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34.1 INTRODUCTION

Turkev 15 jocated n a region that. has suffered
frequent  and intense  »eIsmMIC actvity.t Seismic-
resistant design 1s very impornant in order to prevent
the kind of destruction that has occurred in cities and
towns of the country.

The official code for earthquake-resistant design in

*The author would like to thank Mr. Mutiu Koyluoglu. graduate research assistant of Bogazici Umversity. and Mr. Fanh Kulac. P

Turkey is entitled Specifications for Structures to be
Built i Disaster Areas (1975), a publication of the
Turkish Government Ministry of Reconstruction and
Resettlement. Earthquake Research Institute. This
code has been in use since 1975 and is the current code
for seismic design of buildings in the country. An
updated version is in preparation. but is currently
available only in draft form.

The material presented in this chapter. and the
accompanying program. are based on the code of
1975. Parts 1 and II of the 1975 code are devoted.
respectively, to general provisions and to design for
protection against flood and fire. Part [l deals with
design for resistance to earthquakes.

34.2 GENERAL CONSIDERATIONS

The analysis and design of structures (0 resist cantd-
quakes are based on a set of lateral static forces apple?
at the various levels of the building. The jateral foree®
are assumed to act independently first along one man
axis of the building and then along the other X!
Where the principal axes of vertcal resisung elements
do not coincide with the main axes of the building.
possibility of very unfavorable conditions du¢ ©
eccentric loading must be investigated. The @atefa
static forces stipulated by the code shall be consider®

minimum equivalent seismic forces applied 10

rojet

engineer of ZETAS Earth Technology Corporauion, for their contribution in prebaration of this chapter.

' A List of the major carthquakes in Turkey since 1900 15 given 1n Appendix A4 of this chapter.
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entire structure. In the design of resisting elements of
the building, it is not required to assume earthquake
and wind loading acting simultaneously; the more
unfavorabte of these two loading conditions will con-
trol the final design.

Structures are classified by the code as regular of
irregular. Regular structures are those in which the
vertical resisting elements. ¢ jumns and shear walls.
vrond connnnousiv through the height of the building
down to the foundaton level. The stauc method ot
analysis 1 the code. based on equivalent lateral
forces. is applicable only to regular structures with a
clear height above the base jevel not exceeding 75 m.
[rregularity In structures could be due to mass or

stiffness irregularities either in plan or along the height -

of the building. The code requires all other siructures
to be designed using an appropriate dynamic method.
Such dynamic analysis shail be based on the dynamic
properties of both the structure and the underlying
soil. The seismic responses may be found by using the
modal superposition method in conjunction with real
or idealized response spectra. by time integration of
the pertinent equations of motion. or through the
analysis of experimental resuits ubtained from an
appropriate model. The code stipulates that the total
lateral force (base shear force) obtained  from 2
dvnamic method of analysis should not be less than
20%% of the lateral torce obtained by using the static
method of analysis. :

34.3 SEISMIC LATERAL FORCES

The total equivalent static force or base shear force v
15 given by .

Vo= CW 134.1)

where W s the total weight of the bullding C;alcuiated
4 the sum of the weight of the various levels: that is.

*
W = v W o)
et .
with the weight W, atlevel ¢ Jetermined s
W, = G, + &P, (34.3)
in which
G, = toial dead load at level
P, = total live load at level {
& = live load factor from Table 341
and C is the seismic coefficient defined as
C = GRS (344

Tukey 43

Tabie 34.1. Live Load Factor (%)

Type of Structure &
Warehouses. depots. etc. 080
Schools. student housing buildings. stadiums, cinemas. 0.60

concert halls, garages. restaurants, commercial
establishments, etc.
Private dwellings. hotels. hospitals. office buildings. etc. 0.3

Table 3.2. Seismic Zone Coefficient (G

Seismic Zone Cy
1 .10
2 0.08
3 LU
4 0.03
in which

C, = seismic zone coefficient

K = structural coefficient

5 = spectral coefficient

[ = structural importance coefficient.

34.3.1 Seismic Zone Coefficient Co

The seismic zone coefficient C,, is ubtained from
Table 34.2 on the basis of Seismic Zones | through 4.
(See the seismic zone map of Turkey. Fig. 3.1}

34.3.2 Structural Coefficient K

Values of the structural coefficient K are given in
Table 34.3 for different types of buildings. The code

stipulates that the coefficient K shall be not less than
1.0 for one- or tWo-s1Ory buiidings.

34.3.3 Structural importance Coefficient |

‘The structural importance coelfictent { 1 given n
Table 34.4. The value of this coetficient 15 based vn
the use of the building and vo the need to mamtain
the functioning of governmental and emergency facili-
ties after a disaster.

34.3.4 Spectral Coefficient S

The spectral coefficient 5 in eq.(34.4) 1S calculated
by the following formula:

(34.3)
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Fig. M.1. Scismic zonc map of Turkey

Table 34.3. Structural Coefficient (K ' where
Structural Type 5 K T = fundamental period of the structure {in sec)
i T. = predominant period of site fsec
Al building framing systems not otherwise classified 1.00 0= P ' perod of stie sec)
Buildings with box systems with shear walls I 133 Lo .
Buildings with frame systems where the }rame resists the The code indicates that the value of §in eq.(344)
total Taterat force for filler wall types a. b. andc®! - need not be larger than 1.0. and that § shall be taken
| Ductile moment resisting frames? - Pooa 060 as 1.0 for masonry buildings. For different values ©
(stecl ar remforeed curicrete) P ‘: “:’ the predominant period of the se T, Fig. 34.2 shows
. . : b e a set of curves for the spectral coefficient § 8 2
> Nonductile moment-1essURg frames ay 1120 . . . i
by 150 function of the period T {eq {14 5)]. The value Of "
¢ 1.50 should be selected from Table 4.5 based on soilfrock
% Steel space frames with diagonal bracing ‘ ) 133
by 1.50
¢y 160
Shear wall systems with ductile frames capable of Table 34.4. Structural Importance Coetficrent (N
resisting at feast 257t of the total taterai torces a) 080 U
by 100 Structute Type f
¢ 120 ________..’———-"‘/’
&
Masonry buildings 1.50 {a) Structures and buildings to be used Juring of e
’ . ) immediately after an earthquake (past office. fire
Elevated tanks not supported by a bunlding 3.00 ctations. broadcasting busldings. puwer stations.
Siructures other than buildings. towers. and chimney stacks ~ 2.00 hospitals. stations and terminals rennenes. €1} 30
- (b} Buildings housing valuable and important items :
{muscums. £1c.} 1.50

“Fifler wail types. .
a) Reintorced concrete of parition walls of masonry blocks with horuzontal
and vertical remnforcement. .

{c) Buildings and structures of high occupancy (schools.
stadiums, theaters, cinemas. concert halls. religious

by Unreinforced masonry partition walls . temples. etc.) L o0
¢} Light and sparse partiion walls ot prefabncated conetete partition walls. {d) Buildings and structures of low occupancy (pnvate

tDucttle moment-resssting frames are those structural frames designed and dwellings. hotels. office buildings restaurants. mdus!ﬂa'
constructed with the potentiat capacity 10 sustain loads and dissipate encrgy in stuctures. etc.) /

1he inelastic range of deformations
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5 Table M.5. Predominant Period Ty for Sods Described in Table
M6
) ‘ R Ta
SoilRock  Soil/Rock Predominant Penud Average
0 Class Types uf Site {sec) (sec)
i a qM
28 025
c n
1" a 1" 1s
o 1
s ¢ n S
111 a nss
b 1 i) 116
i C 1 &HS
' ( Ty : Predomnant o . -
o; vl;ralvc:\ orD:;-? } tv . " ”'
Ar s [H]
! . 5 L I 1 c 11N

05 [ 15 20 9 101

I - HATURAL UNDAMPED PERIOD OF STAUCTURE

Fig. '+.2. Spectral coefficient in function of natural penod for

e 18 tvpes of soils defined by the predominant period of the soil is directly above the bedrock or ancther rock-like

formation, and has a thickness on the nrder of 50m.
Where the thickness of the layer of ~oil i greatly

class and soilfrock type as described in Table 34.6. different from 50m, the vatues of thy ~hear wave
unless it is determined by experimental. empirical, or velocity V; of the soil stratum (i msee) and the
thed-retical principles based on valid assumptions and thickness of .the top layer soil stratum 1 tin m) shall
geo-ogical observations, Values obtained from Table be determined more accurately by field tests. empurical
11 - are valid only for the case whete the layer of soil equations, of theoretical methods. Tor the latter

[abl- .6, Soil Classifications for Determination of Predominant Period T, in Table M5

N D. r. v,
Blows per foot. Relastive toagentn Shear
Standard Density Compress Woane
~ b Rock SoiVRock Penetration ey Srrenyth \elocity
Lass Tpr! Test thy ot tm sec)
J——
! {11 Masstve and deep volcanic rocks: undecomposed. NA NA N STl
wuund metamorphic rocks: very sff cemented
~edimentary rocks '
(by Very dense sand ‘ . >30 25— 1% A
(1 Very stiff clay >3 NA -1
i {41 Louse magmatic rocks such as tuff or agglomerate. NA NA ~ A el ]
Jecomposed sedimentary rocks with planes of
Jiscontinuity ‘
{h) Dense sand n-50 ni-AS A
¢y Suff clay 16-32 NA MO R
11 (a) Decomposed metamorphic rocks and soft. cemented NA NA A 202
edimentary tocks with planes of discontinuity
{b) Medium-dense sand 10-30 Wt A
{c) Silty clay : 316 NA A
v {a} Soft and deep atluvial tayers with 3 ugh water-table. NA NA N A LY
marshlands or ground recavered from sea by mud
niled. all fill layers
(b Loose sand 110 < 15 “
-3 N A

t¢) Clav. silty clay

Nut Apphoable



tbh Turker

(uation. the vatue of Ty shall be calculated by the
quation :

dH.
T = —_—

1A
v (33 6}

1

An accurate sotution of such soil-related problems
« sclection of foundation type. determination  of
seiring capacity and settlements. as well as a realistic
letermination of the predominant period of vibration
W the <oil laver. requires an appropriate | seismic
~ploration with laboratory experiments of ‘the soil
wer. Such an exploration shall be carried out for the
rollowing SUTUClures:

(a1 Buldings having 2 height of more than 75 meters
above foundation level

(hy Industnal structures with large spans. and buiidings
<uch as theaters, cinemas, elc.

(¢t Towers. chimney stacks, elevated tanks. ete

Where the value of ¥, cannot be determined accurate:
I for use in eq.{34.6). the vatues for V, given in Table
16 mav be used. Where the underlving soil consists
of 4 number of layers with different values of V.. a
weparate value of Ty shall be calculated for each and
cvery laver. Soils that have a V, value larger than
0 1 sec shall he assumed to be very sound: Linvers
helow that very sound layer neced not be considered.

34.4 FUNDAMENTAL PERIOD

{'nless obtained from experiments of by theorctical
methods on the basis of valid assumptions. the value
of the natural period T shall be calculated by buth of
the approximate relations that follow. The less favor-
able value of T given by eq.(M. N or eq.(34.8} shali be
used in €q.(34.5).

0.9y
= ‘ (4N
\D t
T = AN [RER.3 )
in which
H = height of structure above foundation fevel (in m)

it

I} = dimension of building in a direction paraliel to the
__ applied lateral forces {m) '
v = numbér of stories above foundation level
A = coefficient determined by interpolation between the
values of (.07 and .10 according 1o the degree of
general structural Aexibility of the building (A = oo
pertains 1o very rigid buildings: A = 0.10 pertinns 10
very tlexible structures).

Equations (34 7) and (34 5y shall not apply to
structures with hurge spans such as idustrial buitdings,
cinemas, sports halls. and stadiums.or o buildings
with regular bearing systems with a height of more
than 34.0m above foundation fevel such as chimney
stacks. towers, and clevated  tanks, The naturat
periods of such structures chall be calcutated by a
rigorous dvnamic Analveis where the properties of the
soil and of the structurc {~oil-structure interaction) are
taken into consideration

34.5 VERTICAL DISTRIBUTION OF LATERAL
FORCES

The base shear force Vopnen byocy (34.1) ~hall be
distributed as lateral state forees . applicd at the
various fevels of the huilding. accordimg to the follow-
ing relationships:

W.h
TR Sy (14 9)
\1 (L
o
and
I
] 1 e l
-
Hoy H
F = “”“'”.l - ) BN ES Lest l ) L3 dm
N h
in which
W, = seismic weht at level s

height froun the base ol the Ponldhing to tovebs
additional foree apphed at the top of the butding
total height ol the bulchne

D = dimension ol the huilding s the dircetion o the
seismiv forees

i

m=
n

34.6 OVERTURNING MOMENTS

Overturning moments are deternuned by caties as the
moments resufting trom the seiit dosign forees F
and F, |egs.(34 9} and (3410 ] that act on levels whode
the level under consideration Hues the overturning
moment M, at level t ot the burldine 1~ given by

A (M

il

Fthy hy+ \/ Jai - h)
. -

L)

where i = 0. 1. N



s4.7 TORSIONAL MOMENTS

ne coile requires that buildings be designed to resist
Lonizontal torsional moments M, due to the eccentric-
ity or listance between the center of mass and the
.nters of stiffness of any fioor. in addition to an
scidental eccentricity €y of 5% of the largest plan
Jimension of the huilding perpendicular to the direc-

.on vt the applied lateral futces.

~4.8 APPURTENANCES AND/OR PARTS OF
BUILDINGS

£arthauake loads acting on appurtenances and/or
arts of buildings such as parapet walls, chimneys.
_antle -cr clements, and balconies shall be calculated
separately. In these calculations. the coefficient C-as
letermined for the structure feq.(34.4)]. shall be
ncrea-ed threefold. and the lateral load V determined
by eq 341} shall be assumed to act at the center of
nass +f the appurtenance of element in the most
infavcrable direction. '

34.9 ALLOWABLE STRESSES

in the seismic-resistant design of members. the allow-
able ~tresses for concrete and steel may be increased
hy net more than 139% of the allowable values for
static design. In reinforced concrete structures. an
mnctease in bond Stresses shall not be permitted. In
Jeel -ructures, aliowable stresses for all connections
and vonts shall not exceed the values for increased
Alow ihle stresses. The same requirement shall apply
lo the design of diagonal wind bracing and stability
members. Whenever earthquake effects are consid-
ored. the allowable bearing pressures for subsoils may
he 1r.reased by not more than 33% for SoiV/Rock
Clase s L, 1t and 11 No such increase shall be
pesm tted for Class 1V soils. Where the top foundation
laver v of Class 1L 1L or 1V possible total settle-
ment . andror differential settlements due to seismic
wibeaions should be determined. in addition to those
«ettloments due to static loads. No increase in allow-
shle tresses for concrete and reinforcing steel shall be
permutted in foundations bearing directly on Class 1V
soils '

W hen designing retaining walls and sheet-pile walls
with heights in excess of 6.00 m. the characteristics of
the -l shall be dJetermined by appropriate laboratory
and eld testing. In the calculation of earth pressure.
the ogle of shearing resistance shall be decreased by
i e Sersmic Zones toand 1. and by ¥ mn Seiisrmc
Zon ~ 3and 4.

Turkey 467

34.10 EXAMPLE 34.1

A five-story symmetrical reinforced concrete building
is modeled as a pilane frame (Fig. 34.3) with rigid
horizontal diaphragms at the floor and top levels
(shear building). The dead load is 131.90 tonnes at the
first floor: 121.39 tonnes on the second, third, and
fourth tevels: and 115.08 tonnes on the fifth tevel. The -
live load is assumed to be 3436 tonnes on ail levels of
the building, except at the roof level where it is zero.
The undetlying soil is medium-dense sand at a site in
Seismic Zone 1 (Fig. 34.1). The building 1s o be used
for governmental offices in which post-earthquake
functioning is considered necessary.

Solution

1. Seismic weights

W, = G, + 0P, [eq.(34 3)}

& = 0.3 (From Table 34.1. office bmlding}

443am

IO S
|
1

- |
. R

|

i

:}, e —

—.7 Pred
b — .
45 m Y
Elevangn Tols Foig 1
apove Dead Lve |
Foundaton | Load 1234
Base (M) 11ons) R ] i
" noor a0 13190 (L] 1
o0 1700 12039 e
1 oot l 10 00 [ 12139 ;3436
4 + —
Crgar | 1300 Pigiag e C
§*ngor | 500 Pisg o |

Fig. M.3.  Modeled puilding lor Examples 341 ] 382
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Table 34.7. Forces. Moments and Displacements

Levet Seismic Force Story Overturning Torsional Stors L ateral
' Weight W, F, Shear V, Moment M, Moment M, Dnity, .,  Displacement §,
{tonnes) {tonnes) (tonnes)’ {tonne-m) {tonne-m) {rnm) {mm)
4 151 8.4 B4 — R ¥ 30 38.41
3 134 7 270 §5.4 852 S5 40 LIS S50
1 7 R 162 251.3 : 7 911 LRI
2 137 145 9.7 17198 w77 14} ¥ 19 23
1 1452 91 997 751.9 uq a7 IR S 2R 38
n 1.150 6
M = ead 4
able 34.7 shows the values calculated for the seismic 8. Seismic coefficient
veights. W,
C = K5 feq. (34 4y
) L , .
2. Seismic zone coefficient =G I0X 10X TNx15 =015
Cp = (.10 (From Table 34.2, Setsmic Zone;l) 9. Base shear force
3. Strucrural coefficient V=W leq.(4 1}
=664 47T (from Table 3.7
K = 1.0 (From Table 34.3, framed system)
: V=0 5(bhddy =9 7]

£

_ Structural importance coefficient

! = 1.5 (from Table 4.4

S. Natural period

= ().42 sec

0094  0.09x16
T= = —

% T [eq.(34.7Y]

T = AN=01x5=035sec
(Assume A = 0.1)

Lelect most unfavorable value: T = (.42 sec.

& Predominant period of soil

T. = 0.6 (from Tables 34.5 and 34.6 for Class 11t Type
h} '

7. Spectral coefficient

§= <10

. SETToT leq.(34.5)]
ey x

1
e ———_ I ]
s 08+0.42-06

=10

|eq.(34.82}

10. Distribution of lateral setsmc forces

H o6
F =0 for — = -— = 1 1 & [eq 310
n o
W.oh,
Fo={(V-F)—x— {eq.(34.9]

Z wh,
[

Table 34.7 shows the calculated seimic forces F, for
the various levels of the building :

11. Story shear force

S
V.= 3 F

The calculated values are given in Table 34 7.

12. Qverturning momenis

b
M, = Fulhy—h)+ D, Flh =l feq (34 11
P

wherei=0.1.2.. .. . N-L

13. Torsional moments

Mﬂ
ey = 0.05D = (HOS x 12m = O b

Ven (accidental eccentricit



Calculated values of story shear force. overturning
moment. and torsional moment are shown in Table
4.7

14 Storv drift. The interstory drift A,, for a struc-
wre modeled as a shear building. is given by

v,
A =—
k,
whet
L, = story shear force
L, = story stiffness
12{ED,
= UED
L

(+ 1, = total flexural stiffness of the story {
i, = interstory height.

15 Lateral displacements. The tateral displace-
men's 8, of the building are calculated as

5,-=ia,

p=l

Tabi~ 34.7 shows the calculated values of story dnift
and lateral displacement.

34.11 COMPUTER PROGRAM

A - 'mputer program has been develaped to imple-
mert the provisions of the Turkish seismic code of
|u>  The program has provisions to either implement
eqe 34 7Y and (34.8) to estimate the fundamentai
perd of the structure or to input this value when it
haw heen predetermined. The program calculates at
cact level of the building the seismic forces F,. story
he ot forces V,. overturning moments M,. torsional
me nents M,. story drifts 3,. and tateral displacements

A

Fv mple 342

<e the computer program prepared for this chap-
ter 1o solve Example 34.1.

34.11.1 Input Data and Output Resuits for

Example 34.2
eyt GATA:
e i) wle ¥
. oawCT IWPCRTANCE FACTOR te 0
Crotay PACTOR - [N
4~ PEOFILE TTPE wrse 3
ca et L AMSOA L

1 LQAD FACTOR wie ¥

Turkey 46

WELOING DATAL

SUILDING DINENSION, NORSAL TO FORCES. (N} om= 20
WIILDING DIMENEION, PORCE DIRECTION (M} oe 12
g OF STORLES s

STOAY # HIGHT pLENURAL STIFFUESE DEAD LOAD LIVE LOAD

1 (1] (T M2y tn (&
) 18.00 18770.00 %10 n.na
L3 15.00 1873000 2139 “w 38
3 10.00 1375000 120 39 “w
] 7.00 14730.00 131,39 [T "3
] &, 00 18150 00 131.90 [T 1

auieuT RETNTS:
SE1SMIC 1owE FACTOR 2= N
FUNONSENTAL PERTOE T+ L&138923
$O1L PROFILE TYPE MiSe ]
SEITNIC FACTOR te . FS
OTMAMIC COEFFICIENT So 1
1OTAL SASE SHEAA v 9% 4803

ASSUWE TMLT ACCIDENMTAL ECCEMIRICITT (¥/¥) * 7

OISTRIBUTION LATERAL FORCES, MOEMTS AwD DISPLACEMENIS

LEVEL SEITMIC LATERAL SHEAR QUERTUTHNENG  FRSIONEL STOMT LRTERAL
welcut ¢y roaCE (F) FORCE (T3 MOENT{T W) wCMENTe T @ Ag(F1(mmy O15PL. {mm]

et ———e

] 11%.10 - 28,40 28.40 FLIR XL 3 W08 58 27
13 1%.70 r.o0 5%.¢Q 2319 5% 3 5 448 5% 929
3 13%.70 0.7 47 P2 1N L T -} .40 8 32
2 136,70 14,54 20.70 w87 b B v, A4S 19 252
1 w52 8.96 TR b 5w 73 AN N LB 8 1.8
Q 1140 43
suMy 664 .60

P —
Example 34.3

Use the computer program deveioped from the
1975 Turkish code for seismic-resistant  design to
analyze the structure shown in Fig. 34

34.11.2 Input Data and Qutput Results for

Example 34.3
INPUT DATA:
I1OME WNRER wie 1
occurantY e TANCE FACTOR 1+ 0
£TRUCTURAL FACTOR o
san profiLE TYPE wigs 3
FACTOR LAMBOA e 1
LIvE LOAD FACTOR rem )

BSIILDING DATA:

SILOING DINEWS 10N, HORMAL 10 CORCES (M} dMe 28
suiL0InG DIwEwSTON, FORCE DEAECTEOM (W) oe "

waggl OF STORTES e tb

stonr @ WIGHT S EEURAL STIFFUESS OEAD o0 ERT
| (L} [AELTS] Ty 1)
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Fig. 34.4. Modeled building for Example M 3
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