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Dear Colleagues, 
 
All In One Conferences (AIOC) is an international conference organization, aiming at the repositories of the 
academics, members, collaborators and all other interested participants in the fields of Interior Architecture, Civil 
Engineering, Chemistry, Econometrics and Statistics. We would like to make their collections, research and 
studies discoverable and accessible for discussions and sharing while enjoying the diversity. 
The goal of the organization, as stated previously, is to join all in their specialized fields of expertise, in order to 
communicate and convey ideas, new tools, and experiences. Furthermore, to encourage available future 
researches and broaden our academic horizons and ®lite in a relevant conference of choice. 
Registration, abstract submissions, and traveler informations are available here. We invite you to join us in this 
important mission. 
Important Note: Article evaluation process will be according to reviewers ó (refereesô ) comments. Papers will be 
selected on basis of blind peer review by members of the Scientific committee and other independent reviewers 
(if necessary). 
We look forward to see you in our 2015 Dubai Conferences series For any further queries, please do not hesitate 
to contact us. 
  
Best Regards,  
The AIOC Organization Committee  
Assoc. Prof. Dr. Fatma NOYAN TEKELI  
Yēldēz Technical University  
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International Conference on New Trends in Econometrics and Finance 

The flexible Fourier form and panel stationary test with gradual shifts  

Saban Nazlioglua,Cagin Karul b* 
a
Saban Nazlioglu, Department of Econometrics, Pamukkale University, Denizli, Turkey 

bCagin Karul, Department of Econometrics, Pamukkale University, Denizli, Turkey 

Abstract 

We propose a new panel stationary test with cross-section dependency and Fourier approximation that models structural 

shifts as gradual process. The Monte Carlo simulations show that the test has good small sample properties. We examine the 
nature of shocks to the international commodity prices and find out the international commodity prices have non-stationary 
dynamics. 

 
É 2015  

Selection and/or peer-review under responsibility of the organizers of the 2015  International Conference ñAll In One 

Conferenceò 
Keywords: gradual breaks; Fourier approximation; stationary; panel data; commodity prices. 

JEL Codes: C12, C23, E3. 

1. Introduction  

Given the importance of structural breaks in macroeconomic variables, the unit root tests with shifts have 

been proposed. The important question is how to account for breaks and the traditional approach in that respect 

is to use dummy variables in which breaks are assumed to be instantaneous (among others, [14]- [9]). The 

smooth transition approach is also followed since structural shifts are likely to be gradual (among others, [8]). 

These approaches require that dates, number, and functional form of breaks are need to be known. To deal with 

these problems, [1], [3]-[4] and [13] develop the unit root tests with a Fourier function based on variant of 

Flexible Fourier Form by [5]. The Fourier approximation captures the dynamics of series with shifts by a small 

number of low-frequency components. This approach also does not require to know a priori the number, dates, 

and/or form of breaks.  The specification problem of determining dates, number and form of breaks is thus 

transformed into incorporating the appropriate Fourier term [4].  

 The panel unit root tests have triggered interest during last two decades because adding cross-section 

dimension to time dimension leads to increase in power and developments in time-series analysis can easily be 

extended to the panel framework. This paper proposes a new panel stationary test with Fourier approximation of 

gradual shifts. The testing procedure is also permits the cross-section dependence since individual series in a 

panel are likely to be correlated with each other. The new test augments the stationary test of [7] with gradual 

breaks and is the panel version of the KPSS test with Fourier series developed by [1]. 

2. Model and test statistic 

We consider the following data generating process (DGP): 

 

it i t i t it ity X Z rb g e¡ ¡= + + +         (1) 

1it it itr r u-= +           

 (2) 

                                                        
* Corresponding author. Tel.: 02582962953; fax: 02582962626. 

E-mail address: ckarul@pau.edu.tr 
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it i t itF ee l= +           (3) 

 

where i=1,é,N cross-section dimension, t=1,é,T time dimension, 
ite  is assumed to be stationary errors, 

itu  is  

iid
2(0, )us , 

tF  is one-dimensional unobserved common factor that is  captured by the cross-section averages of 

ity
 
( )1

1

N

t jtj
y N y-

=
= ä  proposed by [11], 

ilis loading weights that 0l¸ ( )1

1

N

ii
Nl l-

=
= ä as 

N­¤ and 
ite  is the idiosyncratic error. Following [7] we assume that    i) 

ite  are independently distributed 

across i and t, have zero mean, variance 
2

is  , and finite fourth-order moment, ii) 
tF  is serially uncorrelated 

with mean zero, variance 
2

is  , and finite fourth-order moment, and iii) 
ite , 

tF , 
il and  are independently 

distributed for all i. 

We use [1]tX =  for the level and [1, ]tX t¡=  for the trend stationary process. We employ a Fourier function 

for tZ  to capture structural shifts as gradual process. A single Fourier frequency mimics a variety of breaks in 

deterministic components regardless of date, number, and form of breaks [1].  We hence use a single frequency 

and define  

1 2

2 2
sin cosi t i i

kt kt
Z

T T

p p
g g g

å õ å õ
¡= +æ ö æ ö

ç ÷ ç ÷ 
      (4) 

where k is the frequency for the number of cycles which is assumed to be homogenous across individuals1; 1ig   

and 2ig measures the amplitude and displacement of the frequency. 

We are interested in testing the null of stationary 
2

0 : 0uH s =
 
for all i against the alternative of non-

stationary 
2

1 : 0uH s >  for some i. The individual statistic is based on the KPSS test allowing the Fourier 

frequency: 

2

1
, 2 2

( )1
( )

T

itt
s i

ei

S k
k

T
h

s
==
ä

 
1,2s=

        (5) 

where 
1

( )
t

it ijj
S k e

=
=ä  is the partial sum of the OLS residuals (s=1 for level and s=2 for trend stationary 

model), 
2

ies is an estimator of the long-run variance of ite . 

Theorem 1: Under the assumptions i-iii and null hypothesis, the limiting distribution of , ( )s i kh asT­¤is 
1

2 2

, ,

0

( ) ( )s i i s ik V r drh s­ ñ
         (6) 

See appendix for proof. 

where
 

( )iV r is the projection of the Wiener process ( )W r on the orthogonal complement of the space spanned 

by the nonlinear function ( , )if k r with ( , ) [1,sin(2 ),cos(2 ), ]if k r kr kr Frp p ¡=
 
for the constant case and 

( , ) [1, ,sin(2 ),cos(2 ), ]if k r r kr kr Frp p ¡= for the constant and trend case. Over the interval[0,1]rÍ  
1

2

0

( ) ( ) ( , ) ( ( ) ( , ))i i iV r W r f k r W r f k r dr= - -ñ .Hence, the distribution of the individual statistics hence 

only depends on k, but is invariant to other parameters in the DGP2.  

                                                        
1
 This assumption does not necessarily imply an identical number of breaks for each individual because the same frequency is able to capture 

different type and number of breaks (Enders and Lee, 2012a). 
2
 The common factor would not permanently accumulate in yt because it is stationary under the null hypothesis. This feature in turn leads to 
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The Fourier panel (FP) statistic is constructed as the average of individual statistics: 

,

1

1
( ) ( )

N

s s i

i

FP k k
N

h
=

= ä
          (7) 

Then test statistic which has the standard normal distribution is obtained as: 

[ ( ) ( ( ))]
( )

var( ( ))

s s
s

s

N FP k E FP k
Z k

FP k

-
=

        (8) 

where ( ( ))sE FP k and var( ( ))sFP k  are the mean and variance of the limiting distribution in Theorem 1 that 

can be obtained with simulations. Table 1 reports the simulated asymptotic moments for T=1,000 with 100,000 

Monte Carlo replications3 for different values of k. 

 

Table 1: Moments 

 Constant  Constant and trend 

k ( ( ))E FP k  var( ( ))FP k  

 

( ( ))E FP k  var( ( ))FP k  

1 0.0658 0.0029 

 

0.0295 0.00017 

2 0.1410 0.0176 

 

0.0523 0.00150 

3 0.1550 0.0202 

 

0.0601 0.00169 

4 0.1600 0.0214 

 

0.0633 0.00180 

5 0.1630 0.0219 

 

0.0642 0.00179 

 

3. Small sample properties 

The small sample properties is investigated by Monte Carlo simulation with 5,000 replications at the 5 percent 

level. As indicated in Theorem 1 the distribution is not depend on any parameters in the DGP, we generate y it  

with (0,1)tF N and (0,1)ite N . We draw the parameters , , ~ [0,1]i i i Ub g l  - U denotes the uniform 

distribution- and hold fixed in all replications to avoid unnecessary randomness. 

The small sample analysis in Table 2 indicates that the empirical size is close to nominal size for 

different N and T irrespective of the number of frequency. The power of the test varies with different values of 

2

us  that 
2 0us =  means stationary while 2

us =¤implies a random walk process [1]. The empirical power for

2 1us = 4 is close to one even in small samples as well as in case with large N and fixed T. It is also clear that the 

test is very powerful with different values of k in both the level and trend stationary models. 

 

 
 

                                                                                                                                                                             
the asymptotic independence of individual statistics to Ft (Hadri and Kurozumi, 2012). 
3 The simulations are conducted with GAUSS 15. 

4 The power analysis for different values of 
2

us are reported in appendix. 
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Table 2: Size and power 

  Constant  Constant and trend 

  Size Power  Size Power 

k N/T 25 50 100 25 50 100  25 50 100 25 50 100 

1 10 0.048 0.044 0.051 0.974 1.000 1.000  0.049 0.050 0.055 0.996 1.000 1.000 

  25 0.049 0.050 0.050 0.704 1.000 1.000  0.048 0.057 0.053 0.943 1.000 1.000 

  50 0.054 0.052 0.045 0.123 1.000 1.000  0.043 0.048 0.050 1.000 1.000 1.000 

2 10 0.053 0.046 0.047 1.000 1.000 1.000  0.050 0.049 0.053 0.966 1.000 1.000 

  25 0.049 0.051 0.049 1.000 1.000 1.000  0.053 0.051 0.052 1.000 1.000 1.000 

  50 0.053 0.052 0.050 1.000 1.000 1.000  0.051 0.049 0.051 0.876 1.000 1.000 

3 10 0.047 0.053 0.047 0.905 1.000 1.000  0.045 0.047 0.046 1.000 1.000 1.000 

  25 0.049 0.053 0.050 1.000 1.000 1.000  0.047 0.051 0.051 1.000 1.000 1.000 

  50 0.053 0.048 0.051 1.000 1.000 1.000  0.048 0.062 0.049 1.000 1.000 1.000 

4 10 0.050 0.048 0.050 0.836 1.000 1.000  0.048 0.050 0.049 1.000 1.000 1.000 

  25 0.050 0.046 0.051 1.000 1.000 1.000  0.046 0.052 0.054 1.000 1.000 1.000 

  50 0.052 0.047 0.046 1.000 1.000 1.000  0.044 0.049 0.046 1.000 1.000 1.000 

5 10 0.051 0.046 0.052 0.690 1.000 1.000  0.048 0.051 0.047 0.997 1.000 1.000 

  25 0.050 0.051 0.045 1.000 1.000 1.000  0.050 0.054 0.048 1.000 1.000 1.000 

  50 0.051 0.053 0.054 1.000 1.000 1.000  0.052 0.048 0.053 1.000 1.000 1.000 

4. Empiric al application 

Economists have a long history of interest in better understanding of the dynamics of commodity prices5. We re-

investigate whether the international commodity prices are stationary by applying the new test. We employ the 

log of real price indexes for 24 commodity prices from 1900 to 20116. For the same data, [15] and [10] conduct 

the panel stationary test of [2] which captures structural shifts by dummy variables. Both the papers support 

evidence on that the commodity prices have stationary dynamics. 

 Before proceed with the inferences, it is required to calculate( )i kh by a consistent long-run variance 

for non- i.i.d errors. As suggested in [1], the variance can be estimated by 
2 2i oi ji jiws g g= +ä where jw   

( 1,..., )j l=  is a set of weights with a bandwidth l and jgis the jth sample auto-covariance of the residuals. The 

long-run variance is estimated with the Bartlett kernel by setting bandwidth to 4(T/100)  2/9 .  

 The results in table 3 clearly indicate that the null hypothesis of stationary is rejected for different 

values of Fourier frequency. This finding is contrast with the previous evidence in the literature and implies that 

the shocks to international commodity prices are permanent. 

 

 

 

                                                        
5 See Nazlioglu (2014) for a detailed review. 

6 See Pfaffenzeller et al. (2007) for a detailed description of the data. 
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Table 3: Empirical results 

 k ( )Z k  

Constant 1 60.46***  

 2 98.58***  

 3 91.50***  

Constant and trend 1 35.27***  

 2 60.75***  

 3 67.02***  

*** indicates 1% level. 

5. Conclusion 

This paper develops the panel statistic for the null hypothesis of stationary. The testing procedure benefits from 

the flexible Fourier form in modelling structural shifts as smooth process and also account for cross-section 

dependency. The Monte Carlo simulations proves that the panel statistic has good the empirical size and power 

properties. We also illustrate the application of our test for the behavior of the real international commodity 

prices and support evidence on the non-stationary behavior. 
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A.1. Propositions  
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A.2.  Proof of propositions 
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For the proofs for (o), (p), (r) and (s), we employ the result in Bierens (1994, Lemma 9.6.3)8: 
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And similar way to proofs of (o),(r) and (s), we can utilize this lemma. 
 

                                                        
7 Maddala, G. S., Kim I.M., 1998. Unit roots, cointegration, and structural change, first ed. Cambridge University Press, New York. 

8 Bierens, H., 1994. Topics in Advanced Econometrics: Estimation, Testing, and Specification of Crosssection and Time Series Models, first 

ed. Cambridge University Press, New York. 
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A.3.  Proof of Theorem 1 

Level stationary (constant) model : 

We first consider ÔÈÅ ÉÎÄÉÖÉÄÕÁÌ ÓÔÁÔÉÓÔÉÃ ÆÏÒ ÃÏÎÓÔÁÎÔ ÃÁÓÅ ʂ ËȢ,ÅÔ Å are the OLS residuals from the 

regression of ty on 8 ρȟÓÉÎςʌËÔ4ϳ ȟÃÏÓςʌËÔ4ϳ ȟ& .  
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Then it is easy to show that the second term in eq. (A.1) follows 
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The expression in eq. (A.1) thereby follows 
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Finally, the numerator of  ʂ Ë follows  
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3 ᴼʎ 6 Ò ÄÒ 

This result holds as the denominator of ʂ Ë is a consistent estimator of „ . 
 

Trend stationary (constant and trend) model: 

For the distribution of the individual statistic for constant and trend case ʂ Ë, we consider 

8 ρȟÔȟÓÉÎςʌËÔ4ϳ ȟÃÏÓςʌËÔ4ϳ ȟ& . We follow the similar expression as in eq. (A.1) with $
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With a tedious algebra, the second term in eq. (A.3) follows 

ρ

Ѝ4
8$ $88$ $8Åḳʎ% ËȟÒ 

Therefore, the expression in eq. (A.3) follows 

 
ρ

Ѝ4
3 ᴼʎ7 Ò % ËȟÒ ḳ6 Ò                                                                                                              !Ȣτ 

Then similarly,  

ρ

4
3 ᴼʎ 6 Ò ÄÒ 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



21 

 

 

 

 

A.4. Power analysis for combinations of N and T ( 2 0.0001us = ) 

  

    Constant           Constant and trend   

k N/T 20 30 50 100 150 200 20 30 50 100 150 200 

1 10 0.044 0.056 0.053 0.049 0.077 0.087 0.054 0.049 0.052 0.058 0.052 0.052 

  15 0.050 0.051 0.053 0.069 0.066 0.079 0.048 0.043 0.048 0.057 0.051 0.054 

  20 0.053 0.053 0.059 0.068 0.115 0.114 0.057 0.054 0.047 0.053 0.052 0.056 

  25 0.053 0.060 0.051 0.056 0.088 0.104 0.040 0.051 0.057 0.052 0.047 0.062 

  30 0.046 0.048 0.056 0.058 0.079 0.132 0.043 0.052 0.043 0.053 0.057 0.056 

  50 0.054 0.053 0.056 0.061 0.111 0.117 0.051 0.046 0.050 0.054 0.054 0.067 

  100 0.047 0.047 0.053 0.083 0.117 0.201 0.053 0.048 0.054 0.058 0.065 0.078 

2 10 0.049 0.058 0.051 0.091 0.131 0.191 0.057 0.043 0.050 0.049 0.074 0.064 

  15 0.051 0.052 0.044 0.065 0.111 0.105 0.056 0.051 0.048 0.050 0.066 0.082 

  20 0.048 0.051 0.054 0.059 0.160 0.205 0.047 0.052 0.055 0.061 0.063 0.086 

  25 0.054 0.055 0.060 0.086 0.127 0.210 0.054 0.053 0.048 0.056 0.071 0.078 

  30 0.055 0.049 0.062 0.098 0.290 0.287 0.048 0.040 0.055 0.054 0.090 0.084 

  50 0.052 0.054 0.058 0.098 0.175 0.320 0.037 0.054 0.053 0.064 0.083 0.083 

  100 0.055 0.058 0.060 0.139 0.279 0.697 0.047 0.047 0.053 0.067 0.090 0.124 

3 10 0.047 0.054 0.058 0.077 0.101 0.120 0.050 0.057 0.049 0.049 0.061 0.066 

  15 0.052 0.053 0.052 0.087 0.095 0.115 0.044 0.051 0.049 0.054 0.084 0.091 

  20 0.062 0.048 0.051 0.079 0.152 0.186 0.045 0.051 0.054 0.060 0.057 0.077 

  25 0.053 0.062 0.059 0.086 0.199 0.268 0.047 0.053 0.055 0.059 0.079 0.087 

  30 0.048 0.054 0.078 0.071 0.193 0.233 0.050 0.053 0.057 0.058 0.076 0.102 

  50 0.047 0.059 0.059 0.082 0.174 0.286 0.052 0.052 0.055 0.062 0.096 0.125 

  100 0.051 0.064 0.062 0.154 0.312 0.559 0.056 0.054 0.048 0.067 0.095 0.139 

4 10 0.060 0.056 0.052 0.068 0.108 0.201 0.045 0.045 0.057 0.060 0.073 0.062 

  15 0.050 0.053 0.054 0.078 0.098 0.476 0.052 0.049 0.047 0.058 0.062 0.084 

  20 0.058 0.055 0.051 0.087 0.190 0.130 0.055 0.044 0.057 0.066 0.071 0.081 

  25 0.054 0.046 0.061 0.076 0.115 0.287 0.056 0.041 0.058 0.065 0.075 0.094 

  30 0.047 0.055 0.068 0.109 0.144 0.342 0.050 0.057 0.063 0.050 0.076 0.123 

  50 0.054 0.050 0.054 0.096 0.222 0.466 0.054 0.057 0.055 0.060 0.082 0.121 

  100 0.047 0.066 0.062 0.140 0.297 0.679 0.050 0.046 0.047 0.071 0.109 0.153 

5 10 0.053 0.050 0.058 0.067 0.136 0.160 0.044 0.054 0.055 0.051 0.068 0.075 

  15 0.051 0.048 0.062 0.060 0.097 0.184 0.047 0.051 0.049 0.056 0.070 0.067 

  20 0.052 0.059 0.065 0.076 0.156 0.224 0.054 0.055 0.050 0.049 0.072 0.094 

  25 0.053 0.054 0.062 0.098 0.115 0.215 0.044 0.050 0.048 0.074 0.077 0.092 

  30 0.049 0.046 0.064 0.077 0.261 0.459 0.060 0.050 0.051 0.061 0.078 0.080 

  50 0.045 0.054 0.064 0.111 0.196 0.260 0.060 0.052 0.055 0.067 0.078 0.100 

  100 0.050 0.049 0.059 0.105 0.333 0.736 0.057 0.052 0.048 0.063 0.099 0.125 
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A.5. Power analysis for combinations of N and T ( 2 0.01us = ) 

  

    Constant           Constant and trend   

k N/T 20 30 50 100 150 200 20 30 50 100 150 200 

1 10 0.078 0.173 0.432 0.791 1.000 1.000 0.059 0.058 0.089 0.228 0.898 0.981 

  15 0.106 0.075 0.323 1.000 1.000 1.000 0.056 0.072 0.152 0.549 0.847 1.000 

  20 0.093 0.130 0.814 0.940 1.000 1.000 0.050 0.060 0.133 0.662 0.771 1.000 

  25 0.122 0.230 0.637 0.998 1.000 1.000 0.059 0.067 0.139 0.606 0.971 1.000 

  30 0.116 0.137 0.787 1.000 1.000 1.000 0.049 0.078 0.096 0.561 0.990 1.000 

  50 0.107 0.225 0.691 1.000 1.000 1.000 0.053 0.083 0.175 0.945 1.000 1.000 

  100 0.173 0.386 0.908 1.000 1.000 1.000 0.057 0.084 0.244 0.988 1.000 1.000 

2 10 0.104 0.147 0.827 1.000 1.000 1.000 0.060 0.101 0.235 0.796 1.000 1.000 

  15 0.125 0.408 0.833 1.000 1.000 1.000 0.078 0.097 0.271 0.896 1.000 1.000 

  20 0.151 0.348 0.882 1.000 1.000 1.000 0.062 0.109 0.280 0.963 1.000 1.000 

  25 0.145 0.608 0.953 1.000 1.000 1.000 0.091 0.085 0.287 0.993 1.000 1.000 

  30 0.195 0.670 0.998 1.000 1.000 1.000 0.099 0.151 0.625 0.989 1.000 1.000 

  50 0.258 0.661 1.000 1.000 1.000 1.000 0.095 0.205 0.538 1.000 1.000 1.000 

  100 0.435 0.813 1.000 1.000 1.000 1.000 0.109 0.268 0.765 1.000 1.000 1.000 

3 10 0.146 0.260 0.396 1.000 1.000 1.000 0.056 0.135 0.110 0.995 0.989 1.000 

  15 0.122 0.388 0.719 0.994 1.000 1.000 0.069 0.142 0.248 0.983 1.000 1.000 

  20 0.162 0.504 0.798 1.000 1.000 1.000 0.098 0.216 0.345 0.887 1.000 1.000 

  25 0.238 0.234 0.969 1.000 1.000 1.000 0.084 0.152 0.276 1.000 1.000 1.000 

  30 0.217 0.519 0.982 1.000 1.000 1.000 0.094 0.139 0.486 0.999 1.000 1.000 

  50 0.422 0.870 0.991 1.000 1.000 1.000 0.088 0.180 0.688 1.000 1.000 1.000 

  100 0.619 0.907 0.956 1.000 1.000 1.000 0.132 0.188 0.896 1.000 1.000 1.000 

4 10 0.079 0.262 0.646 0.999 1.000 1.000 0.103 0.196 0.166 0.797 1.000 1.000 

  15 0.190 0.411 0.998 1.000 1.000 1.000 0.064 0.102 0.298 0.985 1.000 1.000 

  20 0.235 0.664 0.997 1.000 1.000 1.000 0.086 0.153 0.288 0.973 1.000 1.000 

  25 0.191 0.568 1.000 1.000 1.000 1.000 0.084 0.136 0.486 0.995 1.000 1.000 

  30 0.200 0.566 0.999 1.000 1.000 1.000 0.095 0.148 0.504 1.000 1.000 1.000 

  50 0.190 0.656 0.990 1.000 1.000 1.000 0.094 0.150 0.479 1.000 1.000 1.000 

  100 0.400 0.781 1.000 1.000 1.000 1.000 0.107 0.307 0.939 1.000 1.000 1.000 

5 10 0.099 0.224 0.754 1.000 1.000 1.000 0.078 0.075 0.179 0.995 1.000 1.000 

  15 0.194 0.716 0.944 1.000 1.000 1.000 0.073 0.133 0.273 0.893 1.000 1.000 

  20 0.224 0.595 0.969 1.000 1.000 1.000 0.082 0.169 0.284 0.999 1.000 1.000 

  25 0.135 0.378 0.912 1.000 1.000 1.000 0.078 0.098 0.515 0.995 1.000 1.000 

  30 0.116 0.595 0.993 1.000 1.000 1.000 0.107 0.104 0.471 1.000 1.000 1.000 

  50 0.346 0.672 0.971 1.000 1.000 1.000 0.068 0.253 0.778 1.000 1.000 1.000 

  100 0.480 0.923 1.000 1.000 1.000 1.000 0.097 0.323 0.880 1.000 1.000 1.000 
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A.6. Power analysis for combinations of N and T (2 1us = ) 

 

 

 

 

 

 

 

  

    Constant           Constant and trend   

k N/T 20 30 50 100 150 200 20 30 50 100 150 200 

1 10 0.995 1.000 1.000 1.000 1.000 1.000 0.453 1.000 1.000 1.000 1.000 1.000 

  15 1.000 0.998 1.000 1.000 1.000 1.000 0.702 1.000 1.000 1.000 1.000 1.000 

  20 0.982 0.996 1.000 1.000 1.000 1.000 0.953 1.000 1.000 1.000 1.000 1.000 

  25 0.323 1.000 1.000 1.000 1.000 1.000 0.952 1.000 1.000 1.000 1.000 1.000 

  30 1.000 1.000 1.000 1.000 1.000 1.000 0.992 1.000 1.000 1.000 1.000 1.000 

  50 0.959 1.000 1.000 1.000 1.000 1.000 0.988 1.000 1.000 1.000 1.000 1.000 

  100 0.977 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 

2 10 1.000 1.000 1.000 1.000 1.000 1.000 0.872 0.992 1.000 1.000 1.000 1.000 

  15 1.000 1.000 1.000 1.000 1.000 1.000 0.999 0.321 1.000 1.000 1.000 1.000 

  20 0.993 1.000 1.000 1.000 1.000 1.000 0.999 0.995 1.000 1.000 1.000 1.000 

  25 1.000 1.000 1.000 1.000 1.000 1.000 0.947 1.000 1.000 1.000 1.000 1.000 

  30 0.995 1.000 1.000 1.000 1.000 1.000 0.994 1.000 1.000 1.000 1.000 1.000 

  50 1.000 1.000 1.000 1.000 1.000 1.000 0.862 0.995 1.000 1.000 1.000 1.000 

  100 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.995 1.000 1.000 1.000 1.000 

3 10 0.998 0.999 1.000 1.000 1.000 1.000 0.970 1.000 1.000 1.000 1.000 1.000 

  15 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

  20 1.000 1.000 1.000 1.000 1.000 1.000 0.735 1.000 1.000 1.000 1.000 1.000 

  25 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

  30 0.944 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

  50 0.513 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

  100 1.000 1.000 1.000 1.000 1.000 1.000 0.924 1.000 1.000 1.000 1.000 1.000 

4 10 0.876 1.000 1.000 1.000 1.000 1.000 0.836 1.000 1.000 1.000 1.000 1.000 

  15 0.988 0.944 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 

  20 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

  25 1.000 1.000 1.000 1.000 1.000 1.000 0.995 1.000 1.000 1.000 1.000 1.000 

  30 1.000 1.000 1.000 1.000 1.000 1.000 0.915 1.000 1.000 1.000 1.000 1.000 

  50 0.637 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

  100 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

5 10 0.968 1.000 1.000 1.000 1.000 1.000 0.998 1.000 1.000 1.000 1.000 1.000 

  15 0.083 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 

  20 0.990 1.000 1.000 1.000 1.000 1.000 0.998 1.000 1.000 1.000 1.000 1.000 

  25 0.335 1.000 1.000 1.000 1.000 1.000 0.996 1.000 1.000 1.000 1.000 1.000 

  30 1.000 1.000 1.000 1.000 1.000 1.000 0.996 1.000 1.000 1.000 1.000 1.000 

  50 1.000 1.000 1.000 1.000 1.000 1.000 0.885 1.000 1.000 1.000 1.000 1.000 

  100 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
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¥zet 

Son yēllarda hafif betonun uygulama alanlarē hēzla artmaktadēr. B¿y¿k a­ēklēklē ­atē ºrt¿leri ve y¿zer dalgakēran bu 
uygulamalardan bazēlarēdēr. Ancak normal betona gºre olduk­a zayēf olan hafif betonun, uygulama alanlarēnda ki ihtiyaca 
karĸēlēk verebilmesi i­in mekanik ºzelliklerinin iyileĸtirilmesi gereĵi ortaya ­ēkmēĸtēr. Bºylece lifli hafif beton konusunda 
­alēĸmalar hēzlanmēĸtēr. Normal beton ­ekme dayanēmē d¿ĸ¿k olmasēnēn yanē sēra olduk­a da kērēlgan bir elemandēr. Buna 

karĸēlēk lifli beton (iyileĸtirilmiĸ beton) i­inde kullanēlan liflerin sayesinde, beton ­ekme dayanēmē artmakta dolayēsē ile daha 
s¿nek bir malzeme haline gelmektedir. Gerek hafifliĵi gerekse yalētēm ºzelliĵi dolayēsē ile hafif betonlar yapē dēĸ cephe ve i­ 
duvarlarēnda yaygēn olarak kullanēlmaktadēr. Hafif betonun taĸēyēcē eleman olmasēnē da hedefleyen tasarēmlar oluĸmuĸtur. Bu 
­alēĸmada; 0-4 mm aralēĵēnda pomza agregalē hafif har­lara plastik lifin etkisi TS EN 196-1ôe uygun olarak eĵilme ve basēn­ 
dayanēm deneyleri ile incelenmiĸtir. Yapēlan ­alēĸma sonucu uygun plastik lif oranē belirlenerek eĵilme dayanēmēnda artēĸ 
saĵlanmēĸtēr.  
Anahtar Kelimeler: Ponza agrega, hafif beton, plastik lif, ­elik lif 

 

1.Giriĸ 

Yapē sektºr¿ ve yapē teknolojileri arasēnda taĸēyēcē eleman olarak en ­ok kullanēlan malzeme betondur. Beton; 
bileĸenleri olan ­imento, agrega, su ve gerektiĵinde katkē maddelerinin belirli oranlarda karēĸēmlarēndan 
meydana gelmektedir. Kullanēĸ amacēna gºre ­ok ­eĸitli tiplerde beton elde etmek m¿mk¿nd¿r. Betonu oluĸturan 
ham maddeler doĵada bol miktarda bulunmaktadēr. Ucuz saĵlanmasē ve kolay ĸekil verilmesinin yanē sēra dēĸ 
etkenlere karĸē dayanēklē olmasē bakēmēndan beton yaygēn kullanēlan yapē malzemesi olmuĸtur[1]. 

 
Teknolojinin ilerlemesiyle birlikte beton end¿strisinde de ilerlemeler olmuĸ ve beton ¿retimindeki bu 

yenilikler beton teknolojisine ºzel betonlar adē ile girmiĸtir. ¥zel beton ­eĸitlerinden bir tanesi de hafif 
betonlardēr. Aĵērlēĵē az, yalētēmē y¿ksek, dayanēmē yeterli ve yanmaz bir madde olan hafif beton geleceĵin 
mimarlēĵē a­ēsēndan b¿y¿k ºnem taĸēyan bir malzemedir.  

 

* Corresponding author. Tel.: +90553 397 10 38 

         E-mail address: ozersevim@kku.edu.tr 

 

Hafif betonlarēn normal betondan ayrēcalēĵē, hafifliĵi ve ēsē yalētēmē saĵlayan boĸluklarē bulunmasēdēr. 
Boĸluklar, boĸluklu agrega kullanēlarak (zeolit, bims veya pomza taĸē, c¿ruf, perlit v.b) veya boĸluklu i­yapē 

oluĸturarak ya da ince har­ i­inde gaz kabarcēklarē oluĸturmak yolu ile saĵlanmaktadēr[2]. 

Taĸēyēcē hafif agregalē betonlar d¿nyada ­ok sayēda m¿hendislik uygulamasēnda rol almaktadēr. Bunun en 
ºnemli nedeni yapē ºl¿ y¿k¿n¿n azaltēlmasēnēn sismik etkileri karĸēlamasē kadar yapē zati aĵērlēĵēndaki bu azalēĸ 
yapē elemanlarēnēn kesitlerinin de azalmasēna ve gerek ekonomik gerekse zaman ve enerji tasarrufu saĵlamasēdēr. 
Bunun yanēnda hafifliĵi saĵlayan agrega i­erisindeki boĸluk oranēn var olmasē normal betona kēyasla daha iyi ēsē, 
ses yalētēmlarē aynē zamanda yangēn dayanēmē saĵlamaktadēr. 

 
Birim aĵērlēklarē normal betonlardan belirgin ĸekilde d¿ĸ¿k olan betonlara hafif beton denilmektedir. Genel 

olarak birim aĵērlēĵē 1800 kg/m3ôten k¿­¿k olan betonlar hafif beton sēnēfēna girerler. Hafif betonlar birim 
aĵērlēklarēna, mukavemetlerine ve kullanēm amacēna gºre gruplandērēlabilirler [3 

 
Hafif beton teknik, ekonomik ve ­evresel avantajlarē sayesinde yapēlar i­in ­ok yºnl¿ kullanēlan bir materyal 

olmuĸ ve son zamanlarda yapēlarda daha fazla kullanēlmaya baĸlamēĸtēr[4]. Hafif betonun yapē malzemesi olarak 
kullanēmē ile yapē y¿k¿n¿n azaltēlmasē dolayēsēyla malzeme yºn¿nden ekonomi ve d¿ĸ¿k birim aĵērlēĵē sayesinde 
de y¿ksek ēsē ve ses yalētēmē gibi yararlar saĵlanmēĸtēr[5]. 
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Y¿ksek yalētēm kapasitesi ve d¿ĸ¿k birim hacim aĵērlēk hafif agregalē betonlarēn en belirgin ºzellikleridir. Bu 
ºzelliĵi ile normal betonlardan fark edilir ĸekilde ayrēlēr. Ancak bu iki ¿st¿n ºzelliĵin yanēnda ¿retim, uygulama 
ĸekli, tasarēm gibi pek ­ok ºzelliĵi normal betonla aynēdēr[6].  

 
Bu ­alēĸmanēn amacē; plastik lif katkēlē pomza agregalē taĸēyēcē ­imento harcē ¿reterek mekanik ºzelliklerinin 

incelenmesidir.  

2.Pomza agregasē 

Pomza, birbirine baĵlantēsēz boĸluklu, s¿nger gºr¿n¿ml¿ silikat esaslē, birim hacim aĵērlēĵē genellikle l 
gr/cm3ôden k¿­¿k, sertliĵi mohs sertlik skalasēna gºre yaklaĸēk 6 olan ve camsē doku gºsteren volkanik bir 
maddedir. Pomzanēn doĵal olarak kullanēlmasē yanēnda kērma ve eleme suretiyle beton yapēmēna elveriĸli hale 
getirilmiĸ ĸekline de, pomza agregasē adē verilmektedir. 

 
Pomzada gºzenekler, ­oĵunlukla birbiriyle baĵlantēlē deĵildir. i­erdiĵi gºzenekler gºzle gºr¿lebilecek 

boyutlardan, mikroskobik boyutlara kadar sayēsēz miktarda olup, her biri diĵerinden camsē bir zarla yalētēlmēĸtēr. 
Bu y¿zden hafif, suda uzun s¿re y¿zebilen, izolasyonu y¿ksek bir kaya­tēr [7]. 

 
Ķnĸaat sektºr¿nde, yapēlarda hafif beton karēĸēmlarēnēn kullanēmē ­ok eskilere dayanmaktadēr. Pomza ve skoria 

gibi hafif agregalar, M.¥ ºzellikle Yunan ve Roma mimarisinden g¿n¿m¿ze deĵin kullanēlmēĸ, doĵal yapē 
malzemeleridir. Bazē Roma marina yapēlarēnda (ºrneĵin Ķtalya nēn batēsēnda olan ve hala hizmet veren ñPort of 
Cosaò gibi); pomza ve skoria kullanēlarak ¿retilen yapēlar aracēlēĵēyla tarih; bize doĵal hafif agrega kullanarak 
nasēl dayanēklē yapē ¿retileceĵini gºstermiĸtir. Ayrēca bu malzemelerin, dayanēmē d¿ĸ¿k malzemeler olduĵu 
tezini de ­¿r¿tmektedir [8] 

 

ķekil. 1. Pomza agregasē 

3.Materyal ve yºntem 

Bu ­alēĸmada, hafif agrega olarak pomza agregasē ve plastik lif kullanēlarak ¿retilen hafif ­imento harcēnēn 
mekanik ºzelliklerinin belirlenmesi ama­lanmēĸtēr. Bu ama­ doĵrultusunda, hafif ­imento harcē ¿retiminde  
pomza agregasē ile birlikte ­eĸitli oranlarda katē plastik lif  kullanēlmēĸ ve elde edilen veriler deĵerlendirilmiĸtir.  

¢alēĸmada  kullanēlan pomza agregasē, CEM I 42,5 normal portlant ­imentosu ve katē plastik liflerin 
ºzellikleri Tablo 1 ve Tablo 2ôde verilmiĸtir. 

Tablo 1. Kullanēlacak malzeme yoĵunluklarē 

Kullanēlacak Malzeme  Yoĵunluk ÇȾÃÍ ) 

Pomza agregasē 0,67 

CEM I 42,5 normal portland ­imentosu 3,15 

Katē plastik lif  0,90 

Yapēlacak hafif har­ i­in karēĸēm oranlarē aĸaĵēda verilmiĸtir. 

Tablo 2. Kullanēlacak malzeme ºzellikleri 

Mazleme Cinsi  Su/¢imento Oranē Aĵērlēk (kg) 

¢imento  350.00 

Su 0,65 227.50 

Pomza Agrega  423,03 

Hava  0,05 
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4.Araĸtērma bulgularē 

¢alēĸmada; 0-4 mm aralēĵēnda pomza agregalē hafif har­lara plastik lifin etkisi TS EN 196-1ôe uygun olarak eĵilme ve 

basēn­ dayanēm deneyleri ile incelenmiĸtir. Katē plastik lifler sērasēyla 1000 ÄÍ toplam hacme % 0, % 0.25, % 0.50, % 0.75 

ve % 1 ilave olarak eklenmiĸtir.   

Tablo 3. Lif y¿zdeleri ve karĸēlēk gelen aĵērlēklarē 

Lif Oranē  Aĵērlēk (kg) 

% 0.25 2,25  

% 0.50 4,5 

% 0.75 6,75 

% 1 10 

 

Deney numunelerinin hazērlanmasē ve kalēba doldurulmasē  

Deney numuneleri ĸekil 2ôde gºsterilen 40 mm Ĭ 40 mm Ĭ 160 mmô lik prizma ĸeklinde hazērlanēr. Harcēn hazērlanmasēnē 
m¿teakip kalēplar hemen doldurulur. Kalēp ve kalēp baĸlēĵē sarsma tablasēna sēkēca tutturulur. Uygun bir kaĸēkla karēĸtērma 
kabēndan doĵrudan bir veya bir ka­ defada, iki har­ tabakasēndan ilki (her biri 300 gram olmak ¿zere) her kalēp bºl¿m¿ne 
doldurulur. Har­ tabakasē, b¿y¿k yayēcē ile, kenarlarēndan dik pozisyonda tutularak ve kalēp baĸlēĵēyla temas halinde olmak 
¿zere, kalēbēn her bºlmesinde bir kez olmak ¿zere ileri geri hareket ettirilerek d¿zg¿n ĸekilde yayēlēr. Sonra bu birinci tabaka 
60 sarsma ile sēkēĸtērēlēr. Ķkinci tabaka har­ kalēba doldurulur ve k¿­¿k yayēcē ile bu tabaka da d¿zeltilir ve ikinci 60 sarsma 
ile sēkēĸtērēlēr. Kalēp itina ile sarsma tablasēndan kaldērēlēr ve kalēp baĸlēĵē ­ēkarēlēr. Harcēn fazlasē derhal hemen hemen dik 
tutulan bir metal mastarla sēyrēlēr ve her yºne doĵru bir kere enine testere hareketi ile ­ekmek suretiyle yavaĸ yavaĸ hareket 
ettirilir. Prizmalarēn y¿zeyi, aynē mastar hemen hemen d¿z tutularak d¿zleĸtirilir. Prizmalarē ve sarsma tablasēna gºre 

konumlarēnē tanēmlamak amacēyla kalēplar etiketlenir. 

 

ķekil 2. 40 x 40 x 160 mm kalēp  

Deney numunelerinin deneye hazērlanmasē  

¦zeri pl©ka ile kapatēlmēĸ, uygun ĸekilde iĸaretlenmiĸ kalēplar geciktirilmeden yatay olarak rutubet kabinine konulur. Her 
kalēp muhafaza edildiĵi yerden sºk¿lmek ¿zere 24 saat sonra rutubet kabininden alēnēr ve kalēplar dikkatlice sºk¿l¿r. Suda 
k¿r uygulanacak numuneler daha sonra tanēmlanabilmeleri i­in, suya dayanēklē kalemle uygun ĸekilde iĸaretlemeler yapēlēr. 
Ķĸaretlenmiĸ prizmalar geciktirilmeden (20 Ñ 1) CÜ ôda su bulunan kaba uygun ĸekilde yatay olarak daldērēlēr. Numuneler, 

paslanmaz ēzgaralarēn ¿zerine, su prizmanēn b¿t¿n y¿zeyleri ile temas edebilecek ĸekilde ayrē ayrē yerleĸtirilir. 
 

Eĵilme dayanēmē  

Eĵilme dayanēmē i­in numuneler 2, 7, 28 g¿n normal su ve % 10 sodyum s¿lfat ­ºzeltisinde bekletilen numuneler k¿r 
havuzundan ­ēkarēlarak ĸekil 3ôde gºsterilen ­imento presi ile eĵilme dayanēmēna tabi tutulmuĸtur. 40 x 40 x 160 mm 
boyutunda prizmatik ­ubuklar, her bir deĵer i­in ¿­ adet kērēlmēĸ ve bu sonu­larēn aritmetik ortalamasē alēnarak 
deĵerlendirme yapēlmēĸtēr. 
 

Basēn­ dayanēmē  

Eĵilme dayanēmē sonucu 6 adet 40 x 40 x 40 mm boyutundaki numuneler ile ĸekil 3ôde gºsterilen ­imento presi ile basēn­ 

dayanēm deneyleri yapēlmēĸtēr. Basēn­ dayanēmē cihazē deney i­in uygun kapasitede ve (2400Ñ200) N/s y¿kleme hēzēnda 
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ayarlanmēĸtēr. Cihazda y¿kleme hēzēnē ayarlayabilen ve sonu­larē kaydedebilen sistemler kullanēlmēĸtēr. Eĵilme deneyinden 
sonra elde edilen yarēm prizmalar cihazēn plakalarē arasēna Ñ5 mmôden fazla taĸmayacak ĸekilde merkezlenerek 
yerleĸtirilmiĸtir. Cihaz (2400Ñ200) N/s hēzda prizma kērēlana kadar y¿kleme yapēlmēĸtēr. Basēn­ dayanēmē deneyinin sonucu, 

3 prizmalēk takēmdan tayin edilen 6 adet sonucun aritmetik ortalamasē olarak ifade edilmiĸtir. 6 adet sonu­ i­erisinde biri 
ortalamadan Ñ %10ó dan fazla farklēlēk gºsterdiĵi durumda bu sonu­ atēlmēĸ ve geri kalan 5 sonucun ortalamasē alēnmēĸtēr. 

 

 

ķekil 3. ¢imento presi  

Sērasēyla ĸekil 4 óde katkēsēz, ĸekil 5ôde % 0.25 plastik lif katkēlē, ķekil 6ôda % 0.50 plastik lif katkēlē,  ķekil 
7ôde % 0.75 plastik lif katkēlē ve ķekil 8ôde ise % 1 plastik lif katkēlē kērēmlarēn gºr¿nt¿leri sunulmuĸtur.  

 

 

ķekil 4. plastik lif katkēsēz har­ 

 

ķekil 5. % 0.25 plastik lif katkēlē har­ 
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ķekil 6. % 0.50 plastik lif katkēlē har­ 

 

ķekil 7. % 0.75 plastik lif katkēlē har­ 

 

ķekil 8. % 1 plastik lif katkēlē har­ 

Lif katkēsē arttēk­a kērēlmanēn azaldēĵē yani eĵilme dayanēmēnēn artēĵē gºr¿lm¿ĸt¿r. Tablo 4ôde de gºr¿ld¿ĵ¿ 

gibi 28 g¿nl¿k sonu­lara gºre plastik lif katkēsēnēn eĵilme dayanēmlarēnē artērdēĵē ve basēn­ dayanēmlarēnē ise bir 
miktar azalttēĵē sonucuna varēlmēĸtēr.  

 

 

 

 

 

 

Tablo 4. Lif y¿zdelerine gºre  basēn­ ve eĵilme dayanēmlarē 

Lif Oranē  Eĵilme 

Dayanēmē (Mpa) 

 Basēn­ Dayanēmē 

(Mpa) 

Katkēsēz 4.593 26.868 

% 0.25 4.823 26.131 

% 0.50 5.002 25.813 

% 0.75 5.344 25.470 

% 1 5.618 25.253 
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5.Sonu­ ve ºneriler 

Pomza agregalarē ve plastik lif kullanēlarak ¿retilen hafif ­imento harcēnēn deĵerlendirilmesi, hafif harcēnēn 

basēn­ dayanēmēnēn ve eĵilme dayanēmēnēn araĸtērēldēĵē bu ­alēĸmada, plastik lif y¿zdelerinin hafif ­imento 

harcēna mekanik etkilerini gºrmek i­in deneyler yapēlmēĸ, ­alēĸmadan elde edilen sonu­lar ve ºneriler aĸaĵēda 

ºzetlenmiĸtir. 

¶ Katē plastik lif oranlarē arttēk­a beton basēn­ dayanēmē d¿ĸm¿ĸt¿r. 

¶ Katē plastik lif oranlarēnēn artmasēyla hafif ­imento harcē eĵilme dayanēmlarē da artmēĸtēr. 

¶ Elde edilen lif katkēsēz pomza agregalē ­imento har­larēna bakacak olursak bulunan basēn­ ve 

eĵilme dayanēmlarēna gºre ses ve ēsē yalētēmēnda, zemin yalētēmēnda, yapēnēn zati aĵērlēĵēnē 

azalttēĵēndan ve taĸēyēcē sistemin d¿ĵ¿m noktalarēnda oluĸan kuvvetleri (moment, eksenel kuvvet, 

kesme kuvveti) azaltēp taĸēyēcē sistem kesit boyutlarēnē k¿­¿ltt¿ĵ¿ i­in inĸaatlarda tercih edilebilir. 

¶ Yapēlan ­alēĸmalar neticesinde ­eĸitli bulgular elde edilmiĸ, mekanik ve fiziksel deĵerlendirmeler 

yapēlmēĸ ancak teknik yetersizlikler nedeniyle ¿retilen numunelerin kalēcēlēk ºzellikleri 

incelenememiĸtir. Ķleriki ­alēĸmalarda pomza agregalē plastik lif katkēlē hafif ­imento har­larēnēn 

durabilite a­ēsēndan deĵerlendirmeleri yapēlabilir. 
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Abstract 

Railway platform which is vibrated with higher frequency dynamic loads induced by high speed train cars transfer these 
vibrations energies to surrounding ground and close by structures are effected by them. Strong ground motion not only can 
give damage to the nearby buildings and their footings but also effect the human comfort by undesired vibrations. Extensive 
in-situ research are still required for both recent ongoing construction projects in soft soil deposits (Eskiĸehir-Adapazarē-
Izmit) and for planned construction projects on highly populated areas (Edirne-Istanbul-Ankara-Kars) in Turkey. The aim of 
the study can be summarized as to determine comfort disturbance and devastating environmental vibration created by high 
speed trains on free field. Strong ground motions induced by high speed train measured and recorded at the inspection points 
selected at the site close to high speed train line passing through highly populated regions. Environmental effects of these 
vibration data compared and evaluated. However, the applicability of a well know half space solutions based on Bornitzôs 
analytical approach which takes account the loss of the amplitude of waves due to geometrical damping and material 
damping of Rayleigh waves are investigated. Bornitzôs solution tends to overlap vertical free field vibration with in-situ 
measured records. 

Keywords: High speed train, free field vibrations, in situ measurement 

   

Y¿ksek Hēzlē Trenlerin Serbest Zemin Y¿zeyinde Oluĸturduĵu 

Titreĸimlerin Deneysel ve Analitik Olarak Ķncelenmesi   

¥zet 

Trenlerin seyahat hēzlarēnēn artmasē ve tekrarlē ge­iĸleri, y¿ksek frekanslē dinamik y¿kleri meydana getirir.  Titreĸen 
demiryolu ¿styapēsē, titreĸim enerjisini ­evresindeki zeminlere iletir. Demiryolu aĵēna yakēn bºlgelerdeki yapēlar zemin 
ortamēnēn karakterine gºre bi­imlenen titreĸimlerden etkilenir. Kuvvetli yer hareketleri binalara ve temellerine hasar 
verebileceĵi gibi binalarda yaĸayan insanlara da konfor bozucu titreĸimleriyle rahatsēzlēk verebilir. T¿rkiyeôde taĸēma g¿c¿ 
zayēf, al¿vyon zemin ve yoĵun yerleĸim bºlgelerinden ge­en (Eskiĸehir-Adapazarē-Ķzmit), inĸaatē devam eden ve ge­irilmesi 

planlanan y¿ksek hēzlē trenlerôin (YHT) ­evrede oluĸturduklarē titreĸimlerin tespiti i­in ĸuana kadar herhangi bir saha 
araĸtērmasē yapēlmamēĸtēr. Bu ­alēĸmanēn amacē, YHTôlerin yakēn ­evrede oluĸturduĵu titreĸimleri doĵal saha koĸullarēnda 
belirlemektir. YHT demiryolu hattēna yakēn se­ilmiĸ gºzlem noktalarēnda, YHT trafiĵinin ¿rettiĵi kuvvetli zemin titreĸimleri 
yedi y¿ksek kaliteli sismik sensºr ile kayēt altēna alēnmēĸ ve titreĸimlerin oluĸturduklarē pik ivme deĵerlerinin mesafeyle 
azalēmē hesaplanmēĸtēr. Saha ­alēĸmasē sonu­larē, Bornitzôin iki nokta arasēndaki enerji azalēmē ile ilgili olarak sunmuĸ olduĵu 
analitik ­ºz¿m ile karĸēlaĸtērēlmēĸtēr. Analitik yºntemin serbest zemin y¿zeyinde oluĸan d¿ĸey ivme genliklerini tahmin 
etmede baĸarēlē olduĵu fakat yatay ivme kayētlarē i­in fazla kestirim yaptēĵē bulunmuĸtur. 

Anahtar Kelimeler: Y¿ksek hēzlē tren, serbest zemin titreĸimleri, yerinde zemin titreĸim ºl­¿mleri 

1.Giriĸ 

Son zamanlarda k¿resel d¿nyada, hareket hēzlarēnē, yolcu ve y¿k kapasitelerini s¿rekli arttērarak deĵiĸtiren 

YHT teknolojisi araĸtērmalarēnēn ºnemli bir bºl¿m¿ yalnēzca yolcularēn konforunu saĵlamak i­in deĵil aynē 

zamanda demiryolu aĵēnēn i­inden ge­tiĵi yoĵun yerleĸim bºlgelerinde yaĸayanlarēn maruz kalabileceĵi g¿r¿lt¿ 

kirliliĵinden ve b¿y¿k genlikli titreĸimlerden korunmasē ­alēĸmalarēnē da kapsamaktadēr. Ķnsanlarēn hayat 

standartlarēnēn ekonomik geliĸmeye baĵlē y¿kselmesiyle modern kent topluluklarēnēn yoĵun yerleĸim 

bºlgelerinde, daha kaliteli, g¿venli yaĸam isteĵi ve ­evresel etkenlerin ¿rettiĵi problemlere karĸē gºsterdikleri 

duyarlēlēklar hēzla artmaktadēr. Deprem yer hareketi dēĸēndaki insan yapēsē ¿retilen y¿ksek frekanslē titreĸim 

kaynaklarēnēn (aĵēr makine temelleri, yoĵun ve hēzlē trafik akēĸ y¿kleri, masif inĸaat aktiviteleri, patlamalar vb.) 

oluĸturduĵu kuvvetli dalgalarēn yumuĸak zemin ortamēnda yayēlēĸēnēn incelenmesi, ­evresel titreĸim 

problemlerinin m¿hendislik ­ºz¿mlerinin ¿retilmesi a­ēsēndan ºnem kazanmēĸtēr [1-5]. 
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Duraĵan veya hareketli titreĸim kaynaklarēnēn ¿rettiĵi kuvvetli y¿zey dalgalarēnēn sebep olduĵu b¿y¿k 

genlikli titreĸimlerin davranēĸēnē ve yakēn ­evresindeki etkilerini daha iyi anlayabilmek i­in son dºnemlerde az 

sayēda da olsa deneysel saha araĸtērmalarē ger­ekleĸtirilmiĸtir. Y¿ksek hēzlē demiryolu taĸēmacēlēĵēnēn kent i­inde 

¿rettiĵi ­evresel titreĸimlerin etkileri, trafik akēĸ yoĵunluklarēna, tren seti y¿klerine, etkime s¿relerine ve seyahat 

hēzlarēna baĵlē incelenmiĸ ve dalga yayēlēmē probleminin anlaĸēlabilmesiyle ilgili bir­ok saha deneyleri 

ger­ekleĸtirilmiĸtir. Degrande ve Schillemans [6] Br¿ksel-Paris arasēnda test s¿r¿ĸ¿ yapan bir lokomotif ve 7 

vagondan oluĸan Thalys HST tipi YHTônin 223-314 km/saat arasēndaki ge­iĸ hēzlarēnda demiryolu ve yakēn 

­evrede (4-72 m arasēnda 14 farklē gºzlem noktasē) oluĸturduklarē serbest zemin titreĸimlerini incelemiĸlerdir. 

Diĵer taraftan, Branderhorst [7] Hollandaônēn Amsterdam-Utrecht ĸehirleri arasēnda 40-160 km/h hēzlarēnda 

seyahat eden aynē tip YHTônin meydana getirdiĵi ­evresel titreĸimleri ºl­erek, elde ettikleri veri setini sayēsal 

modellerin doĵrulanmasēnda kullanēlmak ¿zere araĸtērmacēlara sunmuĸlardēr. Bununla birlikte, Auersch [8] 

Almanyaôda faaliyet gºsteren ICE tipi YHTônin 100-300 km/h arasēnda deĵiĸen hēzlarda elde ettiĵi ºl­¿m 

sonu­larēnē rapor olarak yayēnlamēĸtēr. Aynē ĸekilde Adolfsson vd. [9] Ķsve­ôin batē sahil hattēnda Gºteborg-

Malmº arasēnda kullanēlan X2000 tipi trenlerin 200 km/saat aĸan hēzda oluĸturduĵu ­evresel titreĸimleri kayēt 

altēna almēĸlardēr. Titreĸim etkilerini kapsayan ­evresel deĵerlendirme sonu­larē yeni ulaĸēm sistemlerinin 

tasarēmē ve planlanmasē aĸamasēnda gerekli programlardan biri haline gelmiĸtir. 
 

Y¿ksek hēzlē demiryolu taĸēmacēlēĵēna sahip bir­ok Avrupa ¿lkesinde olduĵu gibi, ¿lkemizde de yolcu 

taĸēmacēlēĵēndaki trafik akēĸ hēzlarē V=250 km/h deĵerlerine ulaĸacak ĸekilde planlanmēĸ, yolcu ve y¿k 

taĸēmacēlēĵēndaki dingil y¿kleri 180-225 kN olarak tasarlanmēĸtēr. Y¿ksek-hēzlē demiryolu hatlarēnda s¿rekli tren 

ge­iĸlerinin, demiryolu ¿styapēsēnda, ­evre zeminde ve yapēlarda oluĸturduĵu kuvvetli titreĸimlerin ºl­¿lmesi, 

uluslararasē normlara gºre karĸēlaĸtērēlēp incelenmesi, yapē temellerinde hasar ve insanlarda rahatsēzlēk verici 

etkilerinin deĵerlendirilmesi, titreĸimlerin yayēlma alanēnda veya korunacak yapē ­evresinde azaltēlmasē ve en 

uygun demiryolu ¿styapē tasarēmēnēn ger­ekleĸtirilmesi gibi konular inĸaat m¿hendisliĵinin ulaĸēm sistemlerinin 

planlanmasēnda ºnemli bir uĵraĸ alanē olmuĸtur. 
 

¦lkemizde demiryolu ulaĸēm sistemlerini ilgilendiren konularda ger­ekleĸtirilen az sayēdaki saha araĸtērma 

­alēĸmalarē kent i­i hafif raylē sistem titreĸimlerinin yolcu konforu ve g¿venliĵi ¿zerindeki etkilerinin 

incelenmesiyle, seyahat kalitesinin ve ­evresel akustik sorunlarēn iyileĸtirilmesiyle sēnērlē kalmēĸtēr. Ulusal 

literat¿rde ºnerdiĵimiz proje konusuna en yakēn ­alēĸma, Ķstanbul Aksaray-Havalimanē ĸehir i­i raylē ulaĸēm 

trafiĵinde kullanēlan ve maksimum seyahat hēzlarē 50km/saatËi aĸmayan hafif metro ara­larēnēn ge­iĸleri 

sērasēnda demiryolu hattēnda ve 9.5 m yakēnēndaki bir idari binada oluĸturduĵu titreĸim etkilerinin ºl­¿ld¿ĵ¿ ve 

konfor analizi yapēlarak deĵerlendirildiĵi yerel ­alēĸmadēr [10]. Aynē projede ger­ekleĸtirilen ºl­¿mler ve 

sim¿lasyon ­alēĸmalarē, taĸēt tekerleĵi-ray etkileĸimi sonucu ­evreye yayēlan konfor bozucu titreĸimleri ve 

g¿r¿lt¿y¿ azaltmak i­in ara­ gºvdesinde ve demiryolu alt yapēsēnda alēnabilecek izolasyon yºntemlerine 

odaklanmēĸtēr. ¢ºz¿m ºnerileri aĵērlēklē olarak makine m¿hendisliĵi disiplini ­er­evesinden sunulmuĸtur. 

¢alēĸmada, demiryolu hattēna 3.5 m uzaklēkta bulunan ve derinliĵi sadece 1 m olan drenaj ama­lē a­ēk bir kanal 

uygulamasēnēn zemin titreĸimleri ¿zerindeki azaltēcē etkisi ºl­¿lm¿ĸt¿r. Diĵer taraftan, ¿lkemizde ¢elebi vd. [11] 

ger­ekleĸtirmiĸ olduklarē saha deneylerinde, harmonik titreĸim dalgalarē oluĸturmak i­in 10-100 Hz frekans 

aralēĵēnda ­alēĸan 250 N d¿ĸey y¿k kapasiteli elektro-dinamik sarsēcē kullanēlmēĸtēr. ¢alēĸmada k¿­¿k ºl­ekte 

(boyutlarē:1x1x0.5m) hazērlanan betonarme temellerin titreĸimleri, ºnlerine 2.5 m derinlikte yerleĸtirilen dalga 

bariyerinin (kesit alanē = 3 m2) aktif ve pasif uygulamalarēyla birlikte incelenmiĸtir. 
 

Yukarēda tanēmlanan problemlerin ­ºz¿mlerine yºnelik kapsamlē saha araĸtērmalarēnēn gerekliliĵi ºzellikle 

¿lkemizin taĸēma g¿c¿ zayēf, al¿vyon zemin ortamlarēndan (Eskiĸehir-Adapazarē-Ķzmit) ve yoĵun yerleĸim 

bºlgelerinden ge­en, inĸaatē devam eden ve ge­irilmesi planlanan y¿ksek hēzlē modern demiryolu hatlarē (Kars-

Ankara-Ķstanbul-Edirne hēzlē tren projesi) i­in g¿ncelliĵini korumaktadēr.  ¦lkemizde YHT yolcu taĸēmacēlēĵēnēn 

yakēn zamanda faaliyete ge­miĸ olmasē ve ulaĸēm sisteminin yeni olmasē, sºz konusu muhtemel ­evresel 

sorunlarēn ºngºr¿lememesi, mevcut araĸtērmalarēn da sadece demiryolu ¿styapē titreĸimleri ve g¿r¿lt¿ kirliliĵinin 

azaltēlmasēna odaklanmēĸ olmasē, bu ­alēĸmayē ­evresel titreĸimlerin yerinde incelenmesi konusuna 

yºnlendirmiĸtir. Bu ­alēĸmada demiryolu hattēna ­ok yakēn se­ilmiĸ bir sahada serbest zemin titreĸimleri kayēt 

altēna alēnmēĸ ve YHT trafiĵinin ¿rettiĵi zemin titreĸimlerinin mesafe ile azalēmē incelenmiĸtir.  

2.Saha koĸullarē ve y¿ksek hēzlē tren setinin genel ºzellikleri 

Bu ­alēĸma kapsamēnda, Ķstanbul-Ankara arasēnda toplam uzunluĵu 533 km olan, taĸēma g¿c¿ zayēf al¿vyon 

zemin ortamlarēndan ve yoĵun yerleĸim bºlgelerinden ge­en Kºsekºy-Pamukova arasēndaki y¿ksek hēzlē 
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modern demiryolu hattēndaki YHT ge­iĸleri dikkate alēnmēĸtēr (ķekil 1). YHT ge­iĸlerinin yakēn ­evrede 

oluĸturduĵu titreĸim etkilerinin yerinde incelenebilmesi i­in ºl­¿m sahasē olarak Ķzmit-Arifiye arasēnda bulunan 

Kērkpēnar bºlgesi se­ilmiĸtir (ķekil 2). Demiryolu trafik akēĸ hēzēnēn 200-230 km/saat gibi y¿ksek deĵere ulaĸtēĵē 

g¿zergah olduk­a zayēf zemin koĸullarēna (zemin kayma dalga hēzē < 300 km/saat) sahiptir. 

 

ķekil 1. Yapēmē bitmiĸ ve yapēlmasē planlanan y¿ksek hēzlē tren hatlarē ve bu ­alēĸmanēn yapēldēĵē test sahasē 

 

ķekil 2. ¥l­¿m alēnan serbest zemin bºlgesine iliĸkin detaylar 

TCDDônēn y¿ksek hēzlē demiryolu yolcu taĸēmacēlēĵēnda kullandēĵē HT65000 YHT seti ve g¿zergah kesiti ile 

ilgili bilgiler ķekil 3ôde verilmiĸtir. Yolcu vagonlarēnē ­eken lokomotif 27.4 metre uzunluĵundadēr. Tekerlekler 

arasē mesafe 2.8 metredir. YHT toplamda 6 vagonla birlikte 159 metre uzunluĵa ulaĸarak y¿ksek hēzda hareket 

eden aĵēr bir k¿tleye dºn¿ĸmektedir. Yolcu durumuna gºre 2 vagon daha eklenebilmektedir. Bu tren seti 36 

metrelik UIC-60 ray altēnda ºn-germeli, ºn­ekmeli monoblok B70 traversler ¿zerinde hareket etmektedir. 

Demiryolunun taĸētē ve hattēnēn mekanik ºzellikleri Tablo 1ôde verilmiĸtir. Maksimum insan kapasitesi 411 ve 

katar y¿k¿ 18 tona kadar ­ēkabilmektedir. Yolcu taĸēmacēlēĵēnda 250 km/saat hēza ulaĸabilen tren seti incelenen 

bºlgede å 230 km/saat ile ge­mektedir. Tren g¿zerg©hēnēn kesit bilgiler ķekil 3bô de gºsterilmiĸtir. 
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ķekil 3. Ķncelenen test sahasēndan ge­en y¿ksek hēzlē tren a) ºnden gºr¿n¿ĸ¿ b) ge­tiĵi g¿zerg©hēn kesit bilgileri c) HT65000 y¿ksek hēzlē 

tren setinin boyutlarē 

Tablo 1. Demiryolu taĸētē ve hattēnēn mekanik ºzellikleri [12]  

Bileĸenler                 Karakteristikler Semboller B¿y¿kl¿k Birim  

Lokomotif                 Dingil y¿k¿ Fz 180 kN 

HT 65000                  Hareket hēzlarē V 69,44 m/sn 

Demiryolu    

2UIC 60    

                                  Kesit alanē Ar 1.54x10ï2 m2 

                                  Atalet momenti Iz 6.11x10ï5 m4 

                                  Elastisite modul¿ E 2.11x108 kN/m2 

                                  Birim hacim aĵērlēk ɔ 78 kN/m3 

Balast    

Yay-sºnd¿r¿c¿          Rijitlik katsayēsē kb 1.26x105 kN/m 

sistem                        Sºn¿m katsayēsē cb 1.69x102 kNsn/m 

3.¢alēĸmada Kullanēlan Sensºrler 

¢alēĸma kapsamēnda kullanēlan ivmeºl­erler ­ok d¿ĸ¿k g¿r¿lt¿ seviyelerine sahip, ¿­ eksenli Capacitive 

Force Micro-machined sensºrler ile zayēf titreĸim hareketlerini ºl­ebilen, DAC-3HDG tipi 32 bit y¿ksek 

­ºz¿n¿rl¿kl¿ ivmeºl­erlerdir. Saha ºl­¿mlerinde kullanēlacak olan cihazlar: GPS anteni, enerji kaynaĵē ve 

ivmeºl­er ana kutusu olmak ¿zere ¿­ temel par­adan oluĸmaktadēr (ķekil 4). GPS anteni ve enerji kablolarē 

ivmeºl­ere iki kablo yardēmē ile baĵlanērlar. Ana kutunun i­inde ¿­ tane MEMS sensºr¿, ADC sayēsallaĸtērēcē ve 

ivmelerin kayēt altēna alēndēĵē bellek vardēr. Bu sensºrlerden yedi takēm test sahasēnda kullanēlmēĸtēr. 
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ķekil 4. DAC-3HDG GPS senkronizasyonlu sayēsallaĸtērēcē ve veri kaydedici ivmeºl­er 

4.Doĵal saha koĸullarēnda serbest zemin titreĸimlerinin ºl­¿lmesi 

Y¿ksek hēzlē demiryolu hattēna yakēn se­ilmiĸ ºl­¿m sahasē, Sakaryaônēn Sapanca il­esinde bulunan SA¦ 

Kērkpēnar turizm MYO uygulama oteli ve sosyal tesislerinin bulunduĵu yerleĸkedir. Yerel zemin koĸullarēnē 

dikkate alarak 200-230 km/saat hēz aralēĵēndaki tren ge­iĸlerinin ¿rettiĵi serbest y¿zey yer hareketini dalga 

oluĸum mekanizmasēna baĵlē incelemek ve zemin formasyonunun dalga iletimi ¿zerindeki etkisini 

deĵerlendirmek i­in 3.5m Ů L Ů 4.75m aralēklarla g¿zerg©ha sistematik olarak dik dizilmiĸ yedi gºzlem 

noktasēnda titreĸim kaydē alēnmēĸtēr. Titreĸim etkilerinin kayēt altēna alēndēĵē gºzlem noktalarēnēn konumu ķekil 

5ôde gºsterilmiĸtir. Ķstanbulôdan ­ēkēp Ankaraôya giden YHTôler ķekil 5aôdaki saĵ rayē kullanmaktadēr. G¿venlik 

sebebi ile tel ºrg¿n¿n YHT tarafēna sensºr koyulamamēĸtēr. Ķlk sensºr YHT demiryolu hattēndan 4.8 metre 

uzaĵa, son sensºr ise 31 metre uzaĵa konulmuĸtur. Alēnan kayētlar ¿­ bileĸenli olup, sensºrler YHT g¿zerg©hēna 

paralel (X ekseni) olacak ĸekilde yerleĸtirilmiĸtir.
 

 

ķekil 5. Ķncelenecek test sahasēnēn doĵal saha koĸullarēndaki a) plan ve b) kesit gºr¿n¿ĸleri 

Tablo 2. Dinamik y¿k kaynaĵēna olan mesafeye baĵlē her ¿­ bileĸende ºl­¿len serbest zemin titreĸimlerine ait ivme deĵerleri 

Dinamik y¿k 

kaynaĵēna olan 

mesafe (m) 

X bileĸeninde ºl­¿len 

ivme deĵeri 

(cm/s/s) 

Y bileĸeninde 

ºl­¿len ivme deĵeri 

(cm/s/s) 

Z bileĸeninde ºl­¿len 

ivme deĵeri 

(cm/s/s) 

4.8  57.0938 35.2439
 

18.2653 

8.3 19.6206 13.0662  10.0833 

13.1 9.4852  5.8467  8.2158 

17.8  2.8653  5.0233 6.0167 

22.6 3.6351  3.3199 4.1601 

27.3  9.4079 9.7046   2.9858 

31.0 3.5710  6.4255   3.2005 

Serbest zemin titreĸimlerine ait ivme-zaman grafikleri 

Demiryolu hattēna yakēn se­ilmiĸ gºzlem noktalarēnda, YHT trafiĵinin ¿rettiĵi kuvvetli zemin titreĸimleri 

yerinde ºl­¿lerek kayēt altēna alēnmēĸtēr. Gºzlem noktalarēnda X, Y ve Z bileĸenlerine ait ºl­¿len pik yer ivme 

deĵerleri, demiryolu g¿zerg©hēna olan mesafeye baĵlē olarak Tablo 2ôde verilmiĸtir. Geliĸtirilen yazēlēm 

yardēmēyla her ¿­ bileĸen i­in (X, Y, Z) ivme deĵerlerinin zamana baĵlē deĵiĸimi aĸaĵēda grafikler halinde 

verilmiĸtir (ķekil 6, 7, 8). Grafiklerde X ekseni zamanē Y ekseni ise normalize edilmiĸ ivme genliklerini 

gºstermektedir. Demiryolu hattēna en yakēn noktadan uzaklaĸēldēk­a serbest zemin y¿zeyinde meydana gelen 

ivme deĵerlerinin azalmakta olduĵu ve pik ivme deĵerlerinin g¿zerg©ha paralel doĵrultuda ger­ekleĸtiĵi tespit 
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edilmiĸtir. Demiryolu hattēna paralel doĵrultuda ºl­¿len ivme genlik bileĸenlerinin, g¿zerg©ha dik doĵrultudaki 

genlik bileĸenlerine gºre daha fazla olduĵu gºzlemlenmiĸtir. Fakat bu fark, mesafe ile azalmaktadēr. Bununla 

birlikte d¿ĸey genlik bileĸenlerinin, yatay genlik bileĸenlerine gºre yakēn mesafelerde ­ok daha k¿­¿k ve 

mesafeyle daha yavaĸ bir ĸekilde azaldēĵē gºr¿lm¿ĸt¿r. 

 

 
ķekil 6. Demiryolu hattēna paralel doĵrultuda (X bileĸeni) ºl­¿len serbest zemin titreĸimlerine ait ivme-zaman grafiĵi 

 
ķekil 7. Demiryolu hattēna dik doĵrultuda (Y bileĸeni) ºl­¿len serbest zemin titreĸimlerine ait ivme-zaman grafiĵi 
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ķekil 8. D¿ĸey doĵrultuda (Z bileĸeni) ºl­¿len serbest zemin titreĸimlerine ait ivme-zaman grafiĵi 

Elde edilen arazi ºl­¿m sonu­larēnēn analitik ­ºz¿mle karĸēlaĸtērēlmasē 

Amick ve Gendreau [13] tarafēndan geliĸtirilen ve Bornitzôin iki nokta arasēndaki enerji azalēmē ile ilgili 

olarak sunmuĸ olduĵu analitik ­ºz¿me gºre, geometrik ve malzeme sºn¿m¿n¿n titreĸim genliklerinde neden 

olduĵu azalēm aĸaĵēdaki denklem kullanēlarak ifade edilmektedir. 

ό ό Ὡ                                                                                                            (1) 

Buna gºre, y¿k kaynaĵēndan rb mesafesindeki titreĸim genliĵi ub ile, ra mesafesindeki titreĸim genliĵi ise ua ile 

ifade edilmektedir. Denklemdeki, ɔ geometrik azalēm katsayēsē olup, dēĸ y¿k¿n neden olduĵu sismik dalga 

yayēlēm mekanizmasēna ve dēĸ y¿k¿n pozisyonuna baĵlē olarak Tablo 3ôden se­ilmektedir. 

Tablo 3. Dalga tipine baĵlē olarak teorik geometrik azalēm katsayēlarē [14]  

Y¿k Kaynaĵē                         Dalga Tipi ¥l­¿m Noktasē ɔ 

Y¿zeysel Rayleigh Y¿zey 0.5 

Y¿zeysel Body Y¿zey 1 

Derin Body Y¿zey 1 

Derin Body Derin 1 

 
Ŭ ile gºsterilen malzeme azalēm katsayēsē ise, zeminin tipine ve dēĸ y¿k¿n frekans i­eriĵine baĵlē olarak 

aĸaĵēdaki form¿lasyon kullanēlarak hesaplanmaktadēr. 

‌                                                                                                                                         (2) 

Demiryolu hattēna dik bir bi­imde yerleĸtirilen ivmeºl­erler yardēmēyla elde edilen serbest zemin y¿zeyi 

titreĸimleri ile Bornitzôin iki nokta arasēndaki enerji azalēmē ile ilgili olarak sunmuĸ olduĵu analitik ­ºz¿m 

kullanēlarak yapēlan karĸēlaĸtērma ķekil 9ôda verilmiĸtir. Grafikte x ekseni sensºrlerin mesafesini, y ekseni ise 

ºl­¿len pik ivme deĵerlerini gºstermektedir. ¥zellikle en yakēn iki sensºr¿n genlik yatay bileĸenleri, d¿ĸey 

ºl­¿me gºre ­ok daha b¿y¿k deĵere sahiptir. ¥l­¿len ivme deĵerlerinin mesafeye baĵlē deĵiĸimi incelendiĵinde, 

analitik yºntem ile serbest zemin y¿zeyinde elde edilen ivme genliklerinin d¿ĸey bileĸeni ile b¿y¿k mertebede 

ºrt¿ĸt¿ĵ¿, buna karĸēn yatay bileĸenlerde genellikle daha y¿ksek genlik deĵerleri verdiĵi tespit edilmiĸtir. Yatay 

X ve Y bileĸenlerindeki 6. sensºrde okunan deĵerlerin y¿ksek ­ēkmasēnēn sebebi, sensºr¿n serbest zemin yerine 
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y¿r¿y¿ĸ patikasēnēn ¿zerine konulmasēndan kaynaklanmaktadēr (ķekil 3c en soldaki sensºr). Elde edilen sonu­lar 

Kuyuk vd. [15] Adapazarē-Arifiye hattēnda yaptēklarē ­alēĸmayla b¿y¿k ºl­¿de ºrt¿ĸt¿ĵ¿ d¿ĸ¿n¿lmektedir. 

 

ķekil 9. Elde edilen arazi ºl­¿m sonu­larēnēn analitik ­ºz¿mle karĸēlaĸtērēlmasē 

5.Sonu­lar 

Tren setlerinin y¿ksek seyahat hēzlarēyla tekrarlē ge­iĸleri sērasēnda ¿rettikleri y¿ksek frekanslē dinamik y¿kler 

ile titreĸen demiryolu ¿styapēsē, bu titreĸim enerjisini ­evresindeki zeminlere iletirler. Demiryolu hattēna yakēn 

­evre binalarda yaĸayan insanlarēn g¿venliĵi ve konfor algēsē dikkate alēndēĵēnda, serbest zemin y¿zeyinin farklē 

gºzlem noktalarēndan YHT ge­iĸleri esnasēnda oluĸan titreĸim problemlerinin yumuĸak zemin koĸullarēnda dalga 

yayēlēmē a­ēsēndan deneysel olarak incelenmesi bu ­alēĸmanēn ºnemini ortaya koymaktadēr. Bu ­alēĸma 

sonucunda demiryolu hattēna paralel doĵrultuda ºl­¿len ivme genlikleri, g¿zergaha dik doĵrultudaki bileĸen 

genliklerine gºre daha fazla olduĵu gºzlemlenmiĸtir. Bununla birlikte,  Bornitzôin iki nokta arasēndaki enerji 

azalēmē ile ilgili olarak sunmuĸ olduĵu analitik form¿lasyon kullanēlarak yapēlan karĸēlaĸtērmada, analitik yºntem 

ile serbest zemin y¿zeyinde elde edilen ivme genliklerinin azalēmēnda d¿ĸey bileĸen ile b¿y¿k mertebede 
ºrt¿ĸt¿ĵ¿, buna karĸēn yatay bileĸenlerde genellikle daha y¿ksek genlik deĵerleri verdiĵi tespit edilmiĸtir. 
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Abstract 

The goal of this study is to evaluate the effect of the soil-structure dynamic interaction and the mechanical properties of the 

underlying soil on the dynamic response of the superstructure by using the sub-structure method based on impedance 
functions at the foundation-soil interface. Furthermore, the influence of the additional foundation damping on the 
computational results depending on governing parameters is discussed.   
Keywords: Soil-Structure Interaction; foundation damping 

    

Sismik Y¿klere Maruz Yapē-Zemin Ortak Sisteminin ¢ºz¿m 

S¿recinde Temel-Zemin Etkileĸiminin Sºn¿m¿ 

¥zet 

Bu ­alēĸmanēn amacē, yapē-zemin ortak sisteminin sismik y¿kler altēnda karĸēlēklē etkileĸimini ve zemin mekanik 
ºzelliklerinin ¿styapēlarēn dinamik davranēĸē ¿zerindeki etkilerini, altsistem yaklaĸēmēyla temel-zemin arakesitinde 
tanēmlanan dinamik rijitlik fonksiyonlarēna baĵlē deĵerlendirmek, temel ortamēnda oluĸan ilave sºn¿m¿n sayēsal sonu­lar 
¿zerindeki etkisini yºnetici parametrelere baĵlē tartēĸmaktēr.  
Anahtar Kelimeler: Yapē-Zemin Etkileĸimi; Temel Ortamēnēn Sºn¿m¿ 

1.Giriĸ 

Sismik y¿klere karĸē dinamik davranēĸlarēnēn ger­eĵe daha yakēn olarak izlenmek istenmesi durumundaki 

n¿kleer g¿­ santralleri, viyad¿kler, masif kºpr¿ ayaklarē, barajlar ve ­ok katlē binalar gibi rijit temelli ºnemli 

yapē sistemleri, g¿n¿m¿zde zorunlu olarak depremselliĵi y¿ksek bºlgelerde ºzellikle yumuĸak zemin 

koĸullarēnda inĸa edilmek zorunda kalabilirler. Yapē-zemin dinamik etkileĸim probleminin sismik analizi; 

¿styapē, yapē temeli ve temelin ­evresini saran zemin olmak ¿zere ayrē karakterdeki ¿­ sistemin ortak titreĸimine 

dayalē yapēsal tepkiyi ortaya ­ēkarmayē hedeflemektedir. Zemin koĸullarēnēn yapēsal davranēĸ ¿zerindeki etkisinin 

kontrol parametrelere baĵlē incelenmesinde, doĵrudan ­ºz¿m yºntemi [1-3] ve altsistem yaklaĸēmē [4-7] 

kullanēlmaktadēr. Yapēlarēn dinamik davranēĸēnēn analizinde yerel zemin koĸullarēnēn etkisinin hesap ilkelerine 

doĵrudan katēlmasē hususunda yakēn zamanda ºnemli bir­ok araĸtērma raporu yayēnlanmēĸtēr [8-9]. Bu 

raporlarda proje m¿hendislerinin kullanēmēna sunulan basitleĸtirilmiĸ ­ºz¿m yºntemleri aslēnda yapē-zemin 

etkileĸim problemleriyle ilgili ger­ekleĸtirilmiĸ olan kapsamlē teorik ­alēĸmalarēn ve tecr¿belerin sentezine 

dayanmaktadēr.  

Bu ­alēĸmanēn amacē, zeminin mekanik ºzelliklerinin ¿styapēlarēn dinamik davranēĸē ¿zerindeki etkilerini, 

altsistem yaklaĸēmēyla yapē temeli-zemin arakesitinde tanēmlanan dinamik rijitlik fonksiyonlarēna baĵlē 

deĵerlendirmek, temel ortamēnda oluĸan ilave sºn¿m etkisinin periyot uzamasēna baĵlē deĵiĸimini, eylemsizlik 

etkileĸimi koĸulu altēnda tartēĸmaktēr. Kapsamlē parametrik araĸtērmalar i­in farklē ºl­eklerde kºpr¿ ayaĵē 

temelleri, ¿styapē narinlikleri ve temel gºm¿lme derinlikleri kullanēlmēĸtēr. ¥rnek modelin temel-zemin 

arakesitinde zemin ortamēnēn ĸekil deĵiĸtirme ºzelliĵini ve sºn¿m¿n¿ temsil eden titreĸim frekansēna baĵlē 

yaylar ve sºnd¿r¿c¿ler dikkate alēnmēĸtēr. 
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2.¢ºz¿m Yºntemi 

Zemin Etkileĸimli Yapē Periyodu 

Titreĸen bir yapēda oluĸan eylemsizlik etkileri, yapē-zemin sisteminin karĸēlēklē etkileĸiminden dolayē 

oluĸturduĵu kesme kuvveti ve moment sonucunda yapē temelinin ºtelenmesine ve dºnmesine neden olmaktadēr. 

Bu yerdeĵiĸtirmeler t¿m sistemin sºn¿m¿n¿ ve periyodunu ºnemli derece deĵiĸtirecek olan histeresiz zemin 

sºn¿m¿ ve radyasyon sºn¿m¿n¿n ortak etkisiyle titreĸim enerjisinin t¿ketilmesine yol a­maktadēr. Yapē 

temelinin, oturduĵu zemine mesnetlenme ĸekli ve davranēĸē ile ilgili iki farklē yaklaĸēm mevcuttur: 

 

¶ wƛƧƛǘ ¢ŀōŀƴ ¸ŀƪƭŀǒƤƳƤΥ ¢ŜƳŜƭƛƴ ƻǘǳǊŘǳƐǳ ȊŜƳƛƴ ƻǊǘŀƳƤƴƤƴ ǎƻƴǎǳz rijit kabul edilmesi durumunda 
ǸǎǘȅŀǇƤƴƤƴ ŘƤǒ ȅǸƪ Ŝǘƪƛǎƛ ŀƭǘƤƴŘŀ ǎŀŘŜŎŜ ǀǘŜƭŜƴƳŜ ȅŀǇǘƤƐƤ ƎǀȊƭŜƳƭŜƴƛǊ ό Ŝƪƛƭ мŀύΦ 

¶ 9ǎƴŜƪ ¢ŀōŀƴ ¸ŀƪƭŀǒƤƳƤΥ ½ŜƳƛƴ ƻǊǘŀƳƤƴƤƴ ǒŜƪƛƭ ŘŜƐƛǒǘƛǊƳŜǎƛ ǎǀȊ ƪƻƴǳǎǳ ƻƭŘǳƐǳƴŘŀ ǘŜƳŜƭƛƴ ŘǀƴƳŜǎƛ ǾŜ 
ǀǘŜƭŜƴƳŜǎƛ ǎƻƴǳŎǳƴŘŀ ǸǎǘȅŀǇƤƴƤƴ ǘƻǇƭŀƳ ȅŜǊŘŜƐƛǒǘƛǊƳŜǎƛƴƛƴ ŘŜƐƛǒǘƛƐƛ ƎǀȊƭŜƳƭŜƴƛǊ ό Ŝƪƛƭ мōύΦ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķekil 1. ¦styapēnēn kuvvet etkisinde yaptēĵē deformasyonlar: (a) zemine rijit baĵlē durumda ºtelenme (b) esnek temel ortamēndan 

kaynaklanan dºnme ve ºtelenmeler [8]. 

 

 

 

 

ķekil 1 aôda verilen rijit tabanlē yapē sisteminin periyodu: 

2
m

T
k

p=                                                                                                                         (1) 

ķekil 1 bôde verilen esnek tabanlē yapē sisteminin periyodu: 

2

= 2
x yy

m m mh

k k k
pT + +                                                                                                                                      

(2)                                                                                                            

Esnek tabanlē ve rijit tabanlē yapē sistemlerinin periyotlarēnēn oranē: 

2

1
x yy

T k kh

T k k
= + +                                                                                                                                     (3) 

ifadesi ile elde edilir [10]. Yapē-zemin etkileĸimini dolayēsēyla T Tôyi kontrol eden anahtar parametreler 

aĸaĵēda verilmiĸtir [11-12]:  
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Burada h modal yapē y¿kseliĵidir, B ve L sērasēyla temel yarē geniĸliĵi ve temel yarē uzunluĵudur, 
sɟ zemin 

birim hacim k¿tlesi, v zeminin poisson oranē, h/B yapē modal y¿ksekliĵinin temel yarē geniĸliĵine oranē, B/L 

temel yarē geniĸliĵinin temel yarē uzunluĵa oranē, m/(ɟs4BLh) yapē modal y¿ksekliĵine eĸit bir derinlikteki 

¿styapē k¿tlesinin zeminin k¿tlesine oranēdēr. K¿tle oranēnēn etkisi k¿­¿kt¿r ve bu deĵer genellikle 0.15 alēnabilir 

[10]. h/(VsT) yapēnēn zemine rijitlik oranē olarak tanēmlanēr [8]. Burada, h/(VsT) oranēnēn 0.1ôden b¿y¿k olmasē 

durumunda, eylemsizlik etkileĸimine baĵlē yapē-zemin etkileĸimi, bina yapēsēnēn periyodunu ve sistemin sºn¿m¿ 

ºnemli derecede deĵiĸtirebilmektedir. Bu durum tasarēm kesme kuvvetini ve sonucunda yapēnēn deformasyon 

talebini zemine rijit baĵlē yapēya kēyasla farklēlaĸtēracaktēr. Ayrēĸmēĸ kaya zeminde, perde duvar ve ­aprazlē 

yapēlar i­in bu oran yaklaĸēk olarak 0.1 ve 0.5 arasēnda deĵiĸmektedir [13]. 

Temel Sºn¿m¿ 

Dēĸ y¿k etkisi altēnda esnek tabanlē bir yapēda, periyodun artmasēna ek olarak temel-zemin etkileĸimiyle 

birlikte ilave bir sºn¿m ortaya ­ēkar ve bu sºn¿me temel sºn¿m¿ (ɓf ) adē verilir. Temel sºn¿m¿ iki par­adan 

oluĸur (1) zeminin birim ĸekil deĵiĸtirmesine baĵlē olarak meydana gelen sºn¿m katkēsē (histeresiz sºn¿m) ve (2) 

zemin ortamēnēn sēnērsēzlēĵē nedeniyle enerji kaybēna eĸdeĵer anlamda karĸē gelen fiktif zemin sºn¿m¿ diĵer bir 

adēyla geometrik sºn¿md¿r. Temel sºn¿m¿n¿n tanēmlanmasē i­in geliĸtirilen bir­ok analitik yaklaĸēmdan bir 

tanesi de Wolf (1985) tarafēndan ºnerilen form¿lasyondur [14]. 

( )

( ) ( ) ( )

1 1 1
s

s x

n

f s x yyn n

yyx

T T

T TT T T T
b b b b

è ø-
é ù= + +
é ù
é ùê ú

                                                                                      

(5) 

Denklem (5)ôde  ɓs zemin histeresiz sºn¿m¿, ɓx ve ɓyy sērasēyla ºtelenme ve dºnme titreĸim modlarē i­in 

geometrik sºn¿md¿r. Tx ve Tyy fiktif titreĸim periyotlarēdēr. Eĵer titreĸim kaynaĵē sadece ºtelenme ve dºnme 

yapēyorsa fiktif titreĸim periyotlarē;  

2x

x

m
T

k
p=         

2

2yy

yy

mh
T

k
p=                                                                                                                

(6) 

form¿lleriyle hesaplanēr. Denklem (5)ôde kullanēlan ns, nx ve nyy katsayēlarēnēn 2 alēnmasē ºnerilir [15]. Hesap 

edilen temel sºn¿m¿ ɓf ôe ¿styapēnēn sºn¿m¿n¿n eklenmesiyle esnek tabanlē yapē sisteminin sºn¿m¿; 

( )
0

1
f in

T T
b b b= +                                                                                                                                               

(7) 

elde edilir. Denklem (7)ô de ( )
n

T T  ifadesinde n, doĵrusal viskoz yapē sºn¿m¿ i­in 3 aksi durumlarē i­in 2 

alēnmasē ºnerilir [15]. 

Dikdºrtgen Rijit Temellerin Empedans Fonksiyonlarē 

Empedans fonksiyonlarē temel-zemin etkileĸiminin frekansa baĵlē sºn¿m ve rijitlik karakterlerini temsil eder. 

Klasik ­ºz¿mler, kompleks deĵerli empedans fonksiyonu i­in ĸu ĸekilde yazēlabilir [16-17]: 

j j jk k i cw= +                                                                                                                                               (8) 
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Burada 
jk  empedans fonksiyonunu, j ise ºtelenme (x, y, z) ve dºnme (xx, yy, zz) modlarēnē ifade eder. kj ve cj 

sērasēyla temelin dinamik rijitliĵini ve sºn¿m katsayēsēnē gºsterir. Denklem (8) i­in alternatif bir form; 

( )1 2j j jk k ib= +                                                                                                                                           

(9) 

ifadesi ile verilir. Denklemde, zeminin birim ĸekil deĵiĸtirmesine baĵlē olarak meydana gelen histeresiz sºn¿m 

ve zemin ortamēnēn sēnērsēzlēĵē nedeniyle enerji kaybēna eĸdeĵer anlamda karĸē gelen geometrik sºn¿m¿n 

toplamēnē tanēmlayan  ɓj; 

2

j

j

j

c

k

ɤ
ɓ=                                                                                                                                                         

(10) 

form¿l¿ ile elde edilir. 

Dinamik rijitlik (kj); temel boyutlarē (B  ve  L), zemin kayma mod¿l¿ (G), zemin poisson oranē (n), dinamik 

d¿zeltme katsayēsē (
ja ) ve gºm¿lme katsayēsēnēn (

jh ) bir fonksiyonudur. 

j j j jk Kah=                                                                                                                                                   

(11) 

m

jK GB f(B / L, )n= , ( )0j j B L,a a a=                                                                                                      

(12) 

( )j f B L,D Bh=                                                                                                                                        (13) 

Denklem (11)ôde Kj, j modu i­in frekanstan baĵēmsēz temel statik rijitliĵidir. B ve L sērasēyla temel yarē geniĸliĵi 

ve temel yarē uzunluĵu, h ise temel tipinin gºm¿l¿ olmasē durumunda  gºm¿lme derinliĵi (D) ve temel en-boy 

oranēna (B/L) baĵlē olarak hesap edilen katsayēdēr. ¥telenme ve dºnme modu i­in sērasēyla m deĵerleri 1 ve 3 

alēnmaktadēr [4]. Dinamik d¿zeltme katsayēsē (jŬ) boyutsuz frekans parametresi 0a ôa baĵlē olarak; 

0

s

B

V

w
a =                                                                                                                                                    (14) 

elde edilir. Zaman tanēm analizi i­in 0a ôa baĵlē olan temel yay ve sºn¿m katsayēlarē i­in tek bir a­ēsal frekans 

ɤ se­ilir. Bu ɤ se­ilirken esnek tabanlē yapēnēn baskēn tepkisinin oluĸacaĵē andaki a­ēsal frekans ɤ 

kullanēlabilir [8]. Frekansa baĵlē olan temel dinamik rijitliklerinin hesaplanmasēnda kullanēcak ɤ iterasyon 

yapēlarak hesaplanabilir[10]. Elastik bir yarē-uzaya oturan dikdºrtgen rijit temellerin empedans fonksiyonlarēnēn 

hesabē i­in ampirik baĵēntēlar literat¿rde mevcuttur [4]. Y¿zeysel ve gºm¿l¿ dikdºrtgen temeller, ĸematik olarak 

ķekil 2ôde verilmiĸtir. 

 

 

 

 

 

 

ķekil 2. Didºrtgen temel tipleri: (a) y¿zeysel temel (b) gºm¿l¿ temel [8] 
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3. Parametrik ¢alēĸma 

Bu bºl¿mde tek serbestlik dereceli sistemi temsil eden bir kºpr¿ ayaĵē modelinin farklē rijitliklerinde periyot 

oranē ( )T T  ve temel ortamēnēn sºn¿m¿  (ɓf) elde edilmiĸtir. ¥rnek modelin ĸematik gºsterimi, analizlerde 

hangi temel tipi ve geometrisinin dikkate alēndēĵē ķekil 3ôde verilmektedir. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

ķekil 3. Farklē temel tip ve geometrilerine sahip kºpr¿ ayaĵē modelleri: (a) y¿zeysel kare temel (b) y¿zeysel dikdºrgen temel (c) gºm¿l¿ kare 

temel 

ķekil 3ôde verilen kºpr¿ ayaĵē-zemin sistemlerinin T T  ve ɓf ifadeleri;  

 

¶ Farklē h/B oranlarēndaki (h/B=1, h/B=2 ve h/B=4) y¿zeysel kare temelli kºpr¿ ayaĵē (ķekil 5a).     

¶ Farklē h/B oranlarēndaki (h/B=1, h/B=2 ve h/B=4) y¿zeysel dikdºrtgen temelli (L/B=1, L/B=2 ve 
L/B=4) kºpr¿ ayaĵē (ķekil 5b). 

¶ Farklē h/B oranlarēndaki (h/B=1, h/B=2 ve h/B=4) gºm¿l¿ kare temelli (D/B=0.5 ve D/B=1) kºpr¿ 

ayaĵē (ķekil 5c). 

 

modellerinde hesap edilmiĸtir. Periyot oranē ( )T T  ve temel sºn¿m¿ (ɓf) denklemleri i­erisinde yer alan 

deĵiĸkenlerin hesabē i­in literat¿rde rijit dikdºrtgen temeller i­in tanēmlanmēĸ ampirik baĵēntēlar kullanēlmēĸtēr 

[4]. Bu baĵēntēlar y¿zeysel temellerde titreĸim modunun x doĵrultusunda Tablo 1ôde y doĵrultusunda Tablo 2ôde 
ve gºm¿l¿ kare temeller i­in Tablo 3ôde verilmiĸtir. Parametrik ­alēĸmalardaki temel sºn¿m¿ hesaplarēnda (ɓf), 

zemin ortamēnēn sºn¿m¿ olarak sadece geometrik sºn¿m (ɓx, ɓy, ɓxx ve ɓyy) gºz ºn¿nde bulundurulmuĸ ve zemin 

histeresiz sºn¿m¿ ɓs=0 alēnmēĸtēr.  
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Tablo 1. Dikdºrtgen y¿zeysel bir temelin (L ² B) x doĵrultusundaki titreĸim modu i­in kullanēlan baĵēntēlar [4]. 

x ekseni boyunca ºtelenme y ekseni boyunca dºnme 
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Tablo 2. Dikdºrtgen y¿zeysel bir temelin (L ² B) y doĵrultusundaki titreĸim modu i­in kullanēlan baĵēntēlar [4]. 

y ekseni boyunca ºtelenme x ekseni boyunca dºnme 
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Tablo 3. Gºm¿l¿ bir kare temelin (L =B) x doĵrultusundaki titreĸim modu  i­in kullanēlan baĵēntēlar [4]. 
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Not: Her bir titreĸim modu i­in gºm¿l¿ temelin statik rijitliĵi 
i ,göm. i iK Kh=  

Tablo 1, Tablo 2 ve Tablo 3ôdeki 2 5ɣ .¢  olmasē ĸartēyla aĸaĵēdaki ĸekilde ifade edilir: 

( )( )2 1 1 2y n n= - -                                                                                                                              (15) 

Parametrik ­alēĸmada uygulanan ­ºz¿m adēmlarē:  

Å Farklē h/B (h/B=1, h/B=2 ve h/B=4) ve L/B (L/B=1, L/B=2 ve L/B=4) oranlarēnda ¿styapē k¿tlelerinin 

hesabē (m/(ɟs4BLh)=0.15).  

Å Belirli bir aralēkta tanēmlanan h/(VsT)  oranlarēndan herhangi bir kayma dalga hēzē (Vs)  i­in rijit tabanlē 

yapē sistemi periyotlarēnēn (T) elde edilmesi. 

Å Elde edilen her bir rijit tabanlē periyotlara (T)  karĸēlēk gelen rijitliklerin bulunmasē  

Å Esnek tabanlē yapē periyotlarēnēn ()T  hesabē i­in iterasyonlarēn yapēlmasē. 

Å Ķterasyonlar sonucunda hesap edilen periyotlara karĸēlēk gelen titreĸim frekansēnlarēnda; dinamik 

rijitlikler ( kx, kyy, ky ve kxx), periyot oranlarē  ve geometrik sºn¿mlerin (ɓx, ɓyy, ɓy ve ɓxx) elde edilmesi ve 

bunlara baĵlē olarak temel sºn¿m¿n¿n (ɓf) bulunmasē. 

Farklē temel tip (y¿zeysel veya gºm¿l¿) ve geometrilerine (kare veya dikdºrtgen) sahip kºpr¿ ayaĵē 

modellerinin temel sºn¿m¿ (ɓf) hesaplarēnda h/B ve L/B oranlarēnēn etkisi ķekil 4ôde verilmiĸtir.   
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ķekil 4. Farklē temel tip ve geometrilerine sahip kºpr¿ ayaĵē modellerinde temel sºn¿m¿: (a) y¿zeysel ve gºm¿l¿ kare temel (b) y¿zeysel 

dikdºrtgen temel 

Å h/B oranēnēn artmasē durumunda temelde dºnme hareketi hakimiyet kazanēr ve bu durumda hesap edilen 

temel sºn¿m (ɓf) deĵerleri azalēr. Yapēlar narinleĸtik­e ɓf  deĵerinin azalmasēnēn nedeni, dºnme titreĸim 

modunda geometrik sºn¿m (ɓyy) etkisinin k¿­¿k olmasēndan kaynaklanmaktadēr. Y¿zeysel temelden 
gºm¿l¿ temele ge­ilmesi durumunda, temel dºnme hareketi doĵal olarak daha ­ok kēsētlanmaktadēr. 

Buna baĵlē olarak ɓf  deĵerlerinde artma meydana gelmektedir (ķekil 4a).   

Å Temelin dikdºrtgen olmasē yapē-zemin etkileĸim problemlerinde ilave olarak titreĸim doĵrultusunun 

ºnemini ortaya ­ēkarmaktadēr. Titreĸim yºn¿n¿n etkili olduĵu uzun doĵrultu (x doĵrultusu) kēsa 

doĵrultudan (y doĵrultusu) daha fazla temel sºn¿m¿ ¿retmektedir. Bu durumun sebebi x doĵrultusunun 

dºnme eylemsizliĵinin y doĵrultusundan daha b¿y¿k olmasēyla a­ēklanabilir (ķekil 4b).  
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4.Sonu­lar 

Yapēnēn mesnetlendiĵi zemin ortamē yumuĸadēk­a geometrik (radyasyon) ve malzeme sºn¿m¿ne baĵlē 

t¿ketilen sismik enerji, eylemsizlik kuvvetlerine baĵlē temelde dºnme ve ºtelenme yerdeĵiĸtirmeleri yaptērarak 

sisteminin sºn¿m deĵerini artērmaktadēr. Yapē temelinde sºn¿m deĵerinin artmasēyla sisteminin periyodu 

uzayarak yapēnēn dinamik davranēĸē ºnemli derecede deĵiĸmektedir. ¥zellikle depremselliĵi y¿ksek bºlgelerde 

zayēf zemin koĸullarēnda inĸa edilecek rijit yapēlarēn sismik analiz s¿recine yapē-zemin etkileĸimini katmak 

yapēlarēn deprem g¿venliĵi a­ēsēndan ºnem kazanmaktadēr. 
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Compaction tests forms one of the important aspects in geotechnical engineering practice. These tests are time 

consuming and require large quantity of soil also. In this paper based on the results of the compaction tests 

carried out for different soils of varying plasticity characteristics at different compaction energies and on 

published data, it has been brought that there is a good correlation between the optimum moisture content and 

plastic limit for the . In addition to this one can predict the modified compaction parameters just knowing the 

plastic limit of the soil. 

For the present investigation, three different soils from North Cyprus (Tuzla, Deĵirmenlik and Akdeniz) and a 

soil from Turkey (highly plastic montmorillonitic clay) were chosen. These soils are heavily in use for civil 

engineering activities like construction of pavements, embankments and earth retaining structures.   

Compaction tests were carried out at three different energy levels for the four soils described.. They are standard 

Proctor test (SP), reduced modified Proctor (RMP) and modified Proctor (MP). For the standard Proctor, the 

compaction energy works out to be 593.7 kJ/m3. In the modified Proctor test, the compaction energy works out 

to be 2693.3 kJ/m3. In the reduced modified Proctor test the procedure is same as modified Proctor except the 
number of layers are three instead of five. The compaction energy works out to be 1616 kJ/m3. [1] 

Based on the experimental results  obtained   for  maximum dry density vs. optimum moisture content for the 

four different soils with different compaction energy levels it has been found  that  irrespective of soil type and 

compaction energy levels both the maximum dry density and optimum moisture content are linearly related with 

a very high correlation coefficient of  R= 0.994.  

Results obtained from laboratory tests as well as from literature show that the correlation between maximum dry 

density and OMC for different soils, compacted for two compaction energy levels is very good.    

It is thus seen that one can predict OMC knowing the plastic limit with reasonable accuracy. 

Having obtained OMC one can get the maximum dry density from equation(1) obtained in this study.  

From experimental results it has been found that   both OMC and maximum dry density of Proctorôs test results 

and that of modified Proctorôs test results of authorsô as well as data collected from literature correlate very well. 

It is seen that the correlation is highly satisfactory. Having obtained both OMC and maximum dry density for 
Proctorôs energy level one can get the OMC and  maximum dry density  for modified Proctor condition also. 

 

Key Words: (compaction,plastic limit,compaction energy) 
 

 

1 INTRODUCTION  

Compaction of soils is an important aspect of civil engineering construction. Earthen structures such as earth 

dams, embankments (highway, railway and canal) loose foundation soils need to be compacted for increase in 
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strength and reduction in compressibility. In cases where permeability needs to be reduced, compaction of soils 

is required. Thus compaction is used as practical means of achieving the desired increase in strength, decrease in 

compressibility and also decrease in hydraulic conductivity of soils used.  
To achieve effective compaction in the field, compaction characteristics of soils as obtained in the laboratory are 

essential. Most often compaction characteristics namely optimum moisture content and maximum dry density 

are obtained through standard Proctor test. Proctor test not only takes more amount of time to carry out, but also 
requires large quantity of soil. In several instances large number of Proctor tests need to be carried out for 

projects like earth dams, embankments etc. In cases where higher strength of soil is required compaction energy 

need to be increased. To take care of this modified Proctor compaction test procedure is developed. In order to 

simplify the compaction test for preliminary designs, in this paper an approximate but simplified method is 

described to obtain both compaction characteristics and compaction curves for both Proctor and modified 

Proctor compaction energy levels. 

 

2  MATERIALS AND METHODS  

 

For the present investigation, three different soils from North Cyprus (Tuzla, Deĵirmenlik and Akdeniz) and 

a soil from Turkey (highly plastic montmorillonitic clay) were chosen. These soils are heavily in use for civil 

engineering activities like construction of pavements, embankments and earth retaining structures. Table 1 

present their index and other physical properties. It may be seen from Table 1 that there is wide variation in their 

properties.  

    Compaction tests were carried out at three different energy levels for the four soils described.. They are 

standard Proctor test (SP), reduced modified Proctor (RMP) and modified Proctor (MP). For the standard 

Proctor, the compaction energy works out to be 593.7 kJ/m3. In the modified Proctor test, the compaction energy 

works out to be 2693.3 kJ/m3. In the reduced modified Proctor test the procedure is same as modified Proctor 

except the number of layers are three instead of five. The compaction energy works out to be 1616 kJ/m3 [7]. 
 
 
Table 1. Physical properties of the soils tested ______________________________________________ 
Soil  Atterberg Limits Grain Size Distribution       
                LL(%)  PL(%)  Sand (%) Silt(%) Clay(%) ______________________________________________ 
Degirmenlik       37        25        13             52        35 
Akdeniz                50        28        11             46        43 
Tuzla                   53         28        10            48        42  
Montmorillonitic   98        40          1             23        76 
    Clay   _____________________________________________ 

3 TEST RESULTS AND DISCUSSION 

Figure 2 relates the maximum dry density vs. optimum moisture content for the four different soils with different 

compaction energy levels. Irrespective of soil type and compaction energy levels both the maximum dry density 

and optimum moisture content are linearly related with a very high correlation coefficient of  R= 0.994. 
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Figure 2: Correlation between gdmax and OMC 

 

 

Figure 3 shows the the correlation between maximum dry density and OMC for different soils collected from 

literature, compacted for two compaction energy levels. It can be seen that the correlation is very good.  

 

The equation is:  

 

)log(58.1385.33max OMCd -=g  and     R= 0.99                                            (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Correlation between maximum dry density and OMC for different soils collected from 

literature,compacted for two compaction energy levels. [1,2,3,4,5,6,7,8,9,10]  
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4 PREDICTON OF PROCTOR OMC AND MAXIMUM DRY DENSITY  

 
Figures 4 show the correlation between optimum moisture content, OMC and plastic limit for several soils 

collected from literature apart from authorôs experimental results. It is clearly seen that plastic limit correlates 

very well with OMC than the liquid limit. The equation relating OMC and plastic limit works out to be: 

 

pwOMC 94.0=           R=0.98                                                                       (2)                                                                                  

 

It is thus seen that one can predict OMC knowing the plastic limit with reasonable accuracy. 
Having obtained OMC one can get the maximum dry density from equation (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Correlation between optimum Moisture content and plastic limit. 

 
5 CORRELATION BETWEEN COMPACTION CHARACTERĶSTICS OF PROCTOR AND 

MODIFIED PROCTOR ENERGY  

 

Figures 6 and 7 correlate both OMC and maximum dry density of Proctorôs test results and that of modified 

Proctorôs test results of authorsô as well as data collected from literature. 

 

 

 

 

 

 

 

 

 

 

Figure 6: Correlation between OMC for standard Proctor compaction and OMC for modified Proctor compaction 
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Figure 7: Correlation between  maximum dry density and  for proctor compaction and 

maximum dry density for the modified proctor compaction 

 

It can be seen that the correlation is highly satisfactory. Having obtained both OMC and maximum dry density 

for Proctorôs energy level using Equation  (1) and (2) , one can get the OMC and  maximum dry density  for 

modified Proctor condition using  Equation (3) and (4) respectively. 

 

 

OMCforSPOMCforMP 77.0=                     (3)                                                 

 

forSPforMP dd maxmax 09.1 gg =                   (4)                                             

 

 

7   CONCLUDING REMARKS  

 

Based on several compaction tests results and extensive published results it has been shown that the optimum 
moisture content, OMC  bears a very good correlation with plastic limit for standard Proctor energy level. 

Further it has been brought out that the correlation between maximum dry density and OMC is unique for both 

Proctor and modified Proctor energy levels. There is very good correlation between Proctor OMC and maximum 

dry density and that of modified Proctorôs condition. Using the above findings a simple method has been 

described to predict the compaction characteristics using plastic limit result. 
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Introduction  

 

In the geotechnical practice we are often faced with very compressible and poor load-bearing foundation soils 

that are mostly located below the ground water level in the area of the foundation. These kinds of soils are 

usually not suitable for the foundation of larger and complex infrastructure facilities without further 

reinforcement measures. In the construction of high embankments on the poor load-bearing foundation soils we 

encounter into problems with exceeding the ultimate limit states (hereinafter referred to as ULS) and 

serviceability limit states (hereinafter referred to as SLS). ULS are particularly critical in the period during and 

immediately after the completion of the construction of the embankment when pore overpressures still havenôt 

decline to the safe level in the compressible and low permeable soils. In this paper we verified the opportunities 
and the efficiency of reinforcement of the ground under the embankment with a carbon geomembrane ï woven 

fabric consist of carbon fibres. According to our estimates, we could reduce the unfavorable horizontal impacts 

on the foundation soil (transferred by geomembrane) and on the distortionary component of settlements, which 

may adversely affect on the nearby facilities. 

 

Numerical model 

 

In the numerical analysis, we considered the installation of a carbon geomembrane directly on the prepared bed 
of the substructure in the excavation at a depth of 0.5 m below the surface, where the groundwater is located. 

The characteristic material data of used soils are shown in TABLE1. 

 

Table1. Mechanical properties of soils 
Soil Clay Rock embankment 

Material model / type Drained Drained 

kx=ky=kz [m/day] 1 x 10
-3
 1 

E [kN/m2] / ɜ [-] 2 x 103 / 0.3 4 x 104 / 0.3 

ɔ [kN/m3] / c [kPa] / ű [Á] / ɣ [Á] 18 / 3  / 15 / 0 20 / 5 / 35 / 5 

 

We analysed the construction of road embankment (height of 5.0 m and width of 12 m on the crown of the 

embankment) with the slope 1:1.5, that is typical for the construction of the embankment built of stone materials. 
We used the mechanical properties of the carbon fibre fabric manufactured by MAPEI (product Mapewrap C BI-

AX 230). [2] Due to useful mechanical properties pf carbon fibre fabric it was estimated that it would be suitable 

to carry the tensile stresses in poor foundation soils. [3] 
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Figure1. Computational model for checking the serviceability carbon geomembrane 

 

Procedures of numerical analysis 

 

Due to the low permeability of a clay soil with a thickness of 10.0 m below the embankment, we took into 

account the gradual construction of a road embankment, at a constant speed of construction, 1.0 m of height per 

week. For the intended speed of construction we carried out a simultaneous stress-strain analysis and an analysis 

of the hydrodynamic consolidation. Below a clay soil layer is located impermeable basis of Miocene marls. In 

the simulation construction technology we firstly considered the removal of the humus layer trapezoidal 

excavation with a depth of about 0.5 m and secondly installation of the carbon geomembrane on the aligned 

surface of the excavation. Then we began with the backfilling of stone material. In the analysis we considered 

steady increase of load and real-time progress of the hydrodynamic consolidation in each of five increments of 

the gradual construction. We took into account the time a total of 35 days for the preparation of the basis of the 

foundation ground and embankment construction with carriageway construction. Then we predicted free settling 

of the embankment till 180 days after the beginning of the construction work. Presented example was analyzed 
(separately) according to the ñmethod step by stepò for the deformed and undeformed structure of soil and road 

embankment. Numerical calculations were carried out with program Plaxis 3D Tunnel, based on the finite 

element method ï FEM.  

Initially we analysed stress, strain and time course of consolidation of the embankment with integrated carbon 

geomembrane in the area of the foundation using undeformed model ï without taking into account the theory of 

large deformation. Further we analysed possibilities of constructing 5.0 m high road embankment without 

integrated carbon geomembrane using deformed model ï the theory of large deformation. In last phase we 

checked the effect of taking into account the actual deformation of the structure.  

If it is expected that will deformations of the structure significantly affect on the geometry of the considered 

structure, it is necessary to include the theory of large deformation. The advantage of taking into account 

mentioned theory is that is the finite element mesh updated continuously at each computational step. [1] 
 

Results, analysis and conclusions 

The results of the numerical analysis are shown in Table2 and Table3. Based on the given results for the first 

phase of the calculations using deformed and undeformed model of reinforced embankment without taking 

additional fill on the crown of the embankment into account, it can be superficially concluded that are the 

numerical analysis by considering undeformed elasto-plastic model of soil definitely on ñsafe sideò. We notice 

that stress-strain analysis and related analysis of the hydrodynamic consolidation resulting the collapse of the 

system at the embankment height of 4.3 m. Simultaneously numerical analysis on the deformed elasto-plastic 
numerical model allows calculation of the entire embankment ï height of 5.0 m, without collapse of the 

structure.  

 

Table2. Comparison of the results of numerical analysis of unreinforced embankment 
Model  Undeformed Deformed Deformed 

Impacts of dam without additional fill without additional fill with extra fill 

Pore overpressure 

after 35 days 

umax = - 73.95 kPa umax = - 72.28 kPa umax= - 77.86 kPa 

Pore overpressure 

after 180 days 

umax = - 24.81 kPa umax = - 22.04 kPa umax = - 23.11 kPa 

Pore overpressure 

after 360 days 

umax = - 6.94 kPa umax = - 5.604 kPa umax = - 5.64 kPa 

Settlements after 35 Uy,max = - 32.23 cm Uy,max = - 29.88 cm Uy,max = - 32.30 cm 
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days 

Settlements after 180 

days 

Uy,max = - 43.67 cm Uy,max = - 40.58 cm Uy,max = - 43.95 cm 

Settlements after 360 

days 

Uy,max = - 47.33 cm Uy,max = - 43.69 cm Uy,max = - 47.27 cm 

Tensile force after 35 

days 

Nmax = 220.45 kN/m' Nmax = 202.81 kN/m' Nmax = 223.85 kN/m' 

Tensile force after 180 

days 

Nmax = 214.03 N/m' Nmax = 197.01 kN/m' Nmax = 217.63 kN/m' 

 

Table3. Comparison of some of the results of unreinforced embankment 
Elasto-plastic model Undeformed model Deformed model 

Settlements of embankment  4.0 m 

of height in 28 days 

Uy,max = - 74.51 cm Uy,max = - 30.45 cm 

Settlements of embankment  4.3 m 

of height in 31 days 

Uy,max = - 3300 cm  Uy,max = - 33.65 cm 

Settlements of embankment  5.0 m 

of height in 35 days 

It canôt be build Uy,max = - 75.61 cm 

 

Tensile stresses of carbon geomembrane in the analysis on the deformed model (without included additional fill), 

Nmax = 202.81 kN/mô are slightly smaller compared to the tensile stresses occurring in the case of using 

undeformed model, Nmax = 220.45 kN/mô. The maximum tensile strength of carbon geomembrane is 

Nmax = 305 kN/mô. We come to the similar conclusion in superficial assessment of the calculated settlements, 

which are smaller in the analysis on the deformed model without included additional fill. In a detailed and 

thorough evaluation of both, material and geometrical non-linear models, we also have to take into account the 

non-linearity of loading. Due to activated settlements during the construction we have to (to achieve 
comparability of the results) build higher embankment at using the deformed model so that its height equal to the 

height of the embankment calculated on undeformed elasto-plastic model.  

That we achieve comparability state after 35 days from the beginning of the construction we have to include the 

additional fill of stone material on the embankment. On the outer edge we have to take into account 0.24 m, 

3.0 m from the edge 0.3 m and in the axis of the crown of the embankment (Figure 3) 0.32 m of the additional 

material. After this measure the pore overpressure of constructed road embankment, height of 5.0 m reaches 

value umax = - 77.86 kPa. This represents a higher value compared to undeformed model.  

The main part of the hydrodynamic consolidation and related consolidation settlements will be completed 

approximately one year from te beginning of construction of the embankment. At that time the value of water 

overpressure decline to u = - 5.64 kPa at the bottom of the clay layer (Figure 2). 

 

 
Figure 2. Consolidation water pore pressures at the bottom of the clay layer over a 

period of one year from the beginning of the construction of the embankment ï 

deformed model with included additional fill 
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Figure 3. Time progress of subsidence of the embankment in the axis of the crown of 

the embankment during the first year 

 
Settlements of the crown of the embankment upon completion of the construction are approximately the same as 

the additional fill, determined on the base of previous analyses on the deformed elasto-plastic model. The height 

of the embankment will be H = 5.0 m on the entire surface. One year after completion of construction it will be 

the actual height of the embankment in its axis H = 5.32 - 0.47 = 4.85 m and in the edge H = 5.24 -

 0.39 =4.85 m. 

The results of the stress-strain ratio and consolidation process gained from the numerical analysis on the 

deformed and undeformed elasto-plastic model of reinforced embankment give comparable results only if we 

consider the impact of the actual deformation of the structure. Otherwise the favourable results only mislead the 

designer and may result in unreliable planning of project solutions.  

A surprise for an layperson mean results of the consolidation analysis of the unreinforced embankment which is 

in the case of using undeformed model in the selected model unimpossible to be constructed, because it collapse 

since the computational displacement reach the value of Uy,max = -30 m at the constructed embankment of height 
H = 4.3 m. The calculations on the deformed model indicate that the embankment could be built but its 

settlements reaches value of Uy,max = - 75 cm. Both arguments are equivalent, because at the calculated 

settlements (deformed model) would be the height of the embankment only 4.25 m and so the embankment of 

the height of 5.0 m still wouldnôt be built. If we use a deformed model of load for the embankment, the results of 

analyses on the deformed and undeformed model are comparable and useful in geotechnical practice. 

Regardless of the complexity of the calculations per deformed elasto-plastic model and the actual pitfalls in the 

use that may confuse less experienced designers we estimate that is the use of the deformed elasto-plastic models 

in geotechnical practice necessary and desirable whenever are the considered geotechnical structures (at a critical 

stage of construction) close to the limit states, since they provide more reliable results. 

In accordance with existing legislation EN 1997 - 1, we further analysed ULS with project approach DDA 3 

through the use of existing partial factors of impacts and material properties prescribed by the applicable 
European standard. For the verification of ULS of the embankment reinforced with carbon geomembrane, we 

used additional partial coefficient ɔR = 1.35 to reduce the characteristic tensile strength of used carbon 

geomembrane. We checked the global stability ie value of the partial coefficient that still allows establishment of 

the balance of the constructed embankment after 35 days of building, when are in the soil established the largest 

values of pore overpressures and are stability conditions (our opinion) the most critical. We checked ULS on 

undeformed model of soils, cause it gives us more reliable results. In case of application of the deformed model 

does the embankment uncontrolled sitting around with the simultaneously lifting of the ground in front of the 

embankment. Consequently, the coefficient can reach a very high value. The results of such a computational 

analyzes confirm the usefulness of the reinforcement of the foundation ground with the carbon geomembrane. 

The factor of safety does from the value of FS = 0.96, in case of non-reinforced soil where it consequently 

collapse, increase to the value of FS = 1.5, in case of reinforced soil ie. using of the carbon geomembrane. 
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Bu ­alēĸmada, metakaolin ikameli ve farklē dayanēm sēnēfēna ait portland ­imentolu har­larēn fiziksel ve mekanik 

ºzellikleri araĸtērēlmēĸtēr. Har­ ºrneklerinin ¿retiminde; CEM II/B-M 32.5 R (A ­imentosu) ve CEM I 42.5 R (B 

­imentosu) olmak ¿zere iki farklē portland ­imentosu kullanēlmēĸtēr. ¢imentoya ikame edilecek olan metakaolin 

ise, laboratuvar ĸartlarēnda ve kaolin kilinin beĸ farklē sēcaklēkta (600, 700, 800, 900 ve 1000 oC) sinterlenmesi 

sonucunda elde edilmiĸtir. Sinterlenen metakaolin ºrneklerine 7 g¿nl¿k puzolanik aktivite deneyleri yapēlmēĸ ve 

en y¿ksek puzolanik aktivite indeksi, 900 oCôde sinterlenen ºrneklerde elde edilmiĸtir. Ardēndan hazērlanan 

karēĸēmlarda ­imentoya, 900 oCôde sinterlenen metakaolin malzemesi % 10 ve % 20 oranlarēnda ikame edilmiĸ 

ve referans ­imento har­larē ile kēyaslanmēĸtēr. Har­ ¿retiminde standart kum kullanēlmēĸ olup ºrnekler, TS EN 

196-1 nolu standarda gºre ve 40 x 40 x 160 mmôlik metal har­ kalēplarēna vibrasyon yºntemiyle yerleĸtirilmiĸtir. 

Daha sonra ºrneklere 7 ve 28 g¿nl¿k su k¿r¿ uygulanmēĸtēr. K¿r iĸlemi tamamlanan ºrneklere; su emme, 

porozite, birim hacim aĵērlēk ve gºr¿n¿r yoĵunluk gibi fiziksel testler ile eĵilme dayanēmē ve basēn­ dayanēmē 
gibi mekanik testler yapēlmēĸtēr. Bununla birlikte ºrneklerin ultrases deĵerleri de belirlenerek ­imento harcē 

¿retiminde kullanēlan metakaolin katkēsēnēn ºrnekler ¿zerinde meydana getirdiĵi deĵiĸiklikler araĸtērēlmēĸtēr. 

Sonu­ olarak, A ­imentosu ile % 20 MK ve B ­imentosu ile % 10 MK malzemelerinin bir arada kullanēlmasē 

durumunda ºrneklerden en y¿ksek basēn­ dayanēm deĵerleri elde edilmiĸtir. 

 

Anahtar Kelimeler: ¢imento, metakaolin, standart kum, sinterleme, kaolin. 
 

1. GĶRĶķ 

 

¢imento harcē ¿retiminde kullanēlan puzolanlardan biri de metakaolindir. Metakaolin (MK), kaolin kilinin belirli 

sēcaklēklarda sinterlenmesi sonucu oluĸan yapay bir puzolandēr. Kaolin, esasen bir kil mineralidir ve sahip 

olduĵu kristal yapēsē nedeniyle kaolenit grubu i­erisinde yer alēr. Kaolin (Al2Si2O5(OH)4), kil mineralleri 

sēnēflandērmasēnda bir grup kil minerali ismidir. Bu grupta kaolinitôin dēĸēnda; dikit, nakrit ve halloisid gibi 
mineraller bulunmaktadēr. Oluĸum itibariyle, feldspat i­eren granitik veya volkanik kaya­larēn feldspatlarēnēn 

altere olarak kaolinit mineraline dºn¿ĸmesi sonucu kaolinler oluĸmaktadēr. Ana kaya­ i­indeki alkali ve toprak 

alkali iyonlarēn, ­ºz¿n¿r tuzlar ĸeklinde ortamdan uzaklaĸmasē sonucu Al2O3 i­erikli, sulu ve silikat­a 

zenginleĸen kaya­ kaoliniti oluĸturur [1]. 

 

¢imento ¿retimlerinde MK gibi puzolanlar ­ok sēk kullanēlmaktadēr. Katkē malzemesi olarak kullanēlarak 

puzolanlar elde edildikleri kaynaklara gºre doĵal veya yapay puzolan olarak adlandērēlērlar. Doĵal puzolanlar 

silisli ve al¿minli bileĸiklerle zengindir. Puzolanlar i­in silisli ve al¿minli minerallerin t¿r¿ ve miktarē puzolanik 

aktivite ¿zerinde ºnemli rol oynamaktadēr [2]. Puzolanik aktivite, ­imentolu ¿retimlerde kalsiyum hidroksit ve 

puzolandaki al¿minosilikatlar arasēndaki reaksiyonun hēzē ve kapasitesi olarak tanēmlanmaktadēr. Bununla 

birlikte; puzolanēn ñSiO2 + Al2O3 + Fe2O3ò i­eriĵi, amorf faz durumu ve malzemenin inceliĵi puzolanik 

aktiviteyi etkilemektedir [3]. 

 
Son yēllarda y¿ksek dayanēmlē betonlarēn ve har­larēn ¿retiminde baĸta olmak ¿zere bir­ok farklē uygulamalarda 

metakaolin kullanēlmaktadēr. Metakaolin (Al 2O3.2SiO2), saflaĸtērēlmēĸ kaolin kilinin 650ï800 ÜC arasēndaki 

sēcaklēklarda sinterlenmesi sonucu elde edilen ve genellikle beyaz renkte olan bir ¿r¿nd¿r. Kaolin kili 200ÁCôde 

ēsētēldēĵēnda adsorbe suyunu kaybederken, 500-600ÁC ēsētmada kimyasal baĵ suyunu kaybederek MKôe, 1000 ÁC 

ēsētmada ise mullit ve kristobalite dºn¿ĸmektedir. Uygulanan bu sinterleme iĸlemi sonucunda MK b¿nyesindeki 
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kristal yapēlarda bozulma ger­ekleĸerek amorf yapēlē ve y¿ksek puzolanik ºzellikli bir yapēya kavuĸur. MK 

yapēsēnda bulunan y¿ksek oranlē silis ve al¿min ile birlikte ­imento hidratasyonu sonucu ortaya ­ēkan Ca(OH)2 

ile reaksiyona girerek yeni C-S-H yapēlarē oluĸturur. Bu ¿r¿nler sayesinde beton veya har­larda mekanik 

ºzelliklerde artēĸlar gºr¿l¿r [4, 5]. 

 

Literat¿rde konu ile ilgili yapēlmēĸ ­alēĸmalara gºre; Caldarone vd. (1994) su/baĵlacē oranē 

0.40 olan karēĸēmlarda MK malzemesini % 5 ve % 10 oranlarēnda kullanmēĸ ve sonu­ olarak 

% 5 MK katkēlē ºrneklerde 78.3 MPa basēn­ dayanēm deĵerleri elde etmiĸtir. Curcio vd. 

(1998) yaptēklarē ­alēĸmada ise su/baĵlayēcē oranē 0.33 olan har­lar ¿retmiĸtir. Elde edilen 

verilere gºre erken yaĸlarda MK katkēlē har­larēn dayanēm kazanma hēzēnēn y¿ksek olduĵu 

belirtilmiĸtir. MK katkēlē har­larēn erken dayanēm kazanmasēnda Alēv ve Alv olmak ¿zere iki 

farklē Al2O3 i­eriĵi olmasēna baĵlanmēĸ ve al¿mina i­eren fazlarēn oluĸumunun (ºzellikle 

C2ASH8) erken dayanēmē arttērdēĵē belirtilmiĸtir. Qian ve Li (2001), % 0, 5, 10 ve % 15 MK 

i­erikli betonlar hazērlamēĸtēr. Betonlarda kullanēlan MK katkē oranlarēnēn artmasēyla ­ekme 

ve eĵilme dayanēmlarēnēn arttēĵēnē belirtmiĸtir. Courard vd. (2003) ­alēĸmalarēnda ­imentoya 

% 5 ï 20 aralēĵēnda MK katkēsē yapmēĸtēr. MK katkēlē ºrneklerin eĵilme dayanēmlarēnēn 7. 

g¿nde referans ºrneklerle benzer deĵerler verdiĵi, 14 ve 28 g¿nl¿k ºrneklerde ise MK katkēlē 

ºrneklerin daha y¿ksek eĵilme dayanēm deĵerleri verdiĵini belirtmiĸtir [5]. 

 

Yapēlan bu ­alēĸmada ise literat¿rden farklē olarak kaolin kili laboratuvar koĸullarēnda farklē 

sēcaklēklarda kalsine edilmiĸtir. Ardēndan kēsa dºnem i­inde en y¿ksek reaktiflik gºsteren 

sinterleme sēcaklēĵē baz alēnmēĸ ve elde edilen MK malzemesinin iki tip ­imentoya ikame 

edilmesi durumunda ºrneklerde meydana getirdiĵi deĵiĸiklikler araĸtērēlmēĸtēr. 

 
2. MATERYAL VE METOT  

 

2.1. Kullanēlan Malzemeler 

 

¥rneklerin ¿retiminde CEM II/B-M (P-LL) 32.5 R (A ­imentosu) ve CEM I 42.5 R (B ­imentosu) tipi olmak 

¿zere iki farklē sēnēf ­imento kullanēlmēĸtēr. ¢imentoya ikame edilen metakaolin (MK) ise T¿rkiyeôde bulunan 

ºzel iĸletmeli bir seramik fabrikasēndan elde edilen kaolin kilinin laboratuvar koĸullarēnda sinterlenmesi sonucu 

elde edilmiĸtir. Har­larēn ¿retiminde ­imento ve MK malzemelerine ek olarak TS EN 196-1ôe [6] uygun standart 

kum ve i­me suyu kullanēlmēĸtēr. ¢alēĸmada kullanēlan malzemelerin literat¿rde bulunan kimyasal ºzellikleri ise 

Tablo 1ôde verilmiĸtir. 

 

Tablo 1. Kullanēlan malzemelerin kimyasal (XRF) kompozisyonu. 

 

Oksit (%)  SiO2 Al 2O3 Fe2O3 MgO Na2O K 2O SO3 CaO K.K.  

CEM II/B-M 32.5 R [7] 19.4 4.85 3.12 1.89 0.29 0.73 2.56 54.22 12.35 

CEM I 42.5 R [4] 19.70 5.39 2.64 1.42 0.26 0.84 3.25 62.56 3.55 

Kaolin [8] 51.3 32.6 1.1 0.3 0.2 0.3 - 0.1 13.0 

Metakaolin [9] 51.8 45.8 0.35 0.03 0.13 0.06 - 0.01 0.91 

 

2.2. Kaolin Malzemesine Uygulanan Analizler 

 
Kaolinin i­yapēsēnda bulunan fazlarēn tespiti amacēyla Afyon Kocatepe ¦niversitesi, Teknoloji Uygulama ve 

Araĸtērma Merkezinde XRD analizi, Bruker marka D8 Advance cihazēnda yapēlērken, kaolinin termal 

davranēĸlarēnēn belirlenmesi amacēyla da aynē merkezde DTA-TG analizleri yapēlmēĸtēr. DTA/TG analizlerinde 

ºrnekler hava ortamēnda ve 5 oC/dak. piĸirme hēzēnda deneye tabi tutulmuĸlardēr. 

 

2.3. Puzolanik Aktivite Deneyleri 

 

¢imento harcē ¿retiminde kullanēlacak olan metakaolin malzemesinin en iyi puzolanik aktivite gºstereceĵi 

sinterleme sēcaklēĵēnēn belirlenmesi amacēyla, kaolin kili aĵērlēk­a % 20 oranēnda su ile hobart mikserde 

karēĸtērēlmēĸ ve 5 cm ­apēndaki silindir metal kalēp yardēmēyla kaolin kili elle ĸekillendirilmiĸtir. ķekillendirilen 
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kaolin kili ºrnekleri 2.5 oC/dk. piĸirme hēzēnda 600-700-800-900 ve 1000 oCôde olmak ¿zere beĸ farklē sēcaklēkta 

ve son sēcaklēklarda bir saat s¿re ile laboratuvar tipi fērēnda kalsine edilerek metakaoline dºn¿ĸt¿r¿lm¿ĸt¿r. Daha 

sonra metakaolin malzemeleri yine laboratuvar tipi bilyeli deĵirmende tane boyutu maksimum 250 Õm oluncaya 

kadar ºĵ¿t¿lm¿ĸt¿r. 

 

Puzolanik aktivite deneylerinde ASTM C 618 [10] nolu standarda gºre ºrnekler hazērlanmēĸtēr. Baĵlayēcē 

malzeme olarak Afyon ­imento fabrikasē tarafēndan ¿retilen CEM I 42.5 R tipi ­imento, dolgu malzemesi 

olaraksa Limak ­imento fabrikasē tarafēndan ¿retilen standart kum (silis kumu) kullanēlmēĸtēr. Har­larēn 

hazērlanmasē sērasēnda beĸ farklē sēcaklēkta kalsine edilen metakaolin ºrnekleri ayrē ayrē deneylerde kullanēlmēĸ 
ve en iyi puzolanik aktivite ºzellikleri gºsteren metakaolin ºrneklerinin belirlenmesine ­alēĸēlmēĸtēr. ¥rneklerin 

puzolanik aktivitelerinin belirlenmesinde 7 g¿nl¿k ºrnekler kullanēlmēĸtēr. Puzolanik aktivite deneylerinde 

kullanēlan malzemeler ve miktarlarē Tablo 2ôde verilmiĸtir. 

 

Tablo 2. Puzolanik aktivite deneylerinde kullanēlan malzemeler. 

 

Numune 
¢imento 

(gr) 

Kum 

(gr) 

Metakaolin (MK) 

(gr) 
MK sinterleme sēcaklēĵē (

o
C)  

Su 

(gr) 

Referans 500 1375 - - 242 

600 400 1375 100 600  257 

700 400 1375 100 700 257 
800 400 1375 100 800 257 

900 400 1375 100 900 257 

1000 400 1375 100 1000 257 

 

2.4. ¥rneklerin Hazērlanmasē 

 

MK ikameli ­imento har­ ºrnekleri TS EN 196-1 [6] nolu standarda gºre Tablo 3ôde verilen re­eteye gºre 40 x 

40 x 160 mmôlik metal har­ kalēplarēna vibrasyon yºntemiyle yerleĸtirilmiĸtir. Bir g¿n sonra kalēplardan alēnan 

har­ ºrneklerine ilgili testlerin yapēlacaĵē g¿nlere kadar 7 ve 28 g¿nl¿k su k¿r¿ uygulanmēĸtēr.  

 

Tablo 3. Hazērlanan ºrnekler ve karēĸēm oranlarē. 
 

Har­ 

Grubu 
Numune 

¢imento 

(32.5 R) 

(gr) 

¢imento 

(42.5 R) 

(gr) 

Kum 

(gr) 

Metakaolin 

(MK) (gr)  

Su 

(gr) 

K¿r S¿resi 

(g¿n) 

RA7 Referans 450 - 1350 - 225 7 

RB7 Referans - 450 1350 - 225 7 

RA28 Referans 450 - 1350 - 225 28 

RB28 Referans - 450 1350 - 225 28 

10MKA7 % 10 MK 405 - 1350 45 230 7 

20MKA7 % 20 MK 360 - 1350 90 235 7 

10MKB7 % 10 MK - 405 1350 45 230 7 

20MKB7 % 20 MK - 360 1350 90 235 7 

10MKA28 % 10 MK 405 - 1350 45 230 28 

20MKA28 % 20 MK 360 - 1350 90 235 28 

10MKB28 % 10 MK - 405 1350 45 230 28 

20MKB28 % 20 MK - 360 1350 90 235 28 

 

2.5. Uygulanan Testler 

 

K¿r iĸlemi tamamlanan ºrneklerin fiziksel ºzellikleri Arĸimet prensibine gºre belirlenerek; su emme, gºr¿nen 

porozite, birim hacim aĵērlēk ve gºr¿n¿r yoĵunluk deĵerleri belirlenmiĸtir. ¥rneklerin fiziksel ºzelliklerinin 

belirlenmesi sērasēnda; ºrnekler su tankēndan alēnarak, su i­erisinde asēlē aĵērlēklarē (W2) ve suya doygun y¿zey 

kuru aĵērlēklarē (W3) belirlenecektir. Ardēndan ilgili ºrnekler et¿vde deĵiĸmez aĵēlēĵa gelinceye kadar 

kurutulacaktēr (W1). Bu deĵerler yardēmēyla ºrneklerin gºr¿nen porozite, birim hacim aĵērlēk ve gºr¿n¿r 

yoĵunluk deĵerleri TS EN 772-4ôe [11] gºre su emme deĵerleri ise TS EN 771-1ôe [12] gºre ve aĸaĵēda verilen 
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eĸitlikler yardēmēyla (Eĸitlik 1 ï 4) hesaplanmēĸtēr. Daha sonra ºrneklerin ultrases ge­iĸ s¿releri ºl­¿lm¿ĸ ve 

ardēndan eĵilme ve basēn­ mukavemeti deneyleri TS EN 196-1ôe [6] gºre y¿r¿t¿lm¿ĸt¿r.  

 

ὋĘὶİὲὩὲ ὴέὶέᾀὭὸὩ Ϸ  
ὡ ὡ

ὡ ὡ
ὼ ρππ                                                                               ρ 

 

ὄὭὶὭά ὬὥὧὭά ὥøąὶὰąὯ ὯὫȾά  
ὡ

ὡ ὡ
                                                                            ς 

 

ὋĘὶİὲİὶ ώέøόὲὰόὯ ὯὫȾά  
ὡ

ὡ ὡ
                                                                               σ 

 

Ὓό ὩάάὩ Ϸ  
ὡ ὡ

ὡ
ὼ ρππ                                                                                                 τ 

 

 

 

 

3. BULGULAR VE  TARTIķMA 

 

3.1. Kaoline ait XRD ve DTA/TG Analizleri 

 

Kaolin malzemesine ait XRD analizinden elde edilen verilere gºre kaolinde; kuvars, kaolinit ve illit gibi 

minerallerin varlēĵē tespit edilmiĸtir (ķekil 1). 

 

 
 

ķekil 1. Kaolin malzemesine ait XRD grafiĵi. 
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ķekil 2. Kaolin malzemesine ait DTA/TG grafiĵi. 

 

Kaolin malzemesinin termal davranēĸlarēnēn belirlenebilmesi amacēyla, kaolin ºrneĵine DTA-TG analizleri 

yapēlmēĸtēr. Analizlerden elde edilen veriler ķekil 2ôde gºsterilmiĸtir. Verilen grafikte gºr¿ld¿ĵ¿ ¿zere kaolin 

kili termodinamik olarak 567 oCôde endotermik pik gºstererek metakaoline dºn¿ĸ¿m yapmēĸtēr. DTA verilerine 
gºre, 978 oCôde ise ekzotermik pik oluĸumu gºzlenmiĸ ve bu sēcaklēktan sonra malzemede kristal yapēlarēn 

artacaĵē d¿ĸ¿n¿lmektedir. TG analiz verileri incelendiĵinde ise kaolin kilinin 900 oCôde ki kēzdērma kaybē 

deĵerinin % 11.52 olduĵu belirlenmiĸtir. 

 

3.2. Puzolanik Aktivite Deneyleri 

 

Puzolanik aktivite deneylerinden elde edilen veriler ķekil 3ôde gºsterilmiĸtir. En ideal sinterleme sēcaklēĵēnēn 

belirlenmesinde basēn­ dayanēm deĵerleri baz alēnmēĸtēr. Bununla birlikte bir baĸka mekanik ºzelliklerden olan 

eĵilme dayanēmē deĵerleri de yine ķekil 3 (b)ôde gºsterilmiĸtir. Grafiklerde de gºr¿ld¿ĵ¿ ¿zere MK katkēlē har­ 

ºrneklerinin b¿y¿k ­oĵunluĵunda (800 oC hari­) referans ºrneklere gºre daha y¿ksek basēn­ dayanēm deĵerleri 

elde edilmiĸtir. En y¿ksek basēn­ dayanēm deĵerleri, 900 oCôde kalsine edilen MK katkēlē ºrneklerde 40.4 MPa 
(ķekil 3a) olarak elde edilirken, aynē ºrneklerin eĵilme dayanēmlarē 11.5 MPa (ķekil 3b) olarak elde edilmiĸtir. 

Dolayēsēyla bu aĸamadan sonra ­imentoya ikame edilecek MK malzemesine uygulanacak olan sinterleme 

sēcaklēĵēnēn 900 oC olmasēna karar verilmiĸtir. 
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ķekil 3. Puzolanik aktivite deneyinde kullanēlan har­larēn mekanik ºzellikleri. 

 

3.3. Har­larēn Fiziksel ve Mekanik ¥zellikleri 

 

¢alēĸmada ¿retilen har­lardan elde edilen veriler bu bºl¿mde sunulmuĸtur. ¥rneklerin fiziksel ºzelliklerinden 

olan gºr¿nen porozite oranlarē ķekil 4ôde gºsterilmiĸtir. Gºr¿nen porozite oranlarē incelendiĵinde ºrneklere 

uygulanan k¿r s¿resinin uzamasē ile porozite oranlarēnda d¿ĸ¿ĸler ger­ekleĸmiĸtir. K¿r s¿resinin artmasē ile 

birlikte ­imento b¿nyesinde daha fazla C-S-H ¿r¿n¿ oluĸmasē beklendiĵinden dolayē har­larēn porozite 
oranlarēnēn d¿ĸmesi normal karĸēlanmalēdēr. MK ikameli har­larda, B ­imentosu kullanēlmasē durumunda ise 

daha y¿ksek porozite oranlarēnēn ortaya ­ēktēĵē gºzlenmiĸtir. Referans har­larēnda ise B ­imentosu kullanēlan 

ºrneklerde gºr¿nen porozite bir miktar azalmēĸtēr (ķekil 4b).  

 

10MKA7 ve 10MKA28 kodlu har­larda birbirine yakēn porozite oranlarē elde edilirken, diĵer t¿m ºrneklerde 28 

g¿nl¿k k¿r uygulamasē har­larēn porozite deĵerlerini azaltmēĸtēr (ķekil 4a). ¥rnek gruplarē i­erinde 7 g¿n k¿r 

uygulanan MK ikameli har­larda k¿r s¿resinin artmasē ile porozite oranlarē artarken; A ­imentolu 28 g¿nl¿k 

har­larda MK katkēsē arttēk­a porozite azalmēĸ, B ­imentolu har­larda ise katkē oranē arttēk­a porozite oranlarē 

artmēĸtēr. En y¿ksek porozite oranlarē % 32.3 ile 20MKB7 ºrneklerinden elde edilirken, en d¿ĸ¿k porozite 

oranlarē % 8 ile 20MKA28 ºrneklerinden elde edilmiĸtir. 

 

  
 

ķekil 4. Har­larēn gºr¿nen porozite oranlarē. 

 

¢imento har­larēnēn su emme oranlarē ķekil 5ôde gºsterilmiĸtir. Grafiklerde de gºr¿leceĵi ¿zere su emme 

oranlarē, gºr¿nen porozite oranlarēndan elde edilen verilerle benzer eĵilimler gºstermiĸtir. En fazla su emme 

oranlarē % 18.9 ile 20MKB7 ºrneklerinden elde edilirken, en d¿ĸ¿k su emme oranlarē % 3.8 ile 20MKA28 

ºrneklerinden elde edilmiĸtir.  
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ķekil 5. Har­larēn gºr¿nen su emme oranlarē. 

 

¢imento har­larēnēn yoĵunluk deĵerleri ķekil 6 ve ķekil 7ôde gºsterilmiĸtir. ¥rneklere uygulanan k¿r s¿resinin 

artmasē ile birlikte b¿nyede reaksiyon ¿r¿nlerinin artmasēndan dolayē har­larēn birim hacim aĵērlēklarēnēn arttēĵē 

belirlenmiĸtir. A ­imentosu ile ¿retilen har­lardan 2113.7 kg/m3 ile en y¿ksek birim hacim aĵērlēklar RA28 
ºrneklerinden elde edilirken; B ­imentosu ile ¿retilen har­larda 2124.1 kg/m3 ile en y¿ksek birim hacim 

aĵērlēklar RB28 ºrneklerinden elde edilmiĸtir. MK katkēlē ºrneklerde ise her iki tip ­imento sēnēfēnda da % 10 

MK katkēlē ºrneklerin daha y¿ksek yoĵunluk deĵerlerine sahip olduklarē gºzlenmiĸtir (ķekil 6). 

 

  
 

ķekil 6. Har­larēn birim hacim aĵērlēk deĵerleri. 
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ķekil 7. Har­larēn gºr¿n¿r yoĵunluk deĵerleri. 

 

MK katkēlē ºrneklerde kullanēlan ­imentonun y¿ksek dayanēmlē olmasē durumunda, ºrneklerin gºr¿n¿r yoĵunlarē 

daha y¿ksek seviyelerdedir. Dolayēsēyla har­ ¿retiminde B ­imentosunun kullanēlmasē durumunda, MK katkēlē 

har­larēn referans ºrneklerden daha y¿ksek gºr¿n¿r yoĵunluk deĵerlerine sahip olduklarē gºzlenmiĸtir (ķekil 7). 
Har­lara uygulanan k¿r s¿resinin arttērēlmasē ºrneklerin gºr¿nen porozitesini azaltmēĸ, dolayēsēyla porozitesi 

azalan ºrneklerin birim hacim aĵērlēklarē artmēĸtēr. Gºr¿n¿r yoĵunluk deĵerlerinde ise uzayan k¿r s¿resi ile 

birlikte yoĵunluk deĵerlerinin azaldēĵē gºr¿lm¿ĸt¿r. ¥rnek b¿nyesinde porozite oranēnēn azalmasēna raĵmen 

gºr¿n¿r yoĵunluk deĵerlerindeki bu d¿ĸ¿ĸlerin b¿nyede bulunan MK katkēsēnēn y¿ksek oranda reaksiyonlar 

ger­ekleĸtiremediĵi ve bu nedenle yoĵunluk deĵerlerinin daha d¿ĸ¿k oranlarda kaldēĵē tahmin edilmektedir. 

 

A ­imentosunun kullanēldēĵē har­larda karēĸēmlara eklenen MK katkēsē ºrneklerin eĵilme dayanēmlarēnda 

d¿ĸ¿ĸlere neden olmuĸtur (ķekil 8a). B ­imentosunun kullanēldēĵē ºrneklerde ise eĵilme dayanēmē deĵerlerine 

MK katkēsēnēn etkisi net deĵildir ve deĵiĸkendir (ķekil 8b). 

 

  
 

ķekil 8. Har­larēn eĵilme dayanēmē deĵerleri. 
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ķekil 9. Har­larēn basēn­ dayanēm deĵerleri. 

 

A ­imentolu ºrneklerde, har­larēn basēn­ dayanēmlarē MK katkē oranēnēn ve k¿r s¿resinin artmasē ile birlikte 

artarken, referans ºrneklerde en d¿ĸ¿k basēn­ dayanēm deĵerleri elde edilmiĸtir (ķekil 9a). 7 g¿nl¿k B ­imentolu 

ºrneklerde % 10 MK katkēlē har­larda, 28 g¿nl¿k ºrneklerde ise % 20 MK katkēlē ºrneklerde en y¿ksek basēn­ 
dayanēm deĵerleri elde edilmiĸtir. Basēn­ dayanēm deĵerleri bir arada deĵerlendirildiĵinde; A ­imentosu ile % 20 

MK ve B ­imentosu ile % 10 MK malzemeleri bir arada kullanēldēĵēnda en y¿ksek basēn­ dayanēm deĵerleri 

sērasēyla 47.9 MPa ile 20MKA28 ve 42.6 MPa ile 10MKB7 ºrneklerinden elde edilmiĸtir (ķekil 9a ve ķekil 9b).  

Daha ºnceden yapēlan ­alēĸmalarda da ­imentoya aĵērlēk­a % 10 - % 20 oranlarēnda MK ikamesinin basēn­ 

dayanēmlarē arttērdēĵē [13], bununla birlikte MK ile ¿retilen har­ ve betonlarda ºzellikle ilk 14 g¿n i­inde 

mekanik ºzelliklerin daha etkili bir ĸekilde artēĸlar gºsterdiĵi belirtilmiĸtir [4]. 

 

¢imento har­larēnda bulunan MK katkēsēnēn ultrases deĵerlerini etkilediĵi ve B ­imentolu ºrneklerde MK 

katkēsēnēn artmasē ile birlikte ºrneklerin ultrases hēzē deĵerlerinin arttēĵē belirlenmiĸtir. A ­imentolu ºrneklerde 

ise MK katkē oranēndaki artēĸlarēn ultrases deĵerlerini d¿ĸ¿rd¿ĵ¿ tespit edilmiĸtir. 7 g¿nl¿k ºrneklerde % 10 MK 

katkēlē har­larda en y¿ksek deĵerler elde edilirken, 28 g¿nl¿k har­larda en y¿ksek deĵerler referans ºrneklerden 
elde edilmiĸtir (ķekil 10a ve ķekil 10b). 

 

  
 

ķekil 10. Har­larēn ultrases hēzē deĵerleri. 

 

4. SONU¢LAR 
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­imentolu har­lara gºre daha y¿ksek porozite oranlarēnēn ortaya ­ēktēĵē gºzlenmiĸtir. Bununla birlikte ºrneklere 

uygulanan k¿r s¿resinin artmasē ile birim hacim aĵērlēklar artmēĸtēr. MK katkēlē ºrneklerde her iki tip ­imento 

sēnēfēnda da % 10 MK katkēlē ºrnekler daha y¿ksek yoĵunluk deĵerlerine sahiptir.  A ­imentosunun kullanēldēĵē 

har­larda MK katkēsē eĵilme dayanēmlarēnē d¿ĸ¿r¿rken; B ­imentosunun kullanēldēĵē ºrneklerde eĵilme 

dayanēmēna MK katkēsēnēn etkisi net deĵildir. A ­imentosu ile % 20 MK ve B ­imentosu ile % 10 MK 

malzemelerinin bir arada kullanēlmasē durumunda ºrneklerden en y¿ksek basēn­ dayanēm deĵerleri elde 

edilmiĸtir. 
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Bu ­alēĸmada, metakaolin katkēlē beyaz ­imentolu har­larēn fiziksel ve mekanik ºzellikleri 

araĸtērēlmēĸtēr. Har­ ºrneklerinin ¿retiminde; 52,5ôluk beyaz ­imentosu kullanēlmēĸtēr. Beyaz 

­imentoda, beyaz renk ºzelliĵinden dolayē her t¿rl¿ puzolanik madde katkē olarak 

kullanēlamamaktadēr. Dolayēsēyla katkē olarak kullanēlacak puzolanik malzemenin de beyaz 

renkte olmasē ºnemlidir. Bu nedenle ortaya ­ēkacak ¿r¿n¿n renk ºzelliĵinin bozulmamasē i­in 

yaptēĵēmēz bu ­alēĸmada beyaz renkli kaolin kili hammadde olarak kullanēlmēĸtēr. Metakaolin 

ise bu kilin beĸ farklē sēcaklēkta (600, 700, 800, 900 ve 1000 
o
C) sinterlenmesi sonucunda elde 

edilen beyaz bir ¿r¿nd¿r. Sinterlenen metakaolin ºrneklerine 7 g¿nl¿k puzolanik aktivite 

deneyleri yapēlmēĸ ve en y¿ksek puzolanik aktivite indeksi, 900 
o
Côde sinterlenen ºrneklerde 

elde edilmiĸtir. Ardēndan hazērlanan karēĸēmlarda ­imentoya, 900 
o
Côde sinterlenen 

metakaolin malzemesi % 10, % 20 ve % 30 oranlarēnda ikame edilmiĸ ve referans ­imento 

har­larē ile kēyaslanmēĸtēr. Har­ ¿retiminde kērma kum kullanēlmēĸ olup ºrnekler, 4 x 4 x 16 

cmôlik metal har­ kalēplarēna vibrasyon yºntemiyle yerleĸtirilmiĸtir. Daha sonra ºrneklere 7 

ve 28 g¿nl¿k su k¿r¿ uygulanmēĸtēr. K¿r iĸlemi tamamlanan ºrneklere; su emme, porozite, 

birim hacim aĵērlēk ve gºr¿n¿r yoĵunluk gibi fiziksel testler ile eĵilme dayanēmē ve basēn­ 

dayanēmē gibi mekanik testler yapēlmēĸtēr. Bununla birlikte ºrneklerin ultrases deĵerleri de 

belirlenerek ­imento harcē ¿retiminde kullanēlan metakaolin katkēsēnēn ºrnekler ¿zerinde 

meydana getirdiĵi deĵiĸiklikler araĸtērēlmēĸtēr. Sonu­ olarak % 10 MK ikamesi beyaz ­imento 

harcēnēn fiziksel ve mekanik ºzelliklerine olumlu katkēlar saĵlamēĸtēr. Kērma kumun basēn­ 

dayanēmē ¿zerinde oluĸturduĵu olumsuz etkiyi % 10 MK ikamesi bertaraf ettiĵinden ºt¿r¿ 

kērma kumlu beyaz ­imentolu har­lar i­in en uygun oranē ifade etmektedir. 

 

Anahtar Kelimeler: Beyaz ­imento, metakaolin, kērma kum, sinterleme, kaolin 

 

1. GĶRĶķ 

 

¢aĵdaĸ beton uygulamalarē Portland ­imentosunun 1844 yēlēnda ¿retilmesine ve agrega ile 

­eliĵin beraber kullanēlmasēna dayanmaktadēr [1]. Bu sayede g¿n¿m¿zde en ­ok kullanēlan 

taĸēyēcē sistem malzemesi beton ve betonarme olmuĸtur. Betonun kendine has soĵuk yeĸil 

rengi br¿t beton uygulamalarēnda mimari bir tamamlayēcē olarak kullanēlērken tasarēmcē i­in 

yetersiz geldiĵinden beyaz betona ve dolayēsēyla beyaz ­imentoya gereksinim ortaya 

­ēkmēĸtēr. Y¿zyēlē aĸkēn bir s¿redir ¿retilmekte olan beyaz ­imento, daha ziyade dekoratif ve 

estetik uygulamalarda kullanēlagelmiĸtir. Geliĸen ¿retim teknolojisi ile beyaz ­imento 

g¿n¿m¿zde, estetik ve dekoratif ºzellikleri a­ēsēndan olduĵu kadar, y¿k taĸēma kabiliyeti 

a­ēsēndan da ¿st¿n performans ºzellikleri gºstermektedir [2]. Beyaz ­imento, ºzel nitelikli kil 

(profillit, kaolin) ile kire­ taĸēnēn karēĸtērēlmasē ile elde edilen beyaz klinkerin al­ē ile 
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ºĵ¿t¿lmesi sonucunda ¿retilen hidrolik bir baĵlayēcēdēr [3]. Normal ­imento ¿retiminde 

y¿ksek enerji gereksinimi ve kalitenin arttērēlmasē i­in yapēlan ­alēĸmalarda ­eĸitli ikame 

maddeleri kullanēlmaya baĸlanmēĸtēr. U­ucu k¿l, y¿ksek fērēn c¿rufu gibi atēk ve puzolan 

malzemeler bu iĸ i­in yoĵunlukla kullanēlmaktadēr. Fakat beyaz ­imentonun renginin 

korunmasē i­in kullanēlabilecek ikame ¿r¿nleri kēsētlēdēr. Bu noktada beyaz ­imentoda 

kullanēlabilecek puzolanlardan birisi beyazdan pembeye ge­en bir renk skalasēna sahip, yapay 

bir puzolan olan metakaolindir. Kaolinitin 600ï900ÜC sēcaklēk aralēĵēnda sinterlenmesi ile 

elde edilen metakaolinin har­ ve betonlarēn mekanik ve durabilite ºzeliklerini artērmada 

ºnemli etkileri olduĵu bilinmektedir [4]. Metakaolin (MK) (Al2Si2O7) 1960 lardan ºnce bir 

malzeme olarak biliniyordu fakat ­imento i­erisinde veya puzolanik bir katkē olarak betonun 

i­erisinde kullanēmē 1980 lere kadar sadece araĸtērmacēlarēn ilgisini ­ekmiĸti. MKônēn temel 

ºzelliĵi kalsiyum hidroksit (Ca(OH)2) sayesinde y¿ksek reaktivite ve ­imentonun 

hidratasyonunu hēzlandērma yeteneĵidir [6]. Bununla birlikte kalsiyum-silisyum oranēnēn C-S-

H jelinin oluĸmasēnda y¿ksek olmasēndan betonun mikro yapēsēna, ge­irimliliĵine, 

porozitesine, klor ge­irimliliĵine, donma-­ºz¿nme dayanēmēna ve nihai olarak betonun genel 

performansēna olumlu etkileri vardēr [5] [6].  

 

Metakaolin ve beyaz Portland ­imento ile alakalē literat¿rde ge­en bazē ­alēĸmalarē 

incelediĵimizde; betonun mikro yapēsē ve hidratasyon ºzelliklerine deniz suyu ile % 0-6 MK 

karēĸēmēnēn etkilerinin araĸtērēldēĵē ­alēĸmada % 5 MK eklendiĵinde 28 g¿nl¿k dayanēmda % 

33 artēĸ saĵlanmēĸtēr. Bºylelikle deniz suyunun olumsuz etkileri MK ile ortadan kaldērēlmēĸtēr 

[7]. Y¿ksek sēcaklēĵēn MK ve u­ucu k¿l katkēlē betonlardaki etkisinin araĸtērēldēĵē ­alēĸmada 

% 5-20 MK ile % 20-60 oranlarēnda u­ucu k¿l katkēlē numuneler ¿retilerek 27-800 ÜC 

arasēndaki sēcaklēklarda incelenmiĸtir. Sonu­ olarak 400 ÜC t¿m seriler i­in kritik sēcaklēk 

olarak belirlenmiĸtir. En iyi performansē %20 u­ucu k¿l serileri sergilerken %10 ve 20 MK 

serileri ise en y¿ksek bozulmayē gºstermiĸlerdir [8]. Bir diĵer ­alēĸmada flaĸ kalsine 

metakaolin Portland ­imentosu yerine kullanēlarak betonun performansē ve dayanēklēlēĵē ile 

ilgili durum araĸtērēlmēĸtēr. ikame oranē olarak %25 MK belirlenmiĸ ve altē farklē tip betonda 

uygulanmēĸtēr. Sonu­ olarak d¿ĸ¿k ge­irgenlik, y¿ksek mukavemet ve azalmēĸ klor¿r iyon 

penetrasyonu teknik avantajlar olarak bulunmuĸtur. MKônin eĸdeĵer performans kavramēnēn 

gereklerini karĸēladēĵē bu sonu­larla ortaya konmuĸtur [9]. 

 

Beyaz Portland ­imentosu pastalarēnda katkē maddesi olarak nano kil ve termal olarak aktive 

edilmiĸ nano metakaolin kullanēlarak yapēlan ­alēĸmada katkē % 2-14 arasēndaki oranlarda 

dahil edilmiĸtir. Eĵilme basēn­ dayanēmlarēna % 10ôa kadar nano metakaolin katkēsē pozitif 

etki saĵlarken daha fazla katkē oranē d¿ĸ¿ĸlere sebebiyet vermiĸtir [10]. Beyaz ­imento ile % 

15 kire­taĸē ikamesi yapēlan ­alēĸmada dayanēmlarēn daha d¿ĸ¿k ­ēkmasēna karĸēn s¿lfat atak 

oranēnēn ikameli serilerde daha d¿ĸ¿k olduĵu gºr¿lm¿ĸt¿r [11]. 

 

Bu ­alēĸmada beyaz Portland ­imentonun beton ve betonarme yapēlarda kullanēmēnda 

dayanēm ve dayanēklēlēĵēnēn yanē sēra beyaz renginin de mimari bir tamamlayēcē olarak 

tasarēmcēnēn beklentileri arasēnda yer almasēndan ºt¿r¿ uygun bir mineral katkēnēn 

kullanēlmasē ama­lanmēĸtēr. Bunun i­in yapay bir puzolan olan metakaolin tercih edilmiĸ ve 

beyaz renk beklentisinden ºt¿r¿ har­ numunelerinin hazērlanmasēnda standart silis kumu 

yerine kērma kum kullanēlmēĸtēr. Bu deney tasarēmēna gºre kērma kum ve metakaolinin beyaz 

Portland ­imentolu har­lara etkisi araĸtērēlmēĸtēr. 
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2. MATERYAL VE METOT  

 

2.1. Kullanēlan Malzemeler 

 

¥rneklerin ¿retiminde CEM I 52,5 R Beyaz Portland ­imento kullanēlmēĸtēr. ¢imentoya ikame edilen metakaolin 

(MK) ise T¿rkiyeôde bulunan ºzel iĸletmeli bir seramik fabrikasēndan elde edilen kaolin kilinin laboratuvar 

koĸullarēnda sinterlenmesi sonucu elde edilmiĸtir. Har­larēn ¿retiminde ­imento ve MK malzemelerine ek olarak 

Afyonkarahisar Iĸēklar mevkiinde bulunan taĸ ocaĵēndan temin edilmiĸ kērma kum ve i­me suyu kullanēlmēĸtēr. 

Har­ numunelerinde beyaz rengin korunmasē hedeflendiĵinden kullanēlan malzemelerin rengi de ºnemli bir 
detay olarak ķekil 1ôde verilmiĸtir. ¢alēĸmada kullanēlan malzemelerin literat¿rde bulunan kimyasal ºzellikleri 

ise Tablo 1ôde verilmiĸtir. 

 

 
ķekil 1. Har­ta kullanēlan malzemeler sērasēyla: Beyaz ¢imento-Metakaolin-Kērma Kum 

 
Tablo 1. Kullanēlan malzemelerin kimyasal (XRF) kompozisyonu. 

Oksit (%)  SiO2 Al 2O3 Fe2O3 MgO Na2O K 2O SO3 CaO K.K.  

CEM I 52.5 R [12] 21,6 4,05 0,26 1,30 0,30 0,35 3,30 65,7 3,2 

Kaolin [13] 51,3 32,6 1,1 0,3 0,2 0,3 - 0,1 13,0 

Metakaolin [14] 51,8 45,8 0,35 0,03 0,13 0,06 - 0,01 0,91 

 

2.2. Kaolin Malzemesine Uygulanan Analizler 

 

Kaolinin i­yapēsēnda bulunan fazlarēn tespiti amacēyla Afyon Kocatepe ¦niversitesi, Teknoloji Uygulama ve 

Araĸtērma Merkezinde XRD analizi, Bruker marka D8 Advance cihazēnda yapēlērken, kaolinin termal 

davranēĸlarēnēn belirlenmesi amacēyla da aynē merkezde DTA-TG analizleri yapēlmēĸtēr. DTA/TG analizlerinde 

ºrnekler hava ortamēnda ve 5 oC/dak. piĸirme hēzēnda deneye tabi tutulmuĸlardēr. 

 

2.3. Puzolanik Aktivite Deneyleri 

 

¢imento harcē ¿retiminde kullanēlacak olan metakaolin malzemesinin en iyi puzolanik aktivite gºstereceĵi 

sinterleme sēcaklēĵēnēn belirlenmesi amacēyla, kaolin kili aĵērlēk­a % 20 oranēnda su ile hobart mikserde 
karēĸtērēlmēĸ ve 5 cm ­apēndaki silindir metal kalēp yardēmēyla kaolin kili elle ĸekillendirilmiĸtir.  

 

ķekillendirilen kaolin kili ºrnekleri 2,5 oC/dk. piĸirme hēzēnda 600-700-800-900 ve 1000 oCôde olmak ¿zere beĸ 

farklē sēcaklēkta ve son sēcaklēklarda bir saat s¿re ile laboratuvar tipi fērēnda sinterlenerek metakaoline 

dºn¿ĸt¿r¿lm¿ĸt¿r. Daha sonra metakaolin malzemeleri yine laboratuvar tipi bilyeli deĵirmende tane boyutu 

maksimum 250 Õm oluncaya kadar ºĵ¿t¿lm¿ĸt¿r. 

 

Puzolanik aktivite deneylerinde ASTM C 618 [15] nolu standarda gºre ºrnekler hazērlanmēĸtēr. Baĵlayēcē 

malzeme olarak CEM I 52,5 R tipi beyaz Portland ­imento, dolgu malzemesi olaraksa Afyonkarahisar Iĸēklar 

mevkiinde bulunan taĸ ocaĵēndan temin edilmiĸ kērma kum kullanēlmēĸtēr. Har­larēn hazērlanmasē sērasēnda beĸ 

farklē sēcaklēkta sinterlenen metakaolin ºrnekleri ayrē ayrē deneylerde kullanēlmēĸ ve en iyi puzolanik aktivite 



71 

 

ºzellikleri gºsteren metakaolin ºrneklerinin belirlenmesine ­alēĸēlmēĸtēr. ¥rneklerin puzolanik aktivitelerinin 

belirlenmesinde 7 g¿nl¿k ºrnekler kullanēlmēĸtēr. Puzolanik aktivite deneylerinde kullanēlan malzemeler ve 

miktarlarē Tablo 2ôde verilmiĸtir. 

 

Tablo 2. Puzolanik aktivite deneylerinde kullanēlan malzemeler. 

Numune 
¢imento 

(gr) 

Kum 

(gr) 

Metakaolin (MK) 

(gr) 

MK sinterleme sēcaklēĵē 

(
o
C)  

Su 

(gr) 

Referans 500 1375 - - 242 

600 400 1375 100 600  257 

700 400 1375 100 700 257 

800 400 1375 100 800 257 

900 400 1375 100 900 257 

1000 400 1375 100 1000 257 

 

2.4. ¥rneklerin Hazērlanmasē 

 
MK ikameli ­imento har­ ºrnekleri TS EN 196-1 [16] nolu standarda gºre Tablo 3ôde verilen re­eteye ile 40 x 

40 x 160 mmôlik metal har­ kalēplarēna vibrasyon yºntemiyle yerleĸtirilmiĸtir. Bir g¿n sonra kalēplardan alēnan 

har­ ºrneklerine ilgili testlerin yapēlacaĵē g¿nlere kadar 7 ve 28 g¿nl¿k su k¿r¿ uygulanmēĸtēr. 

 

Tablo 3. Hazērlanan ºrnekler ve karēĸēm oranlarē. 

Har­ 

Grubu 
Numune 

¢imento 

(52.5 R) 

(gr) 

Kum 

(gr) 

Metakaolin 

(MK) (gr)  

Su 

(gr) 

K¿r S¿resi 

(g¿n) 

Referans7 Referans 450 1350 - 225 7 

Referans28 Referans 450 1350 - 225 28 

%10MK7 % 10 MK 405 1350 45 230 7 

%20MK7 % 20 MK 360 1350 90 235 7 

%30MK7 % 30 MK 315 1350 135 240 7 

%10MK28 % 10 MK 405 1350 45 230 28 

%20MK28 % 20 MK 360 1350 90 235 28 

%30MK28 % 30 MK 315 1350 135 240 28 

 

2.5. Uygulanan Testler 

 

K¿r iĸlemi tamamlanan ºrneklerin fiziksel ºzellikleri Arĸimet prensibine gºre belirlenerek; su emme, gºr¿nen 

porozite, birim hacim aĵērlēk ve gºr¿n¿r yoĵunluk deĵerleri belirlenmiĸtir. ¥rneklerin fiziksel ºzelliklerinin 

belirlenmesi sērasēnda; ºrnekler su tankēndan alēnarak, su i­erisinde asēlē aĵērlēklarē (W2) ve suya doygun y¿zey 

kuru aĵērlēklarē (W3) ºl­¿lm¿ĸt¿r. Ardēndan ilgili ºrnekler et¿vde deĵiĸmez aĵēlēĵa gelinceye kadar 

kurutulmuĸtur (W1). Bu deĵerler yardēmēyla ºrneklerin gºr¿nen porozite, birim hacim aĵērlēk ve gºr¿n¿r 

yoĵunluk deĵerleri TS EN 772-4ôe [17] gºre su emme deĵerleri ise TS EN 771-1ôe [18] gºre ve aĸaĵēda verilen 
eĸitlikler yardēmēyla (Eĸitlik 1ï4) hesaplanmēĸtēr. Har­ ºrneklerinin mekanik ºzellikleri olan eĵilme ve basēn­ 

mukavemeti deneyleri TS EN 196-1ôe [16] gºre y¿r¿t¿lm¿ĸt¿r. Bu deneylerden ºnce aynē numuneler ¿zerinde 

ultrases ge­iĸ hēzē ºl­¿mleri de yapēlmēĸtēr. 
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3. BULGULAR VE TARTIķMA 

 

3.1. Kaoline ait XRD ve DTA/TG Analizleri 

 

Kaolin malzemesine ait XRD analizinden elde edilen verilere gºre kaolinde; kuvars, kaolinit ve illit gibi 

minerallerin varlēĵē tespit edilmiĸtir (ķekil 2). 

 

 
ķekil 2. Kaolin malzemesine ait XRD grafiĵi. 

 

Kaolin malzemesinin termal davranēĸlarēnēn belirlenebilmesi amacēyla, kaolin ºrneĵine DTA-TG analizleri 

yapēlmēĸtēr. Analizlerden elde edilen veriler ķekil 3ôde gºsterilmiĸtir. Verilen grafikte gºr¿ld¿ĵ¿ ¿zere kaolin 

kili termodinamik olarak 567 oCôde endotermik pik gºstererek metakaoline dºn¿ĸ¿m yapmēĸtēr. DTA verilerine 
gºre, 978 oCôde ise ekzotermik pik oluĸumu gºzlenmiĸ ve bu sēcaklēktan sonra malzemede kristal yapēlarēn 

artacaĵē d¿ĸ¿n¿lmektedir. TG analiz verileri incelendiĵinde ise kaolin kilinin 900 oCôde ki kēzdērma kaybē 

deĵerinin % 11,52 olduĵu belirlenmiĸtir. 
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ķekil 3. Kaolen malzemesine ait DTA/TG grafiĵi. 

 

3.2. Puzolanik Aktivite Deneyleri 

 

Puzolanik aktivite deneylerinden elde edilen veriler ķekil 4ôde gºsterilmiĸtir. En ideal sinterleme sēcaklēĵēnēn 
belirlenmesinde basēn­ dayanēm deĵerleri baz alēnmēĸtēr. 

 

 
ķekil 4. Puzolanik aktivite deneyinde kullanēlan har­larēn mekanik ºzellikleri. 

 

Bununla birlikte bir baĸka mekanik ºzellik olan eĵilme dayanēmē deĵerleri de yine ķekil 4 (b)ôde gºsterilmiĸtir. 

Grafiklerde gºr¿ld¿ĵ¿ ¿zere MK katkēlē har­ ºrneklerinin b¿y¿k ­oĵunluĵunda (800 oC hari­) referans ºrneklere 

gºre daha y¿ksek dayanēm deĵerleri elde edilmiĸtir. En y¿ksek basēn­ dayanēm deĵerleri, 900 oCôde sinterlenen 

MK katkēlē ºrneklerde 40,4 MPa (ķekil 4a) olarak elde edilirken, aynē ºrneklerin eĵilme dayanēmlarē 11,5 MPa 

(ķekil 4b) olarak elde edilmiĸtir. Dolayēsēyla bu aĸamadan sonra ­imentoya ikame edilecek MK malzemesine 

uygulanacak olan sinterleme sēcaklēĵēnēn 900 oC olmasēna karar verilmiĸtir. 

 

3.3. Har­larēn Fiziksel ve Mekanik ¥zellikleri 

 
¢alēĸmada ¿retilen har­lardan elde edilen veriler bu bºl¿mde sunulmuĸtur. ¥rneklerin fiziksel ºzelliklerinde 

olan gºr¿nen porozite oranlarē ķekil 5ôde gºsterilmiĸtir. ¥rneklere uygulanan k¿r s¿resinin uzamasē ile porozite 
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oranlarēnda d¿ĸ¿ĸler ger­ekleĸmiĸtir. K¿r s¿resinin artmasē ile birlikte ­imento b¿nyesinde daha fazla C-S-H 

¿r¿n¿ oluĸmasē beklendiĵinden dolayē har­larēn porozite oranlarēnēn d¿ĸmesi normal karĸēlanmalēdēr. 7 g¿nl¿k 

numunelerde gºr¿n¿r porozite oranē % 61 civarēnda iken, 28 g¿nl¿k numunelerde ise bu oran % 50 

mertebelerine kadar gerilemiĸtir ve en d¿ĸ¿k oran % 10 MK ikameli har­larda oluĸmuĸtur. 

 

¢imento har­larēnēn su emme oranlarē ķekil 6ôda gºsterilmiĸtir. Su emme oranlarē, gºr¿nen porozite oranlarēyla 

paralellik arz ederek benzer numunelerde benzer eĵilim elde edilmiĸtir. 7 g¿nl¿k numunelerde bu oran % 10 

mertebelerinde iken 28 g¿nl¿k numunelerde ortalama % 6,2 ye kadar gerilemiĸtir. 7 g¿nl¿k numuneler ile 28 

g¿nl¿k numuneler arasēndaki en b¿y¿k fark % 10 MK ikameli serilerde meydana gelirken, en d¿ĸ¿k su emme 
oranē yine bu seridedir. 

 

     
ķekil 5. Gºr¿n¿r porozite oranlarē                        ķekil 6. Su emme oranlarē 
 

¢imento har­larēnēn birim hacim aĵērlēklarē ķekil 7ôde, gºr¿n¿r yoĵunluk deĵerleri de ķekil 

8ôde gºsterilmiĸtir. ¥rneklere uygulanan k¿r s¿resinin artmasē ile birlikte b¿nyede reaksiyon 

¿r¿nlerinin artmasēndan dolayē har­larēn birim hacim aĵērlēklarēnēn arttēĵē belirlenmiĸtir. 7 

g¿nl¿k serilerin ortalama birim hacim aĵērlēklarē 2011 kg/m
3
 iken, 28 g¿nl¿k numunelerde ise 

2084 kg/m
3
 civarēna y¿kselmiĸtir. % 10 ve % 20 MK ikameli seriler referans serileri ile 

yaklaĸēk aynē birim hacim aĵērlēĵēna sahip iken % 30 MK ikameli seri en d¿ĸ¿k birim hacim 

aĵērlēĵēna sahiptir. 
 

ķekil 8ôde verilen gºr¿n¿r yoĵunluk deĵerleri incelendiĵinde har­lara uygulanan k¿r s¿resinin artmasē 

ºrneklerin gºr¿n¿r yoĵunluk deĵerlerinde azalma gºstermiĸtir. 7 g¿nl¿k numunelerde gºr¿n¿r yoĵunluk 

ortalama 2551 kg/m3 deĵerine sahip iken, 28 g¿nl¿k numunelerde ise ortalama 2390 kg/m3 gºr¿n¿r yoĵunluk 

belirlenmiĸtir. K¿r s¿resine baĵlē olarak en b¿y¿k fark % 10 MK ikameli serilerde meydana gelirken en d¿ĸ¿k 

deĵiĸim % 30 MK ikameli serilerde oluĸmuĸtur. ¥rnek b¿nyesinde porozite oranēnēn azalmasēna raĵmen gºr¿n¿r 
yoĵunluk deĵerlerindeki bu d¿ĸ¿ĸlerin b¿nyede bulunan MK katkēsēnēn y¿ksek oranda reaksiyonlar 

ger­ekleĸtiremediĵi ve bu nedenle yoĵunluk deĵerlerinin daha d¿ĸ¿k oranlarda kaldēĵē tahmin edilmektedir. 
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ķekil 7. Birim hacim aĵērlēklarē                           ķekil 8. Gºr¿n¿r Yoĵunluklar 

 

¢imento har­larēna ait eĵilme dayanēmlarē ķekil 9ôda verilmiĸtir. Ortalama 10 MPa deĵerine 

sahip eĵilme dayanēmēnda k¿r s¿resine baĵlē olarak bariz bir deĵiĸim gºzlenmemiĸtir. En 

d¿ĸ¿k deĵerler 9 MPa civarēndaki deĵer ile % 30 MK ikameli serilerde ortaya ­ēkmēĸtēr. 

 

     
ķekil 9. Eĵilme dayanēmlarē                                ķekil 10. Basēn­ dayanēmlarē 

 

Beyaz ­imento har­lē numunelerin basēn­ mukavemeti deĵerleri ķekil 10ôda verilmiĸtir. 7 

g¿nl¿k k¿r s¿resinin ardēndan yapēlan basēn­ deneyleri sonrasēnda en y¿ksek deĵer 49,1 MPa 

ile referans serilerinde ºl­¿lm¿ĸt¿r. MK ikameli seriler arasēnda ise en y¿ksek basēn­ 

dayanēmēnē sergileyen seri 46,7 MPa ile %10 ikameli seri olmuĸtur. K¿r s¿resine baĵlē olarak 

basēn­ dayanēmē deĵerleri incelendiĵinde 28 g¿nl¿k numuneler arasēnda hem en y¿ksek 

deĵeri hem de en b¿y¿k artēĸ oranēnē gºsteren seri 47,7 MPa ile % 10 MK ikameli ºrnekler 

olmuĸtur. % 20 ve % 30 MK serilerinde ise 26,6 MPa deĵerlerine kadar varan ciddi d¿ĸ¿ĸler 

meydana gelmiĸtir. Referans serilerinde dahi meydana gelen bu d¿ĸ¿ĸ, yapēlan bir baĸka 

­alēĸmada da olduĵu gibi standart kum ile beyaz kum belli oranlarda yer deĵiĸtirilerek har­ 
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serileri hazērlanmēĸ ve bunlar farklē k¿r s¿relerinde incelenmiĸ ve sonu­ olarak beyaz kumun 

­imento har­larēnda basēn­ dayanēmlarēnēn d¿ĸ¿ĸ¿ne sebebiyet verdiĵi saptanmēĸtēr. Aynē 

­alēĸmada su emme ve porozite oranlarē k¿r s¿resine baĵlē olarak d¿ĸ¿ĸ sergilemiĸtir [19]. 

Ayrēca MK katkēlē har­larēn erken dayanēm kazanmasēnda Al4 ve Al5 olmak ¿zere iki farklē 

Al2O3 i­eriĵi olmasēna baĵlanmēĸ ve al¿mina i­eren fazlarēn oluĸumundan (ºzellikle hidrad 

gehlenit) kaynaklandēĵē d¿ĸ¿n¿lmektedir [20]. 

 

¢imento har­larēnēn hem fiziksel hem de mekanik a­ēdan yorumlanmasēna katkē saĵlayan bir 

diĵer ºl­¿mde ultrases ge­iĸ hēzēdēr. ķekil 11ôde verilen ultrases ge­iĸ hēzlarē incelendiĵinde 

hem k¿r s¿resi hem de MK katkē oranlarēnēn bu hēzda etkili olduĵu gºzlenmektedir. 7 g¿nl¿k 

k¿r s¿resinin ardēndan yapēlan ºl­¿mlerde en y¿ksek deĵeri referans ve % 10 MK ikameli 

seriler gºstermiĸtir. 28 g¿nl¿k k¿r s¿resinin ardēndan yapēlan ºl­¿mlerde t¿m seriler 7 g¿nl¿k 

ºl­¿mlere gºre artēĸ gºsterirken en y¿ksek deĵer % 10 MK ikameli seriye ait iken en d¿ĸ¿k 

deĵer % 30 MK ikameli seri de ºl­¿lm¿ĸt¿r. Bu deĵerin y¿ksek olmasē har­ numunesinin 

kaliteli olduĵu ĸeklinde yorumlanabilir. 

 

 
ķekil 11. Ultrases ge­iĸ hēzlarē 

 

Bu ­alēĸmada, beyaz ­imento harcēnēn bileĸenlerini oluĸturan malzemelerin se­iminde renk 

faktºr¿ dikkate alēnan ºnemli etmenlerden birisidir. Fiziksel ºzelliklerden biri olarak har­larēn 

renk ºzellikleri de bulgular arasēnda yer almasē gereken bir olgudur. ķekil 12ôdeki fotoĵrafta 

referans serisi de dahil olmak ¿zere t¿m seriler bir arada gºsterilmiĸtir. Gºz ile yapēlan 

incelemeye gºre MK ikamesinin har­ renginde beyazlēĵēn bozulmasēna sebep olmadēĵē hatta 

referans serisine kēyasla beyazlēĵēn bir miktar a­ēldēĵē gºzlenmiĸtir. 
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ķekil 12. Beyaz ­imentolu har­ numunelerinin renk durumu sērasēyla: referans, % 10, % 20, 

% 30 MK ikameli seriler 

 
4. SONU¢LAR 

 

Har­ numuneleri ¿zerinde yapēlan deney ve incelemelere gºre 900 oC de sinterlenmiĸ metakaolin ikamesinin 

­imento har­larē ¿zerinde etkili olduĵu gºr¿lm¿ĸt¿r. Bu etki k¿r s¿resine baĵlē olarak deĵiĸim gºstermiĸ 7 

g¿nl¿k k¿r s¿resinin ardēndan deĵiĸimler ­ok net ortaya ­ēkmazken 28 g¿nl¿k k¿r s¿resinin ardēndan % 10 MK 

ikamesi en d¿ĸ¿k gºr¿n¿r porozite ve su emme oranlarēnē sergilemiĸtir. Bununla birlikte ºrneklere uygulanan k¿r 
s¿resinin artmasē ile birim hacim aĵērlēklar artmēĸtēr. MK katkēlē serilerde en y¿ksek birim hacim aĵērlēĵē % 10 

MK katkēlē ºrneklerde ºl­¿lm¿ĸt¿r. Erken k¿r s¿resinde en y¿ksek yoĵunluk % 10 MK ikameli ºrneklerde 

ortaya ­ēkmēĸ 28 g¿n de t¿m serilerin yoĵunluĵu d¿ĸm¿ĸt¿r. Malzemenin yoĵunluĵu ile alakalē olarak dayanēmē 

hakkēnda yorumu g¿­lendiren ultrases ge­iĸ hēzlarēna gºre k¿r s¿resi arttēk­a t¿m serilerde artēĸ gºzlenmiĸ en 

y¿ksek deĵerler % 10 MK ikameli serilere aittir. % 10 MK ikameli seriler en iyi basēn­ dayanēmē ºzelliĵini 

sergilerken silis kumu yerine kullanēlan kērma kumun basēn­ dayanēmē ¿zerinde oluĸturduĵu olumsuz etkiyi 

bertaraf etmiĸtir. Kērma kumun kullanēlabilmesi ve MK katkēsēnēn da varlēĵē harcēn beyaz rengine olumlu katkē 

saĵladēĵēndan % 10 MK ikamesi kērma kumlu beyaz ­imentolu har­lar i­in en uygun oranē ifade etmektedir. 
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1. Abstract 

 

Civil engineering roof systems for outdoor environments find use in bazaars, car park areas, 

outdoor sport facilities and places built to protect people or their goods from environmental 

effects such as sun and heavy rain. Therefore, such roofing systems have great amount of 

application and each country spends huge volumes of materials to build these roof systems to 

improve life quality of people in cities. Thus, it is evident that further research on these civil 

engineering structures has the potential to decrease the cost of these roof systems and build 

more efficient ones. Generally these roof systems are manufactured employing structural steel 

material. As is well known, steel has promising mechanical properties such as high strength 

and high stiffness which can be exploited in structures that expected to receive very high 

magnitude of loadings, such as earthquake resistant buildings. However, there also exist some 

disadvantages of completely using steel in these roof systems. For instance, due to unit weight 

of material the roofs manufactured using steel are very heavy. So, construction process 

requires significant labour and time. Also steel construction is an expensive process 

considering measure of covered area for outdoor roof systems. Moreover, these kinds of roofs 

manufactured using completely steel are not flexible in use, that is to say, when it is 

unnecessary for some period of time it is not possible to remove the roof covering and re-

cover it when it is necessary again. This paper investigates a novel concept in the world called 

as ñtensile structuresò used to cover wide outdoor areas. This concept actually combines civil 

engineering designs and some architectural aspects. Instead of using materials with high 

stiffness, tensile structures adapt membrane materials to cover wide areas. Cable elements 

accompany those membranes to transmit the internal forces and stresses to structural columns 

or ground. Although membrane materials have lower strengths compared to steel, these 

structures offer flexibility in use, light coverings, lower costs and faster construction time. 

Since these structures are built utilizing membrane materials and cables which support tension 

forces only, conventional stress office methods are not capable of handling their analyses and 

designs. Consequently, specific computational methods must be used to perform such designs. 

In this paper special commercial software is used to investigate behaviour of tensile 

structures. Three different configurations are employed to cover a wide area. Structural 

analysis procedures of those configurations are undertaken and stress distributions in 

membranes are investigated. Discussions pertaining to motivation behind these structures, 

load carrying capabilities and working principles are provided. Outcomes of this study 

illustrate that these tensile structures have the potential to replace some applications of steel 

roofs to lead lighter, flexible, low cost and more aesthetic structures for outdoor 

environments. 

 

 

Keywords: Tensile structures, outdoor roofing, structural mechanics 
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2. Introduction  

 

Roof systems designed by used tensile structures to enclosed modern structures such stadiums 

and shopping centres to span large areas cover. Afford the architect the opportunity for 

imaginative creation and the same time network of slender cables provide the strength 

necessary to support the tremendous loads involved. Space activities provide further 

applications for the tensile structure concept since weight is a principal factor in determining 

feasibility [1]. Most often, tensile structures are used for a dramatic effect over performance 

and outdoor exhibition areas, music stages, parking areas, entrance driveways, walkways, 

theatres, airport, domes, stadia. Designed as demountable canopies or permanent, they act as a 

foil for lighting and the projection of images, and can also be used for protecting audiences 

from the elements [2]. The architecture in second half of twentieth century. After the war, 

young architects, engineers, and entrepreneurs had been looking for new integrated part of it 

instead. It was of prime importance, with the minimal material and energy, to rebuild the 

destroyed cities in a more effective and beautiful way at that time [3]. Nowadays, it is 

recognized for the first time that conservation and care of nature and a liveable, sustainable 

environment should be selection and design of architectural forms. It is essential to conserve 

and protect the fundamental home of our mankind [4]. Tensile structure is made of tensile 

materials, cables and/or membranes, in which there is neither bending, compression nor 

torsion but only tension forces/stresses exist. It is usually used as a large-span structure 

because of the light-weight characteristics of the structural materials and absence of elements 

that may have buckle. Through tension structures come in varying size, scale, shape and form, 

all of them consists of the same basic elements[5]: 

¶ A lightweight and flexible fabric members, tensioned for stability and usually 

used as a roofing element, 

¶ Flexible linear elements such as ties or cables, which are commonly used at 

boundaries or edges, and 

¶ Rigid supporting members such as masts, frames, ring, arches and edge beams, 

which usually transfer loads in compression. These rigid supports are typically made 

from traditional building materials such as steel, concrete and timber.  

 Through there are variety of ways to categorize tensile membrane structure. Lewis [6] 

divided them into three main groups:  

¶ Boundary tensioned membranes, 

Boundary tensioned membranes are stressed by stretching the surface to meet the 

boundary made of flexible, tension cables, or a rigid frame/beam. The boundary 

elements are an important part of the tension structure as they determine the shape and 

nature of not just the boundary but the surface as whole. The former has zero excess 

pressure between the outer and inner surface [6, 7]. Under imposed loads, such as 

wind and snow the stress in the surface can increase [2, 8, 9] and fold design of 

tension membranes is aimed at keeping the initial priestess at approximately 1/20 of 

the breaking strength of the cloth [6]. 

 

¶ Pneumatic or air supported structures, 

Pneumatic structures or 'air houses' are thin membranes stressed by internal air 

pressure generated by fans. Their shape is very strongly affected by the difference 

between the external and internal pressures, which change continually, as a result of 

temperature variations, wind and snow load conditions. Air houses are designed to 

maintain an internal pressure between 0.2 kN/m
2
 and 0.55 kN/m

2
 [6, 10, 11]. 

¶ Cable-nets and cable-beams. 
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Cable nets can be stressed directly using rigid supports such as compression ring 

beams, or flexible edge cables with supporting mast and tie backs. They can take the 

form of suspended structure stabilized by means of a heavy roof cladding, or can be 

encased in concrete. The opportunity for creating new structural form is immense. If a 

priestesses cable net constitutes a part of a concrete shell, it is no longer a lightweight 

tension structure and the advantage of flexible is lost. However, because of their 

apparent visual lightness, the shapes of cable net structures are copied in to rigid 

forms, as was the case with concrete 'tents' constructed in the Middle East in1991 [6, 

12, 13]. The main difference between cable nets and fabric structures, from the 

structural view point, is that fabric structures are capable of sustaining membrane 

shear forces whereas cable nets are not, due to the deformability of the surface [14].  

1. The Advantages and Disadvantages of Tensile Membrane Structures 

The growing interest in tensile structures can be attributed to following advantages: 

¶ Provided appropriate and well designed structural forms are utilized these structure 

can become very attractive architectural landmarks. 

¶ Many fabric architectural structures are designed so that the fabric can be removed if 

there is danger of a hurricane. The helps prevent damage to a structure in a way that is 

not possible with roofed building structures. It also helps prevent damage to 

surrounding property from flying shingles or metal roofs. 

¶ Adapts its own, unique shape. Because of their uniqueness and originality, fabric 

structures can attract extra attention to a business. Adding attractive signage and logos 

to help advertise businesses. 

¶ They are light weight and can be transported at relatively low cost. 

¶ These structures can be used to cover large areas at very competitive costs per unit 

area. 

¶ These structural forms result in structures that can be fully stressed since there is no 

need to consider bending or buckling which results in very efficient use of the 

materials used. 

¶ These structures may be prefabricated and can be manufactured in the most efficient 

method[14,16]. 

On the other hand, tensile membrane structures have some disadvantages. These are: 

¶ Cannot take heavy weather conditions, 

¶ Creep(stretch very slightly) 

¶ Short economical life snap of structures 

¶ Loss of tension is dangerous for stability 

¶ Thermal values limit use [15]  

3. Analysis and design of tensile structures 

3.1. Design considerations  

 The design of tensile membrane structures comes with several considerations that need 

not be made for conventional structures. These include certain load and climate 

conditions, availability of material and labour, acoustic performance, fire protection, 

energy use and lights, as well as material maintenance, durability, and inspection [17].   
3.2. Tensile membrane structures work 
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 Beams and columns in these structures can resist axial, shear, and bending stresses. Fabric 

structures, on the other hand, are so lightweight that gravity does not have any serious 

effect. Discussing the behaviour of a single cable can therefore help to illustrate certain 

behavioural properties of a fabric membrane. To understand this behaviour consider the 

uniformly loaded beam and it's bending moment diagram in Figure 1. 

 

 

  

 

  

 

 

 

 

 

Figure 1. Uniformly loaded beam and moment diagram 

 Now consider the uniformly loaded cable and deflected shape in Figure 2, ḅ is the load 

per unit length, L  is the total length of cable, h is the maximum vertical deflection at 

midpoint, and H and V are horizontal and vertical reaction forces, respectively [17].  

   

 

       

 

 

 

 

 

 

 

 

 

 

Figure 2. Uniformly loaded cable 

 

Equilibrium in the vertical direction yields: 

ὠ     (1) 

Because cables cannot resist bending, sum of moments about any point will be equal to zero. 

Вὓ π   (2) 

ὌὬ ‫ ὠ π (3) 

Ὄ     (4) 

And the force in the cable is: 

Ὂ Ѝὠ Ὄ    (5) 
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3.3. Tensile membrane design process 

 A description of the tensile membrane design process is shown in Figure 3, from the 

preliminary to the realization of the structure [18]. 

 

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 3. Force - density methods 

 

4. Examples of Design  

 Example for three types of tensile membrane designed by using Forten2000 software 

included all process design Tensile membrane. As shown in Figures below, boundary 

tensioned membranes type which shown steps of boundaries type. 

 

 

 

 

 

 

Structural Net Creation, Nodal vector 

x 

Boundary Conditions, External Loads, R 

Branch Node Matrix, C 

Set Force Density Values Q = F/L 

Solve linear system (c
t
 . Q. C)X =R    X 

Calculate Length L & Force F = q . L 

Calculate stress ů = F / A 

Calculate unstressed Length Lo = L. (1- F / AE) 
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Figure 4 The Boundaries and polar mesh before form finding 

 

 

 
Figure 5 The 

Boundaries and Tri-mesh before form finding 
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Figure 6 The Boundaries and Shaded after form finding 

Figures 4 and 5, shown the steps of boundaries with Polar-mesh and Tri-mesh before form 

finding, the Figure 6 shown the boundaries and shaded after form finding or presented the 

general view of structure after form finding. The Figure 7 shown the final design which 

presented the membrane stress (ů11) of form finding.      

 

 
 

Figure 7 The membrane stress (ů11) of form finding for Boundary tensioned membranes 

 

Shown in the Figure 7, membrane stress (ů11) after form finding for boundary type of tensile 

membrane variation between 0 kg/m and 1348.259kg/m. The steps same for another types of 

tensile membrane design meshing, shaded and stress respectively. Figure 8 shown final step 

of example Conical shape with middle mast presented second type of membrane design 

Cable-nets and cable-beams. 

 

    
 

Figure 8 The membrane stress (ů11) of form finding for Cable-nets and cable-beams 
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As seen in Figure 8, the membrane stress (ů11) of form finding range between 0kg/m and 

981.187kg/m. 

Figure 9, shown example of pneumatic structures, as seen the membrane stress (ů11) of form 

finding range between 95.691kg/m and 620.575kg/m. The range of stress less than other types 

because of membrane thin not allowed very high stress.  

 

 

 
 

Figure 9 The membrane stress (ů11) of form finding for pneumatic membrane structures 

 

5. Conclusion 

Tensile membrane structures represent a new chapter in the history of building structures. 

Capable of spanning large distances while incurring very little weight on supporting structure, 

developments in the design of tensile membrane structure can dramatically change the way 

we conceptualize permanent building construction.  

Small changes to the dimensions or specifications of a fabric structure usually result in major 

or complete re-design.  

The advent of computer technology changed tensile architecture for ever. The possibilities of 

accurately calculating form and values for ever more complicated project proposals opend the 

door to an architectural language.  

In the future work the use of "black box" software should be strongly resisted. It is necessary 

to develop an engineering analysis and design software for further study on tensile membrane 

structures. The key points in the development of engineering analysis software for tensile 

membrane structures are that it should not place any limitations on the design process, should 

have a clear physical analogy, should integrate computer aided geometry design, structural 

analysis and optimization methods, and most importantly, by fully understood by the 

engineering. 
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ABSTRACT 

Expansive soils contain minerals such as clays that are capable of absorbing water. These clay soils contain a 

variety of clay minerals such as kaolinite mineral and montmorillonite mineral. The more water soil absorbs the 

more volume of soil increases. The increased volume of Montmorillonite mineral is more than kaolinite mineral. 

Two different soils from Turkey (Standard Kaolinite and Bentonite soils) and two soils from Cyprus (soils 

Degirmenlik and Tuzla) were chosen and tested in laboratory by using Sediment volume test. For Soils 

Kaolinite, Degirmenlik, Tuzla and Bentonite, Free swell ratio (FSR) values were respectively 0.47, 1.26, 1.38 

and 1.30. Free swell ratio of Kaolinite soil confirmed the test. Soils of Degirmenlik, Tuzla and Bentonite were 

mixed clay minerals (Kaolinitic and montmorillonitic).  

 

Key Words: (Swelling, Free swell ratio, Clay) 

 

INTRODUCTION  

Expansive soils are those soils which undergo significant volume changes when subjected to water intake. The 

upward and downward movement of soils causes a big damage to railways, highways and building constructions, 

resulting millions of dollars loss. Therefore identification and classification of them are essential for the suitable 

solutions and precautions to be undertaken. 

In geotechnical engineering, clays are defined as those soils, which are composed predominantly of clay 

minerals, belonging to a larger mineral family called phyllosilicates. Clay minerals along with the associated 

exchangeable cations play a dominant role in controlling the physic-chemical and engineering behavior of fine-
grained soils. Among the various types of clay minerals which are nothing but hydrous alumina silicates, 

kaolinite and montmorillonite represent the two extreme types and need major consideration. While kaolinite is 

almost inert material in terms of swelling, montmorillonite clay minerals play a very dominant role in 

contributing to swelling. The unit cell of montmorillonite mineral consists of an alumina octahedral sheet 

sandwiched between two silicate sheets. The bonding between the adjacent unit cells of montmorillonite mineral 

is through very weak van der Waalsô forces. This is the primary reasons for swelling to take place. 

The effects of dielectric constant of the pore medium on the equilibrium sediment volume of the kaolinitic and 

montmorillonitic soils are quite opposite to each other. The sediment volume in water is dominated by diffuse 

double layer water, whereas the sediment volume in kerosine is dominated by attractive forces leading to 

flocculent clay fabric.  Kaolinitic soils show higher sediment volume in kerosene/carbon tetra chloride than in 

water, whereas this is opposite for montmorillonitic soils. FSR method of classifying the soil with respect to their 

swelling magnitude can be effectively used for classifying the degree of expansivity of natural fine-grained soils 
and also to obtain the clay mineralogical composition of such soils. Many laboratory tests were conducted to 

obtain useful information about the fine-grained soils with sediment volume test. Sediment volume test is 

pereferable to use because it is user friendly and convenient way to calculate swelling capasity of soils.  

In this study, it is intended to use FSR method for testing Standard Kaolinite and Bentonite soils from Turkey 

and soils Degirmenlik and Tuzla from Cyprus.  

 

TESTS OF SEDIMENT VOLUME  

 

Before FSR test, Percent Free Swell Test, Differential Free Swell Test and Modified Free 

Swell Index Method were successively developed. 
In Percent Free Swell Test procedure, the soil is dried before passing through a 425Õm sieve. 10cm3 of sample is 
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poured gently into a 100-mL jar. Jar is filled up to 100mL with distilled water. Soil is stirred in distilled water 

and jar is allowed for soil particles to settle in the jar. Free swell value (FSV) is the volume increasing at the 

percentage of initial volume. Swell property of soils was quantified by Holtz and Gibbsôs (1956) volumetric 

method. 

When percent free swell test is used, 10cm3 volume of dry soil is decided by personal choice. Because of this 

limitation, Holtz and Gibbs have developed differential free swell (FSI) test. In this test, while one jar is filled up 

to 100mL with distilled water, other jar is filled with kerosine. FSI value is used for Indian soil classification 

system [1]. 

Having observed negative free swell index for kaolinite soils, Sridharan et al. [2] improved the test and produced 
the modified free swell index (MFSI) for classification of expansive soils. The tested materials are clay minerals 

kaolinite and montmorillonite with different proportions.  

A meaningful and scientific rationale has evolved from the settling behaviour of fine grained soils to provide a 

sound scientific basis for the free swell ratio method. Sridharan and Prakash have defined a term Free Swell 

Ratio (FSR) as the ratio of equilibrium sediment volume of 10 g of oven dry soil passing 425 Õm sieve in 

distilled water (Vd) to that in carbon tetra chloride (Vk) after an equilibration period of 24 h.[3]   

 

FSR = Vd / Vk (1) 

 
Dominant clay mineral type can be predicted by using FSR (Table 2). Clay mineralogicalcomposition of soils 

were determined by using FSR method [4]. Figure 1 helps to identify the dominant clay minerals if their 

sediment volume in kerosene (or carbon-tetra chloride ) and in distilled water is known.  

 

Table 2 Classification of expansive soil based on FSR [5] 
 

Free swell Ratio 

Clay type Soil Expansivity Dominant Clay Mineral Type 

< 1.0 Non-swelling Negligible Kaolinitic 

1.0 ï 1.5 Mixture of swelling 

and non-swelling 

Low Mixture of kaolinitic and 

montmorillonitic 

1.5 ï 2.0 Swelling Moderate Montmorillonitic 

2.0 ï 4.0 Swelling High Montmorillonitic 

> 4.0 Swelling Very high Montmorillonitic 
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Figure 1 Shows graphically how different clay minerals are placed 
 

TEST RESULTS  

 

Figure 2 (a) and (b) shows some typical test results which bring out the effectiveness of free 

swell values in water  and in kerosene or carbon tetrachloride. 

 

Soil 

Group 
Soil Type 

I Kaolinitic  

II  
(Kaolinitic + 

Montmorillonitic)  

III A  
Moderately Swelling 

Montmorillonitic 

III B  
Highly Swelling 

Montmorillonitic 

III C 
Very Highly Swelling 

Montmorillonitic 
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Figure 2 (a): Shows  that although basically the soils are kaolinitic  and montmorillonitic , the conventional  

classification chart does not differentiate them.  [6] (b): Shows  how  the kaolinitic  and montmorillonitic  soils 

shown in figure 2  gets re-plotted  between the sediment volume in kerosene  (or carbon tetra chloride), Vk  and  

Vd, sediment volume in distilled water  [6]. 

 

Table 3 Some typical results of cohesive soils studied. 

Soil 

Specific 

Gravity 

(G) 

Liquid 

limit w L 

(%) 

Plastic 

limit w P 

(%) 

Shrinkage 

limit w s 

(%) 

Sediment 

volume in 

water  

(cc/g) 

Sediment 

volume in 

CCl4 

(cc/g) 

Free 

swell 

ratio 

Grain size 

distribution  

Clay 

size  

(%) 

Silt 

size 

(%) 

A 2.63 77 32 11.1 2.05 2.00 1.71 52.0 48.0 

B 2.67 61 28 16.3 1.80 1.45 1.24 54.5 45.5 

C 2.73 56 24 12.9 1.70 1.45 1.17 34.0 66.0 

D 2.82 88 34 13.5 2.50 1.30 1.92 57.5 42.5 

 
Soils A & D are montmorillonitic and soils B and C are  Kaolinitic  and montmorillonitic  (mixed clay minerals). 

For Soils A and D, FSR values are 1.71 and 1.92. They are between 1.5 and 2.0 in Table 2 so the soils are 

montmorillonitic. For Soils B and C, FSR values are 1.24 and 1.17. They are between 1 and 1.5 in Table 2 so the 

soils are mixture of kaolinitic and montmorillonitic. 
 

 

 

 

 

 

 

 

 

       (a)                           (b) 
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Table 4 The results of the present study. 

Soil 

Specific 

Gravity 

(G) 

Liquid 

limit 

wL 

(%) 

Plastic 

limit 

wP 

(%) 

Shrinkage 

limit w s 

(%) 

Sediment 

volume 

in water  

(cc/g) 

Sediment 

volume 

in 

CCl4 

(cc/g) 

Free 

swell 

ratio 

Grain size 

distribution  

Sand    Clay      

       

Silt 

(%) 

Kaolinite 2.65 28 21 22 1.90 4.05 0.47 12         30  58 

Degirmenlik 2.74 37 24 16 1.62 1.27 1.26 13         35 52 

Tuzla 2.77 53 28 16 2.07 1.5 1.38 10         42        48 

Bentonite 2.5 98 40 23 2.8 2.15 1.30              1         75.5 23.5 

Standard Kaolinite and Bentonite soils from Istanbul and soils Degirmenlik and Tuzla from Cyprus were tested 
in our laboratory. Kaolinite soilôs Free swell ratio confirmed the test. Soils Degirmenlik, Tuzla and Bentonite 

were Kaolinitic and montmorillonitic (mixed clay minerals). For Soil Kaolinite, FSR value was 0.47. It was less 

than 1 in Table 2 so the soil was kaolinitic. For Soils Degirmenlik, Tuzla and Bentonite, FSR values were 

respectively 1.26, 1.38 and 1.30. They were between 1 and 1.5 in Table 2 so the soils were mixture of kaolinitic 

and montmorillonitic. 

Neither liquid limit nor plastic limit and shrinkage limit can bring out the dominant clay mineral group. 

 

CONCLUSIONS 

Sediment volume test starting from percent free swell test has been described. Free swell ratio (FSR) is the last 

version and very useful to express soil classification based on swelling degree. The objective of the methods 

might lie in soil classification compatible with traditional classification methods. The free swell ratio test will be 

valuable if used and processed correctly. Without the ñfree swell ratioò values the classification of soils is not 

complete. The increase in the volume of Montmorillonite mineral is more than the increase in the volume of 

kaolinite mineral.  

Standard Kaolinite and Bentonite soils from Istanbul and soils Degirmenlik and Tuzla from Cyprus were tested. 

Soil Kaolinite identified correctly. Soils Degirmenlik, Tuzla and Bentonite were mixture of kaolinitic and 

montmorillonitic. 

In addition to this, when compared with the conventional oedometer tests for the identification of the swelling 

soil, free swell tests are quick and cost effective.  
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Abstract 

To address the classification problem when the number of cases is too small to effectively use just a single technique, this 

paper suggests to use a ñhybridò approach, that combines tree classifiers, expert knowledge and Bayesian networks. The 

output of the ñhybridò strategy takes the form of a Bayesian network, where the serious drawback of requiring huge amounts 

of data was overcome by coupling the network with another classifier and using expert knowledge. The technique was 

applied to two clinical case-studies and its predictive performance was compared with the performances of the single 

approaches. The results show that the proposed technique benefits from several advantages of the three single approaches and 

outperforms all of them: it shows a better sensitivity, that plays a crucial role in classifying new patients into the high-risk 

category, and is competitive with regards to specificity. Therefore, even though additional studies are needed to validate the 

ñhybridò approach, it seems a promising technique to develop reliable classification systems for small datasets. 
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1.Introduction  

The development of reliable decision-support systems that assist decision-makers in classifying tasks is a 

common goal of many studies. In literature, there exists a number of popular algorithms for classification [1] 

whose performances are very attractive whenever large datasets and, consequently, large amounts of information 

are available. However, when the condition of interest does only occur rarely in the statistical population and 

datasets include data of just a few hundred individuals, the most common rule-based algorithms and machine-

learning models for classification give unstable results, and developing effective decision-support systems 

becomes scientifically challenging [2]. 

In this paper, a ñhybridò approach is proposed to address the classification problem when the sample size is 

too small. It consists in learning a Bayesian network (BN) from two sources: a classification tree and a number 

of expert opinions. The probabilistic reasoning of a BN allows to capture the complexity of the relations between 

variables, while its graphical nature clearly displays the links between different elements of the system; besides, 

a BN can accommodate a variety of knowledge sources and can be readily updated when new knowledge 

become available [3]. On the other hand, its serious drawback of requiring huge amounts of data to properly 

learn about the structure and parameters of the system, can be overcome by the use of classification trees, whose 

recursive partitioning provides classification rules generally having a simple and direct interpretation, and expert 

knowledge, that is not an automated machine algorithm and, maybe just for this reason, can offset lack of data 

against experience and intuition. The paper is organized as follows: the case studies used as reference are 

described in Section 2, while the ñhybridò classification technique is outlined in Section 3, together with results 

and conclusions.  

2.Case studies: a brief description of the datasets 

Two clinical case studies were used as typical problems to test the feasibility and the performance of an 

ñhybridò classification technique: ñrare cancerò and ñHodgkin Lymphomaò. The main focus of both studies was 

the development of an effective decision-support system aimed to an early classification of the patients affected 

by the pathology of interest into risk categories. The relevance of such a classification is related to the crucial 
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role it plays in detecting the most suited treatment for each individual and, consequently, achieving a satisfying 

prognosis of the patientôs chances of survival.  

The datasets consisted of 180 and 208 patients, respectively; a number of clinical and biological variables: 29 

for rare cancer data (case a) and 37 for Hodgkin Lymphoma (HL) data (case b) were investigated as potential 

risk factors for progression or recurrence of the disease. In ñrare cancerò data, since the clinical study is still in 

progress, most of the risk factors will be denoted in the following by codes or acronyms, due to confidentiality 

reasons. This dataset included as variables: the standard diagnostic test (SP), whose results are currently used by 

clinicians to predict whether a new patient is at high-risk for progression or recurrence of the disease; clinical 

stage, histological type and sub-type of the disease; presence or absence of bulky (presence/absence of tumor 

masses measuring at least 10 cm in diameter), infiltration, symptoms and additional therapy; age of the patient. 

In HL dataset, input variables included the Positron Emission tomography after two months of the start of 

chemotherapy (PET2) whose results are currently used by clinicians to predict risk-class of a new patient; clinical 

stage, histological type and sub-type; presence or absence of bulky, infiltration in marrow, symptoms and 

radiation therapy. Both datasets included as variables: percentages of neoplastic cells (NEO variables); 

percentages of positive cells in the microenvironment (MR variables) and their morphological patterns (MPH 

variables). Clinically significant intervals are commonly identified in diagnostic practice to categorize variables 

measuring percentages of cells: the advantage is the opportunity to discover, reveal and clearly represent patterns 

and trends in data, and possibly use them to improve the classification process. For this reason, despite the waste 

of information, MR and NEO variables were categorized according to the intervals suggested by clinicians and 

treated as ordinal variables in the statistical analysis. Descriptive statistics for input and response variables, 

(RESPONSE) and (EVENT) respectively, are displayed in Table 1.  

3.The hybrid classification technique: outline and results  

Classification and Regression Tree (CART) analysis [4] was used to detect possible markers of 

recurrence/progression of disease and to produce an accurate data partitioning scheme that enabled us to 

distinguish possible high-risk patients from low-risk patients. Once coded the response variable as Y = 1 for the 

Table 1. Descriptive statistics including incidence of missing values (NA). Rare cancer (a) and Hodgkin Lymphoma (b) 

Dataset Variable names Type 
No. of 

cases 

Min Q1 Median Q3 Max No. of  

valid cases 

NA % 

NA 

(a) 

RESPONSE binary 2      180 0 0.00 

SP binary 2      180 0 0.00 

CLINICAL_STAGE ordinal  4 1 2 2 3 4 179 1 0.56 

HIST_TYPE nominal 5      180 0 0.00 

SUB_HIST_TYPE nominal  12      180 0 0.00 

BULKY  binary 2      180 0 0.00 

INFILTRATION binary 2      180 0 0.00 

SYMPTOMS binary 2      180 0 0.00 

ADD_THERAPHY binary 2      174 6 3.33 

VAR1_NEO ordinal  6 0 0 1 4 5 151 29 16.11 

VAR2_NEO ordinal  6 0 0 0 0 5 176 4 2.22 

VAR3_NEO ordinal  3 0 0 0 0 5 159 21 11.67 

VAR4_NEO ordinal  6 0 0 0 1 5 156 24 13.33 

VAR5_NEO ordinal  6 0 0 3 4 5 168 12 6.67 

VAR6_NEO ordinal  6 0 0 2 4 5 167 13 7.22 

VAR7_NEO ordinal  6 0 0 4 5 5 163 17 9.44 

VAR8_NEO ordinal  6 0 2 3 4 5 170 10 5.56 

VAR9_NEO ordinal  6 0 0 2 5 5 169 11 6.11 

VAR10_NEO ordinal  2 0 0 0 0 5 155 25 13.89 

VAR11_NEO ordinal  6 0 0 0 4 5 141 39 21.67 

MPH1 nominal  2      135 45 25.00 

MPH2 nominal  4      169 11 6.11 

MPH3 nominal  5      155 25 13.89 

MPH4 nominal  3      156 24 13.33 

MR5 ordinal  5 0 0 1 1 4 177 3 1.67 

MR6 ordinal  4 1 1 2 2 4 137 43 23.89 

MR7 ordinal  6 0 1 1 2 5 138 42 23.33 

MR8 ordinal  5 0 1 1 2 4 136 44 24.44 

MR9 ordinal  6 0 0 0 1 5 176 4 2.22 

AGE continuous ð 15 24 32 41 80 180 0 0.00 

b) 

EVENT  binary  2       208  0  0.00  

PET2  binary  2       208  0  0.00  

SUBTYPE  nominal  5       208  0  0.00  

SUB_SUBTYPE  nominal  13       208  0  0.00  

BULKY  binary  2       208  0  0.00  

MARROW  binary  2       208  0  0.00  

B_SYMPTOMS  binary  2       207  1  0.48  

RT  binary  2       200  8  3.85  

STAGE  ordinal  4  1  2  2  3  4  208  0  0.00  

BCL2_neo  ordinal  6  0  0  1  4  5  175  33  15.87  

CD20_neo  ordinal  6  0  0  0  0  5  204  4  1.92  
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Fig. 1a. Rare cancer data: 10-fold cross-validated classification tree  

 

Fig. 1b. Hodgkin Lymphoma data: 10-fold cross-validated classification tree 

EBER_neo  ordinal  3  0  0  0  0  5  184  24  11.54  

P53_neo  ordinal  6  0  0  0  1  5  180  28  13.46  

TOP2A_neo  ordinal  6  0  0  3  4  5  192  16  7.69  

CDC2_neo  ordinal  6  0  0  2  4  5  193  15  7.21  

MAD2_neo  ordinal  6  0  0  4  5  5  189  19  9.13  

RRM2_neo  ordinal  6  0  2  3  4  5  197  11  5.29  

STAT1_neo  ordinal  6  0  0  1  5  5  195  13  6.25  

SAP_neo  ordinal  2  0  0  0  0  5  179  29  13.94  

BCL11A_neo  ordinal  6  0  0  0  4  5  166  42  20.19  

BCL11A_mph  nominal  3       208   0  0.00  

STAT1_mph nominal  5       208  0  0.00  

SAP_mph nominal  6       208  0  0.00  

PD1_mph nominal  4       208  0  0.00  

ALDH1A1_mr  ordinal  5  0  0  1  1  4  205  3  1.44  

CD68PGM1_mr  ordinal  4  1  1  2  2  4  161  47  22.60  

CD68KP1_mr  ordinal  6  0  1  1  2  5  159  49  23.56  

CD163_mr ordinal  5  0  1  1  2  4  158  50  24.04  

GRANULOCYTES  ordinal  6  0  0  0  1  5  203  5  2.40  

TIA_1  continuous  --  1  122.25  204.58  325.00  831.50  176  32  15.38  

GyB  continuous  --  0  0.33  2.50  10.50  437.00  181  27  12.98  

PERFORIN  continuous  --  0  0.00  1.33  12.00  429.50  179  29  13.94  

FOXP3  continuous  --  20  203.50  341.00  540.83  1843.0  176  32  15.38  

RAPP_FOXP3_TIA1  continuous  --  0  0.81  1.71  4.42  144.00  166  42  20.19  

ARGINASI  continuous  --  0  1.00  2.69  11.31  152.00  150  58  27.88  

ARGINASI_STROMA  binary  2       156  52  25.00  

ARGINASI__neo  binary  2       156  52  25.00  

AGE  continuous  --  14  24  32  42  80  208  0  0.00  
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recurrence or progression of the disease, and Y = 0 for any other possible outcome, the strategy was to grow the 

tree by adopting the symmetric Gini impurity index as a recursive splitting criterion and stopping tree growth 

when the minimum sizes of 10 and 6 units were achieved. The tree was pruned in both studies using 0-SE rule. 

The results, validated via 10-fold cross-validation, are shown in Fig 1a and 1b, respectively. CART analysis was 

performed with Salford Predictive Modeler 7.0 (Salford System, San Diego, CA). 

On this basis, a Bayesian network was built for each dataset (Fig. 2), consisting in both cases of just three 

nodes. A node was represented by the classification tree: it was inserted as a whole in the Bayesian network, 

where appears as a new variable; the other two nodes were represented by the variables SP and BULKY  in the case 

study a); by the variables PET2 and STAGE of the disease (both picked by clinicians on the basis of their 

experience and knowledge of technical literature) in the case study b). Analyses were performed with 

BayesiaLab 5.0, adopting the minimum description length (mdl) score for model selection, the ñjunction tree" 

algorithm for exact inference and a probability threshold equal to 0.5 to classify a patient in class 0 or 1. 

a)  b)  

Fig. 2. Hybrid Bayesian Networks: Rare cancer data (a) and Hodgkin Lymphoma (b)  

Results were validated via 10-fold cross-validation [5] (Tab. 2, (a) and (b)) and the predictive performance of 

the ñhybridò strategy was compared with the performances of each single involved approach. The results show 

that the proposed technique allows to gain several advantages and outperforms all of the single approaches: it 

showed a better specificity (to which special attention was paid, due to the seriousness of a misclassification of 

high-risk patients) and was competitive with regards to sensitivity. Therefore, even though additional studies are 

needed to validate the ñhybridò approach, it seems a promising technique to develop reliable classification 

systems for small datasets.  

 

Table 2. CART and BN misclassification count and rates. Rare cancer (a) and Hodgkin Limphoma (b) 
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Case 

studies 
Class 

No. of 

cases 

CART 

Counts(n)      Rates (%) 

BN 

Counts(n)      Rates (%) 

(a) 

0 139 22 15.8 18 12.9 

1 41 10 24.4 1 2.4 

Tot. 180 32 17.8 19 10.6 

(b) 

0 159 26 16.3 22 13.8 

1 49 11 22.4 10 20.4 

Tot. 208 37 17.8 32 15.4 
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Abstract 

The paper considers distribution of certain parts of economic structure of the Roma according to the regions in two Southeast 
European countries: Serbia and Croatia. The research is based on the analysis of the employed active Roma who participate 
in the distribution of economic wealth, and a share of high school and university students older than 15, as a part of 
economically inactive population who could potentially count on a share of the economic wealth. The data from 2011 Census 
conducted on the territories of the Republic of Serbia and the Republic of Croatia were used as a basis of the research. The 
comparison was made by using Gini coefficient and Theil index, which are more appropriate for the analysis of wealth 
distribution between different regions and countries. The results shows that the difference in the regional distribution between 

the Roma and the total population is much lower in Serbia than in Croatia. Since Gini coefficient is sensitive to changes of 
inequality around mode/median, thus Theil index takes into account the variability between and within the studied groups, so 
we regard it as more precise and recommend it in research of social inequality, especially for data that show large variability. 
While Gini coefficient facilitates direct comparison of two populations, regardless of their size, Theil index is a better tool for 
the analysis of regional inequality as it suggests the relative importance of spatial dimension of inequality. 

 
Keywords: Inequality-based measures; Roma people; Serbia; Croatia; Cross-regional research. 

 

1. Introduction 

Distribution of the national income and wealth has long attracted the attention of both scientists and the 

general public (Clarke et al., 2003). However, Addison et al. (2001) rightly pointed out that social inequality has 

increased in all societies since the last decades of 20th century. Economic growth depends on the level of 

inequality in wealth distribution, so high inequality in wealth distribution stunts the economic growth, while 

moderate distribution accelerates it. The consequences of unequal distribution of social wealth are visible in all 

populations, being particularly pronounced in marginalised social groups. 

One of the most frequently applied approaches of measuring social inequalities is the analysis of individuals' 

incomes. However, social inequality is a much broader concept than economic inequality. By attempting to 

highlight the complexity of the concept of inequality, Cowell (Cowell, 2008) explains the opposite term ï social 

equality. The author provides nine separate aspects of social equality, including the avoidance of income and 

wealth crystallisation, as equality of individuals (or social groups) in access to education, political power, social 

acceptability, etc. In this paper, therefore, social inequality is analysed in terms of access to education and the 

share of the employed in the entire population. 

On the other hand, analysis of social inequality is usually conducted through measures of concentration, but 

Coll (2011) warns that an indicator of inequality is reliable if it satisfies the transfer principle, scale 

independence, anonymity and population independence. Gini coefficient and Theil index satisfy these four 

properties, allowing for the comparison of wealth distribution between different regions and countries. Many 

researchers frequently use Gini coefficient in their research, due to easier calculation and the possibility of 

graphical representation (Lorenz curve). Is Gini coefficient appropriate for measuring economic inequality or 

should it be supplemented by some more accurate indicators? We propose the introduction of standardised Theil 

index, which ï compared to Gini coefficient ï offers the possibility of decomposition to the components that 

show variability within and between groups. The values obtained using Theil index are therefore more precise 

and they better explain unequal participation of social groups in distribution of economic wealth. 

mailto:atomashevic@gmail.com
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2. Data collection 

The paper considers distribution of certain parts of economic structure of the Roma according to the regions 

in two Southeast European countries: Serbia and Croatia. In addition, these two countries have different statuses 

in the European Union: Croatia is a full member, while Serbia is a candidate for accession to the European 

Union. The Roma are traditionally the most marginalised group on the territory of Europe, thus least 

participating in the distribution of economic wealth. The research is based on the analysis of the employed active 

Roma who participate in the distribution of economic wealth, and a share of high school and university students 

older than 15, as a part of economically inactive population who could potentially count on a share of the 

economic wealth. In order to obtain a better insight into the social status of the Roma, the studied parts of 

population are compared with the share of the employed and the share students in the entire population. Identical 

types of data were collected for the entire population of both Serbia and Croatia with the purpose of making a 

comparison of the results for the Roma population. The data from 2011 Census conducted on the territories of 

the Republic of Serbia and the Republic of Croatia were used as a basis of the research. The census results were 

grouped according to the districts formed by NUTS 3 categories (Nomenclature of Territorial Units for 

Statistics). The results for Serbia are thus grouped into 25 groups (districts), while in Croatia there are 21 groups.  

 

3. Results 

In our previous research (Sokolovska, Jariĺ 2014) we showed that the Roma are the people with traditionally 

low level of education, which is the fact we use to explain the reason for their marginalisation. The results of 

Gini coefficient, shown in Figure 1, show that the regional distribution of the Roma who are educated (red line) 

is very different. By comparing the countries, we can see that in Serbia this distribution is more uniform than in 

Croatia. On the other hand, in Croatia there is much greater uniformity among the municipalities, considering the 

number of high school and university students of the total population older than 15 years of age. However, when 

the Roma population is compared to the total population (black line), we get a more precise picture of social 

inequalities analysed in terms of education. The difference in the regional distribution between the Roma and the 

total population is much lower in Serbia than in Croatia. 

 

Fig. 1. (a) Share of high school and university students older than 15 in Roma and the entire population in Serbia;  

(b) Share of high school and university students older than 15 in Roma and the entire population in Croatia. 

Gini coefficient for the employed Roma in Serbia is 0.465, in Croatia has the value of 0.660. Since the 

increase of inequality causes the increase of the value of the index, it can be concluded that the participation of 

the Roma in distribution of economic wealth is much less in Croatia than in Serbia (Figure 2).  
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Fig. 2. (a) The share of the employed Roma and the entire population in Serbia; 

(b) The share of the employed Roma and the entire population in Croatia. 

As Gini and Theil indices are compatible measures, since they can take values from 0 to 1, it is expected that 

the ranks calculated on the basis of their results are the same. However, as Allison (Allison, 1978) explains, 

when one Lorenz curve dominates the other (one is above the other), the ranks always give the same ordering. In 

the case when the Lorentz curves intersect (Figure 1a and 2a), the ranks do not have to coincide (Table 1). 

Comparing the results, we can see that Theil index in all cases, except for the employed Roma is Croatia, had 

lower values than Gini coefficient. This difference in values was due to large variability in our data. Since Gini 

coefficient is sensitive to changes of inequality around mode/median, and Theil index takes into account the 

variability between and within the studied groups, we regard it as more precise and recommend it in research of 

social inequality, especially for data that show large variability. 

     Table 1. Values of Gini and Theil coefficients 

Country Population Variable Gini Rank of G Theil Rank of T 

Serbia Entire Employed 0.394 2 0.369 4.5 

Students 0.405 4 0.368 3 

Roma Employed 0.465 6 0.397 6 

Students 0.455 5 0.369 4.5 

Croatia Entire Employed 0.397 3 0.295 2 

Students 0.384 1 0.279 1 

Roma Employed 0.660 7 0.699 8 

Students 0.714 8 0.579 7 

 

4. Conclusions 

While Gini coefficient facilitates direct comparison of two populations, regardless of their size, Theil index is 

a better tool for the analysis of regional inequality as it suggests the relative importance of spatial dimension of 

inequality. 

Based on the results of Theil index in Table 1, it can be concluded that on the territory of the Republic of 

Croatia there is the greatest regional uniformity among high school and university students and the employed in 

the general population, but also the largest regional disparities in terms of the share of Roma high school and 

university students, as well as the employed Roma. In the case of Serbia, regional differences are not as 

pronounced as in Croatia. The disproportion of Roma participation in the educational process and the employed 

population is relatively small compared to the population in general. Regional uniformity is the highest among 

high school and university students, while it is the most pronounced among the employed Roma. 
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Abstract:  

In this study, the effects of weld parameters on tensile-shear strength of welded assemblies in electrical 

resistance spot welding of galvanized DP 600 steel sheets were investigated. Taguchi design method has been 

employed to examine the effects of four parameters of welding current, electrode pressure, welding time, and 

clamping time using the L9(4
3) orthogonal array.  Results showed that the most effective parameters on the 

tensile shear (T-S) strength were found as welding current and welding time, whereas electrode pressure and 

clamping time were less effective factors. Max. 432 MPa strength was obtained through proposed optimum 

conditions by Taguchi technique. 

 
Keywords: resistance spot welding, tensile shears strength, Taguchi method 

 

1. Introduction  

 

Electrical Resistance Spot Welding (ERSW) has low cost, high speed and suitability for automation, so it is 

extensively used on auto-body assemblies. ERSW process is based on the electrical resistance of the components 

to generate heat when a current is passed through them [1].   Galvanized steel sheets have good weld ability and 

corrosion resistance. Thus, they are used in automobile bodies [2].  

In the Electrical Resistance Spot Welding, the sheet metal parts are held together under pressure between two 

electrodes and they are welded as a result of the heat created by electrical resistance in only few seconds (Fig. 1). 

 
 

Figure1. The Schematic representation of electrical resistance spot welding. 

 

High current intensity (1A - 100 A) and low voltage (1-30 V) is  required in order to obtain a local pool of 
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molten metal in RSW process. The heat generated (Q) occurs according to the following Eq. (1) [2]. 

1 )Ȣ2ȢÔ
 

(1) 

Where Q= heat generated, Joules (J); I= current, amperes (A), R= resistance of the sheet metal parts, ohms 

(ɋ); t= time duration of current, seconds (s) 
Aslanlar et al. [3] have worked investigated that on the effects of welding time and welding current on the 

quality and the tensile strength of welding joints in ERSW of chromate micro-alloyed steel sheets having 1.2 mm 

thicknesses.  The welding joints were exposed to tensile-peel (T-P) and tensile-shear (T-S) strength tests to 

obtain the optimal process parameters. The results showed that the optimum welding current and welding times 

were required to obtain the highest the T-P and T-S strength of weld joints. 

Aslanlar [2] has researched effects of welding current and welding time on the tensile-peel (T-P) strength and 

tensile-shear (T-S) strength of welding joint in ERSW of chromided micro-alloyed steel sheets and galvanized 

chromided micro-alloyed steel sheets having different thicknesses.  The optimum welding parameters were 

suggested by using related diagrams to get appropriate tensile strength of weld joints. 

Previous studies have made to establish an optimization of tensile-shear (T-S) strength of RSW for galvanized 

steel using Taguchi method. The results showed that the effective parameters on T-S strength were determined as 
welding current, electrode pressure, welding time, clamping time and holding time. The results also indicated 

that Taguchi approach was effectively used for optimization of welding parameters in RSW process [4 and 5]. 

In this work, effects of some parameters such as the welding current, electrode pressure, welding time, and 

clamping time on tensile-shear strength of welded assemblies by ERSW was investigated. Taguchiôs 

experimental design has been used to obtain an optimal experimental prescription in order to determine max T-S 

strength of the welded assemblies. 

 

2. Experimental Work  

 
Galvanized DP 600 steel sheet which widely preferred in car fabrication was used in this study. The 

spectrometric analysis of them was given in Table 1. The work pieces are prepared as shown in Fig. 2 and 

cleaned ultrasonically. 

 

 
Figure2. The sizes of T-S test specimens 

 

Table1. Chemical composition of work piece materials 

C Si Mn Cr Al  Cu Mo balance 

0.0544 0.158 1.840 0.0967 0.0277 0.0212 0.155 97.647 

 

A current and timer controlled welding machine which has 120 kVA capacity and pneumatic application 

mechanism was used in experimental works. The work pieces were welded with changing electrode force, 

welding current, holding time and ýxing electrode diameter at 12 mm sphere, and cooling water þow rate during 
experiments. The welding period applied was shown in Fig. 3. 
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Figure3. Period applied for spot welding 

 

The welded work pieces were performed to tensile-shear tests by in a 50kN computerized universal testing 

machine in order to determine T-S strength of the welded assemblies. The tensile speed was kept constant at a 

crosshead of 10 mm/min at room temperature. 

Taguchiôs method has been used for a wide range of industrial applications to optimize performance quality [6].  

The welding experiments were designed to apply the Taguchiôs methods to establish the effect of welding 

parameters on the T-S strength of the welded assemblies and determine the optimum welding conditions in order 
to achieve max tensile-peel strengths.  In this study, the welding process parameters include the welding current, 

electrode pressure, welding time, and Clamping time.  Each parameter has three levels as shown in Table 2. 

Table2. Process parameters and their levels  

Factors Symbols Level 1 Level 2 Level 3 

Welding current, kA A 6 9 13 

Electrode pressure, kN B 3 4 5 

Welding times, period C 10 15 20 

Clamping time, period (1/50 s) D 10 15 20 

 

An L9(4
3) orthogonal array table has been employed in the design of the experiments which includes only 9 trials 

as seen Table 3. Using the average T-P strength values from the measurements, signal-to-noise (S/N) ratios were 
calculated by Eq. (2) and presented in relevant tables. The S/N ratio calculation is based on the ñhigher is betterò 

approach as represented by Eq. (2). 
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Where n is the number of measurements in a trial and y is the value of measurement in a trial. 

In order to determine the importance of the factors, analysis of variance statistical method (ANOVA) was 

prepared using the signal-to-noise (S/N) ratio values.  ANOVA employs Eqs. (3)-(7) [6] 

 

( )
N

T
iNSSS

N

Ķ

T

2

1

2 -ù
ú

ø
é
ê

è
=ä

=  
(3) 

N

T

n

Ai
SS

A

i

K

Ķ A

A

2

1

2

-
ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å
=ä

=
 

(4) 

1-=NvTotal  (5) 



103 

 

Factor

Factor
Factor

v

SS
V =

 
(6) 

V
V

Error

Factor
FactorF =

 
(7) 

Where, N is the total number of experiments, SST is the sum of squares due to total variation, KA is the 

number of levels for factor A, SSA represents the sum of squares due to factor A. nAi is the number of samples 

for ith level of factor A., Ai stands for the sum of the total ith level of the factor A,. T is the sum of total (S/N) 

ratio of the experiments, vtotal is the degrees of freedom, SSfactor represents the sum of squares of the factor and 
Ffactor is the F ratio of the factor, Vfactor is the variance of the factors. 

 

3. Results and Discussion 

 

Table 3 shows the average T-S strength of the welded assembly values measured for each trial. The average T-S 

strength values and S/N ratios for each trial are also presented in the last two columns, respectively. T-S strength 
values measured were varied between 354.00 MPa and 446.72 MPa as seen Table 3. The highest strength was 

obtained from trial 7 and the lowest strength obtained from trials 3. These results are also in good agreement 

with previous works reported by Aslanlar et al. [2 and 3] They are reported the welding current and welding time 

were significant factors on T-S strength of the welded assemblies in ERSW. 

 

 

Table3. L 9(4
3
) orthogonal design array, measured  T-S strength of the welded assemblies, and S/N ratios 

Exp. 

No 

Welding 

current, 

kA 

Electrode 

pressure, kN 

Welding 

times, period 

Clamping time, 

period Tensile-shear 

strength, MPa 
S/N ratio 

A B C D 

1 6 3 10 20 378.80 51.57 

2 6 4 15 15 377.08 51.53 

3 6 5 20 10 354.00 50.98 

4 9 3 15 10 422.45 52.52 

5 9 4 20 20 431.41 52.70 

6 9 5 10 15 441.20 52.89 

7 13 3 20 15 446.72 53.00 

8 13 4 10 10 420.78 52.48 

9 13 5 15 20 427.00 52.61 

 

Table 4 shows the analysis of variance table (ANOVA) which was prepared using S/N ratio.  According to the 

ANOVA table, the high contribution and variance of factors A and C indicate that the welding current and 

welding times are significant at least 99% confidence.  The electrode pressure (B) is the effective factor at least 

90% confidence. Clamping time (D) has less influence factors on T-S strength.  Clamping time (D) are pooled 

(insignificant factors ignored) In order to demonstrate the effect of the parameters of welding current (A), 

welding times (B), and electrode pressure(C). 
 

 

 

 

 

 

 

 

 



104 

 

Table4. Analysis of variance (ANOVA)  

 Factors  
Sum of squares 

(SS) 

Degrees of 

freedom (v) 
Variance (V)  

F(factor)   

 

A ($) Welding current 3.59 2 1.80 210.28 

B (#) Electrode pressure 0.06 2 0.03 3.62 

C ($) Welding times 0.36 2 0.18 20.78 

D (e) Clamping time 0.02 2 0.01 1.00 

      

 Total 4.01 6 0.67  

 Error (e) 0.02 2 0.01   
e pooling, $ At least 99% conýdence (10.92), & At least 95% conýdence (5.14), # At least 90% conýdence 

(3.46). 

 

 

 

Table5. Factors response table 

Level 

Factors 

A B C D 

1 51.36 52.16 52.29 52.31 

2 52.70 52.24 52.47 52.22 

3 52.70 52.36 51.99 52.23 

 

1.34 0.20 0.48 0.10 

 Rank 1 3 2 4 

 

Using the values in Table 3, the corresponding S/N response table and S/N response graph were derived as 

shown in Table 5 and Fig. 4 respectively. According to the Taguchi method, this study defines the high tensile-

shear strength with a high S/N ratio. Thus, Fig. 4 reveals the optimal combination of experimental parameters 
and the corresponding values of each factor. These are A2, B3, C2 and D1 for obtaining the highest the T-S 

strength of welded assembly.  

 

 
Figure4. Response graph for the tensile shear strength 

 

 According to the principles of the Taguchi method, it is compulsory to perform an experiment for verification in 

order to compare the results with the expected conditions. In this study, less influence factors (Clamping time) 

on the T-S strength were ignored. In order to obtain the confirmation experiment table the following Eq. (8)ï(10) 

have been used (Ross 1988).  

 

T2-C3B2A2µ
Strength

++=
 

(8) 

T-D1A1µ
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+=
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(10) 

 

.Where Õ is estimated average S/N values, F(p) is F ratio, Ve is error variance,  n is number of tests under given 
condition. 

 

 

 

 

 

Table6. Results from the verification experiment 

Description Shear strength, MPa 

Optimum condition A2B1C3D2 

Pooled factors D 

Estimated average S/N ratio 52.98 

Estimated S/N ratio range 52.68< ɛ <53.29 

Exp. average S/N ratio 52.71 

Estimated average value 445,5 

Estimated value range 430< ɛ <462 

Exp. average value 432 

 
 

Table7. Results of validation trial 

Parameters Tensile-shear strength 

A B C D  Strength, MPa S/N ratio 

2 3 2 1  432 52.71 

 

Table 6 show that estimated T-S strength should be between 430 MPa and 462 MPa at the optimum condition 
(A2B1C3D2). The determined the optimum conditions have not been included in the original set of trials (see 

Table 3). So, an extra validation trial was carried out (see Table 7).  According to the results obtained from the 

validation trial, the average of T-S strength was 423 which well lay within the calculated strength range. This 

validates the confidence of the current work. 

 

5. Conclusēons 

 

This work has presented an investigation on the eǟects of T-S strength of welded assemblies in ERSW. 

Taguchiôs method has been employed to examine the effects of five welding parameters namely, electrode 

pressure, clamping time, welding current and welding time on T-P strength. The conclusions from this study can 

be driven as follows;  

1- According to the Taguchi method, the highest effective parameters on T-S strength of 

welded assemblies were determined as welding current and welding time, and 

electrode pressure, whereas clamping time was less effective factors. 

2- The results showed that welding current was about ten times more important than the 

second effective factor (welding time) to obtain high T-S strength of welded 

assemblies.  

3- The highest T-S strength was average 432 MPa with the confirmation test which was 

obtained with the optimal combination of the factors as 9 kA welding current, 5 kN 

electrode pressure, 15 period welding time, and 10 period clamping time. 

 

 

 

 



106 

 

REFERENCES 

 

[1] Vural, M. and Akkus, A. (2004), On the resistance spot weldability of galvanized 

interstitial free steel sheets with austenitic stainless steel sheets, J Mater. Process. 

Technol., 153-154, 1-6. 

[2] Aslanlar, S., Ogur, A., Ozsarac, U., Ilhan, E. and Demir, Z. (2007), Effect of welding 

current on mechanical properties of galvanized chromided steel sheets in 

electrical resistance spot welding, Mater. Des., 28(1), 2-7. 

 

[3] Aslanlar, S. (2006), The effect of nucleus size on mechanical properties in electrical 

resistance spot welding of sheets used in automotive industry, Mater. Des., 27(2), 

125-131. 

[4] Eĸme, U. (2009), Application of Taguchi method for the optimization of resistance spot 

welding process, Arab. J. Sci. Eng., 34(2B). 

[5] Savaĸ, ¥. (2015), Effect of some welding parameters on nugget size in electrical 

resistance spot welding, Steel and Composite Structures, An International Journal, 

18, 345-355, 

[6] Ross P. J. (1998), Taguchi techniques for quality engineering, loss function, orthogonal 

experiments, parameter and tolerance design, New York: McGraw-Hill Inc: 

ISBN: 0-07-053866-2 

  

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 



107 

 

Architecture  

Bubble facades 

Antonio MACIA MATEU1*, Ana MORA VITORIA2, Rebeca CEBRIAN 

ALBARRACIN2ȟ 6ÅÒĕÎÉÃÁ ,%5::) "%4/3).)2 

1 Architect, Prof. TEU. University of Alicante.  

Dept. Civil Ingenieer 

Ctra. San Vicente del Raspeig, s/n 03690 Alicante. Spain 

 
2 Architects, AMa&d Office  

Elche. Alicante. Spain 

 

 

 
* Corresponding author. Tel.: *34-965-903-707;  +34-687-92-16-77 fax: +34-965-903-678. 

E-mail address: estudio@antoniomacia.com 

 

Abstract 

Architecture, nature and experimentation are three concepts that have always been closely linked. Since the start of 

construction until today we find examples where the three branches converge. This article discusses how to integrate these 

concepts to workflow both in teaching and in the design of an architectural project. The methodology to be followed both in 

one field and another to get a consistent result is emphasised. 

The ultimate objective of the article describes the process of designing a particular project following the methodology 

described. This project is the translation of the geometry of soap bubbles to two different coating layers of the facade of a 

house. From the initial idea of the bubbles to the final result we must go through five stages of development, implementing 

the degree of definition: laboratory, office, workshop, work and control. Finally we obtain a layer of steel which represents 

the intersection of bubbles with each other and a second facade where the bubble volume is displayed under a growth pattern 

and objectified in concrete. 

Once exposed the rigor with which data and the results obtained are handled, we can conclude that both in teaching and 

professionally this workflow allows assimilate naturally extracted knowledge of the forms that are being studied. Moreover, 

applying these processes extends the range of possibilities start and the results are available. 
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1.Introduction.  

The nature "designs its structures" in the most efficient way possible. Optimizes material, adapts the shape 

and volume and adapts to external and internal factors that must endure. The fact that a tree has a trunk with the 

very next section of a circle is not accidental. This should adequately respond to the wind blowing in all 

directions and is precisely circular section that allows uniform answer in all directions. A spider web is a superb 

tensile structural mesh, or the system of muscles and tendons in the wing of a bird complements each other for 

the most optimal structural behavior.  

The reflection of the structural behavior is not only based on the great elements of nature. Cells, although 

such small size, have a structure that recently have been identified as tensegrity structures. 

If we face so vast and wise structural handbook, why not take advantage? 
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2.Experimental approach to design. 

Throughout the history of architecture we have seen, first builders and architects then, have applied this 

knowledge in their projects. However, it is in the last century, when architects like Antoni Gaud² (Figure 1, a), 

BM Fuller and Frei Otto and engineers like Robert Le Ricolais, been translated into architectural language 

efficiency and, in many cases, the lightness of the results. "The art of a structure is knowing how and where to 

dispose gaps". This phrase from Robert Le Ricolais, accurately define the concept of structure in general and 

particularly lightweight structure. 

On the other hand, the forms of nature are not random, follow geometrical patterns. The study of these 

patterns is also linked to the architectural structural design. Fractal growth patterns or the application of 

numerical series results in projects like the Frei Otto Christian Wagner fountain. 

One of the ways of working in the field of nature is through practical experience. Refer to Frei Otto, in 

(Figure 1, b) we can see his work creating soapy surfaces that help him translate those minimum surfaces to a 

large-scale structure.  

 

 

Figure 1. (a) Model with catenary arches of the Colonia G¿ell by Antoni Gaudi; (b) Structures with soapy surfaces, Frei Otto. 

From university teaching.  

The teaching research activity developed within the framework of the subject Singular Structures Project, 

forming part of the curriculum of Architecture (1996) of the Polytechnic University College of the University of 

Alicante. On the search aimed at establishing relationships between light structures and nature, the objectives are 

based on four levels of work: 

¶ Level 1. Analysis. Data collection. 

¶ Level 2. Experimentation. 

¶ Level 3 Scientific justification. 

¶ Level 4. Application to original projects developed by the student. 

In the first level, students get to learn to select only the information they need to use and, consequently, learn 

to pose a solid information base for further experimentation with structural models. The student should 

experience. In this second level must learn to manage the information that has been able to collect through the 

construction of a model of an already designed and built work and that represents a benchmark in the field. 

During the construction process raises a number of structural and construction problems that students must solve 

in order to successfully complete the work. In the field of lightweight structures this problems coincides largely 

with real problems. They should be able to compare the theoretical knowledge learned with constructed reality, 

proposing the materials that best suit the operation of their model and therefore necessarily know the mechanical 

and physical characteristics of the materials. 

The third level focuses on the scientific justification of the models used in the constructive experiments: 

geometric justifications, structural growth patterns and numerical calculations necessary for the correct size of 

the structure. 
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Figure 2. (a) Proposal for tensile structure; (b) Stool scale 1: 1 with curved wood; (c) Three-dimensional model of variable structure; (d) 

Structural model of tensioned fabric in movement using Processing. 

Finally, on the fourth level conclusions arise. Student design and build a new structural model in which all the 

knowledge acquired in previous levels will be applied. 

The course takes place in a semester, dedicating 50% of each session to present and justify, in a theoretical 

level, the different structural and constructive types of small structures and their relationship with nature. In the 

remaining 50% a workshop is developed in which students show, discuss and correct their analysis, 

experimentation, justifications and proposals. Pupils show during workshop sessions, the result set with a dual 

purpose: to be corrected by the teacher and, above all, transmit the information to the rest, so that a profitable 

exchange of information occurs. The student works on a particular topic and yet receives information from all 

points raised for analysis and proposal. Different materials are used such as stretch fabrics (Figure 2, a), 

bentwood (Figure 2, b) and even programming. In (Figure 2, d) we see a work which combines textile structures 

with Arduino boards programmed by Processing so that the model can reproduce the movements that change the 

design of their own creation. Students also study the three-dimensional transformable structures (Figure 2, c). 

From the architectural project. 

In the architectural project, each time a new project is realized references of nature as well as incorporating 

some experimentation in either the design or the choice of material are taken. The following selected projects are 

examples of how this research and creative methodology is applied. The first example is a small sports center in 

Elche. In this project, the starting point was a transparent crystal rock. By day the outward appearance is opaque, 

but at night is almost transparent (Figure 3, a). On the other hand the vegetable nature allows us to integrate a 

new restaurant in the historic area of the city of Elche like a carpet of moss (Figure 3, b). Also the human being 

itself is a fundamental part of the design. This house is originated from a photograph of a human body of 

American photographer Edward Weston (Figure 4). Finally, we have this little laundry when acoustic ceiling has 

been made with shirts (Figure 3, c). 
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Figure 3. (a) Sports Pavilion in Elche; (b) Restaurant with vegetable facade in the historic center of Elche; (c) Laundry with shirt acoustic 

ceiling. 

 

Figure 4. House designed from a photograph of Edward Weston 

3.Objetive. 

Research and experimentation in architecture produces innovative and reasoned solutions. To better 

understand the criteria and methodology to be followed in carrying out a project of this type, we will explain 

below the ideation process and followed a specific design project. The project is to create a coating on the facade 

of a house, taking the idea of soap bubbles. 

4.Methodology. 

A workflow that integrates experimentation in the creative process requires checking guidelines to help us get 

the desired results efficiently. The methodology for the project that will develop below and any other order 

breaks down into five phases: 

Laboratory and office. 

Experimentation begins around the theme chosen for the design. Empirical model tests are performed. The 

information obtained in the tests were collected, and is contrasted to draw conclusions. In this phase the 

experimental results are transformed to obtain the architectural model to be developed. 

Laboratory and office. 

Now, with the definite design, material testing stage begins to get the final result to be installed. It is 

necessary to test the viability of the design. 
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Work and control. 

The construction process starts from the verification made at the workshop and subsequent execution control 

to check against design data. 

5.Process of design and construction. 

The single family house has got ground floor and first floor and it is necessary design a different coating for 

each one, although taking for both the geometry of soap bubbles. 

 The facade of the upper floor is conceived as a receptacle enclosing bubbles inside, where you can observe 

the contact between them and the walls. The testing phase begins in the laboratory building a rectangular 

transparent container in which generate bubbles for study. Methacrylate container is refilled with a mixture of 

water, glycerin and soap which is subsequently applied air to create bubbles. Finally, blue ink is injected to make 

visible the structure (Figure 5, a). The end result is photographed and then work with the images. 

From these photographs the office stage begins with the digitization of the intersection geometry that creates 

bubbles between themselves and with the methacrylate (Figure 5, b and c). This structure, decomposed into 

puzzle pieces of steel 2x1m, 2 mm thick, is the coating on the facade of the first floor. Each piece is different and 

is laser cut, then classified and named properly for final assembly on site (Figure 5, d). The steel is protected 

from corrosion with a layer of zinc and other oven-lacquered color RAAL 7016. In Figure 5, (e) we can see an 

infographic showing the final result. At night, LED lighting simulate the reflections generated by soap bubbles 

and by day, sunlight along with painting also generates the sensation of brightness. 

For the design of the facade of the ground floor have been considered the volume of the bubbles. The 

objective is to design pieces that look like bubbles concrete and will expand through the facade. The mode in 

which the bubbles grow forms a mosaic according to Penrose patterns. Thus, the mosaic is composed of three 

hexagonal pieces, two regular and irregular, a rhombus and triangle (Figure 5, f). 
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Figure 5. (a) Glycerin and soap bubbles in the methacrylate container; (b) Image digitize from photography; (c) Drawing of final coating 

layer; (d) Parts of laser-cut steel; (e) Infographics with night lighting; (f) Ground floor facade; (g) Prototype with wood and elastic fabric; (h) 

Modell ing in grasshopper. 

The pieces were first performed experimentally (prototypes), with wooden boards, elastic fabric attached to 

the perimeter of wood and polyurethane foam injected between the two layers (Figure 5, g). The prototypes 

obtained are scanned and a 3D model is obtained from which are redrawn and a second more accurate prototype 

is obtained. In the office, the second prototype is redesigned with software grasshopper (Figure 5, h) and from 

which a resin mold, which allows the realization of concrete parts, is manufactured. To increase the resistance to 

bending and compression as well as the elasticity is used as additive 2% graphene, which avoids the use of 

reinforcing steel. The concrete bubbles facade is completed with other pieces made of wood and ceramics, which 

form triangles and rhombus mosaic. 



113 

 

6. Conclusion. 

From teaching level and from the results we can conclude that the processes of learning by experimentation 

with realistic scale models in the field of architectural structural design are more effective than traditional 

theoretical approaches. This process suggest the assimilation of knowledge naturally and intuitively, allowing 

understanding the structural behavior through understanding real or own models of nature, without losing 

scientific rigor required of university education. These learning process lead to suppose an incentive among 

students of architecture, characterized by its creativity. 

In architectural design also produced a better understanding of the structures or the design on which one are 

working. Moreover, applying experimental processes based on the nature to architectural thinking increases the 

range of possibilities on which to try and results to be obtained. 
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¥zet 

ñMek©nò ne salt bir soyutlama ve nesne, ne de sadece somut, fiziksel bir ĸeydir. B¿t¿n boyutlarē ve bi­imleriyle, hem kavram 
hem de ger­ekliktir[1].  Tasarlanmēĸ ve hali hazērda kullanēlmakta olan bir mek©n fiziksel anlamda sabit kabul edilir ama 
pasif ve yalētēlmēĸ deĵildir; kullanēcēsē olan insan mek©n i­erisinde ­eĸitli eylemlerde bulunur. Ancak kendisi i­in tasarlanmēĸ 
hareket alanē deĵiĸtik­e kullanēcēnēn mek©ndan aldēĵē algēsal parametreler de deĵiĸkenlik gºsterir. Tasarēmcēlar mobilyalar 
yardēmē ile i­ mek©nē tasarlarken, kullanēcēlarēn mek©nēn iĸlevine gºre belirledikleri aktiviteleri sºz konusu alan i­erisinde 
belirli kriterler ­er­evesinde daĵētērlar.  Bu iĸlem s¿recinde ve sonrasēnda tasarēmcēlarēn mek©n i­erisindeki dolu hacmi 
tasarladēĵē d¿ĸ¿n¿lse bile aslēnda tasarēmcēlar negatif alanē yani boĸluĵu baĸka bir deĵiĸle kullanēcēlarēn o mek©ndaki hareket 

alanlarēnē tasarlarlar. Dolayēsē ile mek©nēn -iĸlevini baĸlangē­ noktasē alarak- i­erisinde bulunulacak aktiviteler ve hareketlerin 
mek©n i­erisindeki daĵēlēmē, kullanēcēnēn o mek©ndan aldēĵē performansē etkileyen faktºrler olduĵundan tasarēm kararlarē 
alēnērken performans kriterlerinin karĸēlanmasēnda eylemin ñne ĸekildeò yapēldēĵē konusu mobilyalarēn forma kavuĸturulmasē 
ve mek©n i­erisinde konumlandērēlmasē ºncesinde gºz ºn¿nde bulundurulmalēdēr. Yapēlan bu ­alēĸma ile kullanēcē mek©n 
etkileĸimi eĵitim ­evreleri ºzelinde ele alēnacak, eĵitim programēnē odak noktasē tutarak iĸlevleri karĸēlama performansē 
irdelenecektir. 
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Abstract 
 

PERFORMANCE BASED APPROACH TO DESIGN A NEW EDUCATION ENVIRONMENT 

 
óYou cannot see Architecture, you can only be in it, as in musicô 

Erno Goldfinger 

 

ñSpaceò neither a purely abstraction and object, nor the only concrete, physical thing. With all sizes and shapes is both 

concept and reality[1]. A space that is designed and already being used is considered fixed physically, but it is not passive 

and isolated, user found in various of activities in space. However, as you make changes in the field of action which designed 

for users, their perceptual parameters also vary. When designers design the interior with the help of furnitures, activities 

which are determined by its users based on function of space, furnitures distribute in accordance with certain criteria within 

the area in question. In this process and after, even if thought designers design the volume in the filled space, they actually 

design negative zone in other words, they design the user movement in that space. Therefore,  - accepting function as starting 

point - distribution of activities and motion will be made in the space, is one of the factors affecting the performance of user 

gets from space. For affordance of performance criteria, it should be considered prior to shaping and positioning in space. 

While taking design decisions, the subject of ñhowò the movement is made. By this study, the interaction with the user-space, 

under the title of learning environment will be discussed and by focusing learning program, performance of functions 

affordance will be discussed. 

 
É 2015  

Selection and/or peer-review under responsibility of the organizers of the 2015 International Conference ñAll In One 

Conferenceò 

Key Words: User-space interaction, Furniture, Performance, Learning environments.  

1.Giriĸ 

ñMek©nò ne salt bir soyutlama ve nesne, ne de sadece somut, fiziksel bir tanēmdēr. B¿t¿n boyutlarē ve 

bi­imleriyle, hem kavram hem de ger­ekliktir[1].  Tasarlanmēĸ ve hali hazērda kullanēlmakta olan bir mek©n 

fiziksel anlamda sabit kabul edilir ama pasif ve yalētēlmēĸ deĵildir; kullanēcēsē olan insan mek©n i­erisinde ­eĸitli 
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eylemlerde bulunur. Ancak kendisi i­in tasarlanmēĸ hareket alanē deĵiĸtik­e kullanēcēnēn mek©ndan aldēĵē algēsal 

parametreler de deĵiĸkenlik gºsterir. Mek©ndaki boyutsal algēyē artērmak, bir baĸka deyiĸle, mek©nē algēlanabilir 

hale getirmek, mek©nēn oluĸmasēnē saĵlayan objeler arasēndaki boĸluĵu tanēmlē ve anlamlē hale getirmekle aynē 

anlama gelmektedir. Boyutsal iliĸkiler, ancak mek©nsal deneyimin mek©n i­inde yaĸatēlmasē ile algēlatēlabilir. Bu 

anlamda mek©n, sadece fiziksel olarak bir alanēn sēnērlandērēlmasē deĵildir, mek©nēn bir gºrsel, sembolik boyutu 

da vardēr[2]. 

2.Mekansal Ķliĸkiler 

Tasarlanan mek©n ve mek©nsal organizasyonun (boĸluĵun), sēnērlar d©hilinde yapēlmasē planlanan eylem ve 

karĸēlanmasē gereken iĸlevlerin ¿zerinde etkisi bulunmaktadēr. Bunun nedeni mek©nēn kullanēcēsē olarak kabul 

edilen ñinsanòdēr. Ķnsan bulunduĵu ­evredeki unsurlarla devamlē iliĸki i­erisindedir. Nedenïsonu­ babēnda 

incelendiĵinde bu mek©nēn kullanēcēsēnē s¿regelen iliĸkinin hangi kēsmēnda etkilediĵi, kullanēcēnēn hangi kēsēmda 

mek©n organizasyonu yaparak i­erisinde eylemlerde bulunduĵunun kesin bir ĸekilde belirtilmesi m¿mk¿n 

deĵildir. Bu iliĸkide etkileĸim ­oĵu zaman karĸēlēklē ve i­ i­e ge­miĸ olarak karĸēmēza ­ēkmaktadēr. Ķnsanēn 

kurduĵu bu iliĸkiler b¿t¿n¿ insan-insan, insan-¿r¿n ve insan-mek©n olarak birbirinden ayrē bir ĸekilde 

incelenebilmektedir. Bu ¿­ kapsamēn birbiriyle kuracaĵē denge mek©n unsurlarēnēn kullanēcē ihtiya­larēnē 

karĸēlayacak nitelikte organize edilmesi ile ilintilidir. Deneyimlenen mek©nēn ve unsurlarēnēn, onlara ºzelleĸmiĸ 

eylem ve iĸlevleri karĸēlama performansē sonucunda yaĸanēlabilir kēlēnmasē m¿mk¿nd¿r. 

Bir diĵer ñinsanò, tasarēmcē ise mek©nē oluĸtururken aslēnda onun kullanēcē ile olan iliĸkilerini 

tasarlamaktadēr. Fiziksel ­evreyi belirli tasarēm kriterleri, yºnetmelikler ve standartlar doĵrultusunda 

ĸekillendirirken kullanēcē gereksinimlerinin karĸēlanmasē ana hedeftir. Dolayēsēyla mek©n,  tasarēmcē ve kullanēcē 

arasēnda devamlē bir iletiĸimi sºz konusudur. 

 

 

 

 

 

 

 

 

ķekil 1. Tasarēmcē-mek©n-kullanēcē iliĸkisi 

 

Tasarēmcēlar mobilyalar yardēmē ile i­ mek©nē tasarlarken, kullanēcēlarēn mek©nēn iĸlevine gºre belirledikleri 

aktiviteleri sºz konusu alan i­erisinde belirli kēstaslar ­er­evesinde daĵētērlar.  Bu iĸlem s¿recinde ve sonrasēnda 

tasarēmcēlarēn mek©n i­erisindeki dolu hacmi tasarladēĵē d¿ĸ¿n¿lse bile aslēnda tasarēmcēlar negatif alanē yani 

boĸluĵu baĸka bir deĵiĸle kullanēcēlarēn o mek©ndaki hareket alanlarēnē tasarlarlar. Dolayēsē ile mek©nēn -iĸlevini 

baĸlangē­ noktasē alarak- i­erisinde bulunulacak aktiviteler ve hareketlerin mek©n i­erisindeki daĵēlēmē, 

kullanēcēnēn o mek©ndan aldēĵē performansē etkileyen faktºrler olduĵundan tasarēm kararlarē alēnērken 

performans kriterlerinin karĸēlanmasēnda eylemin ñne ĸekildeò yapēldēĵē konusu mobilyalarēn forma 

kavuĸturulmasē ve mek©n i­erisinde konumlandērēlmasē ºncesinde gºz ºn¿nde bulundurulmalēdēr. 

Mek©nēn ¿retim s¿recini a­ēĵa ­ēkarmak, teoride yeniden kurmak i­in, ñnesneden (mevcut mek©ndan) onu 

¿reten, yaratan eyleme geri gitmekò, ñ¿retim ve anlamlandērma s¿recini yeniden kurmakò gerekir [1].  

Ķnsanlar eylemlerini en iyi ĸekilde ger­ekleĸtirebilmek i­in eylemlere uygun yapay ­evre oluĸtururlar. 

Mimarlēk bu yapay ­evreyi tasarlamayē ve oluĸturmayē ama­lar, hangi ­evrede olursa olsun, insan ºzellik ve 

gereksinimleri doĵrultusunda bazē eylemleri yapar ve bu eylemleri ger­ekleĸtirebilmek i­in sabit ya da hareketli 

i­ donatē elemanlarē, alet ve makineler kullanēr[3]. Bu mek©n aktºrleri kullanēcēsē olan insan ile fiziksel temas 

boyutunda olabileceĵi gibi, gºz ve diĵer duyu organlarē ile de iliĸki i­erisinde olabilir. Ķnsan kullandēĵē donatē 

elemanlarē ile birlikte bir sistem olarak gºz ºn¿ne alēnērsa, bu sistemin etkin ­alēĸabilmesi i­in insan ile donatē 

elemanlarē arasēnda bir uyum olmasē gerekir[4]. 

Bu metinde, mek©n olgusunun eylem ve iĸlev ¿zerindeki etkisinin en yoĵun yaĸandēĵē eĵitim ­evreleri 

incelenecektir. 

3.Mekan ve Eĵitim Ķliĸkisi 

Eĵitim ­evresi, eĵitim ve ºĵretim eylemlerinin ger­ekleĸtirildiĵi, ºĵretici ve ºĵrenenin bir araya geldiĵi bir 

mek©n olarak tanēmlanabilmektedir. Bu mek©n eĵitim programē doĵrultusunda ºzelleĸmiĸ iĸlevlerini 
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karĸēlayabilmek i­in ñeĵitim materyalleriò ¿st baĸlēĵēnda bir takēm ¿r¿n ve mobilyalara ihtiya­ duymaktadēr. 

Mobilya ile mek©nēn kullanēcē baĵlamēndaki iliĸkisi eĵitim verimliliĵi etkileyen faktºrlerdendir. Eĵitim ortamlarē 

hakkēndaki mevcut literat¿rde fiziksel sēnēf ortamēnēn ºĵrenci baĸarēsē ve ºĵretmen memnuniyeti ¿zerinde b¿y¿k 

etkiye sahip olduĵu gºr¿lmektedir[5]. Kiĸinin davranēĸlarēnē ºnemli ºl­¿de etkilediĵi ve ºĵrenme eylemi 

sērasēnda girdikleri birebir iliĸkiler sonucunda yaĸadēklarē deneyimlerin ºnemli bir yeri olduĵu i­in fiziki 

­evrenin nasēl d¿zenleneceĵinin eĵitimsel bir ºnemi bulunmaktadēr[6]. ¥ĵrenme ortamē ºĵrenmeye ne denli 

elveriĸli olursa hem ºĵrenci i­in rahat bir ºĵrenme ortamē olur, hem de ºĵretmen i­in bilgilerin nitelikli olarak 

aktarēlmasē kolaylaĸēr[7].  

Fiziksel ortamla ilgili olan her deĵiĸken, eĵitime destek veya engel olabilir. Sadece mek©nda var olanlar deĵil, 

bunlarēn d¿zenleniĸi, gºr¿nt¿s¿ de eĵitsel a­ēdan insan ¿zerinde ºnemlidir ve etkileyici olmaktadēr[8]. Bir eĵitim 

­evresinde yaratēcēlēĵē ve dolaylē olarak eĵitim performansēnē etkileyen ­evresel faktºrler ĸu ĸekilde sēralanabilir: 

¶ Iĸēk 

¶ Renk 

¶ Dekorasyon 

¶ Mobilya 

¶ Kaynaklar (eĵitim ve ºĵretim materyalleri)  

¶ Hissel deĵiĸkenler (ēsē-ses-nem vb.) 

¶ Mek©nsal d¿zenlemeler 

¶ Sēnēf b¿y¿kl¿ĵ¿ [9]  

Barrett ve arkadaĸlarē ise ñ¢evre-Ķnsan-Performansò iliĸkileri ¿­geninde hazērladēklarē ­alēĸmada eĵitim 

programē farkē gºzetmeksizin, doĵallēk, kiĸiselleĸtirme ve uyarēlma seviyesi adēndaki ¿­ ana baĸlēk altēnda 

derslik i­i ºĵrenci performansēnē etkileyen altē ­evresel faktºr tespit etmiĸtir: renk, se­im, baĵlantē, karmaĸēklēk, 

esneklik ve ēĸēk [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķekil 2. Eĵitim ­evresinde ºĵrenciyi etkileyen faktºrler [10] 

 

Eĵitim olgusu bireyin b¿t¿n yaĸamēnē kapsayan bir s¿re­tir, ancak mek©n bazēnda baktēĵēmēzda okul 

ºncesinden ¿niversite eĵitimine kadar deĵiĸen aĸamalarda kendine farklē ­evreler bulmaktadēr. ¥rneĵin 

¿niversitelerde eĵitim programēnēn ayrē ihtiya­larē doĵrultusunda eĵitim ­evresi sēnēf, laboratuvar, iĸlik ve st¿dyo 

olarak farklē ama­lara hizmet etmek ¿zere ºzelleĸmiĸtir. Her bir eĵitim kademesinin ­eĸitlenmiĸ eĵitim 

mek©nlarēnēn her ne kadar kendine has ihtiya­larē varsa da bir eĵitim ortamēnēn genel perspektiften baktēĵēmēzda 

ihtiya­larē aslēnda ortaktēr: etkili bir ºĵrenim ortamē saĵlamak.  

¥ĵrenciler ihtiya­larē, becerileri ve zayēf yºnleri d©hilinde sorumlu olduklarē m¿fredat sēnērlarē i­erisinde 

birer birey olarak davranēlmaya ve birebir iliĸkiye ihtiya­ duyarlar. Eĵitim sisteminin zaman i­inde ºĵretmen 

odaklē olmaktan ­ēkēp iĸbirliĵi odaklē bir hale dºn¿ĸmesiyle ortaya ­ēkan ihtiya­larēn karĸēlanmasē maksadēyla 

eĵitim mek©nēnēn daha b¿y¿k, esnek, teknolojiye eriĸimi kolay, etkileĸimi destekleyen, topluluk olma bilinci 

aĸēlayan, resm´ / gayrē resm´ eĵitim yºntemlerine uyarlanabilen yerler olmalarē gerekmiĸtir[11]. Bu ihtiya­lar 

Cornell[11] tarafēndan fonksiyonel, konfor-g¿venlik ve saĵlēk, kullanēlabilirlik ve psikolojik ­ekicilik olarak 

sēralanmēĸtēr. 
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Fonksiyonel Ķhtiya­lar 

Ayarlanabilirlik 

Taĸēnabilirlik 

Katlanabilirlik 

Ķstiflenebilirlik 

Mod¿lerlik 

Sºk¿lebilirlik 

Konfor, G¿venlik, Saĵlēk 

Ergonomi 

Saĵlamlēk 

Kaza&yaralanma kontrol¿ 

Hissel parametreler 

Kullanēlabilirlik 
Aray¿z 

Ergonomi 

Psikolojik ¢ekicilik 
Estetik 

Hissel parametreler 

 

Tablo 1. Eĵitim ­evresi tasarēm odaklarē(uyarlanmēĸtēr) 

 

Sonu­ta bir eĵitim ortamē ya da ­evresinin, ºĵrencilerin kendilerini bulunmakta zorunlu hissettikleri bir yer 

olmaktan ­ēkararak bulunmak istedikleri bir yer olarak tasarlanmasē gerekmektedir. 

4.Eĵitim ¢evrelerinde Mekan Aktºrleri 

Mek©n, Lefebvreôe gºre ¿­ kurucu ya da bi­imlendirici anēðalgēlanan, tasarlanan ve yaĸananðaracēlēĵēyla, 

diyalektik olarak ¿retilir. Ne sadece biri ne de diĵeri ile ne de sadece algēlanan ve tasarlanan, somut ve soyut 

ikiliĵinin ­eliĸkileriyle. Onlardan ayrēlamaz bir ¿­¿nc¿, bir pratik dolayēm vardēr: Yaĸanan, toplumsal pratiklerle 

¿retilen mek©n[1].  Dolayēsēyla Lefebvreôin tespiti ger­eĵe uygun kabul edilirse eĵitim ortamēnēn tasarlanmasē ve 

d¿zenlenmesinde de bu tespit dikkate alēnmalēdēr. 

 

 

 

 

 

 

 

 

 

ķekil 3. Lefebreôe gºre mek©n yorumlarē 

 

¥ĵretmen ve ºĵrencilerin hayatlarēnēn b¿y¿k bir kēsmēnē ge­irdikleri fiziksel mek©n yani sēnēf, ­alēĸma ve 

ders yapabilme olanaĵē tanēyan iĸlevselliĵe, ºĵrenme aktivitelerinin hedeflenen duruma gelmesinde ºĵrencinin 

dikkati ve aitlik hislerini karĸēlayacak yeterliĵe ve farklē ama­lara hizmet edebilecek esnekliĵe sahip olmalēdēr. 

T¿m bu becerilere sahip olabilmesi mek©nēn kendisi kadar i­inde bulundurduĵu mobilyalara da baĵlēdēr. 

Mobilyalar iĸlevine ºzg¿n fiziksel ve iliĸkisel ºzelliklere sahiptir. Bi­imi, ºl­eĵi, sabit duruĸundaki 

deĵiĸkenliĵi, dengeli oluĸu ve saĵlamlēĵē mobilyanēn fiziksel ºzellik kategorisini oluĸturur. Mobilyalarēn 

ñiliĸkiselò karakteristiĵi, kabul gºrm¿ĸ k¿lt¿rel eĵilimler kapsamēndaki gºnderiler ve algēlamalar ya da ñdavranēĸ 

sekansēna rehberlik eden komutlarò gibi fonksiyonel ve sembolik ºzellikleri i­erir[12]. Mobilya hem ara­ hem de 

­evredir. Diĵer insan yapēmē ¿r¿nler gibi, zihindeki amaca gºre tasarlanēr ve ¿retilir. Konu eĵitim ­evreleri 

olduĵunda da bu durum ge­erlidir[11]. 

Mobilyalarēn farklē birleĸimleri farklē mek©n algēlarē yaratēr. Aslēnda algēlanmasē ve yaĸanmasē istenen mek©nē 

oluĸturmak i­in mobilya ve diĵer donatēlarēn tasarlanmasē sºz konusudur. ¥rneĵin, ºnden arkaya doĵru ve 

yºnleri tamamen tahta ve ºĵretmene dºn¿k olarak geleneksel bi­imde dizilmiĸ sēralardan oluĸan bir sēnēf d¿zeni 

ºĵrencilerin birbirileriyle olan etkileĸimlerini d¿ĸ¿k seviyede tutarken ºĵrenme alanēna odaklanmayē teĸvik eder; 

ancak en ºnde oturan ile en arkada oturan ºĵrencinin ºĵrenme alanēna odaklanma d¿zeyi deĵiĸkenlik 

gºsterebilmektedir[13]. 
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ķekil 4. Sēralarēn doĵrusal konumlandērēldēĵē sēnēf d¿zeni. 

 

U bi­imindeki bir sēra d¿zeni, ºĵrencilerin ºĵretmeni olduĵu kadar birbirilerini de gºrebilmeleri saĵlar; ders 

y¿r¿t¿c¿s¿n¿n m¿dahaleleri ile bire bir ºĵrenim arasēnda bir denge yaratēr[13]. Yay bi­imindeki bir d¿zen de 

aynē ĸekilde ºĵrencilerin koltuklarē etrafēnda dºnmeden ve dolaylē olarak odaklarē ºĵrenme alanēndan kaymadan 

birbirileriyle ve ºĵretmenle iliĸki kurabilmektedirler; ancak bu d¿zen az kiĸilik sēnēflarda 

uygulanabilmektedir[14]. Bu tip bir oturma d¿zeninin yapabilmesi i­in birbirileriyle a­ēlē bir ĸekilde 

birleĸebilecek masalar kullanēlmalēdēr. 

 

 

 

 

 

 

 

 

 

 

 

ķekil 5. (a) U,     (b) yay bi­imli sēnēf d¿zeni. 

 

Eĵitim programē i­erisinde oyunlar, yarēĸmalar vb. eylemler i­in eĵer fazla grup ­alēĸmasē yapēlēyorsa sēnēf 

d¿zenini bu yºnde tasarlamak doĵru olacaktēr. Sēralarēn ayrē ayrē gruplar halinde konumlandērēlmasēyla 

ºĵrencilere i­inde bulunduklarē grup ile diĵerlerinden baĵēmsēz bir ĸekilde iĸbirliĵi yapmalarē aĸēlanabilir. Bu 

d¿zenlemede ºĵrenciler grup arkadaĸlarēyla devamlē olarak y¿z y¿ze iletiĸim halinde bulunurlar. Ancak 

gerektiĵinde tahtaya bakmak i­in baĸlarēnē ya da b¿t¿n v¿cutlarēnē dºnd¿rmek durumundadērlar[14]. Dolayēsēyla 

bu tip bir eĵitim ortamēnēn tablasē dºnebilen veya tekerlekli ve masadan baĵēmsēz bir oturma elemanēna ihtiyacē 

vardēr. 

 

 

 

 

 

 

 

 

 

 

 

ķekil 6. Grup ­alēĸmasē i­in sēnēf d¿zenleri. 

 

Yukarēda ºrneklendirilen bu sēnēf d¿zenlerinin eĵitim s¿resince bir veya dºn¿ĸ¿ml¿ olarak birka­ēna ihtiya­ 

duyan programlarēn mek©nē tasarlanērken, i­erisinde bulunacak mobilyalarēn bu d¿zenleri karĸēlayacak 

fonksiyonlara sahip olmasē gerekmektedir. Bu y¿zdendir ki formun ve diĵer gºrsel ºzelliklerin ¿r¿n¿n iĸlev 

karĸēlama performansēndan sonra karar verilmesi gereken kriterler olduĵu savunulmaktadēr. 
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5.Eĵitim Perspektifinden Mek©n Tasarēm S¿recinin Biliĸsel Yapēsē 

Tasarlama, d¿ĸ¿nme tabanlē bir s¿re­ olup analizlerle desteklenerek yeni bir ñĸeyò oluĸturma ile ilintili bir 

kavramdēr. Tasarlamak, yaĸamdan biriktirilen ñvaròlarē birbiriyle iliĸkilendirerek bir varolmayan oluĸturma 

­abasē; tasarēm, bu ­aba sonucunda ulaĸēlan ve ulaĸēldēĵē andan itibaren varlaĸacak olan varolmayandēr[15]. 

Tasarlama eylemi bir ihtiyacēn giderilmesi i­in yeni ¿r¿n yaratma s¿reci olduĵu kadar problem giderme 

odaklē, mevcut ¿r¿nlerin iyileĸtirilmesini, yeniden d¿zenlenmesini de kapsar. Tasarlarken biz tatmin edici bir 

­ºz¿m veya ­ºz¿mler dizisi elde edene kadar tasarēm adēmlarēnē yineler ve sēnarēz. Bu durum tasarēmcēlarēn 

elindeki soruna iliĸkin 'tatmin edici' tasarēmē elde ettiklerine karar vermedik­e s¿rekli tekrarlanan bir 

s¿re­tir[16].  

Konu mek©nēn tasarlanmasē olduĵunda da s¿rekli analiz etme s¿re­ i­erisinde ºnemli bir yere sahiptir. 

G¿neyôin[16] ºnerdiĵi mek©n tasarēmē s¿recinde P(performans)-O(operasyon)-F(M)(form/morfoloji) adēmlarē 

yer almaktadēr. Performans analizi ile baĸlayan s¿re­, bu performansēn hangi operasyonu (iĸleyiĸ bi­imini) 

karĸēlamasē gerektiĵi ve daha sonrasēnda da bu operasyonun karĸēlanmasē i­in hangi forma ihtiya­ duyulduĵunun 

analizi ile sona ermektedir. 

 

 

 

 

 

 

 

 

 

 

 

ķekil 7. G¿ney tarafēndan ºnerilen (mimari) tasarēm mekanizmasē[16]. 

 

Tasarēmcēlar (mimarlar) bir analiz baĵlamē yanēnda, en azēndan, rasyonel gereksinimler b¿t¿n¿ varsa daha iyi 

tasarēm ­ºz¿mleri oluĸturabilmektedir[16]. Bu gereksinimler b¿t¿n¿ ise analiz sonucu elde edilen, programēn 

bi­imsel, fonksiyonel ve mek©nsal ihtiya­ bilgilerini i­ermelidir. Eĵitim ºzelinde d¿ĸ¿necek olursak, mek©nsal 

kalitenin saĵlanmasē i­in gerekli olan kullanēcē yani ºĵrencinin boyutsal ºzellikleri, mek©n ve donatēlarēnēn 

ulaĸēlabilirlik d¿zeyi, mek©n i­erisindeki hareket kabiliyetleri, eĵitim verimliliĵini saĵlayacak ēĸēk, ēsē gibi hissel 

parametreler, k¿lt¿rel ­aĵrēĸēm konularēnēn analizi ºnem kazanmaktadēr. Fonksiyonel ihtiya­larē, 

kullanēlabilirliĵin ºl­¿lmesi, eĵitimin hangi yaklaĸēmla yapēldēĵē (ºĵretmen/ºĵrenci merkezli), eĵitim 

materyalleri kullanēm d¿zeyi, yan aktiviteler gibi hususlar incelenmeliyken; programēn bi­imsel bilgilerine sahip 

olmak i­in ise kullanēcēnēn yaĸ grubu ve k¿lt¿rel ºzellikleri perspektifinde estetik normlarēnē belirlemek, uygun 

olan doku, malzeme ve form bilgisini analiz etmek gerekmektedir. ¥rneĵin okul ºncesi eĵitim dºnemi 

kullanēcēlarē i­in aĸina olduklarē karakterlere doĵrudan gºnderme yapan bir mek©n tasarēmē ­ocuklarēn aidiyet 

hissini g¿­lendirebildiĵi i­in bir gereksinim olarak sayēlabilmekteyken ilerleyen dºnemlerdeki eĵitim 

kurumlarēnda bu tarz bir yaklaĸēm dikkat daĵētēcē olarak kabul edileceĵi i­in bºyle bir gereksinim sºz konusu 

olmaktan ­ēkacaktēr.  

Tasarēmēn ger­ekleĸtirilebilmesi i­in gereken bilgilere ulaĸmayē saĵlayacak analizlerin devamlē olarak 

yapēlmasē sonrasēnda ºncelik verilen eylem performans analizlerinin yapēlmasē safhasēna ge­ilmelidir. Mek©nsal 

iliĸkiler ve mek©nsal organizasyonun incelenmesi adēna yapēlacak eskiz ­alēĸmalarē ve sonrasēnda topolojik 

iliĸkileri i­eren kavramsal ĸema ve diyagramlar[16] ¿zerinde ­alēĸēlmalēdēr. Eskiz, tasarēmcēlarēn kendi 

kimliklerini, beĵenilerini, ama­larēnē yansētacak bi­imde soyut-somut kavramlarē a­ēklayabilecekleri gºrsel 

iletiĸim aracē; ­izerek d¿ĸ¿nme yºntemi olarak tanēmlanmaktadēr[17]. Soyut bir hale b¿r¿nen eskiz, yani 

mek©nēn fiziksel ºzelliklerinden ­ok, karakterine iliĸkin kavramlarē ifade etmeye baĸladēĵē ve kendisini oluĸturan 

ºgelerin miktarēnēn da azalmasēyla ĸema ve diyagram haline dºn¿ĸ¿r[18]. ¥rneĵin bir eĵitim ortamēnda 

ºĵretmenin hareket alanēnēn ĸema halindeki ifadesi ĸekil.8ôdeki gibiyse ĸekil.9ôdaki bir sēnēf d¿zeniyle bu 

performans karĸēlanabilir. 
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ķekil. 8    ķekil. 9 

6.Sonu­ 

Stillings, bir nesnenin renk veya dokusundan ºnce bi­imini belirtmenin doĵru olacaĵēndan bahsetmekte, 

nesnede bi­imi neredeyse her zaman daha belirleyici bir ºzellik olarak gºrmektedir[16]. Eĵitim materyalleri sºz 

konusu olduĵunda bi­ime kavuĸturma iĸleminin odaĵēnda kendine y¿klenecek iĸlevleri karĸēlama becerisi 

bulunmalēdēr. Nesne olarak aldēĵēmēz mobilyalarēn bi­imi ile birlikte psikolojik ­ekicilik ile alakalē olan renk, 

doku vb. ºzelliklerinin karar aĸamasē, konum tayininden, yani karĸēlamasē gereken ve ºncelikli kabul ettiĵimiz 

fonksiyonellik, konfor, g¿venlik, saĵlēk ve kullanēlabilirlik faktºrlerinden sonraki adēm olmalēdēr. Belli bir 

eĵitim programē ihtiya­larēnē karĸēlayacak fonksiyonellikten yoksun olan bir mobilyanēn rengi veya dokusu 

ºnemini yitirecektir. T¿m bu kriterlerin bir b¿t¿n olarak ele alēnēp ve eĵitim programēnēn da merkezde 

tutulmasēyla tasarlanacak mobilyalar ve bu mobilya ve de donatēlarēn organizasyonu baĸarēlē bir eĵitim mek©nē 

tasarlamaya yardēmcē olacaktēr. Bu nedenledir ki mobilyalar bi­imsel olarak mek©n i­erisindeki iĸlevleri 

karĸēlayacak ĸekilde planlanarak konumlandērēlmalēdēr. Bu adēm, nesneler tasarlanēp son hallerine 

kavuĸturulmasē adēmēndan daha ºncelikli olmalēdēr. 
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Abstract 

Buildings, especially the houses, that form the settlements and are made by the man power, have been the indication of the 

cultural identities of the habitants and for scientific studies, they have been examples that demonstrate how the opportunities 

of the environment are used in harmony as needs arise. In this diversification, geographical values are a data; construction 

materials and the number of floors differ according to the topography. In this study, changes in the life style and in the living 

spaces with regard to technology in Sille houses are examined. 
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1.Introduction  

Basic behaviors that sustain human beings can be listed as finding food, water and shelter. The presence of water 

and means of existence (farming or stock breeding which means providing food) are the main factors while 

choosing shelter (Tuncdilek, 1967). The houses that are built upon the requirements are shaped with the 

geographical values and cultural concepts of the area they belong to (Rapoport, 2002; Rapoport, 1994) (Aydēn, 

2008). In Anatolia, settlements which are still authentic were shaped according to the natural habitat and social 

environment with regard to the original way of life of the settlers. Buildings, especially the houses, that form the 

settlements, have been the indication of the cultural identities of the habitants and for scientific studies, they have 

been examples that demonstrate how the opportunities of the environment are used in harmony as needs arise. In 

Anatolia, the settlement of Sille, which has harbored various cultures since the middle ages, is examined in this 

study due to its authentic texture and various architectural layers. In traditional Sille houses, which are still in 

use, changes are seen with regard to needs, changing life conditions and preferences. One of the main reasons of 

the change is the technology creating space for itself inside houses. Although the use of technological/technical 

equipments is inevitable or necessary, it alters the authentic parts. 

2.The Purpose And Method 

The purpose of the study is to examine the changes in the lifestyles and places that have occurred with the use of 

technological equipment in traditional Sille Houses. In the scope of the study, analyses have been performed on 

especially the living areas and kitchen-cellar units that are among the basic places of traditional Sille Houses. In 

three samples that were selected, the residentsô being originally from Sille has been taken as the criteria for the 

purpose of considering the continuity of the culture. The examinations performed in the area of the houses, 

technical drawings, and photographing methods have been used as the means for documentation, and the cultural 

elements of the daily life have been described with the help of archive scanning and verbal information methods.  

3.The Effect Of The Technology On Traditional Architectural Space   

From the very first moment of the birth, human beings have been integrated with the environment and the 

society, and have made use of the cultural values of the age in which they were living, natural environment 

conditions, and traditional data of their ages while building the houses in which they would live. In this context, 

the concept of ñTraditional Houseò, which reflects our past and cultural values, emerges. The effect of the 

human and social life is observed in the formation and shaping process of the traditional houses. Also, the 
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traditions, regional data and application principles are important factors in this context. The traditional houses 

consist of multi-functional parts, which is in accordance with the patriarchal structure of the Turkish families. 

The rooms are the most important parts of the traditional houses and are the areas where sitting, sleeping, 

storing, cooking and even bathing are performed. One of the most important properties of these houses is not 

using the furniture in the internal areas in Western sense. The furniture (sofas, cupboards, alcoves, etc.) are 

designed as integrated parts of the houses. These characteristics are related with the traditional lifestyle of the 

Turkish family, and since this lifestyle has not changed for many years, the design of the rooms has stayed the 

same (Demirarslan, 2006). Until today, changes and transformation have been observed in housing just as it is 

the case in every field. With the effect of the technological developments in the 19th Century, and the struggle 

for Westernization to keep in pace with these developments, changes have started in the internal areas of the 

traditional houses. Akēn (1999) states that the most important factor boosting this change is the technology. With 

the development of technology, the changing needs and requirements have led to reshaping and changes in the 

formation of the houses. The habit of sitting on the ground in the house has been left and some western style 

furniture (sofas, armchairs, etc.) has been used in internal areas. This change has led to the transformation of 

multi-functional traditional houses into houses with single functions. The living room, sitting room, dining room, 

bedroom, bathroom and the kitchen have been separated depending on their functions (Demirarslan, 2006). 

Formerly, these areas found place in multi-functional sofas, and the sofas were replaced with halls and corridors 

that connected the rooms to each other.  

ñSince the multi-functional rooms have been replaced with specific areas, the unnecessary or 

insufficient areas in the traditional rooms have lost their functionalities. When the mentality of multi-

functional room has disappeared, the cupboards in every room have also disappeared; and the bathing 

cubicle has become void with the spread of elementary family type. The changing bath culture has been 

reflected in the houses in functional basis. Similarly, the change in the kitchen culture has also been 

observed; the kitchen that was in the garden has been brought to the inside of the houseò (Atik, 2011). 

Ey¿ce (2005) emphasizes that city water, waste water, electricity, central heating, etc. facilities did not exist in 

traditional houses, and therefore they were not influential in the design process of the traditional houses. With 

the developments and changes in technological equipment (heating, cooling, communication, etc.), the fridge, 

washing machine, television and numerous other house devices changed the quality of the traditional houses.  

4.Field Study 

Sille, which is situated 8 km NW of Konya city center, is an important settlement due to being a host to both 

Muslims and Christians. First settlers were Christians. Immigration of Muslim Turks to Sille began after Konya 

and its vicinity was captured by Seljuk Turks. Christians and Muslims lived together during both Seljuk and 

Ottoman periods. As a result, life in Sille differed from the life in Konya, and it brought variation to cultural 

subjects such as speech, clothing and traditions. Sille was declared an urban protected site in 2001 via rule no 

4328. It was aimed by Selcuklu Municipality that Sille can be an added value to sustainable culture tourism with 

regard to Culture Valley project in 2001. Today, increasing the popularity of Sille -especially visited by domestic 

tourists widely- and turning it into a touristic place, sharing and exhibiting its values are aimed. It is possible to 

mention two different textures which are tangible indicators of authentic and historical textures in Sille. The first 

is the churches that were carved into the skirts of mountains, which belongs to the early Christian era. The 

second is the traditional architecture such as houses, baths, educational buildings churches and mosques which 

are created via the population of Sille with regard to their own culture, needs and likes. Sille, which is situated on 

a slope area, is shaped organically and has narrow streets. In the organic texture that is shaped according to the 

slope of the area, one house's roof is a terrace for the next house. 

The Architectural Characteristics of Sille Houses 

It is observed that the houses built in the streets on both banks of the Sille Stream are in accordance with the 

terrace plan. Generally, stone, adobe brick, and wooden materials are used in the houses. The houses are 

generally 2-storey houses and the lower floor is used for service purposes such as stable, hayloft, kitchen, cellar; 

and the upper floor is used for living purposes. The houses generally have internal sofas or L-shaped sofas. The 

main areas in the houses are the internal sofa, or the L-shaped sofa in the middle part of the rooms in the mutual 

area in the house, and the rooms that have cupboards and window boxes in the area where the door wings are 

opened and where there are couches. The shakedowns on which the family members sleep at night, and the quilts 

are put in the cupboards that are embedded in the walls during daytime. A part of these cupboards are plastered 

with lime mortar and used as the bathing cubicle. The rooms are usually surrounded with couches and 



123 

 

mattresses. The main usage areas in Sille Houses are located in the second floors. There are sitting rooms, guest 

rooms and bedrooms in both sides of the wide and long sofa in the middle of the house. The sofa and the rooms 

are spacious, quiet, calm, clear and wide. The kitchen culture in Sille has differentiated in a manner that is 

specific to the area. The cellar holds an important place for the living. The upper surfaces of the Sille houses are 

generally earth-sheltered.  

Use of Technology in Traditional Sille Houses 

Changes are being experienced in traditional Sille Houses which are still in use today. These changes occur 

according to the requirements, changing life conditions, and preferences. One of the most important reasons for 

this is the technology finding its place in the areas in the houses. Although the use of technology/technical 

equipment is inevitable and compulsory, it brings with it the disappearance of specific uses of the traditional 

houses. In the scope of the study, analyses have been performed on especially the living areas and kitchen-cellar 

that are among the basic places of traditional Sille Houses. In three samples that were selected, the residentsô 

being originally from Sille has been taken as the criteria for the purpose of considering the continuity of the 

culture. The use of refrigerator, oven and deep-freezer for the kitchen; and the use of television and computer in 

living areas are common. It has been observed that the storing needs in the cellars, and the production processes 

of the consumer products have been changed with the use of technological house tools. The findings obtained 

over three houses are summarized in Table-1. 
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Table 1. The Changes observed with the use of technological equipment in kitchen and living areas in the three sample houses in Sille 

 

5.Evaluation and Conclusion 

At the end of the study, it has been determined that technological and socio-cultural factors influence the 

ñarchitectural products that are without architectureò as well. The cultural changes were obtained via the 

observations and one-to-one dialogues. In the periods when the traditional lifestyle had not disappeared, more 

than one family lived in one single house, and the planning was made according to this structure. However, 

today this structure has changed and married young family members leave their fatherôs houses due to changing 

comfort and aesthetic concerns, and because the areas becoming insufficient for the changing income sources 

etc. Since the activities that were performed together with the neighbors as a part of the culture (local cooking, 
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-The kitchen in the first floor has been moved to the upper floor. 

-There are fridge, oven, dishwasher and similar technological 

equipment in the kitchen. 

-Oven is placed in the area which was formerly planned as the 

fireplace. 

-The kitchen cupboards and the sink have been modified according 

to the technological equipment. 

-The cellar in the first floor is used as the firing storage. 

-The cupboards are still present; however, there are changes in 

the functions. The cupboards that are embedded in the walls 

are used for the television. 

-Floor mattresses are used in the living rooms. In some rooms 

of the sample house, only a seating group and in some of them, 

floor mattresses and sofas are used. 

-There is a computer desk, a computer and a printer in the 

sitting room. 
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-There is a fridge, oven, deep freezer, and similar technological 

equipment in the kitchen. The kitchen cupboards, and the sink are 

modified according to the current requirements. The old cupboards 

are still in the kitchen. 

-There is a WC in the second floor that is formed with the needs of 

the users. 

-Floor mattresses are used in sitting rooms in the traditional 

authentic structure; however, in the sample house of this study, 

there are floor mattresses and sofa. There are only floor 

mattresses in the other room. 

- The cupboards are still in the house; however there are 

changes in the functionality. The cupboard placed in the house 

afterwards is used both as the cupboard and the television unit. 
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-There is a fridge, an oven, a washing machine and similar 

technological equipment in the kitchen. 

-The kitchen cupboards and the sink have been modified according 

to the current technological requirements. There is a door leading 

to the cellar in the kitchen. 

-There is a seating group in the entrance. 

-The cupboards are still there; however, there are changes in their 

functions.  

-Floor mattresses are used in sitting rooms in the traditional 

authentic structure; however, in the sample house of this study, 

there are floor mattresses and sofa. There are only floor 

mattresses in the other room. 

- There is a television unit in the sitting room. 

-The part which was built as the balcony in the entrance of the 

house was closed afterwards, and today this area is used as the 

sitting area; and there is also a television unit in this area. 
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vintage, baking bread, etc.) in the traditional lifestyle do not exist today, it has been observed that the relations 

among the neighbors have also disappeared. The outcomes about spatial-equipment changes are compared with 

the traditional housesô interior. While in traditional houses, the kitchen and the cellar are usually located in the 

ground floor. There are fireplaces that are immovable and in which wood is used for heating and cooking. There 

are no kitchen benches. Shelves and cupboards are embedded and the cellar is used actively. In living rooms, 

there are no technological tools. There are cupboards on the walls in which the beds and quilts are put. Floor 

mattresses and floor beds are used. In today houses, the kitchen has been replaced with the living areas. The 

shape of the fireplace has changed and there are movable fireplaces. There is a kitchen bench and there are 

closed cupboards above and below the bench. And also, the dishwasher, washing machine, oven, microwave, 

TV, fridge, deep freezer are in the kitchen. The cellar is used as the storage unit. The cupboards that are 

embedded have changed their functions and are used for TV unit, etc. Seating groups and bed clothes are placed. 

Also, TV, computer, radio and the relevant units are placed in the rooms. Upon the analyses and observations, it 

has been determined that the lifestyle has changed in traditional Sille houses with the influence of the 

technology, and that this influence has been reflected in the houses. While traditional houses are being designed, 

each area was shaped in accordance with the needs; however, today, these areas have become useless because 

their functions have been changed and there are transformations. Technological equipment being used in 

traditional houses to facilitate everyday life, for production and storing especially in the kitchen, increase the 

comfort of the life, increase the occupation of the family members in the rooms, and change the socio-cultural 

life and lead to the demolition of the authentic values, and change the quality of the traditional houses. When 

evaluated in terms of architecture, it is being considered necessary for the archiving work that detailed studies 

are performed on the internal areas of the houses like those in Sille. In case these areas are not used as houses, 

there is the possibility of destroying the authentic structure. Our responsibilities as the researchers and the 

architects are to transfer the authentic characters to next generations with documents. 
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Abstract 

The expectation for higher comfort levels and the technology used for it have evolved dramatically through 

to the performance of a design work. It is a big challenge for interior architecture to satisfy both the new 

technology predicted and expected in new spatial design which also gives pleasure to live in it. The paper stands 
on the intellectual design concerns evolved from traditional thinking to modern. The work was framed in three 

stages as óconstruction materials of know-how techniques which incorporate spatial generationsô, óbuilding 

materials of construction catalogue having specific used in spatial constitutionô, ónovel materials which are 

subjected to designô. This evolution plays in opposite manner of nowadays has been defined as materials of 

spaces and spaces for materials. Merely smart materials cannot make a design smarter for living. It is just like a 

music work, any technological treatment can make its performance to be shorted in notes. Because it will change 

the rhythm of melody and make it entirely different. For not changing the flow of living rhythm in space, interior 

architecture needs to find a way to balance and meets at the mid-point. It is the departure of paper and the 

models of both were debated on.                
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1. Introduction  

All materials have characteristic forms and emerge their design. And it is actually what we call the nature of 
materiality.  Surveying that nature in building construction provokes the intension of the spaces where our daily 

lives flow in. On the other hand the modern life came the fore in a very material world challenges the spirit of 

space. Ironically, that poses bipolar aspects can be referenced somewhat as ñmaterials of spacesò and ñspaces for 

materialsò. Spatial design concerns intense of symbiotic linking of pragmatic and poetic materiality of built 

environment. In this sense, emergence of spaces can be considered to be analogous to a sort of supernatural 

meeting ña high performance bodyò with ña good manner characteristicò. The degree of the success in that 

correlation reveals the efficiency of spatial design where the design mind charges.  

The smart materials and high production technology of today support all designer to define the physiognomy 

of built spaces. On the other hand, the idea behind the spaces have to assign characteristic individuality to the 

design, which in turn supports the profile of place. Design mind works to build our individual space of the place 

somewhat make us to say ñthat is my worldò. Understanding that manner is also essential for interior architecture 
to introduce construction methods and materiality of novel spaces and to reveal the novelty of architecture, for 

having awareness innovation ideas process behind them.  

The main processing discourse of materiality evolved in triple root-way of architectural thinking from 

traditional to modern.  The tree stages instruct architects in sequence: to introduce construction materials of 

know-how techniques evolved in spatial generations; to organize building products having higher capability for 

many different uses in construction of whatever intends and to emerge the spaces of components constitute 

novelty with designed materials.      
 
2. The Triple Root-Way From Traditional to Modern  

The instruction of triple root-way comprises algorithmic guide following in architectural sense. Each has 

characterized mode of construction materiality. 
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Fig. 1. The algorithmic table of triple root way 

 

The root-way of flow-chart, shown above in algorithmic table, frames three columns of lay-out. They lead 

from more conventional through innovative thinking systematic, mainly framed as traditional and modern.  The 

middle column defines operative design process at the core which is evolved in three steps. The columns of 

materiality and construction are laid at both side touching the core at the middle. By this way, the core comprises 
operative methods making our ideas to shape up with the correlation of what we use and how we build. 

 

1.1. Mutation of know-how techniques 

 

The local materials of know-how techniques base on the skill-experience training, regenerate at slow-pace of 

evolution, by master-builder of civil-vernacular architecture. The ingenious mind of architectural practice 

renovates itself through prevailing mode, where the fallacies of materials are suppress at each construction. The 

flow of material to site can be accomplished due to achieved resources getting from the neighborhoodôs 

transport-distance. The Peripheral material-supplies are domain at the hinterland of the site and they are widely-

known by builders.  

The local-building products have considerably well-performance with their competence at high adaptability. 
The reflex executions develop according the enormous number of practices, breeds the characteristic 

construction model of the place. How it is built depends on how the components have got and produced, mostly 

processing held simultaneously with construction.    

One of the well-known walling techniques of ingenious is weaving branches and bushes used to reinforce 

mud-plaster filled Wall systems. That know-how technique is characteristic of Mediterranean region and South 

of Anatolia peninsula which is largely seen at óhuĵô housing of early settlement of óCukurovaô dwellings.  

The geographical location of ñ¢ukurovaò (bowlȤformȤplain) , at the passage of Mediterranean ïEaster Anatolia 

and Mesopotamian, characterizes a rooted settlement cultureôs intersection. The peninsula the crucial participant 

of Mediterranean Region with its South and Western Coasts. 

The geographical location of ñ¢ukurovaò (bowlȤformȤplain) , at the passage of Mediterranean ïEaster Anatolia 

and Mesopotamian, characterizes a rooted settlement cultureôs intersection. While the North and the NorthȤEast  

of the plain is rising with the Toros mountain range, the southern of it is scooping through the Mediterranean 

Sea. The rivers of Seyhan and Ceyhan flow through in this bowl and reach the Mediterranean. Thus, the 

¢ukurova, meaning bowlȤformȤ plain in Turkish, is the largest plain of the eastȤMediterranean region of Anatolia 

. 
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Fig.2. The branch-knitting Wall system of vernacular architecture from Ceyhan (town of Adana city) are largely seen at the districts of East-

Mediterranean Region of Cukurova [Bas,D]. 

 

Although, the technique of branch-knitting at traditional Wall systems and plaster which are largely seen at the 

vernacular architecture(fig.2), architects do not normally employ a systematic method for the selection materials 

for the particular construction but they are guided almost exclusively by accepted practice. And through the ages, 

Operative design process gets legality with construction iteration from traditional housing mind and inspires its 

mutational examples. One of them is shown below where the know-how techniques of óhuĵò housing was used 

to evolved to introduce mutational construction of walling systems breeding after several sketching such as 
shown below (fig.3).  

 

 

Fig.3. Sketches for new wall system are guided by generated construction as mutation of know-how technique [1]. 

 

1.2. Emergence of Form Variation  

 

Each spatial components have been primary defined by their own set of uses for construction. Therefore, they 

have qualities performance developed to fulfill the requirements of discrete uses in building.    

Contemporary designer have been relieved the hybrid material family of composites. Smart material 

properties are composed to address sets of diverse uses with the performance requirements for varied forms. 

Under the leadership of Achim Menges, The Department of Form Generation and Materialisation of 

Hochschule f¿r Gestaltung (HfG) Offenbach developed the projects exploiting the versatility of fiber-reinforced 
composite materials as surfaces [2]. They investigated form ïfinding ways of design processes with 3-D textile 

glass-fiber composite surfaces. 
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Fig. 4. Intensifier 01 and 02 projects having fibre-reinforced composite material systems developed at Hfg Department of Form 

Generation and Materialisation [3]. 

 

 

 

Fig. 5. The Parametric and manufacturing model stages of Lounge Landscape [4]. 

 

Fig.6. Lounge Landscape Sitting having folded-form varied by parametric design of emergence [5]. 

 
The modelling of parametric design and manufacture program were developed and 3-D textile composite 

employed in Lounge Landscape sitting element.  

The parametric design studies define strategy to maximize emergence capacity of varied forms. The folded 

structural design gives much more possibilities free from the constraints of manufacturing for any spatial 

component such as lounge landscape, a sitting element seen above at fig.6.   

The main concern of thinking systematic focuses on to explore transformed spatial components which can be 

used by several intends for building products. Surface is the primary element of all varied forms and parameter-

based geometries can be used for diversified construction of spaces. The example of Lounge Landscape work is 
discussed that exemplify key aspect of the operative design process for correlation tool of form variation. The 

building and structure system of surface has to be explored and developed by architects of spatial constitution.  

The nature of materials in that mode of construction is also attempted to put forward by architectural assemblies.    

 

1.3. Embodiment of novel tectonics 

 

The novel tectonics of space has emerge of spatial base unit. The spatial base units have not only volumetric 

measurements but also define modules of spatial dimensions by coming together units to units due to the 

functional requirement of spatial organization.  
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The non-linear relationship of base units generated as module is articulated and embodied by transformation 

of spatial patterns. That emerge spatial novel tectonics as what is perceived inside and outside of the space at the 

same time. 

Base unit is built by structural framing elements and units combine at system knots. Whereas the detail 

design works to organize pattern, the new materiality for unit may not be needed but design requirement has to 

be achieved by transformation, inherently to characterize spatial tectonics of embodiment. As the yield, that 

process attributes novelty, in any case.    

On Sussex coast of Littlehampton, on Englandôs South coast, a beach kiosk incorporates caf®, restaurant and 

takeaway kiosk functions by the design of Thomas Heatherwick and Adam Kara Taylor.  
The kiosk is made up 36 ribbons-units where they were organized the modules of pattern. The constitution of 

pattern designate the exterior shell and spatial volumetric at the wholeness of tectonic. Each ribbon structure 

curved to determine needed space of function, allowing for the fullest use of the interior space. The folds and 

transformed combination designed one by one using Digital Project/CATIA.  

Fig.10. View of the beach kioks on Sussex Coast of Littlehampton-Design of Thomas Heatherwick and Adam Kara Taylor, made 

of 36 mild steel strips evoke the contours of tide-washed sand and have oil-based coating for a rust-like patina [6]. 

The strips are made up of 8-millimetre (0.3-inch) mild steel, weathered and Owatrol-oiled. The final design 
was fabricated off site, but literally a stoneôs throw away, by local steelwork firm Littlehampton Welding. Hanif 

Kara of Adams Kara Taylor says the biggest challenge ówas to make connection between what is a very low-tech 

material of flat steel plate with the most advanced high-tech design tools available for drawing and forensically 

analysing the form to create a complex ñwholeò with very simple ñpartsò [7].  

 Finally, the rhythm of curved-strips and their brown colored patina were intended to evoke the contours of 

tide-washed sand. The topology and function survive all in all by the way of embodiment of novel tectonic.  

 

7. CONCLUSION 

 

Designers challenge in immense range of material and they conflict to choose from the menu of materials for 

innovative design. The main concerns focus on the notion of innovation for seeing behind the big picture of 

reality, where using new and smart much-more does not make the whole novel and smarter. Actually, we live in 

the age of advanced material and we have no chance not-to-know to miss developments of materiality, indeed. 
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So the paper was attempted to find a rapport between bipolar thinking-way by giving a mid-way instruction for 

meeting inspiration.  

 The triple- root way of algorithmic thinking is suggesting at the paper in correlation of what we use and how 

we build. The meeting root defines óoperative design processô between ómaterialityô and óconstructionô and at 

sub-titles they exemplified as óMutation of know-how techniquesô- óEmergence of Form Variationô-

óEmbodiment of Novel Tectonicsô. Three ways can be led by designer for enriching and clear seeing from 

conventional limited thinking to innovative open-minded thinking of modern.   

 

On the other-hand the paper is not concluded at all. The last words are said before and discussed at several 
times but it is needed to repeat much louder to raise awareness what if we tend to not to design for daily life-

flows: 

Design can follow the way to sell or earn more by encouraging the consumption more in a planned obsolesce 

value system. The principle based on such a value system does not expect man to appropriate a design belonging 

to user for preservation in long period, and on the other side it is being purposed to assign man as consumer 

ready to change a design as soon as ñthe laterò comes. In what degree such an approach can worth an acceptable 

evaluation for an architectural space?  It states a clear contradiction in the meaning of architecture which is 

illogical to build a space not accepted to be belonged by its user due to the peculiarities of physical and socio-

cultural environment where it is being lived referring as ñthe placeò. On the other hand, there has been always a 

great desire also for architecture to build an art work as a sculptor articulated an amazing power symbolizing the 

dominance of architectural creation through the ages. Towards a sustainable architecture since industrial 
revolution it is being debating on through the severing considerations in ñrethinking of architectureò. Also 

sculpturing huge bodies having preference of technology is being seemed as narcissism based on a departure 

point which accounts the mission of architecture as ñthe art of livingò. So the goal of the mission is being 

compromised on architecture to build as a living organism to be belonged by environment instead of to build as a 

diamond like sculptor for preserve in a refused environment. That means an inspiration towards the architecture 

as metamorphosis of life itself existing in ñthe placeò contrary to the sculptured bodies in machine-made 

perfection.       

Through the approaching ages the life is getting more and more permitted by architecture where it is being 

almost sacrificed. This aptitude in a scoring system due to the material ñthe placeò not only means possible 

reserves for construction but it refers the resource of life where the architecture should be belonged as integrating 

the built to the rhythms of existing environment. And also the spaces created as art works should have common 
senses participating in both the built and the natural environments referring as a constitutional metabolism 

identifying the place.  Advocating the stance the architect has being charge of the where we are living and has no 

right to create isolated self-referee built sculptures.       

The architecture should not be considered merely as the dynamic adaptation of technology in evolved 

materials, although in the term of ñart of livingò its dynamic adaptation to all participants of existing 

environment should be also assessed. Meanwhile, using material in design should not only be considered and 

evaluated by the ranks of expressions implying how it is achieved to be changed more by the technology. On the 

other side it is underpinning that there should be an alternative value system for the materials building up the 

architectural metabolism scoring through how much a designer succeed it to integrate with ñthe lifeò processing 

as ñthe placeò. That brings about such a formal expression construed on materials having signs which are 

adapted by the erosion in the life-flow of architecture. 

 So, it is offered to make a decision for design intension through ñthe materials having priceò to ñthe 
materials having valueò.   
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Abstract 

The usage period of residences is quite long and during this time, it is necessary to change, for various reasons, the building 
materials and components. It has been observed that, especially in residences in Turkey, frequent refurbishments are done. 
This causes raw material consumption and construction&demolition (C&D) waste. The methods, which are the basis of 
sustainable development and cover subjects such as energy saving, natural resources saving and waste reduction, make up the 
agenda of modern architecture as well. The primary environmental target regarding this subject should be the prevention and 
reduction of raw material consumption and C&D generation.  The aim of this study is to provide suggestions regarding the 

prevention/reduction of waste generated due to refurbishments done for various purposes in residences in Turkey. To this 
end, a survey of homeowners in Istanbul was conducted to determine the nature and purpose of refurbishment work done in 
residences. In order to come up with solutions towards reducing the construction waste generation, it is vital that these 
reasons are known. In light of the causes determined, suggestions for solving the problems have been developed. 
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1.Introduction  

The usage period of residences is quite long and during this time, it is necessary to change, for various 

reasons, the building materials and components. The reinforced concrete structures would be designed for the 

longest life +50 years. Exterior surfaces change about every 20 years.  Wiring, plumbing, and other surfaces tend 

to wear out or go obsolete every 7 to 15 years.  Interior walls and other elements of the floor plan tend to change 

every few years in some buildings [1]. 

It has been observed that, especially in residences in Turkey, frequent refurbishments are done. This causes 

raw material consumption and construction&demolition (C&D) waste. The methods, which are the basis of 

sustainable development and cover subjects such as energy saving, natural resources saving and waste reduction, 

make up the agenda of modern architecture as well. The primary environmental target regarding this subject 

should be the prevention and reduction of raw material consumption and C&D generation.  In this study directed 

for this purpose, research was conducted on the usage period and the reasons for refurbishments made in 

residences in Turkey.  

A survey was conducted in Istanbul to serve the purpose of this study.  18% of the population (approximately 

14 million) of Turkey resides in Istanbul. In addition, in terms of the number of buildings, Istanbul is the densest 

region (869 444 buildings) in Turkey with 70% of the buildings being residential buildings [2]. For these reasons 

it is believed that the results obtained from this study will reflect the general condition of Turkey. The surveys 

was conducted by interviewing 180 homeowners living in different parts of Istanbul that exhibit a homogenous 

socio-economic and socio-cultural make up and live in residences that were designed and built for non-specific 

dwellers. 

The aim of the survey is to determine information under the following topics: 

Å The reasons for the refurbishments. 

Å The refurbishments done during the usage period of residences that leads to the generation of C&D waste and 

raw material consumption. 

Å The refurbishments focus on which kinds of building materials/components.  

The survey is made up of fifteen questions, and the first section contains questions aimed at defining the type 

of residence. The second section contains questions regarding the refurbishment works done in the residences, 
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specifically the types of materials used, the amount, the reasons of refurbishments and what was done with the 

old material. 

2.Construction and Demolition Wastes 

 

The applications related to reducing of environmental problems that are progressively increasing these days 

make up a part of modern architecture agenda as well. Therefore, building that cause less environmental effects 

by generating less waste are defined as ñenvironmentally friendlyò. 

 

Waste occurs within the lifecycle of buildings, during the construction, refurbishment, and demolition phases. 

The construction and demolition (C&D) wastes become serious environmental problems in many countries. In 

the US, C&D waste represents about one-third of the volume of materials in landfills [3, 4]. Stokoe et al. [5] 

reported that C&D waste took up about 65% of Hong Kong's landfill space at its peak in 1994ï1995. 35% of the 

space in Canada's landfills is taken up with C&D wastes and debris. According to Ferguson et al. [6], over 50% 

of waste in a typical UK landfill could be construction waste. Craven et al. [7] reported that construction activity 

generates 20ï30% of all waste deposited in Australian landfills. 

 

One of the important environmental problems in Turkey is the pollution caused by municipal, industrial and 

C&D wastes.  This problem is felt even more strongly in the Marmara region and Istanbul where the population 

and industrialization is denser.  After the 1999 Marmara earthquake, a significant (approximately 13 million 

tons) amount of debris occurred [8].  As a result of the daily demolition of illegal construction, a continuous 

formation of waste occurs, also.  Besides these reasons, during the period of usage of residences in Turkey, for 

various reasons quite frequent refurbishments are done to the building material and components, thus resulting in 

the formation of construction waste.  This leads to not only economic and labor losses, but also can have a 

negative impact on the environment. 

 

Construction and demolition debris that are dumped into forest, streams, ravines and empty lots causes 

erosion, contaminates wells, water tables and surface waters, attracts pests, creates fire hazards and detracts from 

the beauty of natural areas.  In many countries, the large volumes of construction waste strain landfill capacities 

and leads to environmental concerns.  It is also much more difficult to dispose of construction waste that may 

contain such hazardous matters such as asbestos, heavy metals, persistent organic compounds and volatile 

organic compounds (VOCs) than household waste. 

3.Results of the survey: Causes of construction waste generation in Turkey 

 

Construction waste generation is dynamic. Therefore, predicting waste levels in advance is not easy. The 

literature search did not reveal any previous attempt to do so. During every stage of a buildingôs life cycle, due to 

various reasons, solid waste and pollution is generated. According to the Environmental Protection Agency 

(EPA), approximately 92% of all construction and demolition waste is generated via refurbishment and 

demolition [9]. In this study, the C&D waste generated during the usage period of residences was examined. The 

usage period of residences is quite long and during this time, it is necessary to change, for various reasons, the 

building materials and components.  

 

It has been observed that, especially in residences in Turkey, frequent refurbishments are done that result in 

construction waste. According to the survey results, 70% of the 180 survey participants have had interior 

refurbishment done.  26% of them indicated that they had the refurbishment done before they moved in. The 

residential buildings varying from 60-200 m2 are as old as 1-20 years. Most of the refurbishments were done 5-6 

years after moving into the residence. Therefore, refurbishments are done within last 15 years time.  

 

Survey participants gave one or more reasons for making refurbishments in their residences.  Accordingly, 

most of the refurbishments (25%) were made due to deterioration (physical, chemical, biological etc.). This was 

followed, in decreasing order, by aesthetic considerations (19%), improving the quality of materials (16%), 

difficulty in usage (10%), insufficient dimensions of space (9%), security (8%), improving the quality of labor 

(6%), desire to use trendy materials (4%), and health reasons (3%) (Fig. 1). 
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Fig.1. The most important reasons for refurbishments in residences 

 

The types and percentages of interior refurbishments done in residences are shown in Fig.2. In the survey, it 

was determined that more than one of the items listed in the figure were done during refurbishment in the 

residences.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Refurbishments and their ratios in residential buildings 

 

As a result of the refurbishments conducted in the residences, C&D waste in the form of ceramic, wood, 

natural rocks, glass, carpet, metal, plaster, and plastic was generated. The amounts of these building materials 

were determined as mĮ or m and all data were converted into weight (kg). The approximate total amount of waste 

building material generated as a result of interior refurbishments done in residences was 55 139 kg, which 

amounted to 39 kg of construction waste per year per residence [10]. Approximately 41% by weight of the 

refurbished material was ceramics. This was followed, in order, by wood (22,5%), natural rocks (15,5%), glass 

(10,5%), carpet (3,2%), metals (3,1%), plaster (2,4%) and plastics (1,9%).   

 

It has been determined that approximately 74% of the total building materials generated after refurbishments 

were removed in an unsupervised manner. Approximately 98% of ceramics, 66% of wood, 32% of natural rocks, 

65% of the glass, 49% of carpet, 47% of metallic materials and 100% of the plaster and plastic materials were 

removed. The remove and reuse weight ratios of the building materials generated from refurbishments are given 

in Fig.3. Accordingly, it can be said that the percentage of reuse of building materials generated as a result of 

refurbishments is quite low.   
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Questionnaire participants replied affirmatively to the question: ñDo you want organizations that collect 

materials and components generated after the refurbishments?ò Great portion of the questionnaire participants 

agree that those materials/components could be reused or recycled. %53 of questionnaire participants chose to 

give their construction waste free in case there would be organizations that would pick up the construction waste 

after refurbishments.  

 

According to the field study, scrap dealers are seen in the suburbs of the city, that trade used building material 

for pure profit purposes. These scrap dealers supply used building material from the construction demolish 

subcontractors and the modifiers, than they trade them without any furnishing, cleaning or maintenance so as to 

keep their cost low. There is no application to facilitate neither the users contacting to these dealers nor the 

dealers contacting directly with the users. It is also reported that these dealers mostly sell doors, windows made 

of wood and plastic materials. They also sell kitchen and bathroom elements (closet, wash-bowl, kitchen sink, 

kitchen counter and cupboard), strips, tiles, plastic pipes, asbestos roofing sheets, wooden lath, and some other 

reusable materials.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. The Ratios of Removed Materials after Refurbishment 

 

4.Conclusion 

Approximately 2/3 of building material generated by refurbishments has been removed to the landfill. It had 

been noticed that relevant ministry had prepared a detailed regulation but could not been able to put in to full 

force. Istanbul municipalityôs relevant activities are insufficient. Trade of the used building materials by the 

scrap dealers is a positive application but is not a running system. Encouraging improvement of methods and 

organizations to widespread the reuse and to reduce the C&D wastes becomes important.  To achieve this;  

Å  Expectations of the users should be determined clearly and reflected to designs.  

Å  Building designers should refer to recyclable and durable materials. 

Å  Building materials should be detailed so as to facilitate dismantling.  

Å  Building components should be standard and designed modular so as to widespread reuse. 

Å Relevant regulation should be reviewed concerning the applicability and required corrections should be 

amended. 

Å  Municipalities should accelerate their operations regarding the regulation and provide efficient inspections. 

Å  Scrap dealers should be organized under municipalities.   

Å  Regulations should be amended to make the transfer of C&D wastes to reuse building materials outlet. 
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Abstract 

The objective in store window ligthing design is to increase the noticeability and the attraction by creating an interesting 

display. Make a difference and get people to look at the store window voluntarily or involuntarily by standing out among the 

other stores in shopping centers and streets where similar stores stand together is the most important objective of store 

window design. In the evenings and at nights, the most important job falls to the lighting unit. Then, the most important issue 

is the choice of lighting unit.   While the lighting unit provides with  visual attraction,  it must have no disturbing effects such 

as ultraviolet nor infrared. And also, many lighting units have the effect of making their surroundings and the products 

visually noticeable, conscious preferences must be laid out in awareness of this. In this study,  a practice was laid down on 

the people who went out for shopping or for a walk during evening hours in streets/roads where store density is high, in two 

different shopping centers in the city of Afyonkarahisar. Two questions were asked for the survey, the first question was ñ 

when you look at the street/road from a distance, which store window(s) is/are eye-catchingò, the second was ñ what is the 

contribution percentage of such a situation for you to look at/view that store window while you walk in front of the window 

that grabbed your attention (even if you donôt stop). As a answer, while the most of the people find the store windows 

lightened with colored lamps more eye-catching, another big group of people stated that the store windows lightened with 

units that have different visual effects, for the second question, the most of the people said that they look at the store window 

at least out of the corner of their eyes while walking in front of the window by the lighting of which they were impressed. In 

conclusion, It has been detected that the store windows lightened with newly-introduced lighting units which have different 

visual effects through bright, colorful and luminous lighting units. +90-272-246-3302 
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¥zet: Vitrin Aydēnlatmalarēnda Tercih Edilen Aydēnlatma Elemanēnēn Fark Edilebilirliĵe Katkēsē 

 
Maĵaza vitrinlerinin tasarēmēnda ama­ ilgi ­ekici bir gºr¿n¿m ortaya koyarak, fark edilebilirliĵi, ­ekiciliĵi artērmaktēr. 
Birbirine benzer maĵazalarēn bir arada olduĵu alēĸveriĸ merkezlerinde ve caddelerde diĵer maĵazalar arasēndan sēyrēlarak, 
farklēlēk yaratmak ve insanlarēn istemli veya istemsiz vitrine bakmasēnē saĵlamak vitrin tasarēmēnēn en ºnemli amacēdēr. 
Akĸam ve gecelerde ise vitrinin amacēna ulaĸmasēnda en ºnemli gºrev aydēnlatma elemanēna d¿ĸmektedir. Burada en ºnemli 
husus doĵru aydēnlatma elemanēnēn se­imidir. Aydēnlatma elemanē gºrsel ­ekicilik saĵlarken, aynē zamanda ultraviyole ve 

kēzēlºtesi ēĸēn gibi bozucu etkilere sahip olmamasē gerekmektedir. Ve ayrēca bir­ok aydēnlatma elemanē ­evresini ve ¿r¿nleri 
gºrsel olarak farklēlaĸtērma etkisine sahiptir, bununda farkēnda olarak bilin­li tercihler yapēlmalēdēr. Bu ­alēĸmada 
Afyonkarahisar ĸehir merkezinde yer alan iki farklē ­arĸē merkezindeki maĵaza yoĵunluĵunun bulunduĵu sokak/caddelerde 
akĸam saatlerinde alēĸveriĸe veya gezmeye ­ēkmēĸ insanlara uygulama yapēlmēĸtēr. Anket i­in iki soru yºneltilmiĸ ve ilk soru 
olarak ósokaĵa/caddeye bakēldēĵēnda uzaktan hangi vitrin veya vitrinlerin dikkat ­ektiĵiô ve ikinci soru olarak ódikkatinizi 
­ekmiĸ vitrinin ºn¿nden ge­erken (durmasanēz bile) o vitrine bakmanēza/incelemenize katkē oranē nedirô sorusu 
yºneltilmiĸtir. Cevap olarak b¿y¿k ­oĵunluk parlak renkli lamba ile aydēnlatēlmēĸ vitrinleri daha dikkat ­ekici bulurken, yine 
ºnemli bir ­oĵunluk farklē gºrsel etkiye sahip elemanlar ile aydēnlatēlmēĸ vitrinlerin ­ekici olduĵunu, ikinci soruya cevaben 

de b¿y¿k ­oĵunluk aydēnlatmasēndan etkilendikleri vitrinin ºn¿nden ge­erken en azēndan gºz ucuyla vitrine baktēklarēnē 
ifade etmiĸlerdir. Sonu­ olarak parlak renkli ēĸēklē aydēnlatma elemanlarē ile ve farklē gºrsel etkiye sahip yeni piyasaya 
sunulmuĸ aydēnlatma elemanlarē ile aydēnlatēlmēĸ vitrinlerin insanlara daha dikkat ­ekici gelmekte olduĵu tespit edilmiĸtir. 

 
Anahtar Kelimeler:  Maĵaza vitrinleri; Vitrin Aydēnlatma; Vitrin Aydēnlatma Elemanlarē 

1. Giriĸ 

¸ǸȊȅƤƭƭŀǊ ōƻȅǳƴŎŀ ƪŀǊŀƴƭƤƪ ƛƭŜ ƳǸŎŀŘŜƭŜ ŜŘŜƴ ƛƴǎŀƴƻƐƭǳΣ ŀǘŜǒƛƴ ȅŀȅŘƤƐƤ ƤǒƤƪ ƛƭŜ ƴƛƘŀȅŜǘ ŀȅŘƤƴƭƤƐŀ 
ƪŀǾǳǒƳǳǒ ŘŀƘŀ ǎƻƴǊŀ ŜƭŜƪǘǊƛƐƛƴ ƪŜǒŦƛ ƛƭŜ ƛƴǎŀƴ ǾŜ œŜǾǊŜ ƛƭƛǒƪƛǎƛΣ ŀƭƎƤƭŀƳŀ ŀœƤǎƤƴŘŀƴ ǎƤƴƤǊǎƤȊ ƻƭŀǊŀƪ 
ƴƛǘŜƭŜƴŘƛǊƛƭŜōƛƭŜŎŜƪ œŜǒƛǘƭƛƭƛƐŜ ƪŀǾǳǒƳǳǒǘǳǊΦ DǸƴǸƳǸȊŘŜ ƎŜƭƛǒŜƴ ǘŜƪƴƻƭƻƧƛ ƛƭŜ ōŜǊŀōŜǊΣ ȅŀǇŀȅ ǾŜ ŘƻƐŀƭ 
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ŀȅŘƤƴƭŀǘƳŀ ƪŀǾǊŀƳƭŀǊƤƴŀ ōŀƐƭƤ ƻƭŀǊŀƪΣ ŀȅŘƤƴƭŀǘƳŀ ǘŀǎŀǊƤƳƤ ƛƭŜ ƤǒƤƐƤƴ ƳŜƪŃƴƭŀǊŘŀ ƎǀǊǎŜƭ ƪƻƴŦƻǊ ŀǊŀŎƤ 
ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀǎƤƴƤƴ ȅŀƴƤ ǎƤǊŀΣ ƪǳƭƭŀƴƤŎƤ ōŜƪƭŜƴǘƛƭŜǊƛƴƛƴ ŀǊǘƳŀǎƤȅƭŀΣ ƛœ ƳŜƪŃƴ ǘŀǎŀǊƤƳƭŀǊƤƴŘŀ ōǸȅǸƪ 
ŦŀǊƪƭƤƭƤƪƭŀǊ ȅŀǊŀǘƳŀȅŀ ƻƭŀƴŀƪ ǎŀƐƭŀƳƤǒǘƤǊΦ [1] 
 
.ǳǊŀŘŀƴ œƤƪƤǒƭŀ ŀȅŘƤƴƭŀǘƳŀƴƤƴ ǎŀŘŜŎŜ ōƛǊ ƎŜǊŜƪƭƛƭƛƪ ƻƭƳŀǎƤƴƤƴ ǀǘŜǎƛƴŘŜΣ ƛƴǎŀƴƭŀǊƤƴ ŀƭƎƤ ŘǸƴȅŀǎƤƴƤ ƎǀǊǎŜƭ 
ȅƻƭƭŀ ŜǘƪƛƭŜȅŜǊŜƪ ƛœ ƳŜƪŃƴƭŀǊŘŀ ŦŀǊƪƭƤ ŘǳȅǳƭŀƴƳŀƭŀǊŀ ȅƻƭ ŀœƳŀǎƤΣ ōƛǊ ƛœ ƳŜƪŃƴ ǘŀǎŀǊƤƳŎƤǎƤ ƛœƛƴ ǘŀǎŀǊƤƳ 
ǎǸǊŜŎƛƴŘŜ ƘŀǎǎŀǎƛȅŜǘ ƎǀǎǘŜǊƛƭƳŜǎƛ ƎŜǊŜƪŜƴ ōƛǊ ƪƻƴǳ ƻƭŀǊŀƪ ƻǊǘŀȅŀ œƤƪƳŀƪǘŀŘƤǊΦ !ȅŘƤƴƭŀǘƳŀΣ ƳŜƪŃƴƤƴ 
ŀǘƳƻǎŦŜǊƛƴƛ ŜǘƪƛƭŜŘƛƐƛ Ǝƛōƛ ƻ ƳŜƪŃƴƤƴ ƛǒƭŜǾƛƴƛ ŘŜǎǘŜƪƭŜǊ ǒŜƪƛƭŘŜ ōƛǊ ǘŀƪƤƳ ŀƭƎƤ ŀƭŀƴƭŀǊƤ ƻƭǳǒǘǳǊƳŀƪǘŀŘƤǊΦ 
[1] 
 
ΨDǀǊǎŜƭ ȅǀƴŜǘƛƳŘŜ ƎǸœƭǸ ƻƭƳŀƪΩ ǇŜǊŀƪŜƴŘŜ ǎŀǘƤǒ ƳŀƐŀȊŀƭŀǊƤƴŘŀ ōŀǒŀǊƤƴƤƴ ǘŜƳŜƭ ǒŀǊǘƭŀǊƤƴŘŀƴ ōƛǊƛŘƛǊΦ 
aŀƐŀȊŀƴƤƴ ƛœ ǾŜ ŘƤǒ ƎǀǊǸƴǸƳǸƴǸ ƻƭǳǒǘǳǊŀƴ ǘǸƳ ǳƴǎǳǊƭŀǊΣ ƳŀƐŀȊŀ ŀǘƳƻǎŦŜǊƛ ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴƳŀƪǘŀ ǾŜ 
ōǳ ŀǘƳƻǎŦŜǊ ƳǸǒǘŜǊƛƭŜǊŘŜ ǎŀǘƤƴ ŀƭƳŀ ƎǸŘǸǎǸ ǳȅŀƴŘƤǊƳŀƪ ŀƳŀŎƤȅƭŀ ŘŜƐŜǊƭŜƴŘƛǊƛƭƳŜƪǘŜŘƛǊΦ [2] 
 
aǸǒǘŜǊƛƴƛƴ ƳŀƐŀȊŀ ƛœŜǊƛǎƛƴŘŜ ǎŀǘƤƭŀƴ ƳŀƭƭŀǊƭŀ ǘŀƴƤǒƳŀǎƤƴƤ ǎŀƐƭŀȅŀƴ ȅŜǊ ƻƭŀƴ ǾƛǘǊƛƴƭŜǊΣ ƳǸǒǘŜǊƛȅƛ 
ŎŜȊōŜŘŜƴ ōƛǊ ǀƴ ƎǀǊǸƴǘǸŘǸǊΦ ±ƛǘǊƛƴƭŜǊ ƳŀƐŀȊŀƴƤƴ ǘŀǊȊƤƴƤΣ ǎŀǘǘƤƐƤ ƳŀƭƭŀǊƤ ǾŜ ƘƛǘŀǇ ŜǘǘƛƐƛ ƳǸǒǘŜǊƛ 
ƪŜǎƛƳƛƴƛ ȅŀƴǎƤǘŀƴ ǘŜǒƘƛǊ ŀǊŀœƭŀǊƤŘƤǊΦ [3]   
 
{ƛǊŜƭ ŀȅŘƤƴƭŀǘƳŀȅƤ άbŜǎƴŜƭŜǊŜΣ ōǳƴƭŀǊƤƴ œŜǾǊŜƭŜǊƛƴŜΣ ȅŀŘŀ ōƛǊ ōǀƭƎŜȅŜΣ ōƛǊ ƪŜƴǘ ōǀƭƎŜǎƛƴŜΣ 
ƎǀǊǸƭŜōƛƭƳŜƭŜǊƛ ƛœƛƴ ƤǒƤƪ ǳȅƎǳƭŀƳŀǎƤέ ǒŜƪƭƛƴŘŜ ǘŀƴƤƳƭŀƴƳƤǒǘƤǊ. [4] 
 
aŀƐŀȊŀ ǾƛǘǊƛƴƭŜǊƛ ǸǊǸƴ ǎǳƴǳƳǳƴǳƴ ȅŀǇƤƭŘƤƐƤ ƛƭƪ ƴƻƪǘŀƭŀǊŘƤǊΦ .ǳ ŀƴƭŀƳŘŀ ƳŀƐŀȊŀ ƛƭŜ ƛƭƎƛƭƛ ŦƛƪƛǊƭŜǊƛ ƴŜǘ ōƛǊ 
ǒŜƪƛƭŘŜ ȅŀƴǎƤǘƳŀƭƤ ǾŜ ƛƭƎƛ ǳȅŀƴŘƤǊƳŀƭƤŘƤǊΦ aŀƐŀȊŀ ǾƛǘǊƛƴ ǘŀǎŀǊƤƳƭŀǊƤƴƤƴ ƳǸǒǘŜǊƛƭŜǊŘŜ ŦŀǊƪƭƤ ƘŜȅŜŎŀƴƭŀǊ 
oƭǳǒǘǳǊŀōƛƭƳŜǎƛ ȅŀǇƤƭŀƴ ǘŀǎŀǊƤƳƤƴ ƤǒƤƪ ƛƭŜ ŘŜǎǘŜƪƭŜƴƳŜǎƛ ǎŀȅŜǎƛƴŘŜ ŀƳŀŎƤƴŀ ǳƭŀǒƤǊ όƘŀƳƛŘŜύΦ 9ƭŜƪǘǊƛƪƭƛ 
ƤǒƤƪ ƪŀȅƴŀƪƭŀǊƤ ƛƭŜ ǎŀƐƭŀƴŀƴ ȅŀǇŀȅ ŀȅŘƤƴƭŀǘƳŀ ƎǸƴǸƳǸȊŘŜ ŜǘƪƛƭŜȅƛŎƛΣ ǒŀǒƤǊǘƤŎƤΣ ƘŜȅŜŎŀƴ ǾŜ ƳŜǊŀƪ 
ǳȅŀƴŘƤǊƤŎƤ ȅǀƴƭŜǊƛȅƭŜ ǀƴ ǇƭŀƴŘŀŘƤǊΦ [1] 
 

G¿n¿m¿zde m¿ĸteriyi i­eri ­ekebilmek ve ¿r¿n satēĸēnē arttērmak i­in maĵaza ve vitrin tasarēmē konusuna verilen 

ºnem g¿n ge­tik­e artmaktadēr. ¥zellikle maĵaza kimliĵiyle doĵrudan iliĸkili olan aydēnlatma tasarēmē, maĵaza 

tasarēmē i­inde en ­ok dikkat edilmesi gereken noktalardan biridir. Doĵru aydēnlatma ile maĵazada yaratēlan 

efekt sayesinde maĵaza alēĸveriĸ mekanē dēĸēnda eĵlence ve ºzel etkinlikli mekan haline dºn¿ĸt¿r¿lebilir. Bu 

durumda, maĵaza satēĸlarēnda ve m¿ĸteri baĵlēlēĵēnda bir artēĸ gºr¿lmesi olasē bir durumdur. [1] 
 

DŜƭƛǒŜƴ ǘŜƪƴƻƭƻƧƛ ƛƭŜ ƳŜƪŃƴƭŀǊŘŀ ŀȅŘƤƴƭŀǘƳŀ ȅǀƴǘŜƳƭŜǊƛΣ ƛƭƎƛ œŜƪƛŎƛΣ ƳŜǊŀƪ ǳȅŀƴŘƤǊƤŎƤ ǾōΦ ōƛǊœƻƪ Ŝǘƪƛ 
ƻƭǳǒǘǳǊŀǊŀƪ ǘŀǎŀǊƤƳŀ ƪŀǘƪƤŘŀ ōǳƭǳƴƳŀƪǘŀŘƤǊΦ aŀƐŀȊŀƭŀǊƤƴ Ŝƴ Řƛƪƪŀǘ œŜƪŜƴ ōǀƭǸƳǸ ƻƭƳŀǎƤ ƎŜǊŜƪŜƴ 
ǾƛǘǊƛƴƭŜǊŘŜ ŘŜ ŘƻƐǊǳ ǒŜƪƛƭŘŜ ŘǸȊŜƴƭŜƴŜƴ ŀȅŘƤƴƭŀǘƳŀΣ ǾƛǘǊƛƴ ŀƭƎƤǎƤƴƤ ŘƻƐǊǳŘŀƴ ŜǘƪƛƭŜƳŜƪǘŜ ǾŜ 
ƳǸǒǘŜǊƛƴƛƴ ƛƭƎƛǎƛƴƛ œŜƪŜǊŜƪ ƳŀƐŀȊŀȅŀ ƎƛǊƳŜ ƛǎǘŜƐƛƴƛ ǳȅŀƴŘƤǊƳŀƪǘŀŘƤǊΦ .ǳ ƴŜŘŜƴƭŜ ŀȅŘƤƴƭŀǘƳŀ ǘŀǎŀǊƤƳƤ 
ƳŀƐŀȊŀƴƤƴ ǸǊǸƴ ǎŀǘƤǒƭŀǊƤƴŘŀ Ŝǘƪƛƭƛ ōƛǊ ŦŀƪǘǀǊ ƻƭŀǊŀƪ ƎǀǊǸƭƳŜƭƛ ǾŜ ǘŀǎŀǊƤƳ ǎǸǊŜŎƛƴŘŜ ŀȅŘƤƴƭŀǘƳŀȅŀ 
ȅŜǘŜǊƭƛ ǀƴŜƳ ǾŜǊƛƭƳelidir. [1]  

 

Tablo 1. Vitrinlerde ve dēĸ cephelerde aydēnlatma ile elde edilmiĸ gºrsel ­ekicilik ºrnekleri 

 

  

Aydēnlatma ile elde edilmiĸ gºrsel ­ekicilik ºrnekleri 
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.ǊŀŘŦƻǊŘΣ ōƛǊ ƛœ ƳŜƪŃƴƤƴ ŀȅŘƤƴƭŀǘƳŀ ƎŜǊŜƪǎƛƴƛƳƛƴƛ ōŜƭƛǊƭŜǊƪŜƴΣ ƻƭǳǒǘǳǊǳƭƳŀƪ ƛǎǘŜƴŜƴ ǊǳƘ ƘŀƭƛƴŜ 
ǀƴŎŜŘŜƴ ƪŀǊŀǊ ǾŜǊƛƭƳŜǎƛ ƎŜǊŜƪǘƛƐƛƴƛ ǾǳǊƎǳƭŀƳŀƪǘŀŘƤǊΦ .ǳƴǳƴ ƛœƛƴ ƛǎŜ ǘŀǎŀǊƤƳŎƤƴƤƴΣ ƤǒƤƐƤƴ ƛƴǎŀƴ 
ǸȊŜǊƛƴŘŜƪƛ ŀǒŀƐƤŘŀ ǎƤǊŀƭŀƴŀƴ ǇǎƛƪƻƭƻƧƛƪ ŜǘƪƛƭŜǊƛƴƛ ōƛƭƳŜǎƛ ƎŜǊŜƪƳŜktedir. [5] 
ω tŀǊƭŀƪ ƤǒƤƪΣ ŜƴŜǊƧƛ ǾŜǊƛǊΦ !ƐƤǊ ƛǒ ǾŜȅŀ ŜƴŜǊƧƛƪ ŀƪǘƛǾƛǘŜƭŜǊŜ ǘŜǒǾƛƪ ŜǘƳŜ ŜƐƛƭƛƳƛ ǾŀǊŘƤǊΦ 4ƻƪ ǇŀǊƭŀƪ ƤǒƤƪ 
ŘǳȅƎǳǎŀƭ ǸȊǸƴǘǸȅŜ ƴŜŘŜƴ ƻƭŀōƛƭƛǊΦ IŀŦƛŦ ƤǒƤƪΣ ƎŜǾǒŜƪƭƛƪΣ ŘƛƴƭŜƴƳŜ Ƙƛǎǎƛ ǾŜǊƛǊΦ DŜǊŜƐƛƴŘŜƴ ŦŀȊƭŀ ƘŀŦƛŦ ƛǎŜ 
uyku verir.  
ω ¢ƛǘǊŜƪ ƤǒƤƪΣ ǎǸǊŜƪƭƛ Řƛƪƪŀǘƛ œŜƪŜǊ ǾŜ ƛƴǎŀƴƭŀǊƤ ŦƛȊƛƪǎŜƭ ƻƭŀǊŀƪ ƻƴŀ ŘƻƐǊǳ ȅǀƴƭŜƴŘƛǊƛǊΦ  
ω !ȅŘƤƴƭƤƪ ǾŜ ƪŀǊŀƴƭƤƐƤƴ ƪǳǾǾŜǘƭƛ ƪƻƴǘǊŀǎǘƤ Ŝǘƪƛƭƛ ƎǀǊǸƴǸǊ Ŧŀƪŀǘ œƻƪ ŦŀȊƭŀǎƤ ȅƻǊƎǳƴƭǳƪ ǾŜǊŜōƛƭƛǊΦ .ǳ 
ƪƻƴǘǊŀǎǘ ƴƻǊƳŀƭ ŘǸȊŜȅŘŜ ƻƭŘǳƐǳƴŘŀ ƛǎŜ ƻǊǘŀƳŘŀ ƘŀǊŜƪŜǘ ǾŜ ŘƛƴŀƳƛȊƳ ŘǳȅƎǳǎǳ ȅŀǊŀǘƤǊΦ Ortamdaki 
ŘǸǒǸƪ ōƛǊ ƪƻƴǘǊŀǎǘ ƛǎŜ Ƴƻƴƻǘƻƴƭǳƪ ȅŀǊŀǘŀǊŀƪ ǳȅƪǳ Ƙŀƭƛ ƻǊǘŀȅŀ œƤƪŀǊƤǊΦ  
ω {ƤŎŀƪ ǊŜƴƪƭƛ ƤǒƤƪ ƴŜǒŜ ǾŜǊƛǊΦ {ƤŎŀƪ ǊŜƴƪƭƛ ƤǒƤƪǘŀ ƛƴǎŀƴƭŀǊ ǇǎƛƪƻƭƻƧƛƪ ƻƭŀǊŀƪ ȊŀƳŀƴƤƴ œŀōǳƪ ƎŜœǘƛƐƛ ƘƛǎǎƛƴŜ 
ƪŀǇƤƭƤǊ ǾŜ ōƛǊōƛǊƭŜǊƛ ƛƭŜ ƛƭŜǘƛǒƛƳ ƪǳǊƳŀƭŀǊƤƴƤ ǘŜǒǾƛƪ ŜŘŜǊΦ  
ω {ƻƐǳƪ ǊŜƴƪƭƛ ƤǒƤƪǘŀ ƛǎŜ ǘŜǊǎƛ ōƛǊ ŘǳǊǳƳ ǎǀȊ ƪƻƴǳǎǳ ƻƭǳǊΦ !ȅǊƤŎŀ ǎƻƐǳƪ ǊŜƴƪƭƛ ƤǒƤƪ ŘƛƴƭŜƴŘƛǊƛŎƛŘƛǊΦ {ƤŎŀƪ 
ǊŜƴƪƭŜǊƛƴ ŀƐƤǊƭƤƪƭƤ ƪǳƭƭŀƴƤƭŘƤƐƤ ƳŜƪŃƴƭŀǊŘŀ ǎƤŎŀƪ ǊŜƴƪƭƛ ƤǒƤƪƭŀǊΣ ǎƻƐǳƪ ǊŜƴƪƭŜǊƛƴ ŀƐƤǊƭƤƪƭƤ ƪǳƭƭŀƴƤƭŘƤƐƤ 
ƳŜƪŃƴƭŀǊŘŀ ǎƻƐǳƪ ǊŜƴƪƭƛ ƤǒƤƪƭŀǊΣ ƻǊǘŀƳƤƴ ƪŀǊŀƪǘŜǊƛƴŜ ƎǸœ ƪŀǘŀǊΦ [5] 
aŀƐŀȊŀ ǾƛǘǊƛƴƭŜǊƛ ƪŜƴǘ ƛœƛƴŘŜ ǾŜȅŀ ŀƭƤǒǾŜǊƛǒ ƳŜƪŀƴƭŀǊƤƴŘŀ ƻƭƳŀ ŘǳǊǳƳƭŀǊƤƴŀ ƎǀǊŜ 

ǒŜƪƛƭƭŜƴŜōƛƭƳŜƪǘŜŘƛǊΦ YŀǇŀƭƤ ōƛǊ ŀƭƤǒǾŜǊƛǒ ƳŜǊƪŜȊƛ ƛœŜǊƛǎƛƴŘŜƪƛ ƳŀƐŀȊŀ ǎƤƴƤǊƭƤ ŀƭŀƴ ƪǳƭƭŀƴƤƳƤ ǎŜōŜōƛȅƭŜ 
ōŜƭƭƛ ǎǘŀƴŘŀǊǘƭŀǊƤƴ ŘƤǒƤƴŀ œƤƪŀƳŀȊΦ .ǳ ǎŜōŜǇƭŜ ǘŀǎŀǊƤƳ ǾŜ ƛƭƎƛ œŜƪƳŜŘŜ Ŝƴ ǀƴŜƳƭƛ ǀƐŜ ƤǒƤƪ ƻƭŀǊŀƪ 
ƪŜƴŘƛƴƛ ƎǀǎǘŜǊƳŜƪǘŜŘƛǊΦ [1] 
 
±ƛǘǊƛƴƭŜǊŘŜ ǎŀŘŜŎŜ ǸǊǸƴǸƴ ǀƴ Ǉƭŀƴŀ œƤƪŀǊƤƭƳŀǎƤ ŀƭƤŎƤƴƤƴ Řƛƪƪŀǘƛƴƛ œŜƪƳŜƪǘŜ ȅŜǘŜǊƭƛ ƻƭŀƳŀȅŀŎŀƐƤ ƛœƛƴ 

ƛǎǘŜƴƳŜȊΦ .ǳ ŘǳǊǳƳŘŀ ŎŜǇƘŜŘŜ ŀœƤƪƭƤƪ ǾŜ Řƻƭǳƭǳƪ ƻƭǳǒǘǳǊƳŀƪ ǀƴŜƳƭƛŘƛǊΦ .ǳǊŀŘŀƴ œƤƪƤǒƭŀ ǘŀǎŀǊƤƳŎƤƴƤƴ 
ǾƛǘǊƛƴƛ Ǹœ ǒŜƪƛƭŘŜ ǘŀǎŀǊƭŀȅŀōƛƭŜŎŜƐƛ ǎƻƴǳŎǳƴŀ ǳƭŀǒƤǊƤȊΦ (Tablo 2)  
мΦ «ǊǸƴ {ŜǊƎƛƭŜƳŜǎƛȊ ±ƛǘǊƛƴΥ .ǳ ǾƛǘǊƛƴ ŘǸȊŜƴƭŜƳŜƭŜǊƛƴŜ ǘŀƴƤǘƤƳŀ ƛƘǘƛȅŀœ ŘǳȅƳŀȅŀƴΣ ƪŜƴŘƛƴƛ 

ƪŀƴƤǘƭŀƳƤǒ ǾŜ ŘŀƛƳƛ ƳǸǒǘŜǊƛƭŜǊƛƴŜ ƘƛȊƳŜǘ ǾŜǊŜƴ ƳŀƐŀȊŀƭŀǊŘŀ ǊŀǎǘƭŀƴƤǊΦ !ƴŎŀƪ ƳǸǒǘŜǊƛƭŜǊƛƴ œƻƐǳƴƭǳƐǳ 
ǾƛǘǊƛƴŘŜƴ ŜǘƪƛƭŜƴŜǊŜƪ ƳŀƐŀȊŀȅŀ ȅǀƴŜƭŘƛƐƛ ƛœƛƴ œƻƪ ǘŜǊŎƛƘ ŜŘƛƭƳŜȅŜƴ ōƛǊ ǾƛǘǊƛƴ ǘǸǊǸŘǸǊΦ  
нΦ !œƤƪ ±ƛǘǊƛƴΥ .ǳ ǾƛǘǊƛƴ ǘƛǇƛƴŘŜ ƳǸǒǘŜǊƛƭŜǊƛƴ ŘƤǒŀǊƤŘŀƴ ōŀƪǘƤƪƭŀǊƤƴŘŀ ƛœ ƳŜƪŀƴ ŘǸȊŜƴƛ ǾŜ ƘŀǊŜƪŜǘini 

ŀƭƎƤƭŀƳŀǎƤ ŀƳŀœƭŀƴƳŀƪǘŀŘƤǊΦ ±ƛǘǊƛƴƛƴ ŀǊƪŀǎƤƴŘŀ ƘŜǊƘŀƴƎƛ ōƛǊ ŘǳǾŀǊ ȅŀŘŀ ōǀƭǸŎǸ ƻƭƳŀŘƤƐƤ ƛœƛƴ ƳŜƪŀƴ 
ōǸǘǸƴǸȅƭŜ ŀƭƎƤƭŀƴƳŀƪǘŀΣ ƎǀȊ ǾƛǘǊƛƴ ŘƤǒƤƴŘŀn ƳŜƪŀƴ ƛœƛƴŜ ŘŜ ƻŘŀƪƭŀƴƳŀƪǘŀ ǾŜ ōǳ ǒŜƪƛƭŘŜ ƳŀƐŀȊŀ 
ƛœƛƴŘŜƪƛ ǸǊǸƴ œŜǒƛǘƭƛƭƛƐƛ ŘƤǒŀǊƤ ȅŀƴǎƤƳŀƪǘŀŘƤǊΦ   
оΦ YŀǇŀƭƤ ±ƛǘǊƛƴΥ aŀƐŀȊŀ ƛœ ƳŜƪŀƴƤƴŘŀ ƪƛ ƎǀǊǸƴǸǒ ǾŜ ƘŀǊŜƪŜǘƭƛƭƛƐƛƴ Řƛƪƪŀǘƛ ŘŀƐƤǘƳŀƳŀǎƤ ƛœƛƴ ŀǊƪŀǎƤ 

ƪŀǇŀƭƤΣ ŎŀƳΣ ŘǳǾŀǊ ȅŀŘŀ ǘŀǒƤƴŀōƛƭƛǊ ōƛǊ ōǀƭǸŎǸ ƛƭŜ œŜǾǊƛƭƛ ƻƭŀǊŀƪ ŘǸȊŜƴƭŜƴŜƴ ǾƛǘǊƛƴ ǘƛǇƛŘƛǊΦ .ǳ ǒŜƪƛƭŘŜ 
Řƛƪƪŀǘ ǎŀŘŜŎŜ ǾƛǘǊƛƴ ǾŜ ǸǊǸƴŘŜ ȅƻƐǳƴƭŀǒƤǊΦ !ƴŎŀƪ ōǳ ǘƛǇ ǾƛǘǊƛƴΣ ōŜƭƛǊƭƛ ōƛǊ ƪƻƴǎŜǇǘ œŜǊœŜǾŜǎƛƴŘŜ ōŀǒŀǊƤƭƤ 
ōƛǊ ǘŀǎŀǊƤƳ ǾŜȅŀ ǘŀƴƤƴƳƤǒ ōƛǊ ƳŀǊƪŀ ƻƭƳŀŘƤƐƤ ƳǸŘŘŜǘœŜ ƳǸǒǘŜǊƛȅƛ ƛœŜǊƛ œŜƪŜƳŜȅŜōƛƭƛǊΦ YŀǇŀƭƤ 
ǾƛǘǊƛƴƭŜǊŘŜ ǀƴŜƳƭƛ ƻƭŀƴ ŘƛƐŜǊ ōƛǊ ƴƻƪǘŀŘŀ ǾƛǘǊƛƴ ŘŜǊƛƴƭƛƐƛƴƛƴ ǾŜ ȅǸƪǎŜƪƭƛƐƛƴƛƴ ǸǊǸƴƭŜǊƛƴ ōƻȅǳǘƭŀǊƤƴŀ ƎǀǊŜ 
ŘƻƐǊǳ ŀȅŀǊƭŀƴƳŀǎƤŘƤǊΦ [1] 

   

Tablo 2.  Vitrin t¿rleri 

 

   
 1. ¦r¿n Sergilemesiz vitrin 2. A­ēk Vitrin  3. Kapalē Vitrin 

 

Maalesef kullanēlmakta olan bir­ok aydēnlatma elemanē gerek a­ēĵa ­ēkardēĵē y¿ksek ēsē ile ya da yaydēĵē 

ultraviyole veya kēzēlºtesi ēĸēn ile vitrinlerde sergilenen ¿r¿nlere ve vitrin donatē elemanlarēna zarar 

verebilmektedir. Ayrēca bir­ok aydēnlatma elemanē ­evresini ve ¿r¿nleri gºrsel olarak farklēlaĸtērma etkisine 

sahiptir,  Bu ºnemli hususlar unutulmamalē ve gºzardē edilmemelidir ve bu olumsuzluklarēn farkēnda olarak 

bilin­li tercihler yapēlmalēdēr.  



140 

 

2. Araĸtērma Yºntemi 

Bu ­alēĸmada Afyonkarahisar ĸehir merkezinde yer alan iki farklē ­arĸē merkezindeki maĵaza yoĵunluĵunun 

bulunduĵu sokak/caddelerde akĸam saatlerinde alēĸveriĸe veya gezmeye ­ēkmēĸ insanlara anket uygulanmēĸtēr. 

Denek sayēsē 25 olarak belirlenmiĸtir. Anket i­in iki soru yºneltilmiĸ ve ilk soru olarak ósokaĵa/caddeye 

bakēldēĵēnda uzaktan hangi vitrin veya vitrinlerin dikkat ­ektiĵiô ve ikinci soru olarak ódikkatinizi ­ekmiĸ vitrinin 

ºn¿nden ge­erken (durmasanēz bile) o vitrine bakmanēza/incelemenize katkē oranē nedirô sorusu yºneltilmiĸtir.  

 

3. Araĸtērma Bulgularē  

 

Ķncelemeye maĵaza yoĵunluĵunun bulunduĵu 10 cadde/sokak ve her cadde/sokaktan en ­ok dikkat ­eken 5 

maĵaza vitrini dahil edilmiĸtir (Tablo 3). Ankete katēlan 256 deneĵin cinsiyet daĵēlēmē incelendiĵinde              % 

43ô¿n¿n kadēn, % 57ôsinin erkek olduĵu gºr¿lmektedir. Yaĸlarē incelendiĵinde % 24ôn¿n 20 yaĸēndan k¿­¿k, % 

28ônin 20-29 yaĸ arasē, % 19ônun 30-39 yaĸ arasē, % 10ônun 40-49 yaĸ arasē, % 13ôn¿n 50-59 yaĸ arasē, % 6ônēn 

60 yaĸēndan b¿y¿k olduĵu belirlenmiĸtir. Her bir cadde/sokaktaki vitrinlerin dikkat ­ekme oranlarē maĵaza ismi 

yanēnda verilmiĸtir ve en y¿ksek oranlē maĵaza ismi koyu olarak gºsterilmiĸtir.  
 

Tablo 3. Ķncelemeye Dahil maĵaza vitrinleri ve denekler ¿zerinde dikkat ­ekme oranlarē 

  

Cadde/Sokak 
Ķncelemeye dahil maĵaza vitrinleri 

1.vitrin  % 2.vitrin  % 3.vitrin  % 4.vitrin  % 5.vitrin  % 

Dumlupēnar 2. Cad Mavi Jeans 12 Nike-Lotto 24 G¿lyurt1 20 Degaje 40 Chakra 4 

Kadēnana Cad Avea 16 Adidas 4 Samsung 8 TEB*  56* LG 16 

Birlik Cad Leke Jeans 8 G¿lyurt2*  76* Vena 8 Tuĵba k.yemiĸ 0 Evkur 8 

Kurtuluĸ Cad Tuĵba 32 S¿vari 16 Alvina 8 Y¿ksel 28 Nefertity 16 

Ķzmir Yolu Rengarenk 48 Kelebek 12 Aldora 8 De Facto 20 Burger King 16 

Afium Linens Sok. U.S.Polo 
11 

Greyder 
4 English 

Home 

39 
Gs Store 

42 
Linens 

4 

Afium Karaca Sok. Karaca 12 Yards 12 Koton 12 Penti 32 Ķkiler 36 

Afium Flo Sokaĵē Flo 40 Kaĵan 28 Koton 24 Ekol 0 G¿ral pors. 8 

Afium Havuzlu Sok. Togo 8 Madame Coco 12 Samsung*  64* DôS Damat 8 Derimod 12 

Afium K¿tahya Yolu MarkaStok  52 Fa­onnable 8 Polo 20 Mango 12 LCW 16 

      *en y¿ksek oran 

 

Ankete katēlan deneklerin vitrinden etkilenme durumlarē cadde/sokak bazēnda belirlenip ortalamalarē 

alēnmēĸtēr. Dikkatini ­eken vitrinin onu incelemede etkisi olarak ­ok etkili diyenlerin oranē % 33, etkili 

diyenlerin oranē % 37, fikrim yok diyenlerin oranē % 14, etkili diyenlerin oranē % 16 olduĵu gºr¿lmektedir 

(Tablo 4).  

 

Tablo 4. Dikkat ­eken vitrinin onu incelemede etkisi 

 

Cadde/Sokak 
Denek 

Sayēsē 

Dikkat ­eken vitrinin onu incelemede etkisi 

Etkili deĵil Fikrim yok  Etkili  ¢ok Etkili 

n % n % n % n % 

Dumlupēnar 2. Cad 25 3 12 5 20 7 28 10 40 

Kadēnana Cad 26 4 15 4 15 11 43 7 27 

Birlik Cad  25 2 8 2 8 10 40 11 44 

Kurtuluĸ Cad 25 5 20 3 12 8 32 9 36 

Ķzmir Yolu  26 3 12 4 15 14 54* 5 19 

Afium Linens Sokaĵē 27 6 22 6 22 7 26 8 30 

Afium Karaca Sokaĵē 26 4 16 5 16 9 36 8 32 

Afium Flo Sokaĵē 25 6 24 1 4 8 32 10 40 

Afium Havuzlu Sokak 26 3 12 5 19 7 27 11 42 

Afium K¿tahya Yolu 25 4 16 3 12 12 48* 6 24 

 Ort.  15,7 Ort.  14,3 Ort.  36,6 Ort.  33,4 

n: kiĸi sayēsē 

 

Tablo 5. Araĸtērma bulgularēna ait vitrin fotoĵraflarē 
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Aydēnlatmasē ile Afyonda en dikkat ­ekici vitrin  

(Birlik cad) 
2. Sērada yer almēĸ vitrin (Afium Havuzlu Sok) 

  

3. Sērada yer almēĸ vitrin (Kadēnana Cad) 4. Sērada yer almēĸ vitrin (Afium K¿tahya Yolu) 

4. Sonu­lar ve ¥neriler 

Ķncelemeye dahil edilen 10 adet cadde/sokak ve her cadde/sokakta en ­ok dikkat ­eken 5 adet maĵaza vitrini 

maĵaza araĸtērmasēnda ankete katēlan 256 deneĵin cinsiyet daĵēlēmē incelendiĵinde % 43ô¿n¿n kadēn,              % 

57ôsinin erkek olduĵu gºr¿lmektedir. Yaĸlarē incelendiĵinde % 24ôn¿n 20 yaĸēndan k¿­¿k, % 28ônin 20-29 yaĸ 

arasē, % 19ônun 30-39 yaĸ arasē, % 10ônun 40-49 yaĸ arasē, % 13ôn¿n 50-59 yaĸ arasē, % 6ônēn 60 yaĸēndan 

b¿y¿k olduĵu belirlenmiĸtir.  

 

Ķncelenen 1. cadde Dumlupēnar 2. caddede Degaje maĵazasēnēn vitrini %40, 2. cadde Kadēnana Caddesinde 

TEB vitrini %56, 3. cadde Birlik Caddede  G¿lyurt2ônin vitrini %76, 4. cadde Kurtuluĸ Caddede Tuĵbaônēn 

vitrini %32, 5. cadde Ķzmir Yolunda Rengarenkôin vitrini %48, 6. sokak Afium Linens Sokakta Gs Storeôun 

vitrini %42, 7. Sokak Afium Karaca Sokakta Ķkiler vitrini %36, 8. sokak Afium Flo Sokaĵēnda Flo vitrini %40, 

9. sokak Afium Havuzlu Sokakta Samsung vitrini %64, 10. sokak Afium K¿tahya Yolunda MarkaStok vitrini 

%52 ile en ­ok dikkat vitrinler olmuĸtur. Bunlarēn i­erisinde en ­ok oy oranēnē 1.sērada G¿lyurt2 pastanesi, 

2.sērada Samsung vitrini, 3.sērada TEB vitrini yer almēĸtēr. Aydēnlatmasē ile dikkat ­ekici vitrinlerden G¿lyurt2 

pastanesi daha ­ok aydēnlatmalē grafik elemanē ile, 2.sēradaki Samsung vitrini y¿ksek ve parlak beyaz ēĸēk ĸiddeti 

ile, 3.sēradaki TEB ise parlak yeĸil neon ēĸēĵē ile dikkat ­ekmektedir. 

 

Ankete katēlan deneklerin etkilendikleri vitrinleri inceleme oran durumlarē cadde/sokak bazēnda belirlenip 

ortalamalarē alēnmēĸtēr. Dikkatini ­eken vitrinin onu incelemede etkisi olarak ­ok etkili diyenlerin oranē % 33, 

etkili diyenlerin oranē % 37, fikrim yok diyenlerin oranē % 14, etkili diyenlerin oranē % 16 olduĵu 

gºr¿lmektedir. Burada en y¿ksek dikkat ­ekme oranē elde etmiĸ vitrinlerin bulunduĵu cadde/sokaklarda 

etkilendikleri vitrini inceleme oranlarēnēn daha y¿ksek olduĵu ortaya ­ēkmēĸtēr. Sonu­ olarak insanlarēn 

aydēnlatmasēndan etkilendikleri vitrini istemli veya istemsiz olarak inceledikleri sonucu ortaya ­ēkmēĸtēr.  
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Sonu­ olarak deneklerin ­oĵunluĵu parlak renkli lamba ile aydēnlatēlmēĸ vitrinleri daha dikkat ­ekici 

bulurken, yine ºnemli bir ­oĵunluk farklē gºrsel etkiye sahip elemanlar ile aydēnlatēlmēĸ vitrinlerin ­ekici 

olduĵunu ifade etmiĸlerdir. Anketin ikinci sorusuna cevaben de b¿y¿k ­oĵunluk aydēnlatmasēndan etkilendikleri 

vitrinin ºn¿nden ge­erken vitrini durarak ya da durmasa da baktēklarēnē ifade etmiĸlerdir. Sonu­ olarak parlak 

renkli ēĸēklē aydēnlatma elemanlarē ile ve farklē gºrsel etkiye sahip yeni piyasaya sunulmuĸ aydēnlatma elemanlarē 

ile aydēnlatēlmēĸ vitrinlerin insanlara daha dikkat ­ekici gelmekte olduĵu ve vitrini incelemelerinde etkili olduĵu 

tespit edilmiĸtir. 

 

Ayrēca bir­ok aydēnlatma elemanē saĵladēklarē gºrsel ­ekiciliĵin yanēnda a­ēĵa ­ēkardēĵē y¿ksek ēsē ile ya da 

yaydēĵē ultraviyole veya kēzēlºtesi ēĸēn ile vitrinlerde sergilenen ¿r¿nlere ve vitrin donatē elemanlarēna zarar 

verebilmektedir. Ve Ayrēca bir­ok aydēnlatma elemanē ­evresini ve ¿r¿nleri gºrsel olarak farklēlaĸtērma etkisine 

sahiptir,  Bu ºnemli hususlar unutulmamalē ve gºzardē edilmemelidir ve bu olumsuzluklarēn farkēnda olarak 

bilin­li tercihler yapēlmalēdēr.  
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Abstract 

ñAfter billions of years of evolution, nature has learned what works, what is appropriate and what would lastò9[1]. Natureôs 

evolution has implemented many effective and efficient biological mechanisms. Mimicking these mechanisms can provide 

high efficient and effective potentials for developing our life and the spaces we use. Learning from nature has been continued 

since the existence of human being. Mankind had used every possibility to imitate nature for better solutions; in the recent 

years with the rapid development of technology, the effort spent on this imitation had enrolled a serious progress.  These 

developments are moving designers beyond mimicking nature simply. Using this process of copying- mimicking, known as 

biomimicry, as a design strategy is also increasing the sustainability of the built environment [2]. In this process, designer 

should take advices and support form two disciplines, one s biology and other is biomimicry.  It is very important to bridge 

between biology and architecture in order to be able to use natureôs genius at a maximum level. Deriving this interaction 

means that natureôs inventions can be transformed to design capability. Using biomimicry in architecture not only as a source 

of form but also as a design strategy will comprise more sustainable designs. This paper studies the nature inspired 

architectural designs which lead to green energy and eco-designs using biomimicry as sustainable design strategy.  
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1.Introduction  

ñThe conscious emulation of lifeôs genius is a survival strategy for the human race, a path to a sustainable 

future.  The more our world functions like the natural world the more likely we are to endure on this home that is 

ours, but not ours aloneò [3]. The nature itself survives in a random cycle that includes human being as well 

where humanôs world should function just like nature itself. This is the main reason why designers of built 

environment should get inspiration from nature, because nature knows how to build sustainably. This inspiration 

follows a way to reach to the source of inspiration, which is called biomimicry. Biomimicry is the new field of 

science that has different names such as biomimetic-bionic (biology and technique). Jack Steele who is as a 

doctor and scientist had used the name biomimetic in 1960s for the first time [4]. Biomimetic means transferring 

ideas and analogs from biology to technology. It transfers analogues and ideas from biology to architecture, 

technology and other disciplines; it is both new and old science [5]. On the other hand, biomimicry mimics 

natureôs models and imitates them to solve human problems like energy saving by termites, solar cell by a leaf, 

hygienic wall and floor covering by a shark. This explains nature as a model. Biomimicry shows us how to judge 

our innovations by using an ecological standard. Biomimicry uses nature as measure to get information about 

what works, what is correct and what lasts and uses it to learn as mentor [1]. As it is defined in Biomimicry 

Resource Handbook, biomimicry is ñthe conscious emulation of natureôs geniusò. It is an interdisciplinary 

approach that brings together of two often disconnected worlds: nature and technology, biology and innovation, 

life and design.  

Following by the definition of biomimicry, it is important to state that using biomimicry as a design strategy 

in architecture increases the sustainability of built environment. If architects are going to use ideas from nature, 
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biological system must be understood before using it as inspiration source [6]; it is very important to bridge 

between biology and architecture in order to be able to use natureôs genius at highest level; deriving this 

interaction means that natureôs inventions can be transformed to design capability. Using biomimicry in 

architecture not only as a source of form but also as a design strategy will comprise more sustainable designs; for 

example, shapes of nature may offer solutions to architects and engineers for better structures, on the other hand, 

many different organisms may offer solutions for energy efficiency, anti-reflective surfaces, self-cleaning paints 

or water collecting facades.  

2.Biomimicry and its influence on design 

Since sustainability is accepted as the most important fact in design, then the importance of nature and its 

influence on design should be discussed because nature knows how to sustain. Nature cycles everything in an 

order; for example fallen leaves are good nourishment for ants, Caesarea Tree produces fruits that helps maintain 

diversity and prevent extinction for several kinds of animals where it is located. However, accomplishing such 

cycle has not been easy for human since the existence of the humanity. Here biomimicry becomes the connector 

of nature and design, helps architects to use this giant laboratory where any kind of experiments are occurring 

through the evolution. These experiments that include all the fields of science and engineering are still being 

implemented and outcomes are very successful, continually evolving to indicate challenges [7].  

Nature is ready to share her endless secrets with mankind about how to achieve sustainability in architecture. 

She uses energy more effective and efficient than human being; the materials that she produces are far more 

innocent and harmless then ones we had and still continue to have in the industry, moreover they cause 

environmental pollution while producing and consuming them.  The attraction of biomimicry in architecture 

increases the incorporate connection of function and form. But, biomimicry is not copying shapes from nature; it 

involves ideas, solutions or inspirations from nature in to architectural challenges. However, an architect needs a 

biologist to seek for biological information, because biology has had to solve many different problems or 

challenges since the nature itself appears on earth [8]. Therefore, nature will lead human to expand his 

capabilities and chances on solving and improving his ability to design sustainable buildings, recyclable 

materials and built better and green environments if he continues to learn from nature.  

Using biomimicry as a design strategy 

Although there are various designs inspired from nature, expanded and practical implementation of 

biomimicry as an architectural design strategy is still being studied and evaluated and such studies are more 

about building materials rather than buildings and their systems. Biomimicry as a tool for design strategy in 

architecture falls in to two categories, one is looking to biology which is targeted on describing needs for human 

and the other is biology influencing design which seeks nature to find the function in an organism [9]. Designers 

of the built environment should get inspiration from nature not only for innovations in materials and construction 

techniques but also in space design and functionality of buildings for sustainable future environments.  

Design looking to Biology: The main idea is that architects must identify design problems and human needs, 

with a collaborative work, biologists and architects must find proper organism for identified problems (Fig. 1) 

[9]. 
 

 

Fig. 1.  Sharkôs skin inspires scientists to design a (b) hygienic floor-wall covering material 

Biology influencing Design: The main idea is identifying the behavior, function and other characteristics of 

an organism or ecosystem to transform it in to humanôs needs (Fig. 2). In this point, the collaboration between 

architects and biologists comes first [9].  
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Fig. 2. Lotus leaf inspires designers to create self-cleaning paint 

As it can be understood from the definitions of these two categories, biology is essential in gathering 

information about the natural world.  Understanding the application of biomimicry in to architecture has a 

framework that presents three levels of biomimicry; natural form, natural process, and natural ecosystem [1]. 

First two levels are phases of an organism or ecosystem that could be copied or mimicked while one could look 

for significant aspects to copy in ecosystem. Architects and engineers must believe in that there is a strong link 

between form, process and ecosystem, which embody a perfect relationship between human, place and nature. 

Bio-inspired design may help us to reduce the impact we have on the environment: following and applying levels 

of biomimicry lessen the negative impact on environment [1].  

Integrating design lenses of biomimicry into architecture 

Design Lenses of biomimicry are essential for solutions of sustainable architectural design, such as to help 

architects to think of structural efficiency, water, waste system that produces zero waste, thermal indoor 

environment, energy saving and low energy consumption, etc. These lenses must be analyzed, learnt and used. 

Since sustainability is the main aspect that overcomes human caused environmental challenges, then integrating 

these lenses of biomimicry in to architectural design must be followed.  One of the most important lenses is the 

Lifeôs Principles which are lessons learnt from nature. Life on earth is interconnected and dependent to every 

single organism on earth, and is using the same conditions; life has elaborated some rules and principles that 

have sustained over 3.8 million years and are still sustain. Lifeôs Principles of biomimicry represent these 

conditions found in nature in between the spices surviving, which have been using these principles to evolve, 

survive and sustain on earth [10].  

If we try to understand these conditions conducive to life as Benyus says in her book [11], then we can step 

forward to design sustainable environments. By understanding and learning these conditions, we can create 

better world that could sustain more efficiently and we can evaluate our designs upon these principles. After 

following up all steps listed below (Fig.3), we could let our-selves to be mentored by natureôs genius; absence of 

one of the following principles makes the design deficient. [10] 
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Fig. 3.  Biomimicry Design Lens: Lifeôs Principles  

¶ Evolve to Survive: Continually incorporate and embody information to ensure enduring 

performance. 

¶ Be Resource (Material and Energy) Efficient: Skillfully and conservatively take advantages of 

resource and opportunities.  

¶ Adapt to Changing Conditions: Appropriately respond to dynamic contexts. 

¶ Integrate Development with Growth: invest optimally in strategies that promote both development 

and growth. 

¶ Be Locally Attuned and Responsive: Fit into and integrate with the surrounding environment.  

¶ Use Life Friendly Chemistry: Use chemistry that supports life processes.ò 

As long as these principles are followed in architecture, most of designs such as energy efficient, self-cleaning 

and water collecting facades, energy saving lighting systems, robust structures, indoor environments, etc. will 

become smart and life friendly. Since design lenses of biomimicry are described, there are other lenses called 

Biomimicry Thinking and are described as listed below [10-12]: 

 

Challenge to Biology: This is concrete route through Biomimicry Thinking process. It is useful for scenarios 

when architects have a concrete problem in hand to seek for a biological solution for the current problem (Fig. 4 

(a)) 

 

Fig. 4.  (a) Biomimicry Design Lens: Challenge to Biology;  (b) Biomimicry Design Lens: Biology to Design 

Biology to Design: This is concrete route through Biomimicry Thinking process. This route is useful when a 

designer has the process innovating with an inspiration that comes from biological insight; insight that designer 

wants to show as a design. Here Lifeôs Principles must be included (Fig.4 (b)) [10-12].   

 

These two lenses include same steps derived from Lifeôs Principles; however in each lens these steps follow 

different pathways as shown in Fig. 4 (a) and (b). When using Challenge to Biology, a designer should start from 

defining the context while in Biology to Design starts from discovering the natural models. Architects, depending 

on the challenge they have to struggle with, can start from defining the context first then try to discover the 

natural model; because since architects are not biologist and know the challenge better than others, they have to 

collaborate with biologist to discover and use natureôs genius much more efficiently rather than not using basic 

but inefficient longstanding solutions. 

On the other hand, it is very essential to remember that these lenses and principles should not be used only in 

architecture but also should be thought to architectural students during their architectural educations. Instead of 

thinking biomimicry as a hypothetical framework for architecture discipline, biomimicry should be integrated in 
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to architectural disciplines in order to be able to cultivate more responsible and environment friendly architects. 

Not only integrating biomimicry in to architecture but also in to architectural education should be the 

fundamental for sustainable future environments. The application of biomimicry and its principles into designing 

process will move architects in to a new era of sustainable implementations and approaches [13].  

3.Nature Inspired Architectural Designs: 

Architecture is both art and science of creating structure that considers aesthetics, ergonomics. It includes 

designs in any scale on any level that includes urban to regional planning to small building projects. It defines 

spaces that allow relations between other disciplines. Moreover, the definition of architecture in an online 

dictionary is ñthe complex or carefully designed structure of somethingò which characterizes the ñnatureò of 

architecture [14].  Aristotle used word ñimitationò with several meanings to express the process of completing 

natureôs purposes or imitating natureôs methods. According to Aristotle art imitates nature and catches hints from 

nature, since architecture is an art then it should imitate natureôs methods [15]. One can understand from these 

discourses that nature has always been imitated since the existence of mankind. However, with the lack of 

technology and late arrival of the industrial revolution, biomimicry or in other words mimicking nature could not 

evolved properly. It only has started to be a field of science since 1963 [4]. There are very good examples of 

biomimetic designs which were developed by using of biomimicry as a design strategy. These examples are 

separated in to two groups, buildings and materials.  

 

Buildings: 

¶ East Gate Building by Mike Pearce, Harare Zimbabwe. Completion date 1996. 

 

 

                    Fig. 5 (a) Compass Termite Mound;  (b) East Gate Centre by Mike Pearce. 

Mounds that are building by termites (Amitermes meridionalis) are the tallest animal structures ever known. 

These mounds have different types and shapes. This classification depends on the regions they are located; for 

instance cathedral-like spires  (Fig.5 (a)) are mostly seen in hot, dry regions and lower domed mounds are seen 

in the cooler forests. Furthermore, these mound shapes differ from each other depending on the elaborate 

systems for thermal control for laying eggs in optimum conditions and gaining perfect indoor temperature for 

fungus. The compass mound has a flat almond shaped plan where large surfaces of mound aligned north south. 

The reason of this location is that large surfaces receive morning sun after cold night and during the middle of 

the day short surfaces are faced to midnight sun. There are ventilation tubes inside these mounds that let indoor 

to be ventilated; these tubes can be controlled by termites during emergency; this means that if indoor 

temperature rises, than termites open these tubes to let the air rise by stack effect  (Fig. 5 (b), Fig. 6. (a) and (b)) 

[16].  
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Fig. 6. (a) A longitudinal section of a mound; (b) Inside of a mound. 

At ground level, the air flows in through tunnels to moderate the steady air at the bottom of mound. This cycle 

is done every necessary moment in the mound; at the bottom of the mound which is the royal chamber for laying 

eggs, temperature must be 31 oC no matter what the temperature is at outside.  Mike Pearce who is the designer 

of East Gate Center has got inspiration from this giant animal structure. This sustainable smart building operates 

exactly the same with termite mound; it procures steady conditions all year long without any artificial 

mechanical heating and cooling system. This allows building to use only %10 of the energy [16]. There are 

shading devices on facades, which allow minimum solar gain (Fig. 7).  

 

 
 

Fig. 7. Shading devices on fa­ade. 

Temperature always changes in Harare, especially during the day and night and this cools the air pulled down 

by fans in to plenum between first and second floors. Following by this flow, air reaches to large gaps located 

between floors where large concrete surfaces are designed to transfer the heat. Warmer air at bottom level is 

funneled in to 48 masonry chimneys. In normal days, there is a wind at the top of the chimney, which has higher 

velocity than the velocity at ground floor and this draws the air upwards in order to ensure that there is always 

enough ventilation. Although the temperature outside varies between 5oC and 33oC, the inner temperature is 

always in between 21-25 oC [16].   

 

¶ The Eden Project Biomes by Nicholas Grimshaw, Cornwall U.K. Completion date 2001. 
 

 

 

 

 

 

 

Fig. 8. The Eden Project layout. 
























































































































































