.00, 0.06 2.0 30.6 107.2
0 0 0 0.00 0.0 0.0 0.0
sum 7270 2403.8| 3676.7| 121333.0
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Appendix - E
Different Calculation of DDBD for 20 storey Building
Table E.1Preliminary calculations of 20 storey to determiihe — for pr =25%

M w,i
wall M i
(without wall
Height, | Mass,m Fi Vi Mot VE; link (with link
Level | Hi(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame | V,; wall beam) beam)

20 60.5 40C 2420( 0.07 0.07 0.0C 0.2t -0.17¢ 0 0
19 57.t 52C 2990( 0.0¢ 0.17 0.5( 0.2t -0.084| -0.5: -0.0¢
18 54.t 52C 2834( 0.0¢ 0.2f 1.0C 0.2t 0.00:| -0.7¢ -0.5¢
17 51.t 52C 2678( 0.0¢ 0.3¢ 1.7¢€ 0.2t 0.08t| -0.77 -0.7¢
16 48.5 52C 2522( 0.0¢ 0.41 2.7¢€ 0.2t 0.165| -0.51 -0.7¢
15 45.F 52C 2366( 0.07 0.4¢ 4.0C 0.2t 0.23t| -0.0Z -0.47
14 42.F 52C 2210( 0.07 0.5¢ 5.4¢ 0.2t 0.30: 0.6¢ 0.04
13 39.t 52C 2054( 0.0¢ 0.62 7.12 0.2t 0.36¢ 1.5¢ 0.77
12 36.5 52C 1898( 0.0¢ 0.67 8.97 0.2t 0.42¢ 2.6¢ 1.7¢
11 33.t 52C 1742( 0.0t 0.7 10.9¢ 0.2t 0.47¢ 3.97 2.82
10 30.t 52C 1586( 0.0t 0.7¢ 13.1¢ 0.2t 0.527 5.4C 4.11
9 27.5 52C 1430( 0.04 0.82 15.5] 0.2t 0.571 6.9¢ 5.5E
8 24.F 52C 1274( 0.04 0.8¢€ 17.97 0.2t 0.61( 8.6¢ 7.1k
7 21t 52C 1118( 0.0z 0.8¢ 20.5¢ 0.2t 0.64<¢| 10.5: 8.87
6 18.t 52C 962( 0.0z 0.9z 23.2:% 0.2t 0.674| 12.4¢ 10.71
5 15.t 52C 806( 0.0z 0.9t 26.0( 0.2t 0.69¢| 14.4¢ 12.6¢
4 12.t 52C 650( 0.0z 0.97 28.8¢ 0.2t 0.71¢| 16.5i 14.6¢
3 9.t 52C 494( 0.0z 0.9¢ 31.7¢ 0.2t 0.73¢| 18.7: 16.7¢
2 6.5 52C 338( 0.01 0.9¢ 34.71 0.2t 0.74¢| 20.9: 18.9¢
1 3.t 55C 192¢ 0.01 1.0C 37.6¢ 0.2t 0.75(| 23.1¢ 21.1¢
0 0 0 0 0.0C 1.0C 41.1¢ 0.2t 0.75C| 25.7¢ 23.3¢

sum 1031( | 32564! 1.0C
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Table E.2Design displacement information of 20 steryithout link beam andfe =25%

Height, | Mass,m | Ayi | Api Ap He Me Ke V base

Level | Hi(m) | (tonne) | (m) | (m) | mA%y MiAp; MApiH; (m) (m) (tonne) | (MN/m) | (MN)

20 60.5 400| 0.75] 0.89| 319.24| 357.35 21619.4| 0.585| 43.808| 6,810.41 16.8| 9.83
19 57.t 52C| 0.7 | 0.8z | 363.97| 435.0:.| 25013.6:
18 54.5 52C | 0.65 | 0.76 | 316.2(| 405.4¢| 22099.1
17 51.t 52C | 0.6( | 0.7z | 271.8:| 375.9¢| 19361.8
16 48.F 52C | 0.58 | 0.6€ | 230.7¢| 346.4:| 16801.8I
15 45.F 52C | 0.5( | 0.6C| 193.1:| 316.9(| 14418.8
14 42.F 52C | 0.45 | 0.58 | 158.8t| 287.4(| 12214.6.
13 39.t 52C| 0.4C | 0.4¢| 128.1:| 258.1:| 10195.9!
12 36.5 52C| 0.3t 0.44| 101.1:| 229.2¢ 8369.2:
11 33.t 52C | 0.31 0.3¢ 77.8(| 201.1: 6738.0:
1C 30.5 52C | 0.2€ | 0.3¢ 58.1¢| 173.8¢ 5303.2(
9 27.5 52C | 0.2z | 0.2¢ 41.9¢| 147.7: 4062.9:
8 24.F 52C | 0.1¢ | 0.2¢ 29.0¢ | 122.9¢ 3012.5¢
7 21.F 52C | 0.1¢| 0.1¢ 19.1/ 99.7¢ 2144.8¢
6 18.t 52C | 0.11| 0.1F 11.81 78.31 1449.7!
5 15.5 52C | 0.07 | 0.11 6.7(C 59.01 914.6(
4 12.F 52C | 0.0f | 0.0¢ 3.3¢ 41.9] 523.8:.
3 9.E 52C | 0.0 | 0.0F 1.4% 27.2¢ 259.2°
2 6.5 52C | 0.01| 0.02 0.4¢€ 15.3¢ 100.0¢
1 3.E 55C | 0.0C | 0.01 0.0¢ 6.8( 23.8:
0 0 0 0] 0.0C 0.0C 0.0C 0.0C
sum 10310 2,333.17| 3,986.21| 174,627.47
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Table E.3Design displacement information of 20 sterwith link beam andpr =25%

Height, | Mass,m | Ay Api Ap He Me Ke V base

Level | Hi(m) | (tonne) | (m) | (m) | mA% | mAo | mAgH; (m) (m) | (tonne) | (MN/m) | (MN)

20 60.5 400| 0.73| 0.99| 389.27| 394.6| 23873.4| 0.697| 46.02| 6039.22| 13.78| 19.61
19 57.5 520| 0.68| 0.93| 446.37| 481.8| 27702.4
18 54.5 520| 0.63| 0.87| 390.43| 450.6| 24556.7
17 51.5 520| 0.58| 0.81| 338.23] 419.4| 21598.1
16 48.5 520| 0.54| 0.75| 289.78| 388.2| 18826.8
15 45.5 520| 0.49| 0.69| 245.07| 357.0| 16242.6
14 42.5 520| 0.44| 0.63| 204.10| 325.8| 13845.7
13 39.5 520| 0.40| 0.57| 166.88/ 294.6| 11636.0
12 36.5 520| 0.35| 0.51| 133.40, 263.4| 9613.4
11 33.5 520| 0.30| 0.45| 103.67| 232.2| 7778.1
10 30.5 520| 0.25| 0.39| 77.68| 201.0|/ 6129.9
9 27.5 520| 0.21| 0.33] 55.43| 169.8| 4669.0
8 24.5 520| 0.16| 0.27| 36.93| 138.6| 3395.2
7 21.5 520| 0.11| 0.21| 22.17| 107.4| 2308.7
6 18.5 520| 0.07| 0.15| 11.16 76.2| 1409.4
5 15.5 520| 0.02| 0.09 3.89 45.0 697.2
4 12.5 520| -0.03| 0.03 0.37 13.8 172.3
3 9.5 520| -0.07| -0.03 0.58| -17.4 -165.5
2 6.5 520| -0.12| -0.09 455| -48.6 -316.0
1 3.5 550| -0.17| -0.15| 12.96| -84.4 -295.5
0 0 0 0.00 0.00 0.0 0.0
sum 6270 2932.93 4208.6| 193678.1
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Table E.4Preliminary calculations of 20 storey to determithge — for pr =40%

Ivlw,i Ivlw,i

wall wall

(without | (with

Height, | Mass,m F Vi M otmi VEi Vi link link
Level | H;(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame wall beam) | beam)

2C 60.5 40C 2420( 0.07¢| 0.07¢ 0 0.4 -0.3: 0 0
19 57.t 52C 2990( 0.0¢ 0.17 0.22 0.4 -0.2: -0.9¢ | -0.1C
18 54.k 52C 2834( 0.0¢ 0.2% 0.72 0.4 -0.1¢ -1.66 | -1.0f
17 51.t 52C 2678( 0.0¢ 0.3¢ 1.4¢ 0.4 -0.0¢€ -2.1z | -1.7:2
16 48.% 52C 2522( 0.0¢ 0.41 2.4¢ 0.4 0.01 -2.31| -2.14
15 45k 52C 2366( 0.07 0.4¢ 3.7¢ 0.4 0.0¢ -2.27| -2.31
14 42.F 52C 2210( 0.07 0.5¢ 5.1¢ 0.4 0.1t -2.0z2| -2.2¢
13 39.t 52C 2054( 0.0¢ 0.6z 6.84 0.4 0.2z -1.5€| -1.97
12 36.5 52C 1898( 0.0¢ 0.67 8.6¢ 0.4 0.27 -0.91] -1.4¢
11 33.k 52C 1742( 0.0t 0.7 10.72 0.4 0.3 -0.0¢ | -0.8:
1C 30.5 52C 1586( 0.0t 0.7¢ 12.9( 0.4 0.3¢ 0.9C 0.01
9 27.5 52C 1430( 0.04 0.8z 15.2¢ 0.4 0.4z 2.0z 1.01
8 24.F 52C 1274( 0.04 0.8¢ 17.6¢ 0.4 0.4¢ 3.2¢ 2.1¢F
7 21.F 52C 1118( 0.0z 0.8¢ 20.2i 0.4 0.4¢ 4.6 3.4
6 18.t 52C 962( 0.0z 0.9z 22.9¢ 0.4 0.5z 6.1€| 4.82
5 15.t 52C 806( 0.0z 0.9¢ 25.7: 0.4 0.5t 7.7% 6.31
4 12.t 52C 650( 0.0z 0.97 28.51 0.4 0.57 9.37 7.8¢
3 9.t 52C 494( 0.0z 0.9¢ 31.4¢ 0.4 0.5¢ 11.0¢ 9.54
2 6.5 52C 338( 0.01 0.9¢ 34.4: 0.4 0.5¢ 12.87| 11.2¢
1 3.k 55C 192¢ 0.01 1.0C 37.41 0.4 0.6( 14.61| 13.0C
0 0 0 0 0.0C 1.0C 40.91 0.4 0.6C 16.71| 14.7¢
sum 1031( | 32564! 1.0C
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Table E.5Design displacement information of 20 sterwithout link beam andfe =40%

Height, | Mass,m | A, Api Ap He Me Ke Vpase

Level | Hi(m) | (tonne) | (m) | (m) | mA%i | mAg | mAgH: | (m) | (m) | (tonne) | (MN/m) | (MN)

20 60.5 40C| 0.6C| 1.01| 408.2| 404.1| 24446..| 0.672| 42.57 | 7323.3 13.7¢| 9.27
19 57.t 52C| 0.57| 0.9t| 472.7| 495.¢| 28506.:
18 54.t 52C| 0.52| 0.9C| 418.C| 466.2| 25409.t
17 51.t 52C| 0.4¢| 0.84| 366.1| 436.7| 22490.
16 48.% 52C| 0.4€| 0.7¢| 318.¢| 407.z| 19747.
15 45.F 52C| 0.4z | 0.7¢| 274.5| 377.€¢| 17182.t
14 42.F 52C| 0.3¢| 0.67| 233.C| 348.1| 14794,
13 39.t 52C| 0.3t| 0.61| 195.2| 318.¢| 12583.¢
12 36.t 52C| 0.31| 0.5€| 160.7| 289.(| 10550.:
11 33.t 52C| 0.27| 0.5(| 129.F| 259t 8693.¢
10 30.5 52C| 0.24| 0.44| 101.6| 230.( 7015.¢
9 27.5 52C| 0.2C| 0.3¢ 77.€ | 200.¢ 5522.¢
8 24 .5 52C| 0.17| 0.3 57.C| 172.2 4219..
7 21.F 52C| 0.1z| 0.2¢ 40.z | 144.F 3106.¢
6 18.F 52C| 0.1C| 0.2 26.6 | 118.( 2182.¢
5 15.5 52C| 0.07| 0.1¢ 16.€ 93.( 1441.¢
4 12.5 52C| 0.0t | 0.1 9.4 69.¢ 873.
3 9.t 52C | 0.0z| 0.0¢ 4.€ 48.¢ 464..
2 6.5 52C | 0.01| 0.0¢ 1.6 30.: 197.(
1 3.5 55C| 0.0C| 0.0z 0.4 15.£ 53.¢
0 0 0| 0.0C| 0.0C 0.C 0.C 0.C
sum 1031( 3313.2 | 4925.¢ | 209482..
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Table E.6Design displacement information of 20 sterwith link beam andfe =40%

Height, | Mass,m | Ay Api Ap He Me Ke V base

Level | Hi(m) | (tonne) | (m) (m) | maA%, MiAp; MiApiH; (m) (m) | (tonne) | (MN/m) | (MN)

2C 60.5 40C 0.5€| 1.1C| 480.4¢ 438.¢ 26522.¢| 0.74% | 42.97| 7161.2° 11.97 8.92
19 57.t 52C 0.52| 1.0¢| 558.1( 538.7 30976.(
18 54.t 52C 0.5C| 0.9¢| 495.3! 507.t 27659.!
17 51.t 52C 0.4€| 0.9z 436.3( 476.: 24530.:
16 48.5 52C 0.4z 0.8¢| 381.0: 445.] 21588.(
15 45.F 52C 0.4C| 0.8(| 329.4° 413.¢ 18833.:
14 42.F 52C 0.3¢| 0.7¢| 281.6' 382.7 16265..
13 39.t 52C 0.3z | 0.6¢| 237.6. 351.f 13884.¢
12 36.5 52C 0.2¢| 0.6z | 197.3: 320.: 11691.
11 33.t 52C 0.2€ | 0.5€| 160.7¢ 289.] 9685.!
10 30.t 52C 0.2z 0.5(| 127.9. 257.¢ 7866.¢
9 27.5 52C 0.1¢| 0.4« 98.8¢ 226.7 6234.¢
8 24.5 52C 0.1€| 0.3¢ 73.5] 195.F 4790.:
7 21.t 52C 0.1z | 0.3Z 51.97 164.: 3532.°
6 18.5 52C 0.0¢| 0.2¢ 34.0¢ 133.] 2462.¢
5 15.5 52C 0.0€ | 0.2C 19.97 101.¢ 1579."
4 12.5 52C 0.0z | 0.1 9.62 70.7 883.¢
3 9.E 52C -0.01| 0.0¢ 3.0C 39.t 375.¢
2 6.5 52C -0.0¢| 0.0z 0.1: 8.2 54.C
1 3.E 55C -0.07| 0.01 1.07 24.2 84.7
0 0 0 0.00( 0 0 0
sum 10310 3,978.1| 5,337.4 | 229,331.1
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Table E.7Preliminary calculations of 20 storey to determithe — for pr =60%

Mw,i Mw,i

wall wall

(without | (with

Height, | Mass,m Fi Vi Motwmi Vi Vi link link
Level | H;(m) | (tonne) | mH; | (relative) | (relative) | (relative) | frame | wall beam) | beam)
2C 60.5 40C 2420( 0.07 0.07 0.0C 0.€ -0.5: 0.0C 0.0C
19 57. 52C 2990( 0.0¢ 0.17 0.2z 0.€ -0.4: -1.5¢ -0.1¢
18 54t 52C 2834( 0.0¢ 0.2t 0.7z 0.€ -0.3¢ -2.8¢ -1.7C
17 51.t 52C 2678( 0.0¢ 0.3¢ 1.4¢ 0.€ -0.2¢€ -3.92 -2.9¢
16 48.% 52C 2522( 0.0¢ 0.41 2.4¢ 0.€ -0.1¢ -4.71 -4.0C
15 45t 52C 2366( 0.07 0.4¢ 3.7¢ 0.€ -0.11 -5.27 4.7
14 425 52C 2210( 0.07 0.5t 5.1¢ 0.€ -0.0¢ -5.62 -5.31
13 39. 52C 2054( 0.0¢ 0.62 6.84 0.€ 0.0z -5.7¢€ -5.6:
12 36.5 52C 1898( 0.0¢ 0.67 8.6¢ 0.€ 0.07 -5.71 -5.7¢
11 33.k 52C 1742( 0.0t 0.7:< 10.72 0.€ 0.1z -5.4¢ -5.6¢
1C 30.5 52C 1586( 0.0t 0.7¢ 12.9( 0.€ 0.1¢ -5.1C -5.4¢
9 27.5 52C 1430( 0.04 0.8z 15.2: 0.€ 0.2z -4.57 -5.0¢
8 24.F 52C 1274( 0.04 0.8¢ 17.6¢ 0.€ 0.2¢ -3.91 -4.5(C
7 21t 52C 1118( 0.0z 0.8¢ 20.2i 0.€ 0.2¢ -3.1: -3.8:
6 18.5 52C 962( 0.0z 0.9z 22.9¢ 0.€ 0.3z -2.24 -3.04
5 15.F 52C 806( 0.0z 0.9t 25.7¢ 0.€ 0.3t -1.27 -2.1F
4 12.5 52C 650( 0.0z 0.97 28.5i 0.€ 0.37 -0.2: -1.17
3 9.t 52C 494( 0.0z 0.9¢ 31.4¢ 0.€ 0.3¢ 0.8¢ -0.12
2 6.5 52C 338( 0.01 0.9¢ 34.4: 0.€ 0.3¢ 2.05 0.9¢
1 3.k 55C 192¢ 0.01 1.0C 37.4] 0.€ 0.4C 3.21 2.1t
0 0 0 0 0.0C 1.0C 40.91] 0.€ 0.4C 4.61 3.3¢

sum 1031( | 32564! 1.0C
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Table E.8Design displacement information of 20 steryithout link beam andfe =60%

Height, | Mass,m Ayi Ap; Ap He Me Ke Vpase

Level | H;(m) | (tonne) | (m) (m) miA% | MiAp | MAgH; | (m) | (m) | (tonne) | (MN/m) | (MN)

2C 60.5 40C | 0.2C 1.1 | 514.¢| 453.7| 27447.¢| 0.767 | 41.0¢ | 7895.3¢ 11.5:| 8.84
19 57.t 52C| 0.1¢ 1.0¢ | 603.¢| 560.:| 32214.¢
18 54.t 52C| 0.1¢ 1.02| 541.7| 530.7| 28924,
17 51.t 52C| 0.17 0.9¢| 483.1| 501.z| 25811.
16 48.k 52C| 0.1¢€ 0.91| 427.¢| 471.7| 22875.¢
15 45k 52C| 0.1f 0.8¢| 375.¢| 442.1| 20117.
14 42.F 52C| 0.1£ 0.7¢| 327.¢| 412.¢| 17535.¢
13 39.t 52C| 0.1: 0.7£| 282.z| 383.1| 15131.t
12 36.5 52C| 0.1z 0.6¢ | 240.¢| 353.E| 12904.!
11 33.k 52C| 0.11 0.6z | 201.¢| 324.C| 10854.¢
10 30.5 52C| 0.1C 0.57| 166.6| 294.t 8981.¢
9 27.5 52C| 0.0¢ 0.51| 135.C| 265.( 7286.:
8 24.F 52C| 0.07 0.4t | 106.€| 235. 5768.(
7 21.F 52C| 0.0¢ 0.4C 81.E| 205.¢ 4426.¢
6 18.F 52C| 0.0¢ 0.3¢ 59.6| 176.4 3262.¢
5 15.5 52C| 0.0/ 0.2¢ 41.5| 146.¢ 2276.(
4 12.5 52C| 0.0 0.2: 26.5| 117.: 1466.:
3 9.t 52C| 0.0z 0.17 14.¢ 87.¢ 833.¢
2 6.5 52C| 0.01 0.11 6.€ 58.4 379.¢
1 3.5 55C| 0.0C 0.0¢ 1.¢ 31.¢ 111.7
0 0 0| 0.0C 0.0C 0.C 0.C 0.C
sum 1031( 4639.F | 6052.7 | 248612..
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Table E.9Design dis

placement information of 20 sterwith link beam andpr =60%

Height, | Mass,m | Ay Api Ap He Me Ke V base

Level | Hi(m) | (tonne) | (m) | (m) | mA% | mAg | mApHi | (m) | (m) | (tonne) | (MN/m) | (MN)

20 60.5 40C| 0.1¢| 1.2C| 575.7| 479.¢| 29032.¢| 0.8171| 41.07 | 7899.3¢ 10.55| 8.5¢€
19 57.t 52C| 0.1&| 1.14| 675.4| 592.¢| 34077.(
18 54.F 52C| 0.17| 1.0¢| 606.2| 561.2| 30598.
17 51t 52C| 0.1€| 1.0z | 540.i| 530.z| 27307.
16 48.5 52C| 0.15| 0.9€| 478.¢| 499.(| 24203.t
15 45.F 52C| 0.14] 0.9C| 420.¢| 467.6| 21286.¢
14 42.F 52C| 0.12| 0.8/| 366.1| 436.¢| 18557.c
13 39. 52C| 0.1z | 0.7¢| 316.1| 405.2| 16015.(
12 36.5 52C| 0.11] 0.7z | 269.:| 374.2| 13659.¢
11 33.t 52C| 0.1C| 0.6€| 226.:| 343.C| 11492.(
10 30.5 52C| 0.0¢| 0.6C| 187.(| 311.¢ 9511.:
9 27.5 52C| 0.0¢| 0.5¢| 151.F| 280.¢ 7717
8 24.F 52C| 0.07| 0.4&| 119.7| 249. 6111.
7 21.t 52C| 0.0¢| 0.4z 91.€| 218.C 4692.:
6 18.t 52C| 0.0t | 0.3¢ 67.2| 187.( 3460.:
5 15.5 52C| 0.0¢] 0.3C 46.7| 155.¢ 2415.¢
4 12.5 52C| 0.0:| 0.2¢ 29.¢| 124.¢ 1558.!
3 9.E 52C| 0.0z | 0.1t 16.¢ 93.4 887.7
2 6.5 52C| 0.01| 0.1z 7.5 62.2 404.¢
1 3.E 55C| 0.0C| 0.0¢ 2.C 32.¢ 114.¢
0 0 0 0.0C 0.C 0.C 0.C
sum 10310 5196.1| 6406.7| 263104.8
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Appendix - F

Force Based Method Calculation

G+4 G+8 G+12 G+1€ G+2C
H; m; Fi m; F; m; Fi m; F; m; F;
Storey (m) (tonne) | (KN) | (tonne)| (KN) | (tonne)| (KN (tonne) | (KN (tonne) | (KN

1 3.E 35E | 318.5¢ 40C | 153.6¢ 44C | 95.2¢ 48( 71.4F 55C 55.2¢
2 6.5 352 | 586.6( 38E | 274.6¢ 42C | 168.8¢ 46C | 127.1¢ 52C 97.0¢
3 9.E 352 | 857.3¢ 38E | 401.4¢ 42C | 246.7" 46C | 154.8¢ 52C 141.8¢
4 12.5 27C | 865.2¢ 38E | 528.2. 42C | 324.7( 46C | 2445t 52C 224.0¢
5 15.5 38E | 654.9¢ 42C | 402.6. 46C | 303.2¢ 52C 277.8:
6 18.t 38t | 781.7: 42C | 480.5¢ 46C | 361.9: 52C 276.3:
7 21.t 38E | 908.5¢ 42C | 579.1¢ 46C | 420.6: 52C 321.1.
8 24.5 32C | 860.5: 42C | 659.9¢ 46C | 559.2( 52C 439.1:
9 27.5 42C | 740.7¢ 46C | 627.6) 52C 496.9¢
10 30.5 42C | 821.6( 46C | 696.1¢ 52C 546.6¢
11 33.t 42C | 902.4. 46C | 764.6: 52C 600.4:
12 36.5 38( | 889.5¢ 46C | 833.0¢ 52C 659.6¢
13 39.t 46C | 901.5¢ 52C 713.8t¢
14 42.F 46C | 970.0: 52C 768.0¢
15 45.F 46(C | 1038.5: 52C 815.5(
16 48.5 35C | 842.2; 52C| 1014.1:
17 51.t 52C| 1076.8
18 54.t 52C | 1139.6(
19 57.t 52C | 1202.3:
2C 60.5 40C 973.1:

m (Sum) 132¢ 303( 502( 727( 1031(

Fy (MN) 2.52 4.59 5.59 8.53 11.32

F: (MN) 0.97 1.77 2.276 3.29 4.36

100




