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ABSTRACT

~ The interstorey drift limitations in earthquake codes of various countries around the
world, have been reviewed. It is emphasized that, the aseismic safety of a reinforced
concrete building as well as its susceptibility to nonstructural damages are primarily in-
dexed to its ability of restricting the relative storey displacements, in addition to its ade-
quate strength, ductility, and toughness.

A moment resisting frame building satisfying all requirements of strength and ductili-
ty may still be vulnerable to severe nonstructural damages, if the interstorey drifts are not
restricted properly by means of shear walls.

" The use of shear walls in buildings of any height is a very effective method of re-
stricting the interstorey drifts thereby providing safety against excessive damages to non-
structural elements. A damage control index is introduced to be conscientiously deter-
mined and checked during the design calculations for the purpose of controlling damages
to nonstructural elements.

Three real example buildings have been discussed to illustrate the use and impor-
tance of the damage control index values.

OZET

Cesitli ilkelerin deprem yonetmeliklerindeki relatif kat 6telenmesi oranlarina ait si-
nirlamalar gézden gegirilmigtir. Betonarme binalarda deprem glvencesi ve ézellikle ikin:
ci derece elemanlarin hasar gorme ihtimali, mukavemet, diklilite ve enerji yutabilme gibi
yeteneklerin yani Sira, relatif kat Stelenmelerindeki sinirlama ile ok yakindan iligkilidir.

Mukavemet ve dilktilitesi gok yiksek bir betonarme gergeve sistemde, eger relatif
kat Stelenmeleri perdelerle yeterince sinirlandiriimamigsa, depremde ikinci derece ele-
manlar gok agir hasar gorebilir.

Deprem perdelerinin kullaniimasi, relatif kat Stelenmelerini sinirlayan dolayisi ile,
tastyict olmayan yapt elemanlarina gelebilecek agir hasari énleyen en etkili bir metoddur.
Bu galismada, yapisal olmayan hasarlari kontrol altinda tutabilecek ve tasarim sirasinda
bilingli bir sekilde hesaplanacak olan bir hasar kontrol endeksi tarif edilmigtir.

Hasar kontrol endeksinin etkinligini ve kullaniima teknigini agiklamak lzere, deprem
tecriibesi gegirmis Ug ayri betonarme bina drnek olarak incelenmisgtir.
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1. INTRODUCTION

1.1 Design Philosophy

Unless a building is equipped with a passive and/or active control system, the uni-
versal philosophy of ascismic design is based on assuring that the building will not fail
or collapse structurally during the most severe earthquake likely to occur within the cco-
nomic life span of the structure.

This universal philosophy however, inadvertently allows for major nonstructural
damages. Sometimes the buildings have to be demolished after the carthquake, on account
of the excessive damages to nonstructural elements.

Although, the lateral load carrying system itself is not cxpcucd to collapsc as a whole,
the structural clements, especially the beam-column joints are permitted (o undergo minor
damages to the extent of developing plastic hinges. But, what happens (o the nonstructural
elements, such as infill walls, false ceilings, partition walls, plasters, finishing materials,
facade elements, clevators, etc. is not much of a concern of the designer.

1.2 Damage Control in Shear Buildings

There are no specific restrictions or govering constraints in the carthquake code
provisions ensuring that the damages to nonstructural clements will not be extensive. It
is only by cxpericnce gained from the past carthquakes that engineers have significant
confidence in shcar walls to avoid cxcessive damages to nonstructural clements. Vari-
ous publications exist strongly advocating the use of shear walls and/or box systems for
the purposc of controlling the secondary damages [1]. 2], (3], [4]. In fact, based on his
conscientious observations on a multitude of reinforced concrete buildings in the past
carthquakes, Fintel [3] concludes one of his articles by saying that;

"..Safety against collapse has been the major preoccupation of ecarthquake
engineering. In addition to safety, damage control should be our major goal.
Judging from the behaviour of multistorey concrete buildings in earthguakes,

it seems that 10 achieve damage control the ductile shear wall may be the most

logical solution.

Actually, from observations in earthquakes, it seems that we can no longer
afford to build our multistorey buildings without shear walls."

1.3 Interstorey Drift Limitations

It is truc that there are some limiting requirements for the interstorey deflections of
buildings in the carthquake regulations of almost all countries in the world. But, these re-
quircments are not sufficient to control the cxtent of damages to nonstructural clements,
neither these limitations are intended to divert the structural system from moment resist-
ing frames to shear walls.

A moment resisting reinforced concrete frame structure may very well satisty all
strength and ductility requirements as well as the interstorey drift limitations, but the ¢x-
tent of sccondary damages during a strong carthquake may be so high that the structure
may have to be demolished on account of the high costs of repair and rehabilitation.

If however, the same building is designed to carry the lateral loads largely by means
of a shear wall system, the structural and nonstructural damages may be so minor that
the building may be readily put into service immediately after the earthquake.
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1.4 Managua, Nicaragua Earthquake

The Bank of America, an 18-storey reinforced concrete building, consisting a rigid
core of shecar walls, was put into service, immediately after the December 23, 1972 Ma-
nagua, Nicaragua carthquake (M = 6.5). There werc no structural or nonstructural dam-
ages, except the cracking of a few coupling beams between the clevator shafts and spall-
ing of thc marble covers at a few places. This shear building was designed for a base shear
of about 7 percent gravity.

Contrary to such a good performance, the 15-storcy Banco Central de Nicaragua build-
ing. consisting of ductile moment resisting space frames was located diagonally across
the corner of the same street and the top 12-storeys had to be demolished, because the
nonstructural damages werc too extensive (7], {3]. The frame building was designed for
a base shear cocfficient of 10 percent gravity.

1.5 Erzincan Earthquake

Similarly, thc Yayla Apartment Block, a 5-storcy high residential building composed
of moment resisting frames suffered minor structural, but major nonstructural damages
during the March 13, 1992 Erzincan, Turkey carthquake. The building was originally de-
signed to meet fully the strength and interstorey drift requirements of the current Turkish
Earthquake Code (1975 TDY) {5]. In order to strengthen this particular building, along with
350 other apartment blocks, in addition to repairing the plastic hinges at beam-column
connections of the first floor, new shear walls have been added in (wo principal dircctions.
The details of this strengthening are presented in a paper by Ulker, et, al [6].

Based on various analytical investigations about the influence of lateral storey dis-
placements on the extent of damages on rcal examplce buildings, some specific recommen-
dations have been made in this paper, concerning the upper limits of interstorey drifts.

2. EARTHQUAKE CODE REQUIREMENTS FOR DEFLECTIONS

2.1 Base Shear Coefficient

The total lateral roof displacement. as well as the relative storey displacements of
reinforced concrete buildings are restricted in the earthquake codes normally not to exceed
certain upper limits. The limiting interstorey drift values recommended by the carthquake
codes of various countries around the world /7] arc summariscd in Table 1.

For the purpose of comparing the recommended level of lateral loads, the base shear
cocfficicnt, C. in percent of gravity, is also included in this table, for a typical reinforced
concrele building. The C-values correspond to the highest carthquake hazard zone, hard
soil, rigid low-rise building with 7' < 0.2 scconds and ductile moment resisting frame
conditions.

2.2 Storey Drift Limitations

The storey drift, is defined as the diflerence of maximum elastic lateral displacements
of any two adjacent floors. divided by the respective storey height. If there are any tor-
sional action in the building, the influence of torsion should be taken into account in cal-
culating the largest lateral deflections.
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TABLE 1. — DEFLECTION RESTRICTIONS IN EARTHQUAKE CODES

Base $ )

Shear s . === R Damage

Country | Year Coef. "t h Ser=R.3: [ d\} < | ‘Index -
< i m ! i =3

g| ¢ Ixjg”r; iotea [ M [ DS T =g 10
|Cuba 1964|171 0.040] 0.0020 | 0.0040 | - i - | -] - - 500
El Salvador 19661714 0.0721 0.0020 | 0.0040 - - - - - 278
Chile 197241714 0.080] 0.0020 ;00040 | - | - | - | - - 250
Turkey 1975} 171} 0.0801 0.0025 - N R - 313
Israel 1975171 | 0.200 - - - - -}t -]o001H -
Australia 1979] 171} 0.034}0.0050/R| - |15 {13 110 - - 986
Japan 1981} 171 10.200} 0.0050 | 00083 | - | - | - | - - 250
Colombia 1981{(m}o.178}0.0150R| - 1265 150} - - 76
Yugoslavia | 1982§171]0.100] 0.0029 - - - -1 -1oo017H| 290
Peru 1982] 71| 0.067]0.0100/R| 0.0150/R{ 4.5 [ 3.8 |23 | - - 333
Venezuela 1982} 1711 0.089} 0.0180/R| 0.0240/R} 6.0 | 5.0 [4.0 | - - 337
Indonesia 19834171 0.090}0.0050/R| - |10 1.0 |08 |2 - 556
Ethiopia 19834171} 0.075§0.0050/R| - 13.0 3.0 |3.0] - - 222
[New Zealand { 1984} (71} 0.096]0.0060/R| 0.0100/R{3.1 |2.5 [2.5 | - - 200
India 1984] (71} 0.080] 0.0040 - - - -] - 500
UBC H<20m 1988)(7)}0.092]0.0400/R| - }12.012.0(8.0 | - - 362
0.092 0.0050 - |12.0]120180§ - - 543
UBC H>20m] 1988§(71 | 0.092§0.0300/R| - - - -] - 271
0.092} 0.0040 - |12.0112.0(80§ - - 435
Iran 1988171} 0.140} 0.0050 - - -] - 357
Egypt 1988117 §0.054]0.0050/RI - }3.0 3.0 13.0}2 - 311
EUROCODE | 1988 - ] 0.0020 | 0.0060 §1.0 11.0 |10} - - -
- |ATC/NEHRP| 19910(9)10.180}0.0150/R| - |55 165 (50} - - 151
Rorania 1992 |(10}§ 0.160] 0.0035/R| 0.0070/Rj 5.0 [4.0 [4.0 | - A
Turkey 19951114 0.1250.0200/R| - 8.0 |7.0 |60 { - - 200
0.125} 0.0035 - . - 280

M = Moment Resisting Frame ; D = Dual System ;S = Shcar Wall System
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In terms of clastic deflections, the storey drift, s, is given by

5 = 68,/h 1)
‘Se = dy —dy (2)

in which, d,, = maximum elastic deflection of the n” th floor, &, = the ditference of the
elastic deflections between the two ncighbouring floors, A = storey height.

Based on the type of conncction of the nonstructural clements, such as infill walls,
partition walls, etc. to the main structural system, the storey drift, s,, . has two different
upper limitations as follows:

a) Integral Connections

A relatively lower limit of storey drift is defined for the case when the
nonstructural clements arc integrally attached to the structure, in which the
nonstructural clements arc susceptible to scvere damages on account of the
deformations of the structurc. For this type of connection, the storey drift
limitation, s,, . varics between 0.002 and 0.005.

b) Isolated Connections

When the nonstructural clements arc isolated {rom and not integrally connected
to the main structure, however, they are not affected by the lateral vibrations of the
building, and as such arc not susceptible to severe damages. Then relatively higher
values of storey drift limitations, s,, . arc used to vary between 0.004 and 0.008.

2.3 Elasto-Plastic Deflections

In some carthquake codes, very high values of storey drift limitations are specificd
corresponding to the clasto-plastic action of the structure. For the purpose of uniformity
and normalisation in comparison, these clasto-plastic storey drift limitations have been
divided by the respective structural factor, R. which represents in a way, the ratio of the
clasto-plastic deflections to the clastic deflections.

Therefore, the upper limits of storey drift, s, . separately listed in Table 1, {or a) the
integrally connected, and b) the isolated cascs. are to be tested only against the clastic
deflections. The structural factor, R, is also listed in T'able 1 for a) ductile moment resist-
ing frames (M), b) dual system of frames and shcar walls (D), in which the frame alone
is capable of resisting 25 percent of the lateral shears, and ¢) shear wall systems (S).

2.4 Maximum Interstorey Deflection

In the carthquake codes of Indonesia and Egypt, the upper limit of the maximum
relative clasto-plastic deflection. &, . between any two adjacent floors, is restricted 1o
be Iess than 2 centimeters. That is,

Opp = R, < 0.02m 3
in which, §, = the ditfcrence of clastic displacements between any two adjacent fToors. The
structural cocfticient, R, is given as R = | in Indoncesia, but R = 3 in Egypt. In numerical
calculations of the example structures in this paper R = 5 has been proposed. which means

8, < 0.0040 m @

298



2.5 Maximum Roof Deflection

The maximum elastic deflection at the top of a building is restricted not to exceed
a certain percentage of the building height as follows:

dy < 0.0010 H Israel, 1975 [71
dy < 0.0017 H Yugoslavia, 1982 [7]
dy < 0.0007 H M. Fintel, 1973 [1]

in which, dy = the top floor elastic deflection of a building, N = total number of storeys,
H = total height of the building. :

It is seen that the limitation on the roof deflection is specified only in the carthquake
codes of Israel and former Yugoslavia. Based on his conscientious observations, in the
past earthquakes of the Central America, Finte! [1] recommended rather a very low lim-
it for the maximum roof deflection. As will be illustrated in the three cxample buildings.
the writer is in full agreement with Fintel's recommendation. Unfortunately, this impor-
tant deflection control index is not yet included in the carthquake provisions of the ma-
Jority of countries around the world. i

3. DAMAGE CONTROL INDEX

The storey drift limitation, s,, , specified almost in all earthquake codes, appears to
be the only parameter intended to control directly the degree of damages to occur (o
nonstructural ¢lements. In practice howcever, this parameter seldom becomes a govern-
ing criterium in affecting the design.

Further, the storey drift limit, s,, , is introduced for testing only against the elastic
deflections. If the elastic design loads are relatively small, then the storey drifits of the
building are calculated also to be relatively small. Therefore, it would be logically advis-
able to divide the upper limits of the storey drift, s, . by the level of the clastic design loads,
SO as (o obtain a normalisation among the carthquake regulations of various countries.

For this purposc. the maximum storey drift values, s, , for cach country have been
divided by the respective maximum base shear coefficient, C,, , calculated as described
in Paragraph 2.1 above, and the resulting parameter,

iln = 10.‘ (Sm /CIII) (5)

is defined as the damage control index, and listed in the last column of Table 1. It is not
a surprise that, similar to storey drift limitations, the damage control index, iy, . also var-
ies within a very wide range. The lowest valug is 7, = 44 in Romania, and the highest
value is 7, = 986 in Australia. as illustrated in Fig. 1.

The damage control index values in most countries, however, range within a relative-
ly narrower band between 200 and 500. It is scen that, the carthquake codes around the
world are not in an easy agreement with cach other in respect o the storey drift or dam-
age control index limitations, despite the fact that the clastic deflections are normalised.

In the current Turkish Earthquake Codc /5], the storey drift is limited (0 s, = 0.0025
and the resulting damage control index is

im = 10" s, /C, = 10* (0.0025) / 0.08 = 312 (6)

In the proposcd draft code [77] however, the storey drift limitation, for a moment resist-
ing frame (R = 8), is 5, = 0.02/R = 0.0025 and the damage control index is
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im = 10* s, /C,, = 10'(0.0025) /0.125 = 200 7

Based on the numerical computations on various real cxample buildings, an effec-
tive range of damage control index, i, , is reccommended for usc in practical design, in
subsequent parts of this paper.

4. BURDUR HIGH SCHOOL BUILDING

4.1 Earthquake Damages

The high school building shown in Fig. 2, was under construction at the time of the
May 12, 1971 Burdur earthquake (M = 6.2). Duc to heavy structural damages, which
occured at the basement and ground floor, this four storey frame building had to be de-
molished after the carthquake [/2].

The floor plan is given in Fig. 3. The high school was onc of the typical schools
constructed elsewhere in Turkey and was designed and constructed under the strict su-
pervision of the Ministry of Public Works. The typical structural system has been drasti-
cally revised, and extensive shear walls have been added in both directions, after this
particular building was damaged during the Burdur carthquake.

4.2 Addition of Shear Walls

The lateral deflections, storey drifts a well as the damage control index valucs of
the building frame along the axis No. 15, before and after the addition of shear walls arc
all listed in Table 2. The base shear cocfficient is assumed to be C = 0.06, as recommer: 1-
ed by the Turkish Earthquake Code, valid at that time. The influence of infill walls arc
neglected in calculating the lateral rigiditics. The modulus of elasticity of the concrete is
assumed as E = 21 000 MPa.

The floor arca ratios of the columns were 1.6 percent and 1.2 percent in the base-
ment and ground floors, respectively. The arcas of shear walls added (o the structure
have been 1.2 percent and 1.6 percent in the X, and Y-directions, respectively.

5. YAYLA APARTMENT BLOCK IN ERZINCAN

5.1 Earthquake Damages

It is reported that about 3 290 residential units have been moderately damaged dur-
ing the March 13, 1992 Erzincan carthquake //3]. The Ministry of Public Works, in
collaboration with the Technical University of Istanbul. repaired and strengthened about
2 000 such residential units, through some disaster contingency funds and long term
credit arrangements to the owners [6).

The Yayla Apartment Block, shown in Fig. 4, was one of the several hundred other
buildings, which expericnced mild structural damages [74/. The building is five storey
high and consists of moment resisting frames in both transversal and longitudional di-
rections as outlined in the typical floor plan shown in Fig. 5. No shear walls are includ-
cd in the system.
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Damaged columns

FIGURE 3. — FLOOR PLAN - HIGH SCHOOL BUILDING
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5.2 Strengthening by Shear Walls

Immediately after the earthquake, the structural damages have been fully repaired.
The cracks have been filled in with pressurised epoxy injections. The beam-column con- .
nections have been repaired first by using a special repair mortar, then galvanised steel
laminates have been wrapped around the joints. In order to strengthen the building against
future earthquakes however, shear walls have been added in both directions from the foun-
dation level to the roof. The basc shear coefficient was C = 0.08 for the frame structure,
and C = 0.15 for the frame and shear wall structure [15]. However, for the purpose of
umformlty in comparisons, the lateral deflections, storey drifts and the damage control
index valucs have been calculated for both frame and shear building conditions, assum-
ing C = 0.08, and the results have been summarised in Table 3.

It is scen that the deflections are reduced significantly when the building is strength-
encd by means of shear walls. The deflections in the transversal direction ( Y-axis ) arc rela-
tively larger than the deflections in the longitudinal direction (X-axis). Therefore, the re-
sults pertaining only the Y-direction are listed. The maximum values of deflections have
been indicated in bold characters in Table 3. The ratio of cross-sectional areas of columns
at ground floor level, to the total area of floor plan was (4.93/200) = 2.46 percent. The floor
arca ratios of shear walls have been 0.7 percent and 0.8 percent in the X and Y-directions,
respectively. The modulus of elasticity is assumed to be £ =32 500 MPa.

6. A 20-STOREY BUILDING EXAMPLE

6.1 Structural Data

In order to simulate the performances of the Banco de Central Nicaragua and the
Banco de America buildings. during the December 23, 1972 Managua earthquake, a 20-
storey building example has been selected. Keeping the floor area to be the same as A = 400
square meters, two different structural systems have been envisaged, a) frdmc bu11dm0
and b) shear building as shown in Fig. 6 and Fig. 7, respectively.

A typical moment resisting plane frame and also one half of the shear bunlduw cle-.
vations arc illustrated in Fig. 8. The weights of each floor arc given in Table 4.

The floor arca ratios of columns in frame building are 3.2 percent and 2.5 percent-
in the basement and first floors, respectively. In shear building however, the shear wall
ratio is 5.6 percent in ground floor and it gradually reduces to 4.1 percent in the upper
floors.

6.2 Storey Drift Calculations

Assuming the building is located in the highest earthquake hazard zone, and follow-
ing the methodology as contained in the new draft Earthquake Code of Turkey /7/], the
lateral deflections as well as the storey drifts have been calculated and listed in Table 5.
The same values are also diagramatically illustrated in Fig. 9 and Fig. 10.

In frame building, only onc typical intcrior frame is analysed. In shear building how-
ever, onc half of the building-is analysed as a planc frame, duc to symmetry. The periph-
cral columns have been considered also as a plane frame and attached to the shear walls
by hinges at floor levels.
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7. COMPARATIVE EVALUATIONS

7.1 Upper Limits of Deflections

There arc basically threc types of restrictions in the carlhqua]\e code regulations,
involving lateral clastic deflections, as follows:

a) Maximum Deflection at Top Floor ?

There is no provision in the current Turkish Earthquake Code /5] about the
top floor deflection. The most stringent.requirement however, exists in the
Israel Code 10 be d,, < 0.0010 H. In order to encourage the use of shear walls,
the maximum deflection, d,, , at top floors is recommended not o exceed

< 0.0007 H (8)

b) Maximum Interstorey Deflections ?

The difference of maximum clasto-plastic deflcctions between any two
neighbouring floors is limited to 2 centimeters only in the carthquake codes

of Indonesia and Egypt. No such provision exists in other codes. The structural
factor is giveri as R = 3. But, Tor reasons of damage control R =5 is
recommended for the calculation of clasto-plastic deflections as

Op = RO, < 0.02m 9)
8 < 0.004m (10)

¢) Maximum Storey Drift ?

In the current Earthquake Code of Turkey /5], the maximum storcy drift at

any floor, calculated on the basis of clastic deflections, is not allowed to
exceed s < 0.0025. In the proposcd new code [11], this upper limit is revised

to be smaller of s,, = 0.0035 and s,,, = 0.02/R. For reasons of effective damage
control, however, it is rccommended that the upper limit of the storey drift is 1o
be taken as

s <5, = 00014 (11)

7.2 Effective Damage Control

Maximum storey drift limitation, s,, , is very much dependent on the level of base
shear coeflicient and the magnitude of elastic lateral loads. If however, the maximum
storey drift limitation, s, , is divided by thc maximum effective base shear cocfficient,
C,n » the recommendation of various carthquake codes may be normalised as alieady dis-
cussed above in Paragraph 3. The damage control index is calculated t0 be ipqy = 250
in the current Turkish Earthquake Code, and it is iy, =200 in its draft new version.

None of the carthquake codes, except those of Colombia and Romania, provide suffi-
ciently stringent requirements for damage control. For the purpose of encouraging the
use of shear walls in practicc, and also disqualifying the moment resisting frames in most
cases, the effective value of the damage control index is recommended, in this presenta-
tion, not to exceed iy, = 120. That is,

i =10° 5/ Cpy < (ipgr = 120) (12)
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7.3 Correlation of the Example Buildings

The lateral clastic deflections of the above mentioned example buildings, with frame
and shear type structures, have been correlated against the upper limits of the recommend-
cd requirements. The results of this correlation, are summarised in Tables 6,7, 8 and 9.

It is seen that in most cases, the moment resisting frame building is disqualified be-
cause the recommended upper limits of deflections, storey drifts and/or damage control
index are exceeded. In shear wall buildings however, all of the deflection requirements
are properly satisfied.

8. COST-BENEFIT CONSIDERATIONS

It is vividly demonstrated in the three example buildings discussed above that the
lateral deflections are reduced significantly ¥ the structural system is composed of shear
walls. The use of shear walls however, may increase the amount of concrete consump-
tion per unit floor area. The shear wall floor area percentages in the typical first floors
of the threc example buildings are as follows: -

Shear
Building Columns | Walls Total
: % % %
High School 1.20 16 280
Yayla Apt. 246 038 3.26
20-Storey Building 2.50 56 8.10

Supposing the shear wall areas in a particular floor is about 3 percent more than the
corresponding column areas of a frame system, the additional cost due to increase in the vol-
ume of vertical elements is on the order of about 1 percent of the total cost of the building.

Some basic advantages of shcar walls may be summarised as follows:

a) Shear walls substantially increasc the lateral stiffness of
buildings and thereby reduce the deflections,
b) Shear walls effectively support the gravity loads,
¢) Shear walls act as partition walls at the same time,
d) Shear walls mect the twin requirements of safety and damage
control, and thus prevent excessive damages to nonstructural elements,
e) Shear walls reduce the need for ductile moment resisting frames,
f) Buildings with shear wall structural systems may be put into service
immediately after a severc earthquake,

9. CONCLUSIONS
Based on the observations of damages occured 1o the example buildings in the past

earthquakes, and also considering the methods of rchablhtanon applied thereon, various
concluding remarks may be stated as follows:
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a)

b)

)

d)

e)

Ductile moment resisting frames, although satisfying the necessary
requirements of strength and ductility, may not escape experiecncing major
nonstructural damages. Collapsc may be prevented but the cost of repair
and rehabilitation after the earthquake may be prohibitive to the extent of
demolishing and total reconstruction. Therefore, the use of ductile shear
walls, almost in all reinforced concrete buildings, will help to reduce the
nonstructural damages.

Paradoxical to the above comment, there are no specific requirements or
provisions in the earthquake codes discouraging or discarding the usc of
moment resisting frames in favour of shear wall systems. On the contrary,
the shear wall systems are penalised with respect to their base shear
coefficients. By making special arrangements however, in the limiting

-values of the lateral deflections and the storey drifts, the use of shear walls

may be cncouraged and preferrcd.

Nonc of the lateral deflection restrictions of the current earthquake codes would
provide a clear prediction for the excessive nonstructural damage patterns of
the three real cxample buildings treated in this paper. In order to overcome this
loop hole, some new and stringent requirements have been recommended for
the upper values of the lateral deflections.

The top floor clastic deflection is recommended not to cxceed 0.0007 times
the building height, the relative interstorey clastic deflections should not
possibly exceed 0.0040 meters, and the upper value of the storey drift should
be limited preferably to 0.0014.

In addition to the above recommendations, a damage control index is
introduced for the intention of controlling the extent of damages to
nonstructural clements.
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TABLE 2. — DEFLECTIONS OF THE BURDUR HIGH SCHOOL (C,, = 0.06)

a) Frame Building

Floor | h w F d S sz8/h| i=10"s/Cy
- m ton ton m m - ' -
4 3 43 4.54 0.0153 0.0024 0.0008 133
3 3 50 333 0.0129 0.0033 0.0011 183
2 3 50 248 0.0096 0.0043 0.0015 250
1 4 51 1.27 0.0053 0.0053 0.0013 217

b) Shear Building

4 3 43 4.54 0.0085 0.0024 0.0008 132
3 3 50 333 0.0061 0.0024 0.0008 133
2 3 50 2.48 0.0037 0.0018 0.0006 100
1 4 51 127 0.0019 0.0019 0.0005 83

TABLE 3. — DEFLECTIONS OF THE YAYLA APARTMENT BLOCK (C,, = 0.08)

a) Frame Building in Y-direction
Floor | h w F d R s=8/h| i=10's/C,

- m ton ton m m - -
5 28 200 27.8 0.0098 0.0011 0.00040 50
4 2.8 240 26.5 0.0087 0.0019 0.00066 83
3 2.8 240 19.7 0.0068 0.0024 0.00087 109
3 2.8 240 128 0.0044 0.0027 0.00094 118
3 24 240 6.0 0.0017 0.0017 0.00071 88

b) Shear Building in Y-direction
5 2.8 | 200 27.8 0.0073 0.0012 0.00045 56
4 2.8 | 240 26.5 0.0061 0.0016 0.00059 74
3 2.8 240 19.7 0.0044 - 0.0017 0.00062 - 90
3 2.8 240 12.8 0.0027 0.0016 000056 | . 70
3 24 240 6.0 0.0011 0.0011 0.00046 | 57
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TABLE 4. —

FLLOOR WEIGHTS (20-Storey Building)

h Frame Buildi'ng Shear Building
Floor
m ton ton
20 4 327 2453
1 4 327 2453
> 80 654.0 4 905.6

’I'ABLE 5. - LATERAL LOADS AND STOREY DRIFT
(20-Storey Building, C,, = 0.125)

Frame Building Shear Building
Floor Forces Deflection Drift Forces Deflection Drift
F d s F d s
ton 10" m 10* | ton 107 m 107

20 5.40 966 12 40.51 567 7
19 2.27 919 13 17.04 539 7
18 2.15 868 14 16.15 510 8
17 2.03 813 14 15.25 480 8
16 1.91 756 15 14.35 488 8
5 | 179 | 696 15 | 1346 | 416 8
14 167 634 16 12.56 382 9
13 1.55 570 16 11.66 848 9
12 1.44 505 14 10.76 812 9
11 1.32 448 14 9.87 277 9
10 1.20 391 14 8.97 242 9
9 1.08 335 14 8.07 207 8
8 0.96 280 12 7.18 173 8
7 0.84 233 11 6.28 141 8
6 0.72 187 11 5.38 110 7
5 0.60 144 10 4.49 82 6
4 0.48 103 8 3.59 56 6
3 0.36 69 8 2.69 34 4
2 0.24 39 6 1.79 17 3
1 0.12 15 4 0.90 5 1
)y 28.12 - - 210.94 - -
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TABLE 6. — TOP FLOOR DEFLECTION CRITERIUM (NO. 1)

Top Floor Israel, 1975 Tezcan Proposal
BUILDING
dy 0.0010 H Safe 0.007 H Safe
High School (13 m)
Frame 0.0153 0.0130 U 0.0091 U
Shear 0.0085 1.53 1.07
Yayla Apt. (13.65m)
Frame 0.0098 0.0136 1.39 0.0102 1.04
Shear 0.0073 1.86 1.40
20-Storey (80 m)
Frame 0.0966 0.0800 U 0.0560 U
Shear 0.0567 1.41 1.00

TABLE 7. — INTERSTOREY DEFLECTION CRITERIUM (NO. 2)

314

Interstorey Egypt, 1988 Tezcan Proposal
Deflection R= R=5
BUILDING
S
meter 0.02R Safe 0.02/R Safe
High School
Frame 0.0053 0.0067 1.26 0.0040 U
Shear 0.0024 279 | 1.67
Yayla Apartment
Frame 0.0027 0.0067 2.48 0.0040 1.48
Shear 0.0017 3.94 2.35
20-Storey Building
Frame 0.0065 0.0067 1.03 0.0040 u
Shear 0.0035 1.91 1.14
U = Unsafe




TABLE 6. — TOP FLOOR DEFLECTION CRITERIUM (NO. 1)

Top Floor Israel, 1975 Tezcan Proposal
BUILDING
dy 0.0010 H Safe 0.007 H Safe
High School (13 m)
Frame 0.0153 0.0130 U 0.0091 U
Shear 0.0085 1.53 1.07
Yayla Apt. (13.65 m)
Frame 0.0098 0.0136 1.39 0.0102 1.04
Shear 0.0073 1.86 1.40
20-Storey Bldg. (80 m)
Frame 0.0966 0.0800 U 0.0560 u
Shear 0.0567 1.41 1.00

TABLE 7. — INTERSTOREY DEFLECTION CRITERIUM (NO. 2)

Interstorey Egypt, 1988 Tezcan Proposal
Deflection R=3 R=5
BUILDING
5,
meter 0.02R Safe 0.02R Safe
High School
Frame 0.0053 0.0067 1.26 0.0040 u
Shear 0.0024 2.79 1.67
Yayla Apartment
Frame 0.0027 0.0067 248 0.0040 1.48
Shear 0.0017 3.94 235
20-Storey Building
Frame 0.0085 0.0067 1.03 0.0040 U
Shear 0.0035 1.91 1.14
U =Unsafe
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TABLE 8. — STOREY DRIFT CRITERIUM (NO. 3)

Storey Turkey, 1975 Tezcan Proposal
Drift (Turkey, 1995)
BUILDING
sz0g/h 0.0025 0.0014
meter (0.0200/R)' | Safe Safe
High School
Frame 0.0015 0.0025 1.67 0.0014 u
Shear 0.0008 v 3.12 ' 1.75
Yayla Apartment.
Frame 0.0009 0.0025 2.78 0.0014 1.55
Shear 0.0006 417 2.33
20-Storey Building
Frame (R=8) 0.0016 0.0025 1.56 0.0014 U
Shear 0.0009 2.78 1.55

™ The twin requirement of s,, = 0.0035 of the draft new Turkish Code does not govern,
since R = 8 for frame buildings, s,, = 0.02/R = 0.0025 < 0.0035.

TABLE 9. - DAMAGE CONTROL CRITERIUM (NO. 4)

Damage Turkey, 1975 Tezcan Proposal
Control Index (Turkey, 1995)
BUILDING
312
iz10's/C,| (200) Safe 120 Safe
High'School (C,,=0.06)| -
Frame 250 312 1.25 120 | U
Shear 133 2.35 U
Yayla Apt. (C,,=0.08) )
Frame 118 312 2.65 120 1.02
Shear 90 3.46 1.33
20-Storey (C,,=0.12)
Frame 128 200 1.56 120 u
.Shear 72 2.78 1.67

U = Unsafe
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