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The flexible Fourier form and panel stationary test with gradual shifts

Saban NazliogluaCagin Karulb®
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Abstract

We propose a new panel stationary test with esestion dependency and Fourier approximation that models structural
shifts as gradual process. The Monte Carlo simulations staivhttest has good small sample properties. We examine the
nature of shocks to the international commaodity prices and find out the international commodity prices ‘saatomamny
dynamics.

E 2015

Selection and/or peeeview under responsibility othe organizers ofhe 2015 International Conferenc@All In One
Conferenceo

Keywords: gradual breaks; Fourier approximation; stationary; panel data; commaodity 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 whichelaks are assumed to be instantaneous (among others[9}4]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 dnealegd to be known. To deal with
these problems, [1], [d¥] 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 lowfrequency 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 appriepe Fourier term [4].

The panel unit root tests have triggered interest during last two decades because add#sgtmoss
dimension to time dimension leads to increase in power and developments-getieseanalysis can easily be
extended to thegmel framework. This paper proposes a hew panel stationary test with Fourier approximation of
gradual shifts. The testing procedure is also permits the-seasi®n dependence since individual series in a
panel are likely to be correlated with each otfidre 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):

Ve =HIX +F B &
r‘it=rit-il. -Uit
@

* Corresponding author. Tel.: 02582962953; fax: 02582962626.
E-mail addressckarul@pau.edu.tr
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&=k & 3

where i=1seéc¢tNi emodsmensi on, € isdssunedTobé statomaryciraggeisn s i on,
iid (O,Sf), F, is onedimensional unobserved common fadtuat is captured by the cressction averages of
Vi Yo = N_la J-N:1 yjt) proposed by[11], /, is loading weights that/ .0 (/_ - N_la iNzl /) as
N - @ andeg, is the idiosyncratic error. Followin@] we assuméhat i) €, are independently distributed
across i and t, have zero mean, varia&;ze , and finite fourthorder moment, ii)F, is serially uncorrelated
with mean zero, variancsi2 , and finite fairth-order moment, andi) €,, F,, /, and are independently
distributed for all i
We use X, =[1] for the level andX, =[1,t]; for the trendstationary process. We employ a Fourier function
for Z, 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 fitgak¥e hence use a single frequency
and define
ET 2 T 4)

where k is the frequency for the number of cycles which is assumed to be homogenous across ifbidigiduals
and g,, measures the amplitude and displacement of the frequency.

We are interested in testing the null of stationkdy : Su2 =0 for all i against the alternative of non

stationary H, 25‘5 >0 for some i. The individual statistic isased on the KPSS test allowing the Fourier

frequency:

18, 5K

h,(k) :F s=1,2

Sei (5)
where st ( k) = a tjzlﬁ is the partial sum of the OLS residuals (s=1 for level and s=2 for trend stationary
model),s~§ is an estimator of the loAgin variance ofg, .
Theorem 1: Under the assumptioris and null hypothesis, the limiting distribution &S,i(k) asT- npis
1
(k) - § V() dr
0 (6)
See appendix for proof.
whereV, (r) is the projection of the Wiener procégg(r) on the orthogonal complement of the space spanned
by the nonlinear functionf . (K, r)with f.(k, r)=[1,sin(pkr ),cos(2f&r Yr i for the constant case and
f.(k,r)=[Lr ,Sin(ZJkri ),cos(2Br Kt jfor the constant and trend case. Over the inter/d0,1]
Vi(r)=w(r) -fknNgWw(n £k r))>dr.Hence, the distribution of the individual statistics hence

only depends on k, but is invariant to other parameters in th DGP

! Thisassumption does not necessarily imply an identical number of breaks for each individual because the same frequencgable to
different type and number of breaks (Enders and Lee, 2012a).
The common factor would not permanently accumulate in galee it is stationary under the null hypothesis. This feature in turn leads to
12



The Fourier panel (FP) statistic is constructed as the average of individual statistics:

1
FR(K =8 44,1

(7)
Then test statistic which has the standard normal disivib is obtained as:
7 (k) = INLFR(R - EFR()
° Jvar(FP, (k) @)

where E(FR,(K)) and var(FP, (k)) are the mean and variance of the limiting distribution in Theorem 1 that
can be obtained with simulations. Table 1 reportssthnellated asymptotic moments for T=1,000 with 100,000

Monte Carlo replicatior8for 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 propertiesiis/estigated 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 ygenerate
with F;, [J N(O,1)and g, [] N(0,1). We draw the paramete®, g , #U[0,1] - 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
.S‘u2 that .S‘u2 =0 means stationary whilsf = uaimplies a random walk procefk]. Theempirical power for
Sf =14is 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.

2
4 The poweranalysis for different values GSU are reported in appendix.
13



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 commodBy \Méces
investigate whether the international commaodity prices are stationary by applying the new test. We employ the
log of real price idexes for 24 commodity prices from 1900 to 281Hor the same datfl5] and[10] conduct
the panel stationary test {#] which captures structural shifts by dummy variables. Both the papers support
evidence on that the commaodity prices have stationargics.

Before proceed with the inferences, it is required to calcljgt€) by a consistent lorgun variance
for non- i.i.d errors. As suggested [d], the variance can be estimated §y = g 28 W, 7 where W,
(j =1,...) )is a set of weights with a bandwidtandg; is the jth sample autcovariance of the residuals. The

long-run variance is estimated with the Bartlett kernel by setting bandvadifT£100) 2/,

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 tinternational 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.

14



Table 3: Empirical results

Z(k)
60.46***
98.58***
91.50***
35.27***
60.75%**
67.02%**

Constant

Constant and trend

w N P W N X

*** 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 faectioss
dependency. The Monte Carlo silations 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-stationary behavior.
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For the proofs for (0), (p), (r) and (s), we employ the result in Bierens (1994, Lemm& 9.6.3)
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And similar way to proofs of (0),(r) and (s), we can utilize this lemma.

7 Maddala, G. S., Kim .M., 1998. Unit roots, ctiégration, 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 Timedetsjdgdtio
ed. Cambridge University Press, New York.
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A.3. Proof of Theorem 1
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This result holds as the denominatosofE is a consistent estimator of .

Trend stationary (constant and trend) model:
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With a tedious algebra, the second term in eq. (A.3) follows
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A.4.Power analys for combinations of N and (&2 = 0.0001)

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 0312 0559 | 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 0466 | 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 0.0712 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 focombinations of N and {ls? =0.01)

Constant Constant and trend
k NIT 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 0561 0.990 1.000
50 0.107 0.225 0.691 1.000 1.000 1.000 | 0.053 0.083 0.175 0945 1.000 1.000
100 | 0.173 0.386 0.908 1.000 1.000 1.000 | 0.057 0.084 0.244 0988 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 | 0.0v8 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 | 0435 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 0486 0999 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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Constant Constant and trend
k NIT 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 1000 [ 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 [ 0970 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 1000 [ 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 [ 0924 1000 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 1000 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 [ 0995 1000 1.000 1.000 1.000 1.000
30 1.000 1.000 1.000 1.000 1.000 1000 [ 0.915 1000 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 1000 1.000 1.000 1.000 1.000
15 0.083  1.000 1.000 1.000 1.000 1.000 [ 0.999 1000 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 1000 [ 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

A.6.Power analysis for combinations of N andsi?(=1)
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Hafif bet onloa mah met ondan ayrécal éj e, hafi fli7ji ve @és
Bokl ukl ar , bokl ukl u agrega kullanélarak (zeolit, bin
ol ukturarak ya da €eékkerbBaoluktunmaekgwnal kabhecsajl anm:

Takéyécé hafif agregal & betonl ar d¢nyada -ok sayeéed.
°neml i nedeni yapé °l ¢ yekenegn azalteél maséna&mnalséir mi k
yapé el emanl arénéen kesitlerinin de azal maséna ve ger
Bunun yanénda hafifliji sajlayan agrega i-erisindeki
ses yal etmari da éy aryqné&n zdhayanéemée sajl amaktader.

Birim ajérl éklaré nor mal betonlardan belirgin kekil
olarak birim ajeéerléjé 1800 kg/ m3dten k¢-¢k ol an bet
ajérl ekl aréna, mu&mvaemeddrea i q%r e3egrkwpgllandér él abi |l irl e
Hafi f beton teknik, ekonomik ve -evresel avantajl ar
ol muk ve son zamanlarda yapeéel gr.dadaddifa bfeda zolmiarak wlalpaEn ar
kullanémé ile yapé yéi¢kenegn azaltél masé dol ayéséyl a mq
de y¢ksek ésé ve ses yal étéemé gibi yararlar sajl anméi


mailto:ozersevim@kku.edu.tr

Y¢é¢ksek yaletém kapasitesi ve d¢rkgkh bBnrbml hagim apet
°czel lijJi il e nor mal betonl ardan fark edilir kekil de

kekl i, tasarém gi bi pek[rok °zellifji nor mal betonl a :
Bu émaln én m@mlmaxctéi; k polmzfa kaagiekgégledéme nt ar entaegrceek mekani k ©°ze

incelenmedlir.

2Pomza agregaseé

kekil . 1. Pomza agregasé

3Mat eryal ve y°ntem

B u émada, hafif agregal ar ak pomwemastielfkubk ga€é ar ak - rmetnitloe nh alr aféin
mekani k © zbeellliirklleenrmeaskicnr a ma-ul aanma - dof maht gs briad amendaf i
pomza agr eg-asmtlieranlardak abtiér |pikkatbet B\ | éenl€de edi | en wteirn .l er d

¢al ékmada kull anél an pomabh a@agreéegansé, - CEhbBntl osdu2, be
°zellikleri Tablo 1 ve Tablo 26de verilmiktir.
Tabl o 1. Kul |l anél acak mal zeme yojunlukl ar é
Kullanéelacak Mal zeme Yo] unQAl K
Pomza agregase 0,67
CEM | 42,5 nor mal po 315
Kateée ffl astik 0,90
Yapélacak hafif har- i-in karékém oranlareée akajéda
Tabl o 2. Kul l anél acak mal zeme ©°zellikleri
Mazleme Cinsi Su/ ¢i ment Ajeéerl ek (|
¢i mento 350.00
Su 0,65 227.50
Pomza Agrega 423,03
Hava 0,05
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4Ar akt érma bul gul ar é

tal exmadmam ®Or alzeg éaglrae gpaolme hafi f har-I-hédea pyawn ikl dridk neje
basén- dayaném de rKeaytlée rpil aisltd ki nid efdpleanrhadmests i 6.35| % 0.50, 060T5

ve % 1 il ave ol arak eklenmicktir.
Tablo 3. Lif y¢zdeleri ve karkél ék gelen ajérl éklarée
Lif Orane Ajéerl e
% 0.25 2,25
% 0.50 4,5
% 0.75 6,75
% 1 10

Deney numunel erinin hazérlanmasé ve kal éba dol dur ul m;

Deney numu2bdaleergi® skekiill en 40 mm T 40 mm T 160 mmé |ik pri
m¢teakip kal épl ar hemen dol dur ul urt utKtad rewpl wre. klayl géupn bbaikrl €K a
kabéndan dojrudan bir veya bir ka- defada, i ki har- tabak
dol durul ur . Har - tabakasé, b¢yek yayédakilleg eykanarelimarsé mdid n
izer e, kal eébén her b°l mesinde bir kez ol mak ¢zereaka | er i ge
60 sarsma ile sékeéktéreéeler Kkinci t almaldg zlednn4i | kal &lea i &olnc
ile séekéktéreéeler. Kal ép itina ile sarsma tabl aséndkan kal d
tutulan bir met al mastarla séyrél ér mekheurgfPhnel @oyavawiyses
ettirilir. Prizmal arén yg¢zeyi, ayné mastar hemen hemen d
konuml aréné tanémlamak amacéyl a kal eéplar etiketlenir.

kekil 2. 40 x 40 x 160 mm kal ép

Deney numunelr i nin deneye hazérl anmaseé

i zerii pl ©ka ile kapatél mék, wuygun kKekilde ikaretlenmik Kkeé
kal é&p muhafaza edil diiji yerden s°%kg¢gl mek ¢ zeircee 2s4° ks¢al agtr . s oS
k¢ér uygul anacak numuneler daha sonra tanémlanabil meleri i -
Kkaretlenmi k prizmalar geciktirilmeden (20 N 1) ey 6da su
pasl anmaz ézgaralarén ¢zerine, su prizmanén b¢ten yeéezeyl er
Ejil me dayaneéme

Ejil me dayanémé igin nommaél eu e P 18 sodyum s¢l fat -0z
havuzundan - 8bkdaer éd astakr ikleekn | - i ment o presi ile ejilme daya
boyutunda prizmatik -ubukl ar, venebu bsonu-elfaemréni -ami tgnet ake
dejerlendirme yapél mékt ér .

Basén- dayaneéme

Ejil me dayanémé sonucu 6 adet 40 285 dde0 gx° s4tOe rmni dore y-loidruebnut-aok i

dayaném deneyl eri yapél mékt ér . Basén- dayanémé cihazé den
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3 prizmal ék tleekné n6d aand etta yd
ortalamadan N %106 dan f a

cduin aritmeti k ortalamasé ol ar a
farkleléek g°sterdiji durumda

ayarl anméktér. Cihazda y¢kleme hézéné ayarl ayabilen ve sor
sonrael de edil en yarém ©prizmalar ci hazeéen pl akal ar é araseéne
yerlexktirilmiktir. Cihaz (2400N200) N/s hezda prizma keérel
@n ue
zl a

kelBi I¢i mento presi

O)m

aséyl & el kat késeéez, Kekil 56de % 0.25 plastik |
e i ‘

er 2
76de % 0.75 plastik I'if katkele ve kekil 86d

keMiipll asti k |if katkéséz har -

kekil5.% 0. 25 plastik | if katkeéeleée har -
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kelbid 0. 50 plastik |Iif katkelé har -

kekiid 0. 75 plastik |Iif katkeleé har -

kelBid 1 plastik |Iif katkéeleé har -

Lif katkésée arttéek-a kéeréelmanén azal déjée yani
gi bi 28 g¢é¢nl ¢k sonu-lara g°re plastik |Iif katkéseéneén
mi ktar azaltm&ké& ésonucuna var él
Tablo 4. Lif y¢zdelerine g°re basén- ve ejilme dayanémlar é

Lif Orane Ej il me Basén- Da

Dayaneéemé (Mpa)

Kat keséz 4593 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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55Sonu- ve °%neril er

Pomza agregalaré ve plastik Ilif kullanéfiaftakargceen
basén- d ayajniélmngen édawené ménén araktéreéeldéejée bu -al
harcéna mekani k netdleinleg/rliemi y@aPprérhené ki, - i- al ékmadan el
°czetl enmiktir.
T Katée plastik Iif oranlaré artték-a beton basén-
T KapkBastik | if oradardl ariameen oarhtamasayeljad mefrdayané
T Eldeed | en i f katkéseéez pomza agregal é& =-imento h
ejil me dayanémlaréna g°re ses ve €ésé yal et éme
azalttéjendan ve takéyeéecé si st e mntheksednglikuwyvet, nokt a
kesme kuvveti) azaltép takéyécé sistem kesit bc
T Yapél an al exmal ar neticesinde -exitl:i bul gul a
yapél méxk ancak | erekmiekd eryieylee si¢zrlieitki | en numunel
incelenememi Ktir. Kl eri ki -al ékmal arda pomza a
durabilite a-éséndan dejerlendirmeleri yapélabi

o
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Experimental and Analytical Investigation on Free Field Vibrations due to
High Speed Trains
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aDepartment of Civil Engineeringngineering Faculty, Sakarya University, 54187 Sakarya, Turkey

bKandilli Observatory and Earthquake Engineering Institute, Bogazici University, 81220 Istanbul, Turkey

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 tthe nearby buildings and their footings but also effect the human comfort by undesired vibrations. Extensive
innsitu research are still required for bot h r eAcdeanpta zaarrggoi n g
Izmit) and for plannedonstruction projects on highly populated areas (EdstabutAnkaraKars) 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. Stroggound 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 evaluatedwHov e r the applicability of a wel!/l know
analytical approach which takes account the loss of the amplitude of waves due to geometrical damping and material
damping of Rayl ei gh waves ndends toiovenae iticalgrae field vibrato withgiit z 6s s ol
measured records.

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

Yé¢ksek Héezl é Trenlerin Serbest

Titrekimlerin Deneysel ve Ana
¥zet
Trenlerin seyahat hezl arénén artmasé ve tekrarlé ge-i«kl el
demiryolesésgstyapekim enerjisini -evresindeki zeminlere il
ortaméneén karakterine g°re bi-imlenen titrekimlerden et ki
verebileceji wamii ms all araadyakanfor bozucu titrexkimleriyl
zayef, al ¢vyon zemin ve yojunAdaptKeanié )bh° li gxlaartién deernv agre -eedn
planlanan y¢ksek tazleadet rodnulkeamnudiduk( ¥HE&) titrekimlerin tesyg
araktérmasé yapél maméckteéer . Bu -alékmanén amaceé, YHTO!l erin
belirl emektir YHT demiewmohokhat aéendgak&HTserbafmjknghzikre
yedi yeksek kaliteld sismik sens°r ile kayét alténa al énn
azal emé hesaplanméktér. Siahmaokhéd éamaseéndakiu-¢maec)i Bazal ¢ md
analitik -°z¢m ile karkeélaktérél méexkter. Analitik y°ntemin
et mede bakarél é ol duju fakayapyaegsyg bumenkaxéwlrareée i-in faz
Anahtar KelimelerY ¢ k sek hézl & tren,, syarbiersde zzeenthinn ttiittrreexd inth e°rli- ¢ ml er i
1Giri K
Son zamanlarda k¢resel d¢nyada, har eket héezl aréne,
YHTt eknol oj i si araktérmal arénén ©°nemli bir bel ¢m¢ vya
zamanda demiryolu ajénén i-inden ge-tiji yojun yerle
kirlilijinden ve beny¢korgeemmaskd i - dligdwmakinasrlaéanéhréa hap
standartl aréneén ekonomi k gel i kmeye bajl é yéksel mes
bel gel erinde, daha kaliteli, gevenl o yawam gi°stt ejridi ki
duyarl él ékl ar hezla artmaktadér. Deprem yer hareket.
kaynakl arénén (ajér makine temelleri, yojun ve hezl e
ol uktuuriduwyvetl i dal gal ar én yumukak zemin ortaménda
probl emlerinin m¢ghendi sdndckan °%zngamh elld ma mméwtedri I[mesi a-
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Durajan veya hareketli titrekim Kkaynsaekbleapr émlédhu jeur el
genl i k1l titrekimlerin davranékéné ve yakén -evresin
sayeéda da ol sa deneysel saha arakteérmal aré ger -ekl ekt
cregfitrevresel titrekimlerin etkileri, trafi k akék yo
hezl ar éna bajl e i ncel enmi kK vV e dal ga yayél eme probl
ger -ekl exktir il millemansf6l BrQedsaedingl eawvaes &rccha t est SEréKeé Y

vagondan olukan Thalg$44HEM sapi &HIS&dmdakKi23ge-i kK heé:
-evr ed2 nmMd4darasénda 14 farkleée ge°zlemtmekit ans@y i ol ukhuetre
Dijer taraftg@ghnHol Brammdde&rnheoht sfentshtte r ideam A6 68r ik mahah@&redar

seyahat eden ayné tip YHTOnin meydana getirdifj.i -evr
modéd | erin dojrulanmasénda Kkull anélmak ¢zere [8raktérm
Al manyabéda faaliyet g°80O&r &km/ hCRraspnd&HUeéhimed OB éz
sonu-I|l aréné rapor ol arpadifssopay[FKsameédi ar bahAgn&sakeki Ihdie
Mal m® arasénda kullanélan X2000 tipi trenlerin 200 K
alténa al méklardér . Titrekim etkil eriakénkapisatyaml| e-rd
tasarémé ve planlanmasé akamasénda gerekli programl at

Y¢ksek héezl é demiryolu takeé cél éjéena sahip bir-ok
takémac éndaki trafi kriakékuh&ardaalk wWeRi5I0dek mplhand
t akémac éndaxd5 dd Mgdllarygk | tedneari@80rdmand tr &rol uY hlag d lar «
ge-i kKl e in demiryolu ¢styapéseéenda, -ewvirre Zlemg Inrdees
ul usl ar ormlara g°re karkélaktéréeleéep incel enme
etkilerinin dejerlendiril mesi, titrekimlerin yayél ma
uygun demiryol, st yap tasarémenén ger-eklexktiril mesi gi bi k
pl anl anmamEnd P ujrak alané ol muktur.

ma

QL = @ D
- — — —

é
bi

|l kemi zde demiryolu ul akém sistemlerini il gilendire
neal ar e kent io-i hafif rayl é sistem titrekimlerir
el enmesi yl e, seyahat kalitesinin ve -evresel aku
erat¢rde ©°nerdiyjyakmdine -palof§remak;dakstuamauetdea Aleddray - i
fijinde kullanélan ve maksimum seyahat hezl arée !
asénda demiryolu hatténda ve 9.5 mtkakeméemdakiolbig
for anal i zi yapeéel ar ak [ldleAyenrdl epmdojredaei gier yekleé k t-ial
il asyon -al ékmayaréki takiéEémi teberuteji-evreye yayeéel
1 tlgtymmakazia-in ar a- g°vdesinde ve demiryolu al t }
anméexkter . ¢°z¢em °neriloeri ajerl ekl e ol ar ak ma k
mad a, demiryolu hattdndg i3.s5admcwez dk Ime kotl aa nb udl r uennaan;
amasénén zemin titrexkimleri iczerindeki [Hkalteéce
-eklektirmik olduklaré saha deneyl e-i00 Mz feekanshar mon i

|l e énda -al ékan 250dNnampklkysgr&édkaplsli itan el mdwetka
(boyutlaré: 1x1x0.5m) hazérl anan betonarme temellerin
bariyerinin (ke al afé aktd fmve pasif uygul amalaréyla birlikt:é

c o X
O —x —

mﬂ@—m—‘gj—‘m-—ro

DO Ceso0Q On X n T T
T o< DO TTOMT T35 %——

Yukar éda tanémlanan problemlerin -°z¢;mlerine y°nel:]|
¢l kemizin takéma g¢ce¢ zayeéef, -AldagpKmamié& @ mivre orotf aaml ayr
b°l gelerinden ge-en, inkaaté devam eden ve ge-iril me
AnkaraK st akhdbiurlne hézl & tren projesi) i-in g¢ncellifini }
yakéenndamaaal i yete ge-mik ol masé ve ulakéem sistemin
sorunl arén °ng®°r ¢l ememesi, mevcut arakteéermalareén da
azaltel maséna odakl anméxkselol mastér,ekibml eralnékyaryiend-ee v
y°nl endBu mi at @k mada demiryolu hattéena -ok yakeén se-i
altena aléenmék ve YHT trafijinin ¢rettiji zemin titr

2Saha kokullaré ve y¢ksek hézlée tren setinin genel ©z

Bu - al @ékma kapfsnakmeérnad agr akKssénadnab utlopl am uzunl uju 533 Kk
zemin ortamlaréndan ve yojun Yamu&kwivim RkYlageélnaraikn d ey
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modern demiryolu hatteéndmékkt eYHT( keek-iilkl2le)r.i YHTKkaeé ei ka

olukturduju titrekim etkilerinin yeArntieyenaeheBpadnl
Kérkpénar b°lgesi se-ilmiktir-=2@KKelkim/ shrne¢kDambdijreyel wl tal
g¢é¢zergah ol duk-a zayéf zemin kokull aréna (zemin kaym:

Test Sahasinin Konumu

EGEDENIZ!

Kosekoy-Pamukova

kekKliYlapémé bitmik ve yapélmasé planlanan y¢ksek hézl é& tren h

Test sahasi

YHT gegisi -

T

lvmedlcerler:

kelRi¥Il -¢m al enami rs ey blegesi ne ilikkin detayl ar

TCDDOyn¢eknsek hezl & demiryolu yolcu takémaceéel éejenda ki
il gili bil giler kekil 36de verilmiktir. Yolcu vagonl
aramesafe 2.8 metredir YHT toplamda 6 vagonla birlik
eden ajeér bir k¢tleye doPngkmektedir. Yol cu durumuna
metrelik UIG6 0 r ay @aletrédmedd ,i° Pmoredkhbrnedk B70 traversler szer
Demiryolunun takété ve hattéenén mekani k °zellikleri

katar y¢ke 18 tona kadar - ékabil mekt edtiensetiincedehenu t ak é
bl g@®B®d® km/ saat ile ge-mektedir. Tren g¢zerg©héneéen k
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Yakin
Cevre
- Binalar

b)

o) @ TCDD HT65000 YUKSEK HIZLI TREN SETI @
| [BETS) PR S | 1 I T T = | | R ——eco - T — 1
4| OO0 m_] s Y owes Y ooue Y ot Y s 0 o
| g
N 7gnbpl L1 T 1 11 [ [ s Meeal 11
2800
5510 mm | 19000 mm 5780 mm
kekBiKIncel enen test sahaséfdaengg®egnygkséek bezktéjirgonzaey gObhén kesi
tren setinin boyutlare
Tablol.Demi ryolu takété ve [lRatténén mekani k ©°zellikl et
Bil ekenler Semboller B¢y ekl Birim
Lokomotif Dingil y¢ke F, 180 kN
HT 65000 Har eket heéz \% 69,44 m/sn
Demiryolu
2UIC 60
Kesit alaneé A 1.54x10° m?
Atalet momenti I, 6.11x10° m?*
El astisite E 2.11x16 KN/m?
Birim hacim 2 78 kN/m®
Balast
Yays o nd¢r ¢Rigj i t 1 i k ka Ko 1.26x10 kN/m
sistem S°n¢gm kat sa Cp 1.69x1G kNsn/m
3¢al ékmada Kull anél an Sens®°rl er
¢al ékma kapsaménda kull anélan ivme®°l -erl er -ok dg¢k
Force Micromachi ned sens®rl er il e zayéf-3HDA tipir 3 it yny, khsaerke k e t |
-0 zeéenerl ¢kl ¢ T vme©°l -erl erdir. Saha °| -¢mlerinde kull
i vme®°l| - er ana kutusu ol mak ¢zere ¢ - t emel par - adan
ivme®°l -ere i ki &maddloaryarAeanék ut enbrajil-inde ¢- tane MI
ivmel erin kayet alténa aléendéjé bellek vardér. Bu seil
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k e 4iDAC3HDG GPS

senkroni zasyonlu svmag®Ilsaél akt érécé ve veri
4Doj al saha kokull arénda serbest zemin titrexkimlerini
Yéiksek hézl é& demiryolu hatténa yakén se-ilmik °I-¢
Kérkpénar turizm MYO wuygul ama otelrn. véerseolsyadé mitnesk gt
dikkate alarak 20@ 30 km/ s aatt hez aral éfjéndaki tren ge-ikleri:
ol ukum mekani zmaséna bajl é incel emek Ve zemin for
dejerlendirmekU 4-7V6m3abml ékl arla g¢zerg©ha sistemat.i
noktasénda titrekim kaydé al énméxkteéer. Titrekim etkil
56de g°sterilmiktir. Kst anbeuklidldabna 6-déakkéi p sAanjk arraaydéy ak uglil
sebebi il e tel °rg¢neéegn YHT taraféna sense®©r koyul ama
uzaja, son sens®°r ise 31 metre uzaja konul magkéma . Al
par al el (X ekseni) olacak kekilde yerlexktirilmicktir.
a) Ankara Test Sahasi z@"’
Ray Bisenion
\ 4.8m 35m | 475m L 4.75m | 475m | 475m L 37m |
T T T T T T
CE CS @ ® © @
istanbul
b) ivmedlcerler
Tel Orgii / l
//////Jg L H 2 o
I 3m I 4.8m I 35m i 4.3"5mi 4.74'5mi 4.74'5mi 475m i3.74'mi
kelbiKincel enecek test sahasénén dojal saha kokullaréndaki
Tablo2.Di nami k y¢k kaynajéna olan mesafeyei bapkémheripe aditekemded
Di nami k X bilekeni Y bilexke Z bilexkeni
kaynaj én: i vme dej °Il -¢l en i i vme dej
mesafe (m) (cm/sls) (cm/sls) (cm/sls)
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 zemi t -zamangrafiklenl er i ne ai t i v me
Demiryolu hatténa yakén se-ilmik g°zlem noktal ar éni
yerinde °1-¢lerek kayeéet altéena al énméxteér. G°zlem no
dejerleri, demir ymwelsuaf @y 2erbgaghlén aoloalraank Tabl o 26de v
yardéméeyl a her é - bil eken i-in (X, Y, Z) i vme dejer
veril mi ktir (kekil 6, 7, 8) . Grafi killeridke iX mek sgeemil i :
g°stermektedir. Demiryolu hatténa en yakén noktadan
ivme dejerlerinin azalmakta ol duju ve pik ivme dejer



edil mikyoru Demiéna paral el dojrultuda °1l-¢l en i vme
genli k bilekenlerine g°re daha fazla olduju g°zl eml e
birlikte d¢key genl i kilbédexleamdieme nghreygabkhgngeebnke
mesafeyl e daha yavak bir kKekilde azaldéjé g°r ¢l megkt ¢
50 ["Sensér 1 4.8 metre |
ol
.50, -
20[ sensor 8.3 metre
0
-20
10[ senser 13.1 metre
O‘r
= -10
% 5[ Sensér 4 17.8 metre
& oprnpteapn P ATAMARA IS
[
5
5[ Sensér 5 22.6 metre
OMWWWWWWWMWMWWWWW
5
10[ senser 6 27.3 metre
0
-10
5[ sensér 7' ' ‘ ' ' ‘ 31.0 metre
o sl o s
6 7 8 9 10
Zaman (s)
k el6iDle mi r yol u hatténa paralel dojrultuda ( X abmalne kgermaif)i ol - ¢1 en
20 Sensér 1 4.8 metre-
0
-20
10 [-Sensdr 2 8.3 metre-|
OWWMWWMWMWWWMMMMWNMWWWMW
10 A
10 Sensor 3 13.1 metre
o=t A A b
__-10
% 5[Sensera 17.8 metre
g °“’”VWV”VWWWMVMV\/WWWWWUW
o
§ -5
~  2|Sensdrb 22.6 metre
ofp )
2 4
10 Sensoér 6 7.3 metre
0
-10 T T T T T T T
5 |-Sensor 7 31.0 metre-|
ONMNMWWWWWWWWNM
-5_ 1 L L 1 L L L i
8 7 8 o 10
Zaman (s)
k e KZiDemiryouhat t eéna di k dojrultuda (Y bil exkemria)manl -ggyladn jser best z
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20

Sensor 1 1 ” "'l ﬂ ’ " 4.8 metre
°“W““'*J*"r"’).’u“\"‘r""n\'i""u‘n\"“’\ I ”"{M\M\n“flz bl )W‘ﬁ i MMM L na—
20
10Sensoér 2 u 8.3 metre
U et »L'L»«"va ""““’" f:W"N”"‘J fﬂ ‘,"; Al h“n 0 "n‘ i W ”n ‘”““}“J“\‘uv'\*ﬂ“ it
10
10[ sensér 3 13.1 metre
" 0 [l w"'l,h"'flﬂf W d“}r( r;'h“'n*"‘.tk“'uW.M’l ”}’1’\',5'&"'“'” WU "4\ *’m'\,#\\ ikt
¥ 10
E 10 Sensoér 4 17.8 metre
L] A "
£ 0 P WA NAM | M)
=
10
5[ sensor 5 | 226metre
(0] SV VVARTY) v v‘ YV, \ A
5 v
5 Sensor 6 27.3 metre
0 p~an W"“Nv"‘ v \NU "W \"\”’”U" | \‘”‘ ‘A“'H‘V'H“ “,V" \IW”\ V"‘Aw W'(\'u/‘/’\-'w"\”"'“*"\“’“’"“‘*“
5
5 Sensor 7 ' { 31 .0 metre
0 oY Av.""w”ﬂ\’»“"4\\‘4“0‘”“‘u.‘“‘n'"nu‘\” ”W l‘uﬂhlu "‘M "“\Ik‘”- "ﬂ AN A
5 I L
6 7 8 9 10
Zaman (s)
kelBiDlg key dojrultuda (Z bil ekeni) @zamane ngrsafribjeist zemin ti
El de edilen arazi °Il-¢m lsoantuéed @arda€d anal i ti k -°z¢ml
Ami ck ve Gendreau [ 13] taraféndan geliktirilen ve
olarak sunmuk ol duju analitik -°z¢me g°re, geometr il
ol duju azal ém kawlaljaendélka r adke nikflaede edi | mekt edi r
o} 6 — Q Q)
Bunag °r e, vy ¢ k kmasafasmfel n d agree kil yile] ri mesafesindeki i t rgeemil mjile i se u
ifade edilmektedir.Denklemdeki 2 geometrik azalém katsayésé ol up, (

yayél ém mekani z noazsiésnyao nvuen ad élxka pyll¢gkneond epr ialk m latbé i 3.

Tablo3.Dalgatipinebaj | € ol arak teorik [ldgleometri k azaléem katsayé
Y¢k Kaynafj é Dalga Tipi ¥l -¢m Nol 2
Y¢zeysel Rayleigh Yézey 0.5
Y¢zeysel Body Yézey 1
Derin Body Yézey 1
Derin Body Derin 1
Uilleg® st emaillzeerme azal ém katsayéseé ise, zeminin tipine
aka]J édaki form¢glasyon kull anél arak hesapl anmaktadeéer
| )
Demiryolu hatteéena dik bir bi-imde yerlexktirilen iv
titrekioterizadilre IiBki nokta araséndaki ener ji azal &meé
kull anél arak yapeélan karkél akteérma kekil 96da veriln
°l - ¢l en pik i vme dej drlkérei nein gyfasktéenr mekkit eslé ms © r¥iznel g en
°l -¢me g°re -ok daha b¢ye¢k dejere sahiptir. ¥I1-¢1 en
anal itik y°ntem ile serbest zemin yemieyi hdebelhdk mdr
°rt Kt ¢j ¢, buna karkén yatay bilekenlerde genellikle
X ve Y bilekenlerindeki 6. sens®rde okunan dejerl eri
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yér épyaitki kasénén ¢zerine konul maséndan kaynakl anmaktad
I ar

Kuyuk vd.[15]Ad ap aAzrairfé ye hatténda yapt ék € -alexkmayl a bg¢y
Yatay (X) Yatay (Y) Diisey (2)
70 : : : : . :
o : m  Olgim m Olgiim m Olgam
60 \ : o Bomitz Analitik G6ztim < Bomitz Analitik Gozom L o . |_© Bomitz Analitik Gozam |
L] : :
5 500 4
£ G
S 40
@
S
20
0 000 : ] OG0 ) )
10 u o000, “90000g -
. . - */\_,‘./\_,‘ = - "—.U(:t 2ocoM, : R S Yo Booom
10 20 30 10 20 30 10 20 30
Raydan uzaklik (m) Raydan uzaklik (m) Raydan uzaklik (m)
kelQiEll de edilen araanafltihk sdmygmlarkEnéerél aktér él masé
55onu-1 ar
Tren setlerinin y¢i¢ksek seyahat hézlaréyla tekrarl é
ile titreken demiryolu ¢styapése, bu titrekim ener|ji
-evre binalsaandlaaryark agg@awme nlni J i ve konfor algéseé dikkat
g°zl em noktal aréndan YHT ge-ikleri esnasénda ol ukan
yayeéel éme a-eéséndan deneysen °%r eemiarki i aqircted yean mk & ¥ mabkut a
sonucunda demiryolu hatténa paral el dojrultuda °1-¢1
genli klerine g°re daha fazla olduju g°zlemlejpmi«ktir
azal éeme ile ilgili.i ol arak sunmuk ol duju analitik for.
il e serbest zemin y¢zeyinde el de edilen ivme genl ik
°rt ¢Kt ¢l ¢, b unra | kearrdkeé ng eynaetl d yi kbliel edkaha y¢ksek genl i k d
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The Effect of Foundation Damping on Solution Process of Soil -Structure
Coupled System Subjected to Seismic Loads
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Abstract

The goal of this study is to evaluate the effect of thestaiicture dynamic interaction and the mechanical properties of the
underlying soil on the dynamic response of the superstructure by using ts&rusuibre method based on impedance
functions atthe foundatiorsoil 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

Si smi k Y¢ Kflag@EemiMar@rzt ak Sistem
S¢ereci ndemifiemé&lk ki |l eki mi nin

¥zet

B u -al @ékmanémemimacear,t akap®i steminin si smik yekl oer alténda
°zelliklerinin cSstyapél ar éer idninamiak t sdiasvir eamending ardkégitkbsr ménydl eak i
tanémlanan dinamik rijitlik fonksiyonlaréna bajlé dejerle
szerindeki et ki sini y°netici parametrelere bajlé tartékmak
Anahtar Kelimeler Y-2@®i n Et ki |l exki mi ; Temel Ortaménén S°ng¢ mg

1Gi ri K

Sismi k y¢klere karké dinamik davranéklarénén ger - e]
negkleer g¢- santralleri, vi yade¢kl er mapi f kemelbl ay?8
yapeé sistemleri, géhemgzde zorunl u ol ar ak depr emse
kokull aréenda inka edil-mekimrodundmi kakakil ekl mmr .pr ¥habp
.Styapé, yapeé- averneesliinives areamelzenmi n ol mak ¢zere ayr é K
dayal é yapégal-ékpkmgyéeddmidrefkemekit adémén yapésal dav
kontr ol parametrelere bajl e niteai] enmme ail t dcd ,s-7]d o] rywnckd
kull anél maktader . Yapélarén dinamik davranékénén ana
dojrudan kat €l masé hususunda yakeén z amantd&@r B9 [n& ml i

rapr |l arda proje m¢ghendislerinin kullanéménazensnunul an

etkilekim problemleriyle ilgili ger -eklexktirilmik o
dayanmaktadeéer .

Bu -alékmanén mekaei k zemehiiklerinin ¢styapeéel arén
altsistem wapdandizedimapkea t i nde t aneémllankanf othiknsanyioknl at gi
dejerl endir mek, t emel ortaméndaaénuxabajill@aveelsiockim re
et kil eki mi kokulu altéenda tartékmakter. Kapsaml é& pa
temell eri, iStyape narinlikleri ve temel -zefim¢gl me d
arakesii nde zemin ortaménén «kKekil dejiktirme °zellijini
yayl ar ve s°ndg¢re¢egcel er dikkate al énméexktér .
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2¢°z¢;m YO°nt emi

Zemin Etkilexkximli Yapé Periyodu
Titreken bir yapeéeda o | -zeria rsistemwnli e msk azrl ki &kl é &t lei leetrkii,| e
ol ukturduju kesme kuvvet:i ve moment sonucunda yapé t
Bu yerdejiktirmeler t¢em sistemin s°n¢gmegngég ve periyol
s°n¢gm¢g rmdyasyon s%°ng¢gmeéneén ortak et ki si yl e Ytaiptér eki m
temelinin, oturduju zemine mesnetl enme kKekli ve davr
T wA2Al ¢l oleySYSH R/ RRIVIENR dzE€ dz Iz Sijit kappul avibdedi ¥URpdga & 2 y & d
Nadel LWPYPy RPo6 &Nl SG1AaAr f4iPYyRI &FRSOS 1G4St SyYS
1 9ayS] ¢FIol¥SYARY {2MNMIPIYPRYPY O0S{Af RSEAOGUGANNSAA éITA
| 6StSYYSaA az2ydzOdaBNRE&GKEGGARYPHAVRYI RSEAOGGAEA I
A
F
=3 m
h
k
-
ZZSNSN
(a) (b)
keki bt yapfnén kuvvet etkisinde yaptéjé deformasyonl ar: (a) zemin
kaynaklananein me ve °t el enmel er [ 8].
keki | vefilenaijfttbaa nl € yapé sisteminin periyodu:
m
TZZPI (1)
kekil 1 bdédde veril enpeadyediiek tabanl é& yapé sisteminin
2
f:2pm+mm
k k., k,
(2)
Esnektaba®d ve rijit tabanl é yapénési stemlerinin periyotl a
r 2
T k, K,
ifadesi ile elde edilir [10] Yzaerm@i n etkiIer/Fﬁﬁyli Kohtyok éramdteeler anaht
akajéda v I miktir [11
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h h L m
I — — (4)
VT B B’ r./4BLh
Buradahmo d a | yapeé Byells£ealaisjéiyd iar ,t e me | yar e gernjzmin]ji vV e

birim hacvizre mk ot Ine iohiiBsysaqprée amoadmd, y¢ksekl i jiniBiL temel

t emel yaré geniklijinmhdBthyepé ymocdaluzynk ¢ lal iojriames | e |
cstyapé ke¢etl esiime norzeamaédém. kkgtllee oranéhénOetkialiekaghb
[10l.h/(VsTYyapénénjzéemmi ke or ané .oBuradald(kT)b a aBglhlatndean [Begy¢k ol

durumunda, eyl emsi z lzénmkn etk Kii hiek i mi ma Yyapé £ery@ampeéperi yoc
°nemli derecede dejiktirebil mektedir. Bu durum tasar
tal ebini zemine rijit bajl é& yapéya kéyaslea -fapnilalzé léa
yapélar i-in bu weab. Yyakl agekd.al dejakk®Pelt edir [ 13]
Temel S°%n¢ mg

Dék ye¢k et kisi alténda esnek tabanl-eehmim egtpieldaki np
birlikte ilave bir s°negmelor HAy adEge wamr i vé rbu TeMme)f mae °r
olukazemihb)in birim kekil deji ktsi°mmens ikraeg kleasjéel & holsdreale s
zemin ortaménén sénérsézléejé nedenktyilfe zemirg is%krmaym&n
adeyl a geomeTem&l s€hrpamemen tanémlanmaseé i -in geli«kt
tanesi de Wol f (1985) tdHMaféndan °nerilen form¢gl asyol

f_e ~ N U ~ n X r v

S T
S L0 R S e R
5)

Denkl em b{z5eyndidne hi st ebeeshj g é&rsePneyri¢a °tel enme ve d°nme
geomet ri k TyeeTp tktiidgrt.r exi m periyotl arédeéer. Ejer titrexi
yapéeyorsa fiktif titrexkim periyotlarée;

mh?
Tyy = zp k

X yy

(6)

form¢gll eriyle hesapl amémven/ketmyeémr €66 de kiHESmaskean® n
edi |l en t ebel ¢sstryampéE nén s°negmegneén ekl enmesiyle esnek

1
b0=p+~—ni
(77)

(7)
el de edilir. (beénniiadesinmen,( 70 @] rdueyalp évis® g mkamé 3i aikrsi 2
al énmasé .°nerilir [15]
Di kd°rtgen Rijit Temellerin Empedans Fonksiyonl ar é

Empedans f onkzsenyiomn |eatrkéi Iteekmierhi nin frekansa bajlé s°n,
Kl asi k -°z¢;mle¢grerl kompmpeldans fonksilgdrhu i -in Ku kKeki/

k =k, -nc, ®8)
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Buradalzj empedans fonksiyonunjtj s e °txy,gnme @Syynme modl ar érkéveci f ade e

séraséyla temelin dinamik rijitlijini ve s°n¢gm katsa)
kj:ki(1+2bi)
9)
i fadesi ile verilir. Denkl emde, zeminin birim kekil
ve zemin ortaménén sénérseézlejé nedeniyle eneriji k a

topl aménéfbtanéml ayan

_¥¢
b2k,
(10)
forme¢gl ¢ 11l e el de edilir.
Dinamik rijitik (k) ; t emelB wwdy ut z amén ( k &y ma emo ch¢ Ipam), @nandikn or an é

dézel t mealeysmy kmé s @ yse)diefonksiyonudur.

ki =K;a;
(11)

K, =GB™(B/Ln),a, = 3(B/L.a,)

(12)

h, =f(B/L,D/B) (13)
Denklem (1) 6,gmodu i -in frekanstan DbBvJyeEansreas & yelmae itkesmdlt i kar
ve t emel yAr g8eutzemebujujpinin g°m¢l ¢ olDnvatensel eebayr u mund a
oranEBhab@ajl é olarak he¥tapl edimé eme kd?® smygecfled ve3i - i n sé

al enmakt abd énra nji 4k] dg,zUp)bdyuBezfrkkaanaaam@r@é@a( bajl e ol ar ak;

wB

=— 14

3 V. (14)
elde edilirZaman t aneén,6aan adajzlie ioliaan t emel yay ve s°n¢gm kat
¥ se-i |l Wrse-Buirken esnek tabanl é& yapeéneén baxs ken t e
kull anél abiekanga®8] bajlée olan temel di nanrriiterasyon j i t | i k|
y ap € | esaplankbilirfilQJEl ast i ki zaiyra ydru& an di kd°rtgen rijit teme
hesabeée i-jJjana@pariki baratv¢erdeseamkevieat gt milednadii kd °rl tag ear
kekil 26de verilmicktir.

":: TGround %
Surface el Surface

(a) (b)
keRi.|l Didertgen(temgbzeypker igemel (b) g°m¢gl ¢ tem
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3. Parametrik ¢al ékma

Bu b°l ¢imde tek serbestli k dereceli si st emi temsi | e
ora(iﬁ/@)ve temel omg@méeémdes@edi!| miktir. ¥rnek modelin
hangi temel tipi ve geometrisinin dikkate aléndéjeée ket

v
xI—» b1 k b1 k%

¥ k k
S TR
e Gy Ve G
Temel Plam

Temel Plam

(@) (b) ()
kekil 3. Farkl é teméli ptikppve gegameét molded i ee i : (a) yé¢zeysel kare te
temel
keki | 36de v ezeniinlsistemlekn®TpT \e b dagletefi; &
1 FarhBo& anl| ah/E=bhhB=Rveh/§=4) vy¢,zeysel kare temelli k°pr ¢
T Far kB &r anl ath/Bai,dhdBk2i ve h{B=4 ) vyéiézeysel diL/B=deL/BEgywn t emel
L'IB=4) k°pr¢ ayajée (kekil 5b) .
T FariBcr anl ah/B=,d/BRiveh(B=4) g°m¢l ¢ BBA0.BEVveD/BMIE) | k° for ¢
ayajé (kekil 5c¢) .
model |l erinde hesap (~/ﬂl)\venike'melbf)Bémég,mnlte(ndrearnié i -eri si
dejikkenlerin hesabeé i-in |iteratygirrdiek abigfgiérktdlilkad®altn
[4]. Bu bajénteél ar y¢zanguaxallo] trairhd luls eimytteo jtTiautd dt euxsiludn ddreao dT a b |
ve g°m¢l ¢ kare temeller i -in Tablo 36de verib),mi ktir.

zemin ostmg@péanl ar ak sadbgcehBBomMgtz i kngAhagmb@l undur ul
hi stereshi=d aiogmé&kt ér .
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Di kdertgéenhBydajerywslettu dunddieimetliinr Kul mamél an bajéentélar [4].

Tabl o 1.
xekseni boyunca °t y ekseni boyunca d°nme
0,65 3@ o1 24
K, = G—es.sa" g 24 K, =B @73F 8 4a27
2- Vg (6;% = l-Vé ¢cB =+
e
é
é 2
a, =1 a, =10 -&; 05%, —
éa 14 O 2
620.6+ ¢,
& (uB) @
e [7]
. é . 0
e 4(L/B) &a, _é (4q/3)(L/B) g 9 a,
b, =é———~ b, =& g
@(KX/GB) e:aKyy 18 gaoz i
¢op? §+175(|_/B - o
Tablo2Di kd°rtgen y¢zleBsydlo]jbiut tuesmebdda&ai ( tiorkwli mamél an bajénteéelar [4].
y ekseni boyunca °te X ekseni boyunca d°r
GB € aL ¢ v GB%e, &L
K, =——¢&6.8 +08 K, = 3.2 5t0.8
om0 e ¥ T EEE ¢
e
é
e(055+oo L/B -1a>
a, =1 a, =10 -&— —
¢ 224 84302
é T 3
6 & (L/B) 9
e a
e u
e 4(L/B é 3)(L/B) & :
- CLONY £ b -6 UI(LB)3 & %
&K, /GB) ga, A K, %2_ 0.4 84602 222,
p 3 ' 3 NN
goe (L/B) 2 my
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[4].

Tabl o 3. G°mg¢l ¢=Bpxdrojkraurl & utseummedlaikii n (tk ulrlean éd anmo duaj @ént €1l ar
e aD B
h, =6L0 £ 5
x gl &g 0
a, =1
_S4g+(D/B)(y 4) g
g (Kign/GB)
e )2 Da° 0 ‘4. B 3%, 034 5. , D&’ B
&4/3 8 e o w3 Ve 65 G+ a®
, 8 &Y e ] +f%g@+y)?39$e@0
yy_? 2 s ~ K3 ~l;|éza
6 Ky gom @ 18 gao S & gom. 5 Op 84y
P 3 s 0
¢ Tos Fri79L/B -] GB® 2 U
Not: Her bir titrekim modu 'KF,gé?n.:g/zKTﬂclé temelin statik rijitl
Tablo 1, Tabl oy¢25vé mhaskel xk a3 ddgkia aka] édaki Kekil de i
y=y2(1-n(1 2y (15)

Parametri k

-al ékmada uygulanan -°z¢:;m adéml ar é:

A F ar B (l@B=1, h/B=2 veh/B=4) veL/B (L/IB=1,L/B=2velL/B=4) or anl arénda ¢styap
h e s @b &BLh)=0.15)

A Belirli bir alfvd)l é kdraa rt laamredm daanra nh e r Wa n gii - ibr rr ikjaiytma
yapé si st emilelgesdiimgsiot | ar eénén (

A Elde edilen her biTy rkgrikeltak amdleemp erriijyiott Il iak laer(i n

A Esnek tabanl é ('ﬁ/)fhpeésapbeér iiyadtnl dartéemr@msyonl|l ar én yapeéel me

A K tasyonlar sonucunda hesap edilpaery ot | ar a Kk ari Kk &@feixk kregred &ml ar énda;
rijitlikler (ke ky, kyveke) ., peri yot oranl ar &,b,,feebg ede sddmesivek s ° n ¢
bunl ara bajl é ol Br abkultuenmmeds é.°n¢m¢gneéen  (

Far kl e t emel tip (y¢zeysierle v(ekyar eg°weMa, ) divked°g ¢ graet) r

modellerinint e me |

@Phne¢snaép IhiBve&/Baraanl ar énén et ki si kekil 46de
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Br

Br

keki
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Prediction of Compaction Behaviour of Soils at Different Energy Levels
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Compaction tests forms one of the important aspects in geotechnical engimpeaciice. 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
pulished data, it has been brought that there is a good correlation between the optimum moisture content and
plastic limitfor the. In addition to this one can predict the modified compaction parameters just knowing the
plastic limit of the soil.

Forthepesent investigation, three different soils from I
soil from Turkey (highly plastic montmorillonitic clay) were chosen. These soils are heavily in use for civil
engineering activities like construction ofyements, 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). FRparitgard Proctor, the
compaction energy works out to be 593.7 RJimthe modified Proctor test, the compaction energy works out

to be 2693.3 kJ/fIn the reduced modified Proctor test the procedure is same as modified Proctor except the
number of layes are three instead of five. The compaction energy works out to be 16 f6[kJ/m

Based on the experimental results obtained for maximum dry density vs. optimum moisture content for the
four different soils with different compaction energy levelsais bheen 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 obtaineffom laboratorytests asvell as fromliterature show thahe correlation between maximum dry
densty and OMC for different soilscompacted for two compaction energy levslgery good

It is thus seen that one can predict OMC knowing the plastic limit with reasataiieacy.
Having obtained OMC one can get the maximdry density from equation(1) obtained in this study.

From experi ment al results it has been found that b
and that of modd Jdlited dfr oaxu tolr dmwded from dterateeoriclatavery wel.t a c ol |

It is seen that the correlation is highly satisfactory. Having obtained both OMC and maximumsgityyfden
Pr oct or 6 s one naa gegtye OM@ and maximum dry dgnsir modified Proctor conditioalso.

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,lway 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 achitegidgsired 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. Mosbften 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 instanleege 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 prixddustoped. 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 compactio energy levels

2 MATERIALS AND METHODS

For the present investigation, three different soi

a soil from Turkey (highly plastic montmorillonitic clay) were chosen. These soils are heavily i asd fo
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.

Compacion 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 SR/7F. In the modified Proctor test, the compaction energy
works out to be 2693.3 kJ#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 wookiseoli616 kJ/m[7].

Table 1. Physical properties of the soils tested
Sail Atterberg LimitsGrain 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 densityoimum moisture content for the four different soiighwdifferent
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 @@=
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Figure 2: Correlation betweeapm.xand 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:

O, = 3385- 1358l0g(OMC) and R= 0.99 )

24

+ Standard Proctor

22 = = Modified Proctor

20

18

Gumax= 113,58 log (OMC) + 33,83

16 R =0,99

14

Maximum Dry Density ,Qdmax (kN/m®)

12 *

10 b
0 20 40 60 80 100
Optimum moisture content, OMC (%)

Figure 3: Correlation between mimum dry density and OMC fatifferent soils collected from
literature,compactefbr two compaction energy leveld.,2,3,4,5,6,7,8,9,10]
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4 PREDICTON OF PROCTOR OMC AND MAXIMUM DRY DENSITY

Figures 4show the correlation between optimum maistcontent, OMC and plastimit for several soils

collected from literature apart fromut hor 6 s

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

OMC=0.94w,

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

R=0.98

)

Having obtained OMC one naet the maximum dry density from equatiop (1

Optimum Moisture Content, OMC(%)
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Figure 4: @rrelation betweeoptimumMoisture content and plastic limit.
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MODIFIED PROCTOR ENERGY
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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 kt@ra@d maximum dry density
for Proctords energy | evel usi ng
modified Proctor condition using Equation (3) and (4) respectively.

OMCforMP= 0.770MCforSF (3)

Oymax fOrMP =1.09g,,..., fOrSP 4)

7 CONCLUDING REMARKS

Equati on

(1) and (:

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 leceThere is very good correlation between Proctor OMC and maximum

dry density and

that of modi fied

Proctor

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 pebedosxd) foundation soils

that are mostly located below the ground water level in theeairthe 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 pdoedoagd foundation soilse
encounteinto 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 completioio t he construction of the embankment
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 emtbamtkwith a carbon geomembraneoven

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 settlemsknts, wh
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 offObglow the surfaceyhere the groundwater is located.
The characteristic material data of used soils are shown in TABLE1.

Tablel. Mechanical properties of soils

Soil embankment
Material model type ed ed

k=k,=k, [m/day] 3

E [kN/m?] /3 [-] /0.3 '/0.3

o [ KINd[kRa)/G[ Ay [ A] /15/0 /35/5

We analysed the construction of road embankment (height of &rd width of 12n on the crown of the
embankment) with the slope 1:1.5, that is typicattier 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 estithatétiwould be suitable

to carry the tensile stresses in poor foundation soils. [3]
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Figurel. 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 1@ l@elow the embankment, we took into

account the gradual construction of a road embankment, at a constant speed of constructiohh&ight per

week. For the intended speed of condian we carried out a simultaneous stregain 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 rembttaé humus layer trapezoidal

excavation with a depth of about Grband secondly installation of the carbon geomembrane on the aligned
surface of the excavation. Then we began withbtiekfilling of stone material. In the analysis we considered
steadyincrease of load and retiine 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 daistion 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 Tfdefceniel sirdcture ofeopandrpadst ep o |
embankment. Numerical calculations were carried out with program Plaxis 3D Tunnel, based on the finite
element method FEM.

Initially we analysed stress, strain and time course of consolidation of the embankmentegittéd carbon
geomembrane in the area of the foundation using undeformed meithbut taking into account the theory of

large deformation. Further we analysed possibilities of constructing &ifh road embankment without

integrated carbon geomenabie using deformed modethe 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 geoofi¢hrg 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, analysiand 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 ofite embankment into account, it can be superficially concluded that are the

numerical analysis by considering undeformed elpstoa st i ¢ mod e |l of soil definitel
that stressstrain analysis and related analysis of the hydrodynaonisatidation resulting the collapse of the

system at the embankment height of #h.3Simultaneously numerical analysis on the deformed efdasbic

numerical model allows calculation of the entire embankrmémight of 5.0m, without collapse of the

structure.

Table2. Comparison of the results ofnumerical analysis of uneinforced embankment

Model Undeformed Deformed Deformed

Impacts ofdam

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

Settlementsafter 35

Uy max= - 32.23 cm

Uy max= - 29.88 cm

Uy max= - 32.30 cm

54




days

Settlementsafter 180 Uy max=-43.67 cm Uy max= - 40.58 cm Uy max= - 43.95 cm
days

Settlementsafter 360 Uy max=-47.33 cm Uy.max= - 43.69 cm Uy max=-47.27 cm
days

Tensile forcaafter 35 Nmax = 220.45kN/m’ Nimax= 202.81 KN/m' Niax= 223.85 kN/m’
days

Tensile force after 18( Npmax=214.03 N/m' Nmax= 197.01 KN/m’ Niax= 217.63kKN/m'
days

Table3. Comparison of some of the results ainreinforced embankment

Elastaeplastic model Undeformed model Deformed model

Settlements of embankment 4.0 | Uy max=-74.51 cm Uy.max=-30.45 cm

of height in 28 days

Settlements of embankment 4.3 | Uy max=- 3300 cm Uy.max=-33.65 cm

of height in 31 days

Settlements of embankment 50| 't cand6t be bui| Uym=-7561cm
of height in 35 days

Tensile stresses of carbon geomembrane in the analysis on the deformed model (without included additional fill),
Nmax=202.81k N/ mé ar e slightly small er giothepcaseaudsing o the tens
undeformed model, Nx=220.45k N/ mo6 . The maximum tensile strength of
Nmax=305k N/ m6. We come to the similar conclusion in supe
which are smaller in the analgon the deformed model without included additional fill. In a detailed and

thorough evaluation of both, material and geometricallim@ar models, we also have to take into account the

nontlinearity of loading. Due to activated settlements during timstcoction 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 ghdesstic model.

That we achieve comparability statiter 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

3.0m from the edge 0.81 and in the axis of the crown of the embankn{Eigure 3) 0.32n of the additional

material. After this measure the pore overpressure of constructed road embankment, heightreash@s

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

The main part of the ldyodynamic 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+ 5.64kPa at the bottom of the clayykr (Figure 2).

Excess PP [KN/m2]

VT

s
v

0 100 200 300 400
Time [day]

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 embankmerit
deformed model with included additional fill

|
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Figure 3. Time progress of subsidence of thembankment 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 analysesatetbrmed elastplastic model. The height

of the embankment will be H5.0m on the entire surface. One year after completion of construction it will be

the actual height of the embankment in its axis $132- 0.47=4.85m and in the edge H5.24-

0.39=4.85m.

The results of the stresgrain ratio and consolidation process gained from the numerical analysis on the
deformed and undeformed elagti@stic model of reinforced embankment give comparable results only if we
consider the impact of the aell 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 embahichést

in the case of using undeformed model in the selected model unimpossible to be constructed, because it collapse
since the computational displacement reach the valugQf 6 -30m at the constructed embankment of height

H = 4.3m. The calculatins on the deformed model indicate that the embankment could be built but its
settlements reaches value qflk= - 75 cm. Both arguments are equivalent, because at the calculated
settlements (deformed model) would be the height of the embankment 2y 4nd so the embankment of

the heightof50n st i I I woul dnét be buil t. I f we use a def or me
analyses on the deformed and undeformed model are comparable and useful in geotechnical practice.
Regardless ahe complexity of the calculations per deformed ekpdastic model and the actual pitfalls in the

use that may confuse less experienced designers we estimate that is the use of the deforpledtalastels

in geotechnical practice necessary angirdble 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, we further analysed ULS with projesgpproach 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 cdefi ¢ ir ® ©35 to peduce 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 day#dihguwhen 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 appliditeodedbrmed model

does the embankment uncontrolled sitting around witlsitheltaneouslyifting 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 thasefulness of the reinforcement of the foundation ground with the carbon geomembrane.
The factor of safety does from the value of#&.96, in case of nereinforced soil where itonsequently

collapse, increase to the value of £3.5, in case of reinfced soil ie. using of the carbon geomembrane.
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Bu -al ékmada, metakaolin ikameli ve farklé dayaném s
°zellikleri arakter él m&emMIEB-M Haa.r5 R r(nkeRENMdAMAZSWRI(BNS w)r et i |
-i mendlomall ¢zere i ki farkl & portland -imentosu kull an
ise,l aboratuvar «k&itlai@andakvdé akkkdlei s é& c £&) birdeklanmesi( 6 00, 7 C

8

sonucunda el de edtidknda xltiim .°rSineakleerdiemen? meinl ¢k puzol
en yé¢ksek puzolaniChdeksiwnteel emeek8irneg@0@rde el de ed
kar @ékémlarda’Cédemestoyarl 806n met aZk0a odrian Inearl &nedree sii k a%n e

ve referans -imento har-1laré ile kéyasl anmékter. Har -
1961 nol u standarda g°re ve 40 x 40 x 160 mmdéli k met al
Dalm sonra °rneklere 7 ve 28 g¢nl ¢k su kegr¢g uygul anmécxk
porozite, birim hacim ajéerléek ve g°r¢negr yojunluk gil
gi bi mekani k testlekrteye?pe‘nl erké letrem. uBumwarsleas MWiefleir | er i

cretiminde kullanél an etakaolin katkésénén °rnekl er
Sonu- olarak, A —imentosu ile % 20 MK we aBl a- ikmméd d tamsud
durumunda °rneklerden en y¢ksek basén- dayaném dej er|l
Anahtar Kelimeler:¢ i ment o, met akaol inkaont andart kum, s

1. GKRKK

¢i mento harcé ¢retiminde kul | ar@lkadm(MK),kaolnlkiiminbelrlk dan bi
sécakl ekl arda sinterl enmesi sonucu ol ukan yapay bir |
ol duju kri st abolyeanpiés & rnuebdue nii- yel reSigks(@H)l)ekil miperallea | € r . Kaol i
senéfl andérmasénda bir grup kil miner al i i smidir. Bu
mi nerall er bulunmaktadér. Olukum itibariyle, feldspat
altere olarak kaolinit mineralingd® n ¢ K me s i sonucu kaolinler olukmaktadéer .
al kal i i yonl ar én, -%zéenegr tuzlxr-eekkindesortamdasi Ui
zenginlekenokayxaurkaollidhiti

¢i mento ¢rMKgbhimbeoli adkear -ok sék kull anél maktadér. Ka't
puzol anl ar el de edildi kIl eri kaynaklara g°re dojal ve\)
silisli ve al ¢minli bil exki kd mirdlei zrmeinmge malilrer iPru ztod rain | v
aktivite ¢zerinde[2hemPuzopbbhnoknakakvadér -imentolu
puzol andaki al ¢minosilikatlar araséndaki nimnleaksi yonun
birlikte; ,pAZgHFa®@& ni ASh O] i , amorf faz durumu ve mal ze

aktiviteyi etkilemektedir [3].

Son yéllarda y¢ksek dayanéemli & diee thawit ek offamalkl dé& auwey dewlban
metakk ol i n kul |l anél AL®RIQ)E r .s aMd taawkkidiEn|g0Bn@ & W@ oarn aséendaki

sécakl éklarda sinterlenmesi sonucu eIKabkinkiIéZiOOAe(hﬁdme gel
é€sétéeldejenda adsél0beOasaCyeséet nagbekdemkaasal bALT suyunit
é€sétmada iiseomaliieée dengkrkmektedir. Uygulanan bu sinte
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kristal yapélarda bozul ma ger -%x«d Idkiek lgik p@mymar Kayvaxal é
yapésénda bulunan y¢ksek oranlé silis ve al¢gmin il e |
ile reaksiyona girerekyeni-GH yapél ar & ol ukturur . Bu ¢r¢é¢nler sayesin
czelli kaer d®5yr g exl

¢crde konu ile ilgildi yapeéel méek -al éxkm
an kar ékeénmh ag dawe MK Ima |l aneémelsae énadm@au k ud
MK kat kél eMPPar nleakd emr-ded a/y8amém dejer |l er
aptéklaré -alékmada i1ise su/ bajlayeéec
°re erken yaklarda MK katkéleé har
i lr hvKr - | ar én er kyedl, dlamgaak é gz &kraez a
l anmék ve al ¢mina
déj e bel ilBMK | mi kKt |
a ull anél an MK Kk

) yap
ere g
t i |kmaitkkt e
e -AIriJi olmaséna baj
erken dayanémé artté
[ betmewxlt&m . hd@Bz&rolnd ar

Ji Il me dayanémlaréenén arttéjéeneé belirtmik
%5720 aral éjeéenda MK katkeéebéryapmppronteme adBKek
ggonde referans ©°rneklerle benzer dejerler ve

°rneklerin daha y¢ksek ebel met hayanem|[ 8] er |

r
d k
Ve

Yapélan bu -al ékmada i se | i tteuvaare ridemu lflaarkd ré
sécakl ekl arda kalsine edilmixktir. Ardéndan
sinterlemes écakl é] & baz al énméek ve elde edilen M|
edil mesi durumunda °rnekikridel meydaart geél md

2. MATERYAL VE METOT

2. 1. Kull anél an Mal zemel er

¥rneklerin ¢r eM(P-h)328R( ACEM nieerCEB 425 R B - i miphotmalks u )

czere i ki farkleée sénéef -imentoadalulimhmhapB®KmeikserT¢ gk imeaea d
°czel i KI et mel i bir s ekadinkiild ifnd nr il keeboé& rad aurv aeg | ke keaud il lag ré
el de edi |l mi ktir Har -l aréen ¢retimindddei méstandary ge nMK |
kum ve i-me suyu kull anél mékteéer . ¢al éeékmada kull aneéel a
Tabl o 16de verilmiktir.

Tabl o 1. Kull anél an mal zemel erin kimyasal ( XRF) komp
CEM 1I/B-M 32.5 R [7] 19.4 | 4.85 3.12 1.89 | 0.29 0.73 | 256 |54.22|12.35

CEM 1425R [4] 19.70| 5.39 2.64 142 | 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

Kaolini n i -yapésénda butéaynplaa Abygydbar Eocatrtespétiniawmer sitesi
Arakt érma Merkezinde XRD analizi, Bruker marka D8 Ad\
davranékl arénén belirlenméGiammaicElyéni dpap§yindme mee ke zI
°rnekler hav¥®/dratkam@naka rime meéezénda deneye tabi tutul

2.3. Puzolanik Aktivite Deneyleri

¢i mento harcé ¢(retiminde kull anélacak ol an metakaol i
sinterlemes écakl € @énén belirl enmesi amacéyla, kaolin Kkild.@
karéektérél mék ve 5 cm -apeéendkiklii sallli en du k& knielt leael m dkirail il Elrppé
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kaolink i | i °r Cd ldlke r i@ iz2.in5dH@@8GUMAD ve 1006Code ol mak ¢zere bek f g

ve son sécakl éklarda bir saat sg¢re il e | aboratuvar ti
sonra metakaolin mal zemel er i tyinmee bloyldrua tmakari nuimp i2 50i
kadar ©°J ¢t ¢l megkt gr .

Puzolanik aktivite deneylerinde ASTM&18[10ln ol u st andarda g°re ©°rnekler haz

mal zeme ol arak Afyon -imento fabrikasé tzeameaf éndan ¢r ¢
olaraksa Limak -imento fabrikasée taraféndan ¢retil en
hazérl anmasé sérasénda bek farkl é sécaklékta kalsine
ve en iyi puzolanik aktivit€¢ z el | i k1 er i g°steren metakaolin °rnekl eri:
puzolanik akwitelerinin belirlenmesinde@ ¢ nl ¢k °rnekl er kull anél mékteéer Puz
kullanél an mal zemeler ve miktarlaré Tablo 26de veril:
Tabl o 2. Puzol ani k aktivite deneylerinde kullanélan n
¢i men Kum Metakaolin (MK) . - - Su
Numune MK sinterlemes € ¢ a é
@ @) @ ‘D e (g
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 Hazérl anmaseé
MK i kamel i -i ment o HEfnelus®tramedkalredrai gP3 eENabd9&®@ 3d6de ver
40 x 160 mmdéli k met al har - kal éeplaréna vibrasyon y°nt
har- ©°rneklerine ilgili testlerin yapittarcaj]j é ge¢nl ere
Tablo 3. Hazeérlanan °rnekler ve karékém oranl ar é.
¢i men ¢i men . ) )
Har - NUmune (325R (425R Kum Metakaolin Su Keéer Seér
Grubu (an (an () (MK)(gn) @ (gen)
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 9% 10 MK 405 - 1350 45 230 28
20MKA28 9% 20 MK 360 - 1350 90 235 28
10MKB28 9% 10 MK - 405 1350 45 230 28
20MKB28 9 20 MK - 360 1350 90 235 28
2.5. Uygulanan Testler
Ker i kK1 emi tamamlanan °rneklerin fiziksel °zellikleri
porozite,biimhaci m aj érl ek ve g°r¢negr yojunluk dejerleri be
belirlenmesi sérasénda; °rnekler suw twe kEwmyanday gwmrary
Am@leihemanet ¢vde deji kmez aj

Kuru aj éyl k&l iiarleer &clegit li ir . ©
Kurutul @cakBuerdeGWr |l er yardéemeéeyl
yojunl uk ®&NY724der[illl]S g°re su e

a °rneklerin g°r¢nen
mhd eddgfleN @diaeveei B8 aE
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ekitlikler yadpgéméyghpl aEmekt ek. 1Daha sonra °rnekl eri.:
ardéndan ejil me ve baseén-1dmruk[abr]le netrie dyeiregytl glrm¢ KtSe rE.N
@Iqusls@Qo%F—a—wpnn p
6 Qi @ 'daigd QIh @
qa0) 5 o q
@Elell wdo € a Q@ — a
W
YRQaa'® (b—ooprrn T

3.BULGULARVE TARTI k MA

3.1. Kaoline ait XRD ve DTA/TG Analizleri

Kaolin mal zemesine ai'¢t XRD analizinden el de edil en v
minerallerin varl éjé tespit edilmiktir (kekil 1)
2200 | TH8-bayaz numine brml
7 K
2000—
1501:—_
1E00—
] Ku K: Kaolint
I: it
Ku: Kuvars

Counts

K
| Ku
|\ J|ﬁ « Ku Ku ]E

l':\w!\/[ I‘ kcj\;ﬂf . %Uﬂ K K,qu KF : : N

|
T
30

ZTheta (Coupled TwoTheta/Theta) WL=1.54060

kekil 1. Kaolin mail zemesine ait XRD grafiij
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TG /mg DTA /(uV/mg)
T exo
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-0.00

--0.05

--0.10

31-0.15
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Temperature /°C

k ek iKholinZnal zemesine ait DTA/ TG grafiiji

Kaolin mal zemesinin ter mal davranék!| arT&andlizleribel i r | enel
yapéel mékt ér. Analizlerden el de edilen¢yveriterekka&ol it
kili termodinamik olarak 567C6 de endot er mi k pi k g°stererek metakaoli
g°r eCod®8 i se pik&klzok emumi &°zI|l enmi Kk ve bu sécakl éktan so|
artacajé d¢elermaplame kgt ecirn | eT i inceCeadi ki nkezdasrem&ala:
dejerinin % 11.52 olduju belirlenmixktir.

3.2. Puzolanik Aktivite Deneyleri

Puzol ani k aktivite deneylerinden elsiterlereesié ¢ @kl @jcemnérr
belirl enmesinde basén- dayaném dejerl eri baz al énmeécxkH
ejil me dayanéemé dejerl eri de yine kekil 3 (b)dédde g©°st
°rnekleriojimnbyyWChkdari8Q0referans bYasédhiranémgfdepedhb]
el de edi |l mi ktir En y¢kEdldeb&ksdrsdi ncdaean é mndi®iKe klae kié |l
(kekil 3a) olarak el de edilirken, ayné °rneklerin eji
Dol ayéséyla bu akamadan sonra -imentoya i kame edil ecc¢
sécakl éCeokEmads960mi karmar veri.l
a) 45 b) 14
A R \ E L 12
W 35 TP - it S P
—_ — 10_
o 30 TINF-- RN INE RN Y| 2
1 ___ - ___ - ___ - 8 A
825 @
> 20 AN MY AN MY AN MNY- > 6
5 15 -
>(:t$ < 4
L0 T RN TN N N —g
5 LA N AN NN N 2 A
0 - T T 11 0 - 1 T T
Ref. 600 700 800 900 1000 Ref. 600 700 800 900 1000
Numune Numune
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kekil 3 Puzol ani k aktivite deneyinde kullanélan har-
3.3 Har -1 arén Fiziksel ve Mekani k ¥zellikler
¢tal ékmada ¢retilen har-lardan el de edilen veriler bu
olan g°r¢nen porozite oranlaré kekil 406de g°steril mi.]
uygul anan k¢r sgregihienovaamasénidbhedpkeéekl er ger -ekl el
birlikte -imento -BH ngyre¢n ¢n doel udkanmaas éf alzelkal ecndi J i nden dol
oranl arénén d¢gKkmesi nor mal karkél ammd I mad&r .duMK mulname |
daha y¢ksek porozite oranlarénén ortaya -ékteéejée g°zl
°rnekl erde g°r¢nen porozite bir miktar azal méxkxtér (k¢
10MKA7 ve 10MKA28 kodl u harr-alnaradraé beilrdbei reidnie iyrakkeénn, pdoii
géenl ¢k kegr uygul amasé har-1larén porozite dejerlerini
uygul anan MK i kamel.i har -1l arda k¢r s¢é¢re2i8Bnigrnnéarkmaseé
har -l arda MK katkésé artték-a porozite azal méxk, B -i.
artméxter . En y¢ksek porozite oranlarée % 32.3 ile 201
oranl aré % 8 eikller2hMikA2&I°%dren edi | mi Kt ir.

a) 325R b)

35 35
K7 o @28 a

= 30 fmmmmmmm oo oo = 30

o o

Q 25 Q 25

< 20 < 20

(<) Qo

< 15 < 15

9 N

= 10 =10

o o

© 5 © 5

0 0
Ref. % 10 MK % 20 MK Ref. % 10 MK % 20 MK
Har - g Har - g

kekiHar4. ar én

¢i mento har

oranlareée, g
oranl aré %
°rnekl erind

o
1
e

g°r¢nen porozite oranlar e

arénén su emme oranlaré kekil 56de g°st «
ishen porozite oranlaréndan el de edil en
.9 dilledeoM&KBIFi Pkerkl enidgepkesu emme or é
el de edi |l mi ktir.
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Ref. % 10 MK % 20 MK Ref. % 10 MK % 20 MK
Har - g Har - g

kekliHar -1 arén g°r¢negr yojunluk dejerl eri
MK k a°trkred kel er de kul l anél an -imentonun y¢ksek dayanéml
daha y¢ksek seviyelerdedir. Dol ayeséyla har- ¢retimii
har -1l arén referans °rnjekhleuikdedejdahlaeyiihesekalgiPp ¢ali,dulkylk
Har -1l ara uygul anan k¢r s¢gresinin artteéréelmasé °rnekl ¢
azalan °rneklerin birim hacim aj ér luézkalyaarné kagrrt nséikrteésri.
birlikte yojunluk dejerlerinin azaldéjeé g°r ¢l megkter.
ger¢negr yojunluk dejerlerindeki bu d¢e¢keéeklerin beéegnyed:é
ger -ekl ekturmrmencenljé wej bnl uk dejerl erinin daha d¢ke¢k
A -imentosunun kull anél déjé har-1larda karéeékémlara ekl
d¢kekl ere neden ol muktur (keketd8a)seBebri mmat davanami
MK katkéesénén et kisi net dejildir ve dejikkendir (kel

QD
=

12

10 A

dayan

Ej il me
S

Ref. % 10 MK % 20 MK Ref. % 10 MK % 20 MK
Har - g Har - g

kelBiHar -1 arén ejJil me dayanéemée dejerl eri
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QD
N

dayan

<

Q

2]

©

m

Ref. % 10 MK % 20 MK Ref. % 10 MK % 20 MK
Har - g Har - g

keldiHar -1 arén basén- dayaném dejerl eri
A -imentolu °rneklerde, har-Ilarén basén- dayanémlar e
artarken, referans °rneklerde en d¢ke¢k basén- dayanél
°rneklerde % 10@aMK2Batgkall § kh&@m nlekrd erde ise % 20 MK k
dayanéem dejerl eri el de edil mi ktir. Basén- dayaném dej]
MK ve B -imentosu ile % 10 MK makszsemebasiénbi dagaaém |
séraséyla 47.9 MPa ile 20MKA28 ve 42.6 MPa il e 10MKB?
Daha °nceden yapélan -al éknfal2a0 doar admal k a Bmeeshiet nolm bag séérn -
dayanamtaeedéjée [13], bununla birlikte MK ile ¢retil
mekani k °zelliklerin daha et kild@ bir kKekilde arteéxkl al
¢i mento har-1larénda bulunan MKv&aB k€israem@tnolud tYramsels| ar
katkésénén artmasé ile birlikte °rneklerin ultrases
i se MK katke oranéndaki artéklareéen ultrases MKejerl er |
kat kel é& har-1larda en y¢ksek dejerler elde edilirken,
el de edil miktir (kekil 10a ve kekil 10b) .

a) 325R

4.4

48 o mm oo

(o))

B . e EEEE R

41 f----fEE oo

(2] 2]

o 40 o

[%)] [7)]

o >0 ©

— 3,8 —

a7 -

D 3,6 D

35 T - T T

% 10 MK % 20 MK . % 10 MK % 20 MK
Har - g Har - g

kekKibHar -1 arén wultirases hézé dejerl eri

4 . SONU¢LAR

Har -

°rneklerinden el de edilen verilere g°re; MK ikal

66



-imentolu har-1|lara g°re daha y¢ksek porozite oranlar

uygul anan kg¢r s grmeshiarciimm aarftémd £& lialre alritrmékt ér . MK kat
sénéfénda da % 10 MK katkél é ©°rnekler daha y¢ksek yoj
har -l arda MK katkésé ejilme dayam&lmdajr@&@n®r degklierid & eaf;
dayanéména MK katkésénén etkisi net dejildir. A -imei
mal zemel erinin bir arada kullanél masé durumunda °rnel
edi |l mi ktir
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Bu -al éexkxmada, met akaolin katkél é& beyaz -1i me
araktereéel mékt eéer . Har506 |°urkn etkd yeazi n-i inme,mted s umi kw
-iment oda, beyaz renk petdblil pannkemadoeé aykéat
kull anél amamaktadeéer . Dol ayéseyla katke ol ar ¢
renkte ol masé °nemlidir. Bu nedenle ortaya -
yapt ejue méal ék mada rbkdy azh armemaldlidie kdalriak kul | an
ise bu kilin bek farklIl e °(é)snaekldnmd«5|tscmuc(m6aoee 700
edilen beyaz bir créender . Sinterl enen et ak
deneyl eri wakaslewhéwuze lami k°Cdldtei sii the eirrh@enlesni :
el de edi |l mi ktir. Ardéndan haz€btanasni nkar B &
met akaolin mal zemesi % 10, % 20 ve % 30 ora
har -1l aranmeet Eeyaslhr - ¢retiminde kérma kum |
cmoél i k met al har - kal éplaréna vibrasyon y®°nf
ve 28 g¢nl gk su kegreg uygul anméexkt éer . Keér i K
bi rim hacim ajéerl ék ve g°re¢neégr yojunluk gi bi
dayanéemé gibi mekani k testler yapél mext er .

belirlenerek -i mento harcé ¢retrinmkhee kazlel a
meydana getirdif§j.i d®egn k- kdli &krlaek %rhktMdK el kn&m
harcénén fiziksel ve mekani k C°ézearal ikkulneurni nkea s
dayanéemeé ¢ zer dlumduz etkiyi % &0t MKr Kl @ fne s i bertaraf et
kérma kumlu beyaz -imentolu har-Ilar i-in en
Anahtar KelimelerBeyaz -i menho, k@émemakkomn sinterl eme,

1. GKRKKk

tajdak beton uygul amal ar & Peéorrettlialnnde s-iinnee nvteo sa
-elijin beraber kul lllanéBmasanadaaganpmktdd?eérx
takéyéecé sistem mal zemes.i beton ve betonarm
rengi br ¢t beton uygul acoma |l alr@&@malk ki Imlaan é Ibé rrk
yetersiz gel dijinden beyaz bet ona vV e do!l ay
-ékméexkt er Yézyél e akkén bir segredir cretilor
estetik uygulamalarfBaI|kKueInIaaebang miekktniorl o j i
génegmegzde, estetik ve dekoratif czell ikl eri

a-éséendan da ¢steéen perf @2iBhanasz ©czieméntkod erd zgl
(profillit, kaolin) ile ki r e - takéneén kar ekt ér él mas e il e
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] ¢t ¢l mesi sonucunda ¢r e8i.l evmorhmadr o-lii ke ndior

yé¢ksek enerji gereksini mi ve kalitenin artt
maddeé r | kull anél maya bakl anméxt éer . U-ucu k¢l
mal zemel er bu I K I -in yojunlukl a kull anél n
korunmasé I -in kul |l anél aBiul ecelkt aidkaa mee yéarz¢ n-l
kulanél abil ecek puzolanlardan birisi beyazdan
bir puzolan olan metakaolindiKaolinitin 6009 0 0 UC s & ¢ a kdinee#enmesile | €] é n ¢
elde edilen metakaolinifn a r - ve betonl armdnl|l meadafiaktl @k mad
°neml. et kil er i [4 Malakdolm (MK)i (ALBOne KLt9e6di rl ar dan ©
mal zeme ol arak biliniyordu fakat -imento |- €
i-erisinde kull anéemé 1980i Ilgeirsei nkia d-aerk nsi akdteic. e
°czel lifJi kal si yuin Fiadgresck aidte VECkGC@OH) reakt:i
hidratasyonunu hézlandér ma yedielniegy um-8o rf &1 én
H jelinin olukmaseéenda yéiclhsekapekskmaséndaea- i b
porozitesine, Kl or°genme idndydmnéméra de®nmiahai
performanséna olumlu etkileri varder [5] [ 6]
Met akaol in v e beyaz Portl angle-einmebnazoe i-lael é
inceledijimizde; bet onun mikro yapéesdKve hid
kar ékémenén etkilerinin araxteéréldéjeée -aleéexn
33 arték sajlanméxkt érms uBz yeltekliilkelrei dMKn iizl es uoyru
[ 7] . Y¢ksek séecakl éjén MK ve u-ucu kgl kat ki
%520MKIe%2060 oranlarénda u-ucu k¢l-808EE kel e

araseéndaki sécdklrék |SaorndualU d ogl caer kaekn md Oelr i -1 n K
olarak belirlenmicktir. En iyl performansé %:
seril eri i se en y¢ksek Bboz udlidgnleg@magP sk e kil
metakaolinPortand- i me nt osu yerbienteo nkunl |paecw ef ldarymkmasle! €l e
i Lgili dur uikamacg raami@ar ak mérRrtermMK bel irl enmi kK Ve
uygul anmékt éd¢gk Songe- ol genmaki k), yé¢ksek mukavi
peretrasyon teknik avantajlam | ar ak bul unekwdeper pMEAMBN&OADNS

gereklerini karkeéladéjé.bu sonu-Ilarla ortaya
Beyaz Portland -imentosu pastalarénda kat ké
edi |l mi k mahonmktubhkanél ar ak yladp edraas & mdackkimaalr
dahi l edi |l mi ktir. Ejil me basén- dayaneémlar ér
et ki sajlarken daha fazla katke oraneé dg¢kge¢Kkl
15 kire-takeé i kamesi yapélan -al ékmada dayar
oranénén i kameli serilerde daha d¢ke¢gk ol duju
Bu -al ékmada beyaz Portland -imentonun bet
dayaném veél éda&ywa&mekjyané séra beyaz renginin

tasar émceéeneéen bekl entiler:i arasenda yer al n
kull anél masé ama-|lanmékt ér . Bunun i -in yapay
beyaz renk beklnt i si nden °tg¢r ¢ har - numunel erinin

yerine érma kum kull anél mékt ér . Bu deney a

k t
Portland -imentolu har-1lara et kisi arakter él
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2. MATERYAL VE METOT

2. 1. K uMalzeaneler | a n
¥rneklerin ¢retiminde CEM I 52, 6Gi Me Bteywa iPloamd aendi [-en
(MK) ise T¢grkiyebdde bul unan © zedien kawhi kdnindabotatuvab i r s er ami
kokull aréndansicnut et denmedsil ms Kkt ir. Har -1l arén ¢reti min
Af yonkarahisar | kéklar mevkiinde bdul-urears utyak kad d jagred :
Har - numunel erinde beyaz rendiam kalucremaese&rhadefelngmdid]j
detay ol arak kehkiExkimada Xetilamékainr mal zemel erin | ite
ise Tablo 16de verilmixktir.

Yo' 07 R 7 ; 7 A f

(g T L v,

[ ; 9y e e ¥
kekil 1. Har—ta kul | anél anMetakablizkeemeeKurar s ér aseéyl a: Bey:
Tabl o 1. Kull anél an mal zemel erin kimyasal ( XRF) komp
CEM 152.5 R[12] 21,6 | 4,05 0,26 1,30 | 0,30 0,35 (3,30 | 657 |32
Kaolin [13] 513 | 326 11 0,3 0,2 0,3 - 0,1 130
Metakaoln [14] 518 | 458 0,35 0,03 0,13 006 |- 001 |091
2.2. Kaolin Malzemesine Uygulanan Analizler
Kaolini n i -yapésénda baeacléwr an Affayzolna rKéorc atteesppei tjiniavmer si t esi
Arakt érma Merkezinde XRD analizi, Bruker marka D8 Ad)
davranékl arénén belirlenméEGiamamaicEyéni dpapegindmé mee ke zI
°rnekler hav¥/dratkam@nkarwe hHhézénda deneye tabi tutul
2.3. Puzolanik Aktivite Deneyleri
¢i mento harcé ¢(retiminde kullanélacak ol an metakaol i
sinterlemes écakl epeméni bamacéyl a, kaolin kild@ ajérl ék-a %
kar éktérélmék ve 5 cm -apéndaki silindir metal kal ép
kekillendi kil enB8¥adki epi kR r-1@800060xE100ad6 ¢® 0ol mak ¢zer e
farkl é sécakl éekta ve son seéc aklIsigtdlénarekdetmkadliner saat s¢r e
done¢gkt er el megkt gr . Daha sonra metakaolin mal zemel eri )

maksimum2 50 Om ol uncaya kadar ©°] ¢t ¢l mektgr .

Puzolanik aktivite deneylerinde ASTMC6BBln ol u st andarda g°re °rnekler haz

malzeme olarak CEM532,5 R tipibeyaz Portland i ment o, dol gu Armalon&kme aih i slaar d kk$
mevkindebul unan tak ocaj éndan t emiHmaredialrmink hlag&remd akura sléu
far kl e soterereimeé mkaol in °rnekleri ayré ayré deneyl erde
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°czel li kleri g°stertkal imelt arkrmed iime °r ale&kr &lrmannimé r . ¥r nek
belirlenmesindeg ¢ nl ¢k °rnekl er kull anél mékt ér . Puzol ani k akt
mi ktarl aré Tablo 26de verilmiktir.

Tablo 2. Puzolanik aktivite deneylerinde luth € | an mal zemel er .

NUmune ¢i me n| Kum | Metakaolin (MK) MKsinterl eme §Su
(g @) | (@n {9) (gn

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 Hazérl anmaseé
MK i kamel i -iment o HHBRolPunekdrdands® EBrdbPBADIre-2t ey
40 x 160 mméli k metal har- kaleéplaréna vibrasyon y°nt
har- ©°rneklerine il gild@i t&sgdrrih yaplkdragcajeguylianme et
Tabl o 3. Hazéer|l amamniramé&ékl er ve kar ékém

¢i men .
Har - Kum Metakaolin Su K¢ S¢r
Numune 525R

Grubu CEOR) ey [moE) @ [(gen)

Referang Referans | 450 1350 | - 225 |7

Referan28 | 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
Ker i k1 emi tamamlanan ©°rneklerin fizigksee¢mheel 9 kimenmn
porozite, birim hacim ajéerléek ve g°r¢negr yojunluk dej
belirl enmesi sérasénda; °rnekler suw tweakewnydand ay gwmrmar y
kuru ajeéy(IVelkd al m\g;kdtemrdan il gili ©°ragdicéyekadaet ¢ v de de]i K

Kurut uWRuktBuur dejerl er yardéméyla °rneklerin g°re¢nen
yoJjunl uk dej eddEgPr @SsBNemm2 ENEftE HBgrir ei vy & 'Etfkaj‘éda v
exitlikler yaAdldéemegyghalagBrrmeekid iibe&kk dlnii k °zej i | méeve basaan:
mukavemeti deneyleri TSEN 1966[65]g°r e y¢r Bu¢eldmpretyider den °nce ayné nu

ultrases ge-ik hezé °l-¢mleri de yapél mékter.
GEIlSQI&SIE(PQOQmpr[T[ p
[0} l l -
aaf 5 o G
@it wdd & a Q@ —_— o
0w W
YQaa® d)—oopnn T
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3. BULGULAR VE TARTI kMA

3.1. Kaoline ait XRD ve DTA/TG Analizleri

Kaolin mal zemesine ait XRD anal i zs kadlieitve iditigidie edi | en v «
minerallerin varl &jé tespit edilmiktir (kekil
2200 | TH8-bayazr numune brml

7 K
2000
1501:—_
1B00—

o] “ K: Kaolin
4 I it
1800 K Ku: Kuvars.

1500

Counts

K

‘ KKP|K
N I
bt VIS A

70 &l

2Theta (Coupled TwoThetaTheta) WL=1.54060
keki | Kaolin malzemesine ait XRD grafifiji

Kaolin mal zemesinin ter mal davranéxkl!l arT&andlizleribel i r 1 enel
yapél mékt érl.deAnediilzd rBorddecrng 9deetr e Kielkmil k t i r . Ver il en gr af
kili termodinamik olarak 567C6 de endot er mi k pi k g°stererek metakaoli
g°r e’Cod®8 i se pk&klzokt emuni ° z| Ehimkkamesbnoraémal zemede Kkr
artacajé de¢gkegnegl mektedir . TG anal®Cddeekil EeEzdénmal &a
dej eri bi2n o% dluf u belirl enmiktir.
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TG /mg DTA /(uV/mg)
T exo

+0.05

r0.00

+-0.05

r-0.10

2 £-0.15

100 200 300 400 500 600 700 800 900
. Temperature /°C
kelBi | Kaol en mal zemesine ait DTA/ TG grafiiji

3.2.Puzolanik Aktivite Deneyleri

Puzol ani k aktivite dene¥dde ig°dsetne reil siterlexstsliért.2 hE re jeie o e aelr

belirl enmesiamdEen daegénr-l edd baz al énméxkt ér .
a) 45 b) 14
s iy \ R PRV S—— S
@ 35 TP oMo S ) R )
- _ 10 +------ YN
o 30 TN RN -
1. - _— - I - - 8 + - -- - --
8 25 «N
> 20 TAN AN AN DNY > 6 1 - N, N N, IS
> 15 =
)(.lj < 4 1 _ . ] .
~ 10 RN NN N8
TN Ny N Ny N NY 2 T - AN -
0 T T T
Ref. 600 700 800 900 1000 Ref. 600 700 800 900 1000
Numune Numune

kelki | Puzol ani k aktivitleadememéhari kul 2z alnleil lalne hia.r

Bununla birike bi r bakka omakamrilk | imzeldlaiylan & thE b Xdgefisetrel reirli midket iyr
Grafiklerdeg®r ¢ 1 d¢j ¢ ¢zere MK katkeél & harG hlarrnie-k)l erreifneirna nbse )
g°re daha y¢cksek dayaném dejerleri el d€oedi simhkerblen:i
MK kat kél & 4° rMPeak daekreckd b 0o,k el daed&dieri mnkef | bitigen @ aY anén
(kedbi lol arak el de edil mi ktir. Dol ayeséeyla bu akamadan

uygul anacak ol an s i°Gtoelrmaesréen a ékcaarkd ré j veenréinl ndiok0Ot i r .

3. 3. Har -1 arén Fiziksel ve Mekani k ¥zellikleri
¢al ékmada ¢(retilen har-lardan el de edilen veriler bu
olan g°r¢nen porozite oranlaré kekil 56de g°steril mi.]
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por ozi
var énda i

oranlarénda d¢krikKllEgr gegrekil mkmi &att masée i |-8H b
créenég olukmasé beklendijinden dolayé har-1 ar én
numunel erde g°r¢negr porozite orledeéeldborén®o 50 i
mertebel erine adar gerilemiktir ve en d¢kgeék
¢i mento har-1larénén s emme oranlaré kekil
paralellik arz ederek benzernume | er de benzer ejilim elde edil
mertebel erinde iken 28 g¢nl ¢k numunel erde or't
génl ¢k numunel er araséndaki en b¢sgebtkrkank @nil
orané yine bu seridedir.
80 14
B7 g E28 ¢ B7 g EB28 ¢
A 124
----- 10 L .
_____ X
U o | EE _______fE  FE
E8
) 5
S 6 iR R
- n
- 4
- 2
0 ERE . . 0_ oo - Iy -
%0 %10 %20 %30 %0 %10 %20
Met akaol e Met akaol e
kekil 5 G°re¢negr porozite oranlar e
¢i ment o harr-ilmamrhéanceinm aj ér | ékdjaurel Kkkedkd & k efidldéeer, |
8o0déster¥itmektere uygulanan k¢gr s¢gresinin
crénlerinin artmaseéndan dol ayé har - |
genl ¢k seri erin ortal amii kbeimm,i n2 & agg misgalf ém
2084 kg/mci var @éna ye¢kselmi ktir % 10 ve
yakl akék ayné birim hacim ajeérl é&] éna
aj érl ejéena sahipti
kekil 86de veril en g°P%ern¢dni¢lri nydog uhnalru-kli adreaj eurylgeurlia niannc ekl¢ r
°rneklerin g°r¢negr yojunluk dejerlerinde azal

i
ortalama 2551 kgf’d e er i ne

bel irl enmiktir. Ke¢r
dejikim % 30 MK
yojunl uk dej

ger -eklektiremediji

sahi

vV e

s¢resine
i kaalniekagreisi edeée polr og it et or anénéeén
er | er ienddee kb u I bwn adn; KMK | kear ti kné shé& meéyn

bu nedenl
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2300 2700
B7 gEH28 ¢
=2100 - o 2500 - B
_ o
S >
©1900 - 2300
I S
)
E c
1700 A 2100
01500 - O 1900
1300 A : : ; : 1700 : ; ;
%0 %10 %20 %30 %0 %10 %20 %30
Met akaol e Met akaol e
kekil 7. Birim hacim ajérl ekl aré
¢i mento har-laréna ait ejilme dayanéemlar é Kke
sahip ejilme dayanéeménda kg¢gr s¢resine bajl e
d¢kek dejerler 9 MPa civaréendakiekmgeretrénl e %
14 60
B7 g ®E28 ¢
50
>
©
n 40
< 30
1
(2]
< 20
m
10
0_
%0 %10 %20 %30 %0 %10 %20 %30
Met akaol e Met akaol e
kekil 9. Ejil me dayanémlar é
Beyaz -imento har-1€& numunelerin baseén- mu k
genl ¢k kegr s¢gresinin ardéedda gapgelhaesebadeéhe
il e referans serilerinde Ol - ¢l megkt ¢r . MK i
dayanéméné sergileyen seri 46,7 MPa ile %10
baseén- dayanemé dejemlleki numerdeleandi pradendas
dej eri hem de en b¢ye¢k arteéek oranéné g°ster.
ol muktur % 20 ve % 30 MK serilerinde ise 2°¢
meydana gel miktirdamRefmepdhanasegeleni bde d¢ Ky
-aléekmada da ol duju gibi standart kum il e b
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seril eri hazérl anmék ve bunlar farkl & kg¢r S ¢
-i mento haend adagydacécimlaar énén d¢KegKéene sebeb
-alékmada su emme ve porozite oranlareé kg¢r
Ayréca MK katkeéel é& har -1 ar gve Aleorlkneank d¢azyearneé m kki
Al,Osi - er i i ol maséna bajl ammakkumendhbhpmi(Baell e
gehlenit) kaynakl andéjée d¢kegnegl mektedir [ 20]
¢i mento har-1larénén hem fiziksel hem de meke
dijer | - ¢ mde ul tkreaksiels 1gleb-diek vheérziéldeénr ul t r ase
hem k¢r se¢éeresi hem de MK katkeée oranlar énén &
k¢r s¢resinin ardéndan yapélan °1-¢mlerde e
serilerig®se@raogirt ¢k ke¢gr s¢resinin ardéndan
°l -¢mlere g°re arték g°sterirken en y¢gksek ¢
dej er % 30 MK i kamel.i ser| de °1 -¢l mgkt g
kalt el i ol duju keklinde yorumlanabilir

o

O

(2]

(¢}

(2]

©

%0 %10 %20 %30
Met akaol e

kekil 11 Ultrases ge-ik heéezlar é
Bu -al ékmada, beyaz -imento harcénén bilexke
fakt°r¢ dikkate al énan °nemli et menl erden bi
renk ©°zellikler:i de bulgularkekiakéehdadglkr fd
referans serisi de dahi |l ol mak iczere t(,m S
incelemeye g°re MK ikamesinin har- renginde
referans serisine kélyasjla dg%zylagd mijktni rb.i r mi Kk
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k ek

i 12. Beyaz -imentolu har- numunelerinir

% 30 MK ikameli seriler

4 . SONU¢LAR

Har - numunel eri ¢czerinde yal¥deasideaelfewnmi knmet akabki
-imento har-1larée ¢zerinde et kildi ol duju go°r ¢l megkt gr .
géenl ¢k kegr s¢gresinin ardéndan deji kimler -ok net ort
i kamesi en d¢kek gfiag ¢onrégan lpaorréorzé tsee rveei Isaumiewt ior . Bununl
s¢resinin artmasé ile birim hacim ajérl éklar artmécxkt ¢
MK katkeleée °rneklerde °1 -¢l megktPrl10EMKenkamel s¢treseéeklk
ortaya -ékméek 28 g¢n de tegm serilerin yojunluju d¢km,
hakkénda yorumu g¢-1lendiren ultrases ge-ik hézl aréna
ye¢kspkrtder % 10 MK i kameli serilere aittir % 10 MK |
sergilerken silis kumu yerine kullanélan kér ma kumun
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1. Abstract

Civil engineering roof systems fautdoor 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 ad 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 thesestexmssynd 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 strucuret 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 manufaged 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 usingompletely 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 Atensile structureso used to cover wide
engineering designs and some architectural aspects. Instead of using materials with high
stiffness, tensile structures adapt membrane materials to cover w@e &able 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, lomweosts 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, spiezcomputational 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 procedes 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 ammager Afford the architect the opportunity for
imaginative creation and the same time network of slendéfes 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 structurese 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 he 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 andaaléy 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 thereeither bending, compression nor
torsion but only tension forces/stresses exist. It is usually used as sspamgestructure
because of the lighweight characteristics of the structural materials and absence of elements
that may have buckle. Througmtgon structures come in varying size, scale, shape and form,
all of them consists of the same basic elements[5]:

1 A lightweight and flexible fabric members, tensioned for stability and usually

used as a roofing element,

1 Flexible linear elements such #es or cables, which are commonly used at

boundaries or edges, and

1 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 buildingmaterials 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:

1 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 ofnot 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 membrarseis aimed at keeping the initial priestess at approximately 1/20 of

the breaking strength of the cloth [6].

1 Pneumatic or air supported structures,
Pneumatic structures or ‘'air houses' are thin membranes stressed by internal air
pressure generated by far&heir 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 pressubetween 0.2 kN/fmand 0.55 kN/m[6, 10, 11].

i Cable-nets and cablebeams.
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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 suspened 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
Thegrowing interest in tensile structures can be attributed to following advantages:

T

l

Provided appropriate and well designed structural forms are utilized these structure
can become very attractive arcliigral 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 helpsvemt damage to
surrounding property from flying shingles or metal roofs.

Adapts its own, unigue shape. Because of their uniqueness and originality, fabric
structures can attract extra attention to a business. Adding attractive signage and logos
to help adertise 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 stressedtsnedas 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 structuage Bome disadvantages. These are:

T

= =4 =4 4

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 £l

3. Analysis and design of tensilstructures

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 labourgoaistic 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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Beamsand 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 taikusartain
behavioural properties of a fabric membrane. To understand this behaviour consider the
uniformly loaded beam and it's bending moment diagram in Figure 1.

VIV IV VI VIV vvvvvvveyb
| |

A AP
M(x)|

Figure 1. Uniformly loaded beam and moment diagram
Now consider the uniformly loaded cable and deflected shape in FigbrésZzhe load
per unit lengthL is the total length of cabldy is the maximum vertical deflection at
midpoint, andH andV are horizontaénd vertical reaction forces, respectively [17].

VIV VvV IV vVvvvvvvveeh

e e e- -
| < g
<€ L |
YVV ¥vVvveveyb
: <TM{h
v
I: :I
! L/2 !
Figure 2. Uniformly loaded cable
Equilibrium in the verticadlirection yields:
0w — (1)
Because cables cannot resist bending, sum of moments about any point will be equal to zero.
B0 11 (2)
o 1 - - w- ™m (3)
0o — (4)

And the force in the cable is:
O Now O (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 structufe],

[ Structural Net Creation, Nodal vectc}

!

4 )

Boundary Conditions, External Loadg,

(. J

!

Branch Node MatrixC

!

Set Force Density Valug3 = F/L

!

( )

Solve linear systent{(. Q. OX =R+X

!

[ Calculate Length. & ForceF=q.L ]

!

[ Calculate stres8 = AF / ]

!

[Calculate unstressed Lendth= L. (1- F/ AE) ]

Figure 3. Force- density methods

4. Examples of Design
Examplefor three typs of tensile membrane designéy using Forten2000 software
included allprocess design Tensile membrades shown inFigures below, boundary
tensionednembranesype which shown steps of boundaries type.
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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

Figures4 and 5, shown the steps of boundaries with Polesh and Trmesh 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 desigrh whic
presented the phodformfindinge stress (0

Figure 7 The me)obformafindng ot Bowndas teffsibned membranes

Shown in the Figure 7, membrane stresfl) after form finding for boundary type of tensile
membranevariation 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
Cale-nets and cableeams.

Figure 8 The me)obformfinding fot Qaldesnsts andicablebeams
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As seen in Figure ,&he membrane stregs{]) of form finding range between Okg/m and
981.187kg/m.

Figure 9 shown example of pneumasitructures, as seehe membrane stre¢si) 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.

=8 membrane 511 stresses (Kg/M)

95691

128.497
161.302
194.107
226912
259718
292,523
325.328
358.133

390938
423744
456.549
489.354
522159

554064
587 770 vy
620.575 e Sl ittt N

Left

Figure 9 The me)obform finding ot pnedirsasic menmbrane 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,
developmentsn 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 radesign.

The advat 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 bogbftware 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 structes 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
engneering.
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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 sos #iesorb
morevolumeof soil increases. The increasealvme of Montmorillonite mineral is more than kaolinite mineral.
Two different soils from TurkeyStandard Kaolinite and Bentonite soils) and two soils from Cyprus (soils
Degirmenlik and Tuzla) were chosand testedh laboratory by using Sediment volume tésir Soils

Kaolinite, Degirmenlik, Tuzla and Bentoniteree swell ratio (FSR) values weerespectively 0.47, 1.26, 1.38

and 1.30. Free swell ratio of Kaolinite soil confirmed the test. 8blegirmenlik, Tuzla and Bentonite we

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 éntake. Th
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 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 phyllosilicately minerals along with the associated
exchangeable cations gla dominant role in controlling the physibemical and engineering behavior of fine
grained soils. Among the various types of clay minesdiieh are nothing but hydrous alumina silicates

kaolinite and montmorillonite represent the two extreme typesi@ad major consideration. While kaolinite is

almost inert materiah terms ofswelling, 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 Waal sbé6 forces. This is t
The effects of dielectric constant of the @onedium 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 dominatecdtiyvatforces 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 natugshfimed soils

and also to obtain the clay mineralogical composition of such soils. Many laboratory tests were conducted to
obtain useful information abouteHine-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 Kaalid Bentonite soifsom 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 Methodvere successivelyayeloped.
InPercenFr ee Swell Test procedure, the soil 3bfsamfeési ed bef
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poured gently into a 1081L jar. Jar is filled up to 100mL with distilled water. Soil is stirred in distilled water

and jar is allowed for soil particleés settlein the jar Free swell value (FSV) is the volume increasing at the
percentage of initial vol ume. Swell property of soil
method.

When percent free swell test is used, 1Bemiume of dry soiis decided by personal choice. Because of this

limitation, Holtz and Gibb&avedeveloddifferential 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 useadian 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 (MFSIpr classification of expansive soilBhe tested materials areglminerals

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 akdd$Pr have defined a term Free Swell

Ratio (FSR) as the ratio of equilibrium sediment vol
distilled water (Vd) to that in carbon tetra chloride (Vk) after an equilibration period of 24 h.[3]

FSR =\, / Vi 1)
Dominant clay mineral type can be predicted by using FSR (Table&) n@heralogicalcompositioof soils

were determined by using FSR method Hgure 1 helps to identify the dominant clay minerals if their
sediment volume in kerosene (orlmam-tetra chloride ) and in distilled water is known.

Table 2 Classification of expansive soil based on FSR [5]

Clay type Soil Expansivity Dominant Clay Mineral Type
Free swell Ratio
<1.0 Non-swelling Negligible Kaolinitic
1.01 1.5 Mixture of swelling | Low Mixture of kaolinitic and
and nonswelling montmorillonitic
1.51 2.0 Swelling Moderate Montmorillonitic
2.071 4.0 Swelling High Montmorillonitic
> 4.0 Swelling Very high Montmorillonitic
80
I 4 Soil .
70 _ - Group Soil Type
2
60 - I Kaolinitic
L mc nB 1
50 |- A I (Kaolinitic_: + N
1.5 Montmorillonitic)
- 40 | .
>0 | ' A Moderately Swelling
30 | " 1 Montmorillonitic
1
i Highly Swelling
20 I B Montmorillonitic
10 - I C Very Highly Swelling
N A Montmorillonitic

0 10 20 30 40
Vk, cc

Figure 1 Shows graphically how different clay minerals are placed
TEST RESULTS

Figure 2 (a) and (b) shows some typical test resullish bringout the effectiveness of free
swell values in water and in kerosene or carbon tetrachloride.
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Figure 2(a): Shows that although basically the soils are kaolinitic and montmorillonitic , the conventional
classification chartloes not differentiate thenf6] (b): Shows how the kaolinitic and montmorillonitic soils
shown in figure 2 gets #glotted between the sediment volume in kerosene (or carbon tetra chlogide)dV
V4, sediment volume in distilled watg6].

Table 3 Some typical results of cohesive soils studied.

Sed Sediment Grain size
Lo . . ediment istributi
Specific I.L'qu'd I.PI".’ISUC Slhrl_nkage volume in | volumein | Free distribution
i i imit w imit w imit w
Soail | Gravity L P s water ccl, swell Clay | silt
(G) (%) (%) (%) ratio . .
(cclg) y size size
(ccla) o) | )
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 1.24 545 | 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 1.92 575 | 425

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 vatuare 1.24 and 1.17. They are between 1 and 1.5 in Table 2 so the
soils are mixture of kaolinitic and montmorillonitic.
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Table 4 The results of the present study.

Licuid | Plasti sed . Sediment Grain size
iqui astic . edimen istributi
Specific| fimit | fimit | STNKage | oy | VOIME | preg | distribution
©) (%) (%) (%) (cclg) CcCla ratio Sand Clay | Silt
(cc/g) (%)
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 2.15 130 1 755 | 235

Standard Kaolinite and Bentonite soils from Istanbul and soil&reglik and Tuzla from Cyprus we tested

inour laboratory Kaol inite soil 6s Free swell rat Bemtondeo nf i r me d
were Kaolinitic and montmorillonitic (mixed clay mineral§or Soil Kaolinite, FSR value 820.47.It was less

than 1 in Table 2 so the seibs kaolinitic. For Soils Degirmenlik,Uzla and Bentonite, FSR valuesrae

respectivelyl.26, 1.38 and 1.30. They mebetween 1rad 1.5 in Table 2 so the soils memixture of kaolinitic

and montmorillonitic.

Neither liquid limit nor plastic limiandshiinkage 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 expressl 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 i f used and pr ocesasatdodheclasdficatob §f soilseott hout t he
complete.The increase in the volume Montmorillonite mineral is more thahe increase in the volume of

kaolinite mineral.

Standard Kaolinite and Bentonite soils from Istanbul and soiléreglik and Tzla from Cyprus we tested
Soil Kaolinite identified correctlySoils Degirmenlik, Tizla and Bentonite we mixture of kaolinitic and
montmorillonitic.

In addition to thiswhen compared with the conventional oedometer tests for the identificatiom ofétling
sail, free swell testare 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 fAhybridd approach, t hat combi nes
output of theil h y b stratedjytakes the form of a Bayesian network, where the serious drawback of requiring huge amounts

of data was overcome by coupling the network with another classifid using expert knowledgéhe techniquewas

applied to two clinical casstudies and its predictive performance was compared with the perforsnahdée single
approachesThe results show that the proposed technique benefits from several advantages of the three single approaches and
outperforms all of them: it shows a bettengévity, that plays a crucial role in classifying new patients into the-hjh

category, and is competigwvith regards to specificitf’herefore, even though additional studies are needed to validate the

fi h y bapprahdh, it seems a promising teigue to develop reliable classification systems for small datasets.

E 2015
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1.Introduction

The development of reliable decisisapport systems that assist decismakers in classifying tasks is a
common goal of many studies. In litaree, there exists a number of popular algorithms for classificftion
whose performances are very attractive whenever large datasets and, consequently, large amounts of information
are available. However, when the condition of interest does only caly in the statistical population and
datasets include data of just a few hundred individuals, the most commedraselt algorithms and machine
learning models for classification give unstable results, and developing effective decigpmrt systems
becomes scienfifally challenging [2]

I n this paper, a Ahybrido approach is proposed to s
too small. It consists in learning a Bayesian network (BN) from two sources: a classification tree argta num
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 \ariety 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 oveydbraeise 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, chacloffdatata
against experience and intuition. The paper is organized as follows: the case studies used as reference are
described in Section 2, while the Ahybrido classific
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
Ahybrido classification technique: #fArare odeswasr 0 and
the development of an effective decissupport 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 indetecting the most suited treatment for each individual and, consequently, achieving a satisfying
prognosis of the patientds chances of survival

The datasets consisted of 180 and 208 patients, respectively; a number of clinical and biological \2&iables:
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 di
progress, most of the kifactors will be denoted in the following by codes or acronyms, due to confidentiality
reasons. This dataset included as variables: the standard diagnosse teghdse results are currently used by
clinicians to predict whether a new patient is ahhisk for progression or recurrence of the disease; clinical
stage, histological type and stype of the disease; presence or absence of bulky (presence/absence of tumor
masses measuring at least 10 cm in diameter), infiltration, symptoms and adttitoap)/; age of the patient.
In HL dataset, input variables included the Positron Emission tomography after two months of the start of
chemotherapyRET2) whose results are currently used by clinicians to predictctésds of a new patient; clinical
stage, histological type and sttigpe; presence or absence of bulky, infiltration in marrow, symptoms and
radiation therapy. Both datasets included as variables: percentages of neoplasticieeellgar{ables);
percentages of positive cells in the microenvinent (R variables) and their morphological pattermsy|
variables). Clinically significant intervals are commonly identified in diagnostic practice to categorize variables
measuring percentages of cells: the advantage is the opportunity to discoaranevelearly represent patterns
and trends in data, and possibly use them to improve the classification process. For this reason, despite the waste
of information, MR andNEO variables were categorized according to the intervals suggested by clinicthns a
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 Rgression Tree (CART) analysis [[4vas used to detect possible markers of
recurrence/progressioaf diseaseand to produce an accurate data partitioning schémateenabled us to
distinguish possible highisk patients from lowisk patients. Once ded the response variable as Y = 1 for the

Table 1.Descriptive statistics including incidence of missing values (NR&re cancer (a) and Hodgkin Lymphoma (b)

i I 0,
Dataset Variable names Type No.of  Min Q Median Qs Max  No.of NA -~ %
cases valid cases NA
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 o] 15 24 32 41 80 180 0 0.00
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
b) 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




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
ALDH1ALl_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 83150 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 42950 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
Class= 1
Class Cases %
1 41 228
0 139 772
N=180
|
SPs= (1) sps=0)
Class =1 Class = 0
Class Cases % Class Cases %
1 24 750 1 17 115
0 8 250 0 131 885
N=32 =143
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Fig. 1a.Rare cancer data: 4f0ld crossvalidated classification tree

Fig. 1b. Hodgkin Lymphoma data: ¥6ld crossvalidated classification tree
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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 studieSEsing.0
The results, validated via #0ld crossvalidation, are shown in Fig 1a and 1b, respectively. CART analysis was
performed with Salford Predictive Model&10 (Salford System, San Diego, CA).

On this basis, a Bayesian network was built for each dataset (Fig. 2), consisting in both czstethiadg
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 smaabtkesa Ky in the case
study a); by the variabk PET2 and STAGE of the disease (both picked by clinicians on the basis of their
experience and knowledge of technical literature) in the case studgnblyses were performed with
BayesialLab 5.0, adopting theinimum description lengttmdl) score for o d e | s e | guoction ed | the 0
algorithm for exact inference and a probability threshold equal to 0.5 to classify a patient in class 0 or 1

:@ O< [o] pﬁmz’ililrek
5@ < = i PET-2
G an RESPONSE

TREE-optimal BULKY r—‘
EF 5%
SUB_HIST_]
R A‘ (diffros,ms)
I [ sus_msT_1vee ]

VARS_NEO| SP
fscores)  [STATT]  fscore %)
== | = l—-—‘ -
a) [l b)

Fig. 2. Hybrid Bayesian NetworkRare cancer da{@) and Hodgkin Lymphoma (b)

Results were validated via 46ld crossvalidation [5] (Tab. 2, (a) and (b)) and the predictive performance of
the Ahybridodo strategy was compared with the perfor ma
that the proposed technique allowsdain 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 sengitiViterefore, even though additional studies are
needed to validate the #Ahybrido approach, it seems
systems for small datasets.

Table 2.CART and BN misclassification count and rates. Rare caagemd Hodgkin Linphoma (b)

Casg Class No. of CART BN
studies cases Countsfi)  Rates (%) Countsfi) Rates (%)
0 139 22 15.8 18 12.9
@) 1 41 10 24.4 1 2.4
Tot. 180 32 17.8 19 10.6
0 159 26 16.3 22 13.8
(b) 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 dstribution 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 teraties of the Republic of Serbia and the Republic of Croatia were used as a basis of the fdsearch.
comparison was made by usi@ini coefficient and Theil index, which are more appropriate for the analysis of wealth
distribution between different regisrand countries. Thesultsshows 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 Tlrdex 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 lartye variabili
While Gini coefficient facilitates direaomparison 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: Inequalisbased measures; Roma people;a&rCroatia; Crossregional 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 osbtfeltinequality has
increased in all societies since the last decades thf @htury. Economic growth depends on the level of
inequality in wealth distribution, so high inequality in wealth distribution stunts the economic growth, while
moderate disthution accelerates it. The consequences of unequal distribution of social wealth are visible in all
populations, being particularly pronounced in marginalised social groups.

Oneof the most frequently appliebproacksof measuring social inequalitiésthe analysis of individuals'
incomes. However, social inequality is a much broader concept than economic ine@yalitiemping to
highlight the complexity of the concept of inequality, Cowell (Cowell, 2008) expia@ opposite term social
equality. The authomrovidesnine separate aspects of social equality, including the avoidance of income and
wealth crystallisation, as equality of individuals (or social groupsccess to education, political power, social
acceptability, etcln this papertherefore,social inequalityis analysedn terms of access to education ahd
share otheemployal in the entire population

On the other handanalysis of social inequality is usually conducted through measures of concentration, but
Coll (2011) warns tht 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 distributbetween 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 ecorenmilify or
should it be supplemented by some more accurate indicators? We propose the introduction of standardised Theil
index, whichi compared to Gini coefficierit offers the possibility of decomposition to the components that
show variability within ad between groups. The values obtained using Theil index are therefore more precise
and they better explain unequal participation of social groupistifibdition of economic wealth.

96


mailto:atomashevic@gmail.com

2. Data collection

The paper considers distribution of certain partscohemic 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 fori@cdesthe 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 participatan 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 th® 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 Croatiaenitrfiose 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 acaaing 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 (Sokolavea , Jar il 2014) we showed that the Ro
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 distiohutf 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 municipalisagring 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 angked 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.

a) Lorenz curve b) Lorenz curve

0.0 02 04 06 08 10 0.0 02 04 06 08 10

Fig. 1. (a) Share of high school and university students older than 15 in Roma and the entatéopdpuberbia;

(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 caes 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).

97



a) Lorenz curve b) Lorenz curve
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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 curveersect (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 wastalerge 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 recommesédatdh
social inequality, especially for data that show large variability.

Table 1. Values of Gini and Thaibefficients

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
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 direatomparison 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 banconcluded 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 sRaresohigh 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 reldvely 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, theféects of weld parameters on tenssteear 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 foargmeters of welding current, electrode pressure, welding time, and
clamping time using theg(4®) orthogonal array. Results showed that the most effective parameters on the
tensile shear (5) strength were found as welding current and welding time eakezlectrode pressure and
clamping time were less effective factors. Max. #482a 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 autmmdy assemblies. ERSW process is based on the electrical resistance of the components
to generate heat when a current isgeal through theifd]. Galvanized steel sheets have good weld ability and
corrosion resistance. Thus, they are used toraobile 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).

Electrode

Sheet metal
parts

Pool of molten
metal

Figurel. The Schematic representation of electrical resistance spot welding.

High current intensity (LA 100 A) and low voltage ¢€BOV) 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 followindZqg. (1)
1 )88 (1)

Where Q= heat generated, Joules (J); I= current, amperes (A), R= resistance of tmetsth@eairts, ohms
(q); t= time duration of current, seconds (s)
Aslanlar et al. 3] have worked investigated that on tlieets of welding time and welding current on the
quality and the tensile strength of welding joints in ERSW of chromate +alloyedsteel sheets having 1.2 mm
thicknesses. The welding joints were exposed to tepsié (T-P) and tensilshear (TS) strength tests to
obtain the optimal process parameters. The results showed that the optimum welding current and welding times
were requred to obtain the highest theF and TS strength of weld joints.
Aslanlar P] has researchedfects of welding current and welding time on the tersdel (T-P) strength and
tensileshear (TS) strength of welding joint in ERSW of chromided mialtoyed steel sheets and galvanized
chromided micrealloyed 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 ttabish an optimization of tensighear (TS) strength of RSW for galvanized
steel using Taguchi method. The results showed that the effective paramete8sstreigth were determined as
welding current, electrode pressure, welding time, clamping tirddalding time. The results also indicated
that Taguchi approach was effectively used for optimization of welding parameters in RSW fgrecess].
In this work, effects of some parameters such as the welding current, electrode pressure, welding time,
clampingtimeontensis hear strength of wel ded assemblies by ERS
experimental design has been used to obtain an optimal experimental prescription in order to determie max T
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.

’_{ 180
>

(1
30 1\_/1

)

Tablel. 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

Figure2. Thesizes of FS test specimens

A current and timer controlled welding machine which has 120 kVA capauitypneumatic application

mechanism was used in experimental works. The work pieces were welded with changing electrode force,

wel ding current, holding time and yxing electrode di
experiments. The @lding period applied was shown in Fig. 3
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Figure3. Period applied for spot welding

The welded work pieces were performed to terstilear tests by in a 50kN computerized universal testing

machine in order to determineJ strength of the weldeksemblies. The tensile speed was kept constant at a

crosshead of 10 mm/min at room temperature.

Taguchi 6s method has been used for a wide rd&hge of i1
The welding experiments were designedtoapptye Taguchi 6 s me ffdectofdveldingo est abl i ¢
parameters on the-3 strength of the welded assemblies and determine the optimum welding conditions in order

to achieve max tensipeel strengths. In this study, the welding process parametirddrthe 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 Lo(4% orthogonal array table has been employed in the design of the experiments which includes only 9 trials

as seen Table 3. Using theerage TP strength values from the measurements, stgaabise (S/N) ratios were

calcul ated by Eq. (2) and presented in relevant tabl ¢
approach as represented by Eq. (2).

aq,/ . ,0
0 @

iy
%' :-10Iogg%{]ia=‘1 ’

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 usipthe signato-noise (S/N) ratio values. ANOVA employs Eqgs.-(3) [6]

eN g T2
S§ :éa(S/N)'zu' N 3)
€ek=1 u

=& ()
it éae“A @ N
Vrotal = N-1 (5)
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Where, N is the total number ekperiments, SSs the sum of squares due to total variatiopjthe
number of levels for factor A, Q3epresents the sum of squares due to factopiAs the number of samples
for ith level of factor A., Astands for the sum of the tot&llevel of the factor A,. T is the sum of total (S/N)
ratio of the experiments;q\ is the degrees of freedom, ;3G represents the sum of squares of the factor and
Fractor is the F ratio of the factor,oris the variance of the factors.

3. Resultsand Discussion

Table 3 shows the averageSTstrength of the welded assembly values measured for each trial. The av&rage T
strength values and S/N ratios for each trial are also presented in the last two columns, respeStistegngdth
values meased 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[@land 3] They are reported the welding current and welding time
were significant factors on-$ strength of the welded assemblies in ERSW.

Table3. L (4% orthogonal design array, measured IS strength of the welded assemblies, and S/N ratios

Exp. \é\(ﬁ:(;:?tg Electrode Welding ' Cla_mping time, Tensileshear .
e KA pressure, kN | times, period | period 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 contributioand 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 ®tfength. 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).
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Table4. Analysis of variance (ANOVA)

Sumof squares | Degrees of : F(factor
Factors (SS) q freg dom (v) Variance (V) ( )
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 ©) Clamping time 0.02 2 0.01 1.00
Total 4.01 6 0.67
Error (e) 0.02 2 0.01
®pooling,®At |l east 99% FAnytemsé OF506 80 yl decanscte 9(05%
(3.46).

Tableb. Factors response table

Using the values in Table 3, the corresponding S/N response table and S/N response graph were derived as

Factors
Level A 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

shown in Table 5 and Fig. 4 respectively. According to the Taguchi method, thislefirgs 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,ai,AC, and 03 for obtaining the highest the §
strength of widled assembly.
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Al A2 A3 B1 B2 B3 D1 D2 D3 c1 Cc2 C3
Factors and their levels

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 FS strength were igmed. In order to obtain the confirmation expeent table the following Eq. (8)10)
have been used (Ross 1988).

HStrength: A2 * BZ * C3_ 2T (8)

IJ'hn/dn = Al *

1-T

9)
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Table6. Results from the verification experiment

Table7. Results of validation trial

Description Shear strength, MPa
Optimum condition A,B,C3D,
Pooled factors D
Estimated average S/N ratio 52.98
Estimated S/N ratio range 52.68< ¢ <5
Exp. average S/N ratio 52.71
Estimated average value 445,5
Estimated value range 430< ¢ <46
Exp. average value 432

Parameters Tensileshear strength

A|lB]|]C D Strength MPa S/N ratio

21 3] 2 1 432 52.71

est i ma tppigF radio/ ¥ is exrgr eariddice Nn isynairhbar efdests urder given

Table 6 show that estimatedS strength should be between 430 MPa and 462 MPa at the optimum condition
(A2B1C3D,). The determined the optimum conditions have not been included in the original set of trials (see
Table3). So, an extra validation trial was carried out (see Table 7). According to the results obtained from the
validation trial, the average of$ strength was 423 which well lay within the calculated strength range. This

validates the confidence of the pemt work.

5. Concl uséons

This work has presented an investigation on theats of TS strength of welded assemblies in ERSW.

Taguchi 6s

met hod has

been empl oyed

t o

examine

t he

pressure, clamping time, @#ng current and welding time onH strength. The conclusions from this study can

be driven as follows;

1- According to the Taguchi method, the highest effective parametersSostrength of
welded assemblies were determined as welding current and wdidieg 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 highSTstrength of welded

assemblies.

3- The highest 1S 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.
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Abstract

Architecture, nature and experimentation are three concepts that have always been closely linked. Since the start of
construction until todayve find examples where the three branches converge. This article discusses how te ititeggat
concepts to workflowoth in teaching and in the design of an architectural project. The rosggdo be followed both in
onefield and another to get@rsistent result is emphasised

The ultimate objective of the article describes the process of designpagticular project following the methodology
described. This project is the translation of the geometry of soap bubbles to two different coatingf ltnefacade of a

house. From the initial idea of the bubbles to the final resailinust go through five stages of developménplementing

the degree of definition: laboratory, officeprkshop, work and control. Finally we obtain a layer of steeclvinepresents

the intersection of bubbles with each other and a second facade where the bubble volume is disidagegrowth pattern

and objectifiedn concrete.

Once exposed the rigor with which data ane tasults obtained are handlede can conelde 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.

E 025
Selection and peeeview under responsibility ofhe organizers othe 2015 International Conferenc@All In One
Conferenceo

Keywords:experimental; nature; design; facade; bubbles

1.Introduction.

The nature "designs its struadst' in the most fécient way possible. Optimizes materjaddapts the shape
and volume and adapts to external and internal factors that must endure. The fact that a tree has attrenk with
very next sectiorof a circle is not accidental. This should adequately responthé wind blowing in all
directions and is precisely circulsectionthat allows uniformanswer in all directionsA spider web is a superb
tensile structural mesh, or the system of muscles and tendonsvimthef a bird complements each otfier
themostoptimal 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 recentg fheen identified agnse@rity structures

If we face so ast and wise structural handbgalthy 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. Howevaet is in the last centurywhen architectéike Ant o n i Gaud?2 (Figu
BM Fuller and Frei Otto and engineers liRobert Le Ricolais, been translated into architectural language
efficiency and, in many cases, thghtness of the result§The art ofa 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 gecahgtatterns. The study of these
patterns is also linked to the architectural structural design. Fractal growth patterns or the application of
numerical series resslin projects like thd-rei OttoChristian Wagner fountain.

One of the ways of working ithe field of nature is through practical expece. Refetto Frei Otto, in
(Figure 1, b) we can see his work ciegtsoapy surfaces that help hiranslatethose minimunsurfaces to a
largescale structure.

Figure 1. (a) Model with catenaryarctds t he Col oni a G e ltrictudeswithAspapyosariacezaQital i ; (b) S
From university teaching

The teaching research activity developed within tlaenework of the subject Singulatr&cturesProject,
forming part of the curriculum of Arctdcture (1996) of the Polytechrimiversity Collegeof the University of
Alicante. Onthe search aimed at establishing relationships between light structures and nature, the objectives are
based on four levels of work:

1 Level 1. Analysis. Data collection.

1 Level 2. Experimentation.

1 Level 3 Scientific justification.

1 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 sa 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 arll Wwork 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 structureprtibifems 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
andphysical 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 thesizerigdct
the structure.

108



Figure 2. (a) Propal for tensile structure; (b}X&l scale 1: 1 with curved wood; (c) Thréenensional mdel of variable structure; (d)
Structural modebf tensioned fabric in movement usingoBessing.

Finally, on the fourthevel conclusions arise. Student design and build a new structural model in which all the
knowledge acquired in previous levels will be applied.

The course tads place in a semester, dedicatii§o of each session to present and justifya theoretical
level, the differenstructural and constructive types of small structures and their relationship with nature. In the
remaining 50% a workshofs developedin which students show, discuss and correct their analysis,
experimentation, justifications angroposals. Pupils show during workshop sessions, the result set with a dual
purpose: to be corrected by the teacher and, above all, transmit the infortoatienrest, so that a profitable
exchange of information occurs. The student works on a partimga and yet receives information from all
points raised for analysis and proposalifferent materialsare usedsuch as stretch fabrics (Figure 2, a),
bentwood (Figure 2, b) and even programming. In (Figure 2, d) we see a work which combinesrigtiilest
with Arduino boardgprogrammed by Processisg that the model can reproduce the movements that change the
design of their own creation. Students also study the-tfireensional transformable structures (Figure 2, c).

From the architectural progt.

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 resech and creative methodology is applied. The @smple is a small sports cenirer
Elche. In this project, the stargj point was a transparesriystalrock. By day the outward appearance is opaque
but at night is almost transparent (Figure 3,&1).the other hand theegetable nature allows us to integrate a
new restaurant in the historic areattoé city of Elche like a carpef moss (Figure 3, b)Also the human being
itself is a fundamental part of the design. This house is originated frohotagoaph of a human bodyf
American photogapher Edward Weston (Figurg &inally, we have this little laundry when acoustic ceiling has
been made with shirts (Figure 3, ¢
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Figure 3. (a) Sports Pavilion in Elche; (b) Restaurant with vegetable fattuehistoric centeof Elche; (c)Laundrywith shirtacoustic
ceiling.

Figure 4.House designed from a photograph of Edward Weston
3.0bjetive.

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 proceasd followed a specifidesignproject The project is to create a coating on the facade
of a housetakingthe idea bsoap bubbles.

4 Methodology.

A workflow that integrates experimentationtire creative process requires checking guidelines to hejptus
the desired results efficiently. The methodology for the project that wiktlde below and any other order
breals 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 thish@hase t
experimental results are transformed to obtain the architectural model to be developed.

Laboratory and office

Now, with the definite design, aterial testing stge begins to get the final result to be installed. It is
necessary to test the viabilitf the design
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Work and control.

The construction process staftom the verificatiormade at the workshop and subsaguexecution control
to check againglesign data

5.Process of desigmand construction.

The single family house has got grouitabr and first floor and it is necessary design a different coating for
each one, although taking footh 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 betwsn them and the walls. The testing phase begins in the laboratory building a rectangular
transparent container in which generate bubbles for study. bigthte container is refilled wita mixture of
water, glycerin and soap which is subsequently applietd create bubbles. Finally, blue iisinjected to make
visible the structure (Figure &). The end result is photographed and then work with the images.

From these photographs tbffice stagebeginswith the digitization of the intersection geomethat creates
bubbles between themselves and with the mejtater (Figure 5, b and c)rhis structure, decomposed into
puzzle pieces of steel 2x1& mm thick is the coating on the facade of the first floor. Each piece is different and
is laser cutthen classified and named properly fiinal assembly on site (Figure 8). The steel is protected
from corrosion with a layer of zinc and other oManquered alor RAAL 7016. In Figure 5, (e)ve can see an
infographic showing the final result night, LED lighting simulate the reflections generategsoap bubbles
and by day, sunlight along with painting also generates the sensation of brightness.

For the design of the facade ofetlyround floor have been considerb@ volume of the bubblesThe
objective is to design pieces th&dok like bubbles concrete and will expatittough the facade. The mode in
which the bubbles grow forms a mosaic according to Penrose paffénrss the mosaic is composed of three
hexagonal pieces, twegular and irregular, @nombus and triangle (Figure 9, f
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Figure 5. (a) G/cerinandsoap bubbles in the methacrylate contaittgrimagedigitize from photography; (c) Drawing oirfal coating
layer; (d)Parts of lasecut steel; (e)rifographics wih night lighting; (f) Gound floor facade; (g) Prototypeth wood and elastic fabri¢h)
Modelingin grasshopper

The pieces were first performed experimentally (prototypes), with wooden boards, elastic fabric attached to
the perimeter of wood and polyurethane foam injettetdveen the two layers (Figure 5). Jhe 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 grasshoppers(Higarel from
which a resin moldwhich allows the realization of concrete parssnanufactured. To increase the resistance to
bending and compression as well as the elasticity is used as additive 2% graphieh avoids the use of
reinforcing steelThe concretédubbles facadies completed with other pieces made of wood and ceramidshw
form triangles and rhombumsosaic.
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6. Conclusim.

Fromteaching level and from the results we can conclude that the processes of learning by experimentation
with realstic scale models in the field of architectural structural design are more effective than traditional
theoreticalapproaches. This process suggbst assimilation of knowledge naturatiyd intuitively, allowing
understanding the structural behavior tigio understanding real or own models of nature, without losing
scientific rigor required of university edugan. These learning process lead to suppmsencentive among
students of architecture, characterized by its creativity.

In architectural desigalso produced a better understanding of the structurtseadesign on which orere
working. Moreover, applying experimental processes basdbeamature to architectural thinking increases the
range of possibilities on which to try and results to baiabd.
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AMek©nd ne salt bir soyutlama ve nesne, ne de sadece somut
hem de ger-ekli ktir[1]. Tasar |l anmék laneda dabitlkabul édidirarear da kul | a
pasif ve yaleéetéelméek dejildir; kull anécésé ol an i m&an mek®©n
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alénéerken performans kriterlerinin kar ké&l anma skétnudrau lenyd seémi n
ve mek®©n i-erisinde konumlandérél masé ©°ncesinde g°z °n¢nde
etkilekimi ejitim -evreleri ©°zelinde ele alénacak, ejitim
irdelenecektir.
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Abstract

PERFORMANCEBASED APPROACH TO DESIGN A NEW EDUCATION ENVIRONMENT

6You cannot see Architecture, you can only be in it, as in

Erno Goldfinger

ASpaced neither a purely abstraction and object, thnor the
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 whith designe

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 cniteria withi
thearea 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. Thexedering 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.
Whiletk i ng design deci sions, the subject of fAhowod 4ispgae, mov e mern
under the title of learning environment will be discussed and by focusing learning program, performance of functions
affordance will be dicussed.
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AMek©no neseoewlt| @dma ve nesne, ne de sadece somut,
bi-imleriyle, hem kavram hem de ger-ekliktir[1]. T
fiziksel anl amda sabit kaWul ;ediullimngm& sgaoilfanvengaln

114



eyl emlerde bulunur. Ancak kendi si i-in tasarl anméxk h
parametreler de dejikkenlik g°sterire, Mook®®dakial gey a
hal e getir mek, mek©nén ol ukmaséné sajlayan objeler a
anlama gel mektedir. Boyut sal ilikkiler, ancak mek®©ns:
anlamdane k ©n, sadece fi zi ksel ol arak bir alanén séneéerl ar
da vardéer|[ 2].
2Mek ans al KI'i kkiler
Tasarl anan mek®©n ve mekOnsal organi zasyonun (bokl uj
kar kélgeemrmakseén i kl evlerin ¢zerinde etkisi bul unmakt ad:¢
edilen Ainsanodér Knsan bulunduju -evicedaki bab&uodla
incelendijinde bu mek@kémi hkuhlaagéc&eameénsdar eg &li ¢rdii [
mek©n organizasyonu yaparak i-erisinde eylemlerde b
dejil dir. Bu ilikkide etkilexkim -o0oJju zamahmérk.arK@s &k
kurduj u bu i | i «nsain,l imsary, rkynt cnwe ki@rsam!l ar ak birbirinden
incelenebil mektedir. Bu é - kapsameén birbiriyle kur a
karkélayacak ditmkeskteéelerganneel edir. Deneyi ml enen m
eylem ve iklevleri karkél ama performansé sonucunda Yz
Bir dijer ii nsano, tasar émcé i se me k ©n &ilerim | ukt ur u
tasarl amaktadeéer . Fizi ksel -evreyi bel irli tasar ém
kKekillendirirken kullanécé gereksinimlerinin karckeéel a
arasénda déawdmls@ zbikro niulsaitdiuk .
Tasarimci

Kullanici Mekan

kekil 1 .-meTkaBmlrliéamcééc € il i Kki si
Tasarémcél ar mobil yal ar yardémé ile i- mek©né tasar
aktivitelerdi s°z konusu alan i-erisinde belirli kést
tasar émcél arnadmre kine K®Ad ui -hearciméi tasarl adéjée de¢kegnegl se b
bokl uju bakka bir dejikle kullanécélarén o-imek®ndaki
bakl angeéeé- nbkenasgi ndear hiell @emulvaec ak araekkteitvlietr i n me k ©n
kull anéceéenén o] mek ©ndan al dej e per formanseé et kil ey
perfor mans kriterlerinin karkélanmasénda eyl emin fi
kavwrkal masé ve mek®©n i-erisinde konumlandérél masé °©°nc
Mek©Onén ¢retim s¢grecini a-€éja -eéekar mak, teoride yerl
creten, yaratan eyl eme geri wmitwmekiddem ket mank @ egamne ki
Knsanl ar eyl emlerini en iy Kekil de ger-eklektiret
Mi mar |l ék bu yapay -evreyi tasarl amayé ve ol uktur mayé
gereksinimler dojrul tusunda bazé eyl emleri yapar ve bu eyl e
i - donateée el emanl ar é, alet ve makineler kullaneér ] 3]
boyutunda ol abil eawegjui ogiglain,l ag®z ive diej ed i & ki i -erisi
el emanl arée ile birlikte bir sistem olarak g%z ©°ng¢ne
el emanl aré arasénda bir uyum ol masé gerekir][4].
Bu metindegusnek®m oyl em ve iklev ¢zerindeki et ki si
incelenecektir.
3Mekan ve Ejitim KIickkisi
Ejitim -evresi, ejitim ve °jJretim eylemlerinin ger -
me k ©n ol ar ak tanémlanabil mektedir. Bu me k ©n efjitir

115



karkélayabil mek i -i nackfilegjiétnida nbaitrertyaakdmr im¢egrnste bmobi
Mobilya ile mek©nén kull anécé bajlaméndaki ilikkisi
hakkéndaki mevcut l'iterate¢r de f ineeink sneelmnsuénn éyfetdr tianeé& n
etkiye sahip olduju g°r¢l mektedir[5]. Ki Kinin davr a
sérasénda girdikleri birebir ilikkiler sonucunda ya
-evreriln dpaenl enecejinin ejitimsel bir °nemi bul unm
el veri kl i olursa hem °jJrenci i -in rahat bir °jJrenme

aktaréel masé kol ayl akeér[7].
Fiziksel ortamlailgi ol an her dejikken, ejitime destek veya en

bunl arén d¢gzenleni ki, ger¢nt ¢gs¢e de ejitsel a-édan i n.
-evresinde yarateéceéelegjfforvmandelna@y led kaoll eryaekn ejeiviriemep f
T I kéek

1 Renk

1 Dekorasyon

1 Mobilya

T Kaynakl ar (ejitim ve jretim materyalleri)

T Hi ssel dejsasnemebn | er (éseé

T Mek®©nsal d¢zenl emel er

T Senéef be¢gyekl el ¢ [9]

Barrett ve it &¥maPaehradrod masso il i kkileri iS-geninde |
programé farkée g°zetmeksi zin, doj all ek, ki kisell exktd.i
der sl ik i - °Trenci performanseéméketkil egak, abeéei mev
esnekli k ve éxkxék [10]

@S
Akademik Davranigsal Y
N i Qw\o
Ogrencinin \ Koku
okul sonrasi o a\\\ T
performansi Temiz hava DQQ
. Gr Kurumsallik

Ogretmen & hissi (-)
Gun 1819 Esneklik
1 igek(-)
Okul digi Ogrencinin Okul YOUREE N Kisisellesti
cevre okulda oldugu €€ Cevresi Diigik mekan yogunlugu |$\Se e§ Irme
S Kigisellegtirme Gezinimi
T Fonksivonel renkler kolay
Kultar Ozel/genel dengesi
4 Kanigikiik(-) (J, Az dig mekan(-)
Ogrencinin , Yariimg SeVjyn..
baslangic Zengin doku J/es/
performansi Gesitli oyun
A\ imkanlari
Beceri” Cinsiyet
Sosyoekonomik
keki l 2. Efjitim -evresinde °jJrenciyi et kil

Ejitim ol gusu bireyin b¢téen yakaméneé kapsayan bir

°ncesinden isniversite ejitimine kadar dejJ i kKen a K am:
chiversitelerde ejitimuptaguamhanehi aymé-ehtiega-bkanef

ol ar ak far kIl é ama-1I|ar a hi zmet et mek czere ©°zell ekmi
mek©nl ar énén her ne kadar kendine haskihtiga—bak e v a
ihtiya-1|laré asl énda ortakteéer: etkild.@ bir °Jrenim ort
¥Trenciler i htiya-1ar e, beceril eri ve zayef y°nler
birer birey ol arak davranébmayaawe Bj rebmr si $i ehi gen
odakl e ol maktan -éekeéep i kKbirlifji odakl e bir hale d°ngy
ejitim mek©néenén daha b¢yék, esnek, t e kknotmla bilinciy e er i ¢
aKéIayan, resm” |/ gayreé resm’ ejitim y°ntemlerine u)
Cornel |l [11] taraf egqgdwuaenlIfioknkwse yesapl ék kokbttblranél abilir
séralanméxkt ér .
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Ayarlanabilirlik

Takénabilirlik
. . Katlanabilirlik
Fonksiyonel Khtiya-1a Kstiflenebilirlik
Mod¢l erl ik
Sok¢glebilirlik
Ergonomi
. . ~ Sajl aml ék
Konfor, Gevenlik, Saj Kaza&yaralanma kontro
Hissel parametreler
_ . . . Arayg¢z
Kull anélabilirlik Ergonomi
. . . . . Estetik
Psikolojik¢ e ki ci | i k Hissel parametreler
Tablo 1. Ejitim -evresi tasarém odakl ar e
Sonu-ta bir ejitim ortamé ya da -evresinin, °jJrenci
ol maktan -ékararak mulaurmrkalk aisatrd dinknaesréi gleirre kynerk t edi r

4E]jitim ¢evrelerinde Mekan AktO°rl eri

Me k ©n , Lefebvrede g°re ¢(dakgeéelamarya tdad &ribdad ejnddglIrg

di yal ekti k olarak ¢retilir. N e asaa dedasalandnj somut ve soyutl e d i J
i kilijinin -elikkileriyle. Onlardan ayrélamaz bir ¢-
cretilen mekoO©n[ 1]. Dol ayeséyla Lefebvredimmaseé pviet i (

dé¢zenl enmesinde de bu tespit dikkate al énmal edér .

MEKAN
Algilanan Tasarlanan
Yasanan

keki l 3. Lefebrebe g°re mek®©n yorumlar
¥Jretmen ve °jJrencilerin hayatlarénén b¢yéek bir k e
ders yapabil me ol iaphpajé°trneaeymanakkil eivtsel erinin hedef|l
di kkati ve aitlik hislerini karkélayacak yeterlije v
Té¢m bu becerilere sahip ol abi Irndeusjiu meokb@ nl éyna | kaernad i dsai  bka:
Mobil yal ar i Kl evine ©zge¢n fiziksel vV e ili kkisel o
dejikkenlifji, dengel.i oluku ve sajlamleéeje mobi |l yané
Ail i Kkiakeledo ilsai i, kabul gorm¢k keglterel ejilimler Kk
sekanséna rehberli k eden komutl ardo gibi fonksiyonel
-evredir. Dijer i nzsiahni nydeepgk@ meéa nyarceéan 1 gerr egithbais,ar | anér vV e
ol dujunda da bu durum ge-erlidir[11].
Mobilyal arén farklé birlexximleri farkl é mek®©n al gel
ol ukturmak i -in nloadbridnyat avseardiajnemrtas@édo mseétzé konusudur . 3
y°nl eri tamamen tahta ve °Jretmene d°n¢k ol arak gel e
°frencilerin birbirileriyle olanakbkhkéhakbdhdhklanmagde@Kkt
ancak en ©°nde oturan ile en arkada oturan °Jrenci:H
g°sterebil mektedir[ 13]
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kekil 4 . Séral arén dojrusal konumlandeér &l i

U bi-i misnédreak id ¢bzierni °Jrencilerin °jJretmeni ol duju |
yeéeréeteéecesenegn megdahal el eri ile bire bir °Jrenim aras
ayné kekilde ©°jJrencilemiwne kbdoltakllareél eantalkfedalal ar & me]j
birbirileriyle Ve °Tretmenl e i li kki kurabil mekt ec
uygul anabil mektedir[14]. Bu tip bir ot ur ma d¢égzenion
bilek ebi |l ecek masal ar kull aneél mal édeéer .
Ogrenme
Alani
kekil ,5. (aY bW yay bi-imli séneéef d¢gzeni
Ejitim programé i-erisinde oyunlar, yar eékmal ar vb.
d¢zenini bu y°nde taSaralama&n dayré& ayrmealgtram.l ar h a
°jrencilere i-inde bulunduklaré grup ile dijerlerind
dé¢zenl emede °Jrenciler grup ar kadackl! arléyrlaraAncle va ml é
gerektijinde tahtaya bakmak i-in baklaréné ya da bg¢t
bu tip bir ejitim ortaménén tablasé d°nebilen veya t
varder .
4 3 |
J 3 {
keki l 6. Grup -al ékmasé i-in sénéf d¢zi
Yukaréda °rneklendirilen bu sénéf d¢gzenlerinin ejit
duyan programlar én me k ©n é tasarl anér ken, i -aleri sindeé
fonksiyonlara sahip ol masé gerekmektedir. Bu y¢zdenc
karkél ama performanséndan sonra karar verilmesi gerel
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BEfjitim Perspektifinden Mék@mpEafarém S¢grecinin Bilik

Tasar | ama, d¢kenme tabanl é bir S¢é¢re- olup analizl er
kavramdér . Tasar |l amak, yakamdan biriktirilen Avaraol
-abasé; tasaocgwemda bwl akélaamowmas ul akél déjé andan itibar
Tasarl ama eyl emi bir i htiyacén gideril mesi i -in ye
odakl &, mevcut sréenlerin i yil ekn Tasarlarkemebi itatmin ,edicybg n i d e n
-%z¢m veya -°2z¢mloer di zi si el de edene kadar tasar ém
el indeki soruna i1 kkin "tat min edici' tasar éme el
S ¢ rrel6lt i
Konu mek©nén tasarl anmasé ol dujunda da s¢rekli ana
Gée¢neyobin[ 16] °nerdiji me k © RO(opersyenf € ME ( fsgm re/cmardfe o | Po(j pi e)
yer al maktadeér . Pédrafyammasnisr eanalbiuzipeirlfeorbnmmnsén hangi
karkél amasé gerektiiji ve daha sonrasénda da bu oper a:
analizi ile sona ermektedir.
Ortaya gikmakta olan yap
Performans Operasyon Form (Morfoloji)

keki l 7. Géeney(mamafeEphdaasanéemi mekani zmaseée|[ 1
Tasarémcél ar (mimarl ar) bir analiz bajlamé yanénda,
tasarém -°z¢:;mleri ol ukturabil mektedir[ 16] Bu gereks
bimsiel , fonksiyonel ve mek©nsal i htiya- bilgilerini [
kalitenin sajlanmasé i-in gerekl:@ ol an kull anéceée ya
ul akélabilirlike##ézoanpirekmeéek®mabiléeyiesiedi , ejitim ver
parametreler, kel terel -ajrékem konul arénén anal i
kullanélabilirlijin °l - ¢l mesi | efj if riemicn mam kie z lyia)k,l
materyal l eri kull aném d¢gzeyi, yan aktiviteler gibi h
ol mak i-in ise kullanécénén yak grubu ve k¢lterel °z
olan doku, mal zeme ve form bilgisini anal iz et mek g e
kullanéceéelaré i-in akina olduklarée karakterlere dojr
hissini g¢-lendirebil duikj i saiy-€ilmbibli mekd ery&lesii nii Imer dleayre

Kkurumlarénda bu tarz bir yaklakém dikkat dajéetecée ol
ol maktan -ékacakteéer.

Tasar @émén ger-eklektirilebil mesciaki -annal get ekém lielg
yapél masé sonrasénda °ncelik verilen eylem perfor man
il i kkiler ve mek©nsal organi zasyonun incel enmesi ad:
i | iek ki li -eren kavr amsal Kema vV e di yagramlar [ 16] ¢ Z €
kimlikIlerini, bejenilerinisoamma- |kaarvernaéml yaa rées éat-aéckal ka y la
iletikim aracé; -izer &kml damghmadgrint 2lmi Sdywutakbitranh
mek©neén fiziksel ©°zelliklerinden -ok, karakterine il
°gel erin mi ktarénén da azal maséyla «kKemai meordtiyragmda
°fretmenin hareket al anénén «kxema halindeki i fadesi
performans karkélanabilir.
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kekil . 8 kekil. 9

6Sonu-

Stillings, bir nesnenin renk veya dokusundan ©°nce
nesnede bi-i mi neredeyse her zaman daha belirleyici
konusu ol dujunda bithmedepeodaurkmandi ReEemicrkl enecek i
bul unmal edeér . Nesne ol arak aldéjéméz mobilyal arén bi
doku vb. °zelliklerinin karar akamae é°%n ckeolniukr it akyd mu In
fonksiyonell ik, konfor, gevenli k, sajl ék ve kull ané
ejitim programé ihtiya-1laréné karkélayacak fonksiyor
°nemitniir eyciekt i r . Téeém bu kriterl erin bir be¢tén ol ar a
tutul maséyla tasarl anacak mobilyalar ve bu mobilya v
tasarl amaya yardémcé ol bhgaktaér .bi Bumaeldenl adak kek @mn
kar kél ayacak kekil de planl anar ak konuml andér &l mal &
kavukturul masé adéméndan daha ©°ncelikli ol mal édeér
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Abstract

Buildings, especially the houses, that form the settlements and are made by the man power, have been thefidecation
cultural identities of the habitants and for scientific studies, they have been examples that demonstrate how theespportuniti
of the environment are used in harmony as needs arise. In this diversification, geographical values are a datejnconstruc
materials and the number of floorsfdifaccording to the topograph. 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 behavics 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)he houses thaare built upon the requirements are shaped with the
geographi cal values and cul tur al concepts of the are
2008).In Anatolia, settlements which are still authentic were shaped according to the hatitat 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 studiegg they ha
been examples that demonstrate how the opportunities of the environment are used in harmony as nieeds arise.
Anatolia, the settlement of Sille, which has harbored various cultures since the middle ages, is examined in this
study due to its authentiexture and various architectural laydrs.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 itsgitle 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 otitihedse of
technological equipment in traditional Sille Houses. In the scope of the study, analyses have been performed on
especially the living areas and kitchegllar units that are among the basic places of traditional Sille Houses. In

three samples hat were selected, the residents6é being origi
purpose of considering the continuity of the culture. The examinations performed in the area of the houses,
technical drawings, and photographing methualee 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 thevery 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 wbilidding the houses in which they would live. In this context,

the concept of ATraditional Houseo, which reflects
human and social life is observed in the formation and shaping process of then@hdibuses. Also, the
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traditions, regional data and application principles are important factors in this context. The traditional houses
consist of multifunctional 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\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 y#srglesign of the rooms has stayed the
same (Demirarslan, 2008)ntil 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, andyghe s
for Westernization to keep in pace with these developments, changes have started in the internal areas of the
traditional houses. Akén (1999) states that the most
the development of tealblogy, 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 intareak. 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 functiorerBBMA006).
Formerly, these areas found place in rafuitictional sofas, and the sofas were replaced with halls and corridors
that connected the rooms to each other.
iSi nce {fuhcdonalnrodms ihave been replaced with specific areas,utimecessary 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 spd 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 ofteethou( At i k, 2011
Ey¢ce (2005) emphasizes that city water, waste water
traditional houses, and therefore they were not influential in the design process of the traditional houses. With
the deelopments 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 W of Konya city centeris 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 iMsslived 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 sitgianra@0io

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&lbecially visited by domestic
tourists widey- and turning it into a touristic place, sharing and exhibiting its values are dinieg@ossible 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 Christiae era.
second ishe 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 organicalig &1as 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 limitks 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 2storey houses and the lower floor is used for service purposes such as stable kiteglerf, cellar;

and the upper floor is used for living purposes. The houses generally have internal sesasped sofas. The

main areas in the houses are the internal sofa, or-tieped sofa in the middle part of the rooms in the mutual

area inthe 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 embeddeddamlls 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
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mattresses. The main usage areas in Sille Houses are located in the second floorse $hiting aboms, 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 tothe area. The cellar holds an important place for the living. The upper surfaces of the Sille houses are
generally earttsheltered.

Use of Technology in Traditional Sille Houses

Changes are being experienced in traditional Sille Houses which are stikitoday. 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
equpment 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 acell&itchen

that are among the basic placésot r adi t i onal Sille Houses. In three
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 diepzer for theitchen; 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 toatslinigsedbtained

over three houses are summarized in Tdble
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Table 1. The Changes observed with the use of technological equipment in kitchen and living areas in the three sanmpl®ill®uses

[

=

A

H Streétbld:42

1:

Facade Plan

Indoors

Indoors

Living

Kitchen

-The kitchen in the first floor has been moved to the upper floor|

-The cupboards are still present; howevtieere are changes i
the functions. The cupboards that are embedded in the
are used for the television.

-Floor mattresses are used in the living rooms. In some rg
of the sample house, only a seating group and in some of t
floor mattresses ansbfas are used.

-There is a computer desk, a computer and a printer in|

sitting room.

—————

the traditi
authentic structure; however, in the sample house of this sf
there are floor mattresses and sofa. There are only
mattresses in the othesom.
- The cupboards are still in the house; however there
changes in the functionality. The cupboard placed in the h
afterwards is used both as the cupboard and the television

Wi There are fridge, oven, dishwasher and similar technolog
g equipment in the kitchen.
o| -Oven is placed in tharea which was formerly planned as t
I| fireplace.
-The kitchen cupboards and the sink have been modified acco
to the technological equipment.
-The cellar in the first floor is used as the firing storage.
- 2
2 3
=
=
S c
2 2
=]
N
Wi There is a fridge, oven, deep freezer, and similar technolo
g equipment in the kitchen. The kitchen cupboards, and the sin
o| modified according to the current requirements. The old cupbo
I | are still in the kitchen.
-There is a WC in the second diothat is formed with the needs
the users.
< 2
3 2
©
s
1}
8 c
© 2
T 2
¥4
™| -There is a fridge, an oven, a washing machine and sin
w | technological equipment in the kitchen.
wn| -The kitchen cupboards and the sink have been modified acco
2| to the current technological requirements. There is a door leg
g to the cellar irthe kitchen.

-There is a seating group in the entrance.
-The cupboards are still there; however, there are changes in
functions.

-Floor mattresses are used in sitting rooms in the traditi
authentic structure; however, in the sample house osthdy,
there are floor mattresses and sofa. There are only
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
house was closed afterwards, and today théa & used as th
sitting area; and there is also a television unit in this area.

5.Evaluation and Conclusion

At the end of the study, it has been determined that technological andcshoral factors influence the
Afarchitectur alwigrhodiuc tasr cthh dhe alturalectedges avere abtaihed via the
observations and orte-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 ew@teding to this structure. However,

today

this structure has

changed and married

young

comfort and aesthetic concerns, and because the areas becoming insufficiemtcfaairnthing 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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vintage, baking bread, etc.) in the traditional lifestyle do not exist today, it has been observed that the relations
among the neighbors hawalso disappearedihe outcomes about spatdiuipment changes are compared with

the traditional housesd interior. While in tradition
ground floor. There are fireplaces that are immovabteianvhich 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 beddtardegput. 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 abe 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 T\étenifeating groups and bed clothes are placed.

Also, TV, computer, radio and the relevant units are placed in the r&dpuos.the analyses and observations, it

has been determined that the lifestyle has changed in traditional Sille houses with thecenfifiehe
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 lem 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 familynipers in the rooms, and change the scaitural

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 archivingavaiétdiled 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
architecs 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 repatial 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 Oconstr thow techmquesnahicle ndorpdras  ® p a tkinaolw gener at i ol
mat erials of construction catalogue having specific
subjected to designbéo. This evolution plays in opposi
spaes 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 makeeintirely different. For not changing the flow of living rhythm in space, interior
architecture needs to find a way to balance and meets at thpomtd 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 deaimghit 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 cesltbegspirit of
space. Ironically, that posempblar aspects can be referensced me what as #fAmaterials of s
materi al so. Spati al design concerns intense of symb
environment. Inthis sense, emergence of spaces can be considered to be analogous to supernafural
meeting Aa high performance bodyodo with Aa good mann
correlation reveals the efficiency of spatial design witteeedesign 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 Athat is my worl do. Under st al
to introduce construction methodsdamateriality 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-wagt of architectural thinking from
traditional to modar. The tree stages instruct architects in sequence: to introduce construction materials of
know-how technigues evolved in spatial generatidoaorganize building products having higher capability for
many different uses in construction of whatever idseeandto emerge the spaces of components domest
novelty withdesigned materials.

f
i

2. The Triple Root-Way From Traditional to Modern

The instruction of triple roetvay mmprises algorithmic guidéollowing in architectural sense. Each has
characteried mode of construction materiality.
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TRADITIONAL
THINKING

. Mutation of Generated
Const_rulcnon Know-How Construction
Materia Techniques
Building E Diversified

; mergence of Construction
Material Form Variation
Design Embodiment of Adapted
Material Novel Tectonics Construction

MODERN
THINKING

Fig. 1. The algorithmic table of triple root way

The rootway of flow-chart, shown above in algorithmic tabfeames three colunmof layout. They lead
from moreconventional through innovative thinking systemati@inly 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 simeching 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 knowhow echniques

The local materials of knoWwow techniques base on thkill-experience training, regenerate at sjoace of
evolution, by mastebuilder of civikvernacular architecture. The ingenious mind of architectural practice
renovates itself through prevailing mode, where the fallacies of materials are supprebscahstiaction. The
fl ow of mat eri al to site can be accomplished due t
transportdistance. The Peripheral matersalpplies are domain at the hinéad of the site and they anedely-
known by builders.

The locatbuilding products have considerably wptrformance with their competence at high adaptability.
The reflex executins developaccording the enormous number of practices, breeds the characteristic
construction model of the place. How it is bulipends on how the components have got and produced, mostly
processing held simultaneously with construction.

One of the welknown walling techniques of ingenioisweaving branches and bushes used to reinforce
mud-plaster filled Wall systems. Thah&whow technique is characteristic of Mediterranean region and South
of Anatolia peninsula which is | argely seen at &éhuj 6
The geogr aphita&luolo¢ damgllamnat ihnd passage of Mediterranddtaster Anatolia
and Mesopotamian, characterizes a rooted kee me nt ¢ u | t Thepebissuld the trecralpatcipanto n .
of Mediterranean Region with its South and Western Coasts.
The geogr aphitawdbvadl o deoiiglleonh, atatfe pa$sage of Mediterrané&aster Anatolia
and Mesopotamian, characterizes a rooted se&astl ement
of the plain is rising with the Toros mountain range, the southfeitnioscooping through the Mediterranean
Sea. The rivers of Seyhan and Ceyhan flow through in this bowl and reach the Mediterranean. Thus, the
¢ukur ova, danaZplainnngfurkish,slthe largest plain of the eiditerraneamegion of Anatola
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Fig.2. The branckknitting Wall system of vernacular architecture from Ceyhan (town of Adana city) are largely seen at the districts of East
Mediterranean Region of Cukurofas,D]

Although, the technique of branémitting at traditional Walkystems and plaster which are largely seen at the
vernacular architectugig.2), architectsdo not normally employ a systetic method for the selection materials

for the particular construction but they are guided almost exclusively by accepted praditierough 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-knowwv t ec hni ques of Ohuj o I
to evolved to mtroduce 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-tidmbechniquél].
1.2. Emergence of Form Variation

Each sptial components have beenmpary defined by their own set of uses for construction. Therefore, they
have qualities performance developed to fulfill the requirements of discrete uses in building.
Contemporarydesigner 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 Menge3he Department of Form Geration and Materialisation of
Hochschule f¢r Gestaltung (Hf G) Offenbach-redf@ced | oped
composite materials as surfa¢8s They investigated formfinding ways of design processes wittb3extile
glassfiber composite surfaces.
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Fig. 4.Intensifier 01 and 02 projects having fimeinforced composite material systems developed at Hfg Department of Form
Generation and Materialisatio8][

Fig. 5.The Parametric and manufacturing nebdtages of Lounge Landscapé.[4

Fig.6.Lounge Landscape Sitting having foldfmtm varied byparametric design of emergence.[5]

The modelling of parametric design and manufacture program were developeeDatextBe 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 alimpée at

The main concern of thinking systematic focuses on to explore transforaté spmponents 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 meodf construction is also attempted to put forward by architectural assemblies.

1.3. Embodimentf novel éctonics
Thenovel tectonics of space hamerge of spatial base unit. The spatial base units have not only volumetric

measurements but also defi modules of spatial dimensions by coming together units to units due to the
functional requirement of spatial organization.
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The nonlinear relationship of base units generated as module is articulated and embodied by transformation
of spatial patternslhat 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 detalil
design works to organize pattern, the newamality 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,bm gl anddés Sout h coast, a beach ki osl
takeaway kiosk functions by the design of Thomas Heatherwick and Adam Kara Taylor.

The kiosk is made up 36 ribbensgits 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 saceflmfction, 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 Littleharptsign of Thomas Heatherwick and Adamr&daylor made
- —EEET

of 36 mild steelﬂstripls evoké the contours of tideshed sand and have-biésed coatinfpr a rustlike patina[6].

The strips are made up of@illimetre (0.3inch) mild steel, weathered and Owatoiled. The final design
was fabricated f f si t e, but I|iterally a stoneb6s throw away,
Karaof Adans KaraTay or says the biggest challenge 6waesh t o mak.
material of flat steel plate with the most adeead hightech design tools available for drawing and forensically
analysing the form tbthreatg ai.mpmpl dépafiwbol ¢3] w

Finally, the rhythm of curvedtrips 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 mumnbre does not make the whole novel and smarter. Actually, we live in
the age of advanced material and we have no chande-kobw to miss developments of materiality, indeed.

130



So the paper was attempted to find a rapport between bipolar thiwndy gving a midway 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 buil d. The meeting root defines O6operrmtctvieomdE&samngd
subt i t | es t hey Mutateom pfl kndwhogvdtechaique3 @ Emer genc e of -Form V
OEmbodi ment of Novel Tectonicséb. Three ways can be

conventional limited thinking to innoti@e operminded thinking of modern.

On the othehhand 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 designlifer daily
flows:

Design can followthe 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 ilong period, and on the other side it is being purposed to assign man as consumer
ready to change a design as soon as fAthe | aterodo come
evaluation for an architectural space? It states a clearadaiton 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
cul tur al environment where it i s bei rerghakbegneaivayseae f er r i
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 iti s being debating on through the severing con:
sculpturing huge bodies having preference of technology is being seemed as narcissism based on a departure
point which accounts thee massi ofi bf vangbit 8ot urhe ao
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 inspinasicafs the architecture

as metamorphosis of l'ife itseldf existing i-madefit he pl
perfection.

Through the approaching ages the life is getting more and more permitted by architecture where it is being
al most sacrificed. This aptitude in a scoring systeil

reserves for construction but it refers the resource of life where the architecture should be belonged as integrating
the built to the rhythms ofxésting 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 hiag bearge of the where we are living and has no

right to create isolated seléferee built sculptures.

The architecture should not be considered merely as the dynamic adaptation of technology in evolved
materi al s, althoughviimgot hiet st edynn aonfii cAlaaadtapofatil oén t o
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 tiarédoyinology. On the
other side it is underpinning that there should be an alternative value system for the materials building up the
architectur al met abolism scoring through how much a
as fMmtheeod. That brings about such a for mal exXpressi
adapted by the erosion in the ffew of architecture.

So, it is offered to make a decision for design intendloroughfit he mat eri al fitehavi ng
mat erials having valueo.
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Abstract

The usage period of residences is quite long and during this time, it is necessary to change, for various reasonsgthe buildi
materials and components. It has been observed that, especially in residences in Turkey, frechishinexfts 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 reductiom, make up th
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
preventim/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 tcome 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, écéssary 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 doaesdsis
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 arettiire 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 tmes feasrefurbishments 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 buildstgepul 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
wasconducted by interviewing 180 homeowners living in different parts of Istanbul that exhibit a homogenous
socioeconomic and socioultural make up and live in residences that were designed and built fepecific
dwellers.

The aim of the survey is taetermine information under the following topics:

AThe reasons for the refurbishments.

AThe refurbishments done during the usage period of residences that leads to the generation of C&D waste and
raw material consumption.

AThe 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 regardingutigstehent 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 environmieptablems 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 |l ess waste are defined as fAenvironment :

Waste occurs withithe 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-timed of the volumeof 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 peakil39®435% of the
space in Canada's landfills is taken up with C&D wastes and debris. According to Fergus{s],enar 50%
of waste in a typical UK landfill could be construction waste. Craven et al. [7] reported that construction activity
generates AB0% of all waste deposited in Australian landfills.

One of the important environmental problems in Turkeynéspollution 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 (approxiBaneljion
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 g 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 anddemolition 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 countrieslattgee 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, persistentarganiods and volatile
organic compounds (VOCSs) 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
liter at ure search did not reveal any previous attempt t
various reasons, solid waste and pollution is generated. According to the Environmental Protection Agency
(EPA), approximately 92% of all comaction 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 necesshgnyge, 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 180yspavécipants have had interior
refurbishment done. 26% of them indicated that they had the refurbishment done before they moved in. The
residential buildings varying from 6200 m2 are as old as2D years. Most of the refurbishments were doite 5
yearsafter 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 terideation (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%), inmgr¢kie quality of labor
(6%), desire to use trendy materials (4%), and health reasons (3%) (Fig. 1).
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health
trendy materials
quality of labor

security

reasonsdr refurbishments

insufficient space

difficulty in usage

quality of materials

aesthetic reasons

deterioration 25%

0% 5% 10% 15% 20% 25% 30%
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.
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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 ofldmzsenhterials
were determined as mJ] or m and all data were convert
building material generated as a result of interior refurbishments done in residences was 55 139 kg, which
amounted to 39 kg afonstruction 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%) antiqgdg4,9%).

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% acfrpet, 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 percentagew$e of building materials generated as a result of
refurbishments is quite low.
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Questionnaire participants replied affirmatively t
mat erials and component s ¢e mepordon efdhe quéstioaraire odrtieipamtse f ur b i
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 thetcamsiaste
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 constructiosh demoli
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 directlyith 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 (closdipwhdfitchen sink,
kitchen counter and cupboard), strips, tiles, plastic pigslsestos roofing sheets, wooden lath, and some other
reusable materials.
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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. | st an b uvant attivities @re msuffidient.yTdade of tkel 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 wagsiasbamportant. To achieve this;

A Expectations of the users should be determined clearly and reflected to designs.

A Building designers should refer to recyclable and durable materials.

A Building materials should be detailed so as to facilitatealigling.

A Building components should be standard and designed modular so as to widespread reuse.

ARelevant regulation should be reviewed concerning the applicability and required corrections should be
amended.

A Municipalities should accelerate thejperations regarding the regulation and provide efficient inspections.

A Scrap dealers should be organized under municipalities.

A Regulations should be amended to make the transfer of C&D wastes to reuse building materials outlet.
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Contribution of Lighting Unit That is Prefered in  Store Window Illumination
to the Noticeability
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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 getople 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 nigkite 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 disturbiig sftc

as ultraviolet nor infrared. And alseany 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 dkaduring evening hours in streets/roads where store density is high, in two

di fferent shopping centers in the city of Afyonkarahisar.
when you look at the street/road from a distance, whiche window(s) is/are eyeat c hi ng o, the second wa
contribution percentage of such a situation for you to look at/view that store window while you walk in front of the window

t hat grabbed your attent i onr, whilethe mostiof theypeople fiddbthedstore windows ) . As

lightened with colored lamps more egatching, another big group of people stated that the store windows lightened with
units that have different visual effects, for the second question, the mbstpddple 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. |
conclusion, It has been detected that the store windows lightened withingatiuced lighting units which have different
visual effects through bright, colorful and luminous lighting unrig-272-246-3302

E 2015

Selection and/or peeeview under responsibility aothe organizers ofhe 2015 International Conferenc@All In One
Conferenceo

Key Words:Store windows; Store windows lightning; window lightning elements

¥zet Vitrin Aydénl atmal arénda Terci h Edilen Aydénl at
Majaza vitrinlerinin tasar éméndkaoyama-k, i Ifgir k- eekdiidiebbil i r QP j
Birbirine benzer majazal arén bir arada ol duju al ékverik m
farkl @&l ek yaratmak ve insanl ar &@nmaiks twintlrii nv etyaas airsétneemmséinz evni
Akkam ve gecelerde ise vitrinin amacéna ul akmasénda en °ne
husus dojru aydénl atma el emanénén se-imhéi zamAypdéanliuat mave.l
kéezelo°otesi é€kén gibi bozucu etkilere sahip ol mamasé ger ekn
ge°rsel ol ar ak farkl &l aktérma etkisine sahi pBu r ; albauknmanddaa
Af yonkarahisar «kehir merkezinde yer alan iKki farkl & -arkée
akkam saatlerinde al ékverike veya gezmeye -ékmék insanl ar a
olarak ésokajal/caddeye bakeéeldejénda wuzaktan hangi vitrin
-ekmik vitrinin °ne¢gnden ge-erken (durmasaneéez bil e) o Vi
y°nel til milkariak Kewakp -ojunl uk parlak renkli |l amba ile ayd
°neml i bir -ofjunluk farkl & g°rsel etkiye sahip el emanl ar i
de bg¢yeée k - odtummal suekn deaynd €entlk i | endi k1l er i vitrinin °n¢gnden ge- ¢
i fade etmiklerdir. Sonu - ol arak parlak renkl:i ékékl e aydeé
sunul muk aydénl aégmlaateéleméawn!| air@ri hleemiyd i nsanl ara daha di kk
Anahtar Kelimeler: Ma | avzia ri nl eri; Vitrin Aydénl atma; EIl emanl ar &
1.Girick
,NT @8PEEIFNI 628dzy OF 1FNYyt Pl AfSPIRI RBX Bl &SRS yI &AF
1 QdzoRvidsr a2y Nl St S]ONREA 1S6FA AtS Ayaly @S o
YAGSE SYRANRE SoAf SOS] weSoAGEAfAES 1| @dz0 Ydzo (i dzNd DI
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2. Vitrin te¢erleri

1. 1 ré¢n SergiIeZ.JA—'ék‘»Vit“r»in 3. Kapalé Vitri

Maal esef kull anél makta ol an bir-o0k aydeéenl at ma el e mze
ultraviyole veyja k € z €| © tielsei véiktérni nl er de sergilenen crenlere \
verebilmektedir. Ar éca bir-okamgdéeplbaemaniel em ¢réenl eri go°rsel
sahiptir, Bu ©° neml i hususl ar unut ulvmbuodluemswel gkkanda edal |
bilin-Ili ter.cihler yapél mal éder
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22Arakt érma Y°nt emi

Bu -al ékmada Afyonkarahisar «kehir merkezinde yer al
bulunduju sokak/ caddel erde akkam saatlerinde al ékver
Denek sayésé 25 Anketir-aikn biekKii r senmi wttinrel ti | mi k ve il k
bakél déjénda wuzaktan hangi vitrin veya vitrinlerin di
°n¢nden ge-erken (durmasanéz bileg peditdiaerbakmghp:
3. Araktérma Bul gul ar &

Kncel emeye majaza yojunlujunun bulunduju 10 cadde/ s
majaza vitrini daAnkKeteedddB@iickedmjsi(yatbl|l daB3§l. Eéméb i ncel er
43¢, nng, kadsgns i M n er kek ol duju geo°r¢é¢lanmkegkt 2di yak&ndbhar B¢
2808029 yak 10roesE9 Ya kK 10r6ed@E9 Fo ASIENGOHIWS5 9 yarKomEas é

60 yabenwpdanmeéldiufludemi Bt i rcadde/ sokakt aki vitrinlerin

yanénda verilmiktir ve en y¢ksek oranl é& majaza i smi I
Tablo3. Kncel emeejyanitridleeine | denekl er ¢zerinde di kkat -ekme ¢
Kncel emeye dahil majaza vitrin
Cadde/Sokak
L.vitrin % 2.vitrin % 3.vitrin % 4.vitrin % 5.vitrin %
Duml upé&nai MaviJeans | 12 | Nike-Lotto 24 | G¢ | yur 20 | Degaje 40 | Chakra 4
Kadénana Avea 16 | Adidas 4 || Samsung 8 | TEB* 56* | LG 16
Birlik Cad LekeJeans | 8 | G¢ | yur|76*| Vena 8 [Tuj ba 0 | Evkur 8
Kurtul uk Tuj ba 32| S¢gvari| 16 | Alina 8 | Y¢ ksel | 28| Nefertity 16
Kzmir Yol (| Rengarenk | 48 | Kelebek 12 || Aldora 8 | De Facto 20 | Burger King | 16
Afium Linens Sok. U.S.Polo 1 Greyder 4 Ezgnhgh 39 Gs Store 42 Linens 4
Afium Karaca Sok Karaca 12 | Yards 12 | Koton 12 || Penti 32 | Kkil er |36
Afium FI| o | Flo 40 | Kaj an 28 | Koton 24 | Ekol 0 [ Ge¢roal 8
Afium Havuzlu Sok | Togo 8 [Madame Cocq 12 | Samsung |64*| D6 S Da| 8 | Derimod 12
Afium K¢t MarkaStok | 52 | Fa- onn| 8 Polo 20 | Mango 12 | LCW 16

*en y¢ksek oran

Anket e kat él an denekl erinaddef snkak bakehdamebedur
al énmexkt ér . Di kkatini - eken -wiktkil diyerilerin oo % 83, atkitie | e me d e
diyenlerino r a% 3, fikrim yok diyenlerino r a% 1&, etkili diyenlerinor &% ¥ ol duj u g°r ¢l mekt
(Tablo4).

Tablo4. Dikkat- e k e nin enu ihcelemmde etkisi

Di kkat - ek e mcelenedeetkisii n onu

Cadde/Sokak ge;‘eyk 1 Etkili Fikrim yok Etkili tok Et
n % n % n % n %

Duml upénar 2 25 3 12 5 20 7 28 10 40
Kadénana Cad 26 4 15 4 15 11 43 7 27
Birlik Cad 25 2 8 2 8 10 40 11 44
Kurtuluk Cad 25 5 20 3 12 8 32 9 36
Kzmir Yol u 26 3 12 4 15 14 54* 5 19
Afium Linens 27 6 22 6 22 7 26 8 30
Af i um Kar aca 26 4 16 5 16 9 36 8 32
Afium Fl o Sag 25 6 24 1 4 8 32 10 40
Afium Havuzlu Sokak 26 3 12 5 19 7 27 11 42
Af i um K¢t ahy 25 4 16 3 12 12 48* 6 24
Ort. 15,7 Ort. 14,3 Ort. 36,6 Ort. 33,4

n ki Ki sayeéeseé

Tablo5. Ar akt é@&rma bul gularéna ait vitrin fotojraflarée
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Aydénl at masé
(Birlik cad)

’a

el

ol
B

3. Sérada yer aCadneée kK 4 . Sér ada yAMumKgltmédk av

4 . Somau-¥Mmeril er

Kncel emeye | @¢ahillD adet cadde/ sokak ve her cadde/ soka
maj aza ar akk etr en2lo®nh dilEemmmgiiynet daj el %488 nng nkcaed éenndd i J i nde
570sinin erkek ol duju madirj¢ilmbgktBOi yakT¥adBadokRk 9 ya«xl &

ar aseE9mma39 yak la0Gntdd 9 WREaSEIHBB59 yak é&réans 66,0 % atk é nd e
b¢yeéek meéldiufluenmi Ktir

Kncel enen 1. cadde Dumlupeénarni2.%4da d e d ec alledgea j Kea dnéanj
TEB vitrini %5 6 , 3. cadde Birlik Caddede G¢lyurt 26

vitrini %3 2, 5. cadde Kzmir Yolunda Rengarenko6in vi:
vitrini %42 , 7. Sokak Afium Karaca Sokakta Kkiler wvitrini
9. sokak Afium Havuzlu Sokakta Samsung vVvitrini %6 4 ,
%52 ile en -ok dikkat Vist midre!|l ern o lorku kotyurar aBnuénnl éa r 12.ns ¢
2.sérada Samsung vitrini, 3.sérada TEB vitrini yer a
pastanesi daha -ok aydénl at mal & gr afpiakr |ealke nbaenyéa zi |eéek,é k
ile, 3.séradaki TEB iseepamekaledyexi |l neon éexkeje ile

Anket e kat éeétldlendiklidrevirieldrilineeleme orard ur u molaadrdéee/ sokak bazénda
ortal amal ar & al &n mé kaneimcelem&le kthisadarakoidtkili dyénkenmo v &438,i ni n
etkili diyenlerin o r a% &7, fikrim yok diyenlerin o r a% @4, etkili diyenlerinor a% @& 6 ol duj u

g°r ¢l meBkutreaddar en y¢ksek di kkat -ekme or ankéklardal de et r
etkilendi kl eri vitrini incel eme oranlarénén daha vy
aydénl at maséndan etkilendikleri wvitrini istemli veya
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Sonu- ol arak depeaekl akimen&junllwefjmba il e aydénl atél
ge°r

bul ur ken, yine °nemli bir -oJjunluk farkl & sel et
ol dinju i fade et nkinei$oesundd v abdenrk ede nb¢gy¢k -ojunl uk aydén
vitrinin ©°nytnndderarakyedaeurnkasantea kt é k1l ar éné i fade et mikl er
renkl i ékekle aydénlatma el emanl ané@l mue agdEat ht enag e
ile aydénlatélmék vitrinlerin vevrgidndemeleaindeletkiod ddiif uk at
tespit edil miktir

Ayréca bir-ok aydéenl atma el emané sajllkhdekl|l ase igPesg
y ay duBrvigole vejak €z el °t esi VEKENN]l erde sergilenen ¢r¢é¢gnlere
verebilmektedir. Ve &Ar éca bir-ok aydéenl atma el emané -evresini %
sahiptir, Bu ° neml i hususl ar unut ulvabuodlutbmsweli gkkanda edal |
bilin-1i ter.cihler yapél mal éedér
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Abstract

AAfter billions of years of evolution, nat ur & 1has N aetaurrneedds
evolution has implemented many effective and efficient biological mechanisms. Mimicking these mechanigrosidan

high efficient and effective potentials for developing our life and the spaces we use. Learning from nature has beeh continue

since the existence of human being. Mankind had used every possibility to imitate nature for better solutions;gntthe rec

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-cojpginking, 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 biologmnd architecture in order to be able to use nature
means that naturef6s inventions can be transformed to desig
of form but also as a dgn strategy will comprise more sustainable designs. This paper studies the nature inspired
architectural designs which lead to green energy andiesigns using biomimicry as sustainable design strategy.
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1.Introduction

AThe conscious emul ati on gyfor theihined race, g gathi tar ss sustamabla s u r
future. The more our world functions like the natural world the more likely we are to endure on this home that is
our s, but not ours aloneo [ 3]. The nat nbemgadstwalel f s ul
where humandés world should function just |l i ke natur
environment should get inspiration from nature, because nature knows how to build sustainably. This inspiration
follows a way to reeh to the source of inspiration, which is called biomimicry. Biomimicry is the new field of
science that has different names such as biomirbetidc (biology and technique). Jack Steele who is as a
doctor and scientist had used the name biomimetic iGslf#8 the first time [4]. Biomimetic means transferring
ideas and analogs from biology to technology. It transfers analogues and ideas from bhiology to architecture,
technology and other disciplines; it is both new and old science [5]. On the other toemighitry mimics
naturebs models and imitates them to solve human pro
hygienic wall and floor covering by a shark. This explains nature as a model. Biomimicry shows us how to judge
our innovationsby 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, bi omi moar ywfi mafiuhedsongeoi 089 . emt
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 thahgsiomimicry 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 impobiadgeo

bet ween Dbiology and architecture in order to be abl

interaction means that natureds inventions can be
architecture not only as a sourcdain 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 energyiefficy, antireflective surfaces, setieaning 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 designheuld 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 wingals 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 iohexiseare 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 sharerhendless 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 & ihathe 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 fromt nature; i
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 itsappears 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 learndture.

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 mor
about building materials rather than buildings and their systems. Biomimicry as a tool for design strategy in
architecture falls in to two categories, onéoisking to biologywhich is targeted on describing needs for human
and the other ibiology influencing desigmhich 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 functionalibyitdings for sustainable future environments.

Design looking to BiologyThe main idea is that architects must identify design problems and human needs,
with a collaborative work, biologists and architects must find proper organism for identifiednpsofstey. 1)

[9].

1

Fig. 1. Sharkoés skin inspi r-walcoeemingmatetial st s to design a (b

Biology influencing Design:The main idea is identifying the behavior, function and other characteristics of
an organism or ecosystemtortra f or m it in to humandés needs (Fig. 2)
architects and biologists comes first [9].
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Fig. 2. Lotus leaf inspires designers to createdelning 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 biwnary; 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 belilkat 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 enecgnsumption, 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.ofQhe most important lenses is the

Lifebs Principles which are | essons |l earnt from nat u
single organism on earth, and is using the same conditions; life has elaborated some rules and prihciples tha
have sustained over 3.8 million years and are stil!l

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 mordi@éntly and we can evaluate our designs upon these principles. After
following up all steps listed below (Fig.3), we could leteue | ves t o be mentored by nat
one of the following principles makes the design deficient. [10]
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Fig.3 . Bi omi micry Design Lens: Lifeds Principles

1 Evolve to Survive Continually incorporate and embody information to ensure enduring
performance.

1 Be Resource (Material and Energy) EfficientSkillfully and conservatively take advantages of
resource and oppinities.

1 Adapt to Changing ConditionsAppropriately respond to dynamic contexts.

1 Integrate Development with Growthnvest optimally in strategies that promote both development
and growth.

1 Be Locally Attuned and ResponsivEit into and integrate witthe surrounding environment.

1 Use Life Friendly ChemistyUs e chemi stry that supports |life pr

As long as these principles are followed in architecture, most of designs such as energy efficeansedf
and water collecting facades, energy saving lighting systems, robust structures, indoor environments, etc. will
become smart and life friendlypince design lenses of biomimicry are described, there are other lenses called
Biomimicry Thinkingand are described as listed below-[1]:

Challenge to Biology:This is concrete route throudiomimicry Thinkingprocess. 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

(@)

2%
% Y301 gayiasniO®
Yo SNV YS

Fig. 4. (a) Biomimicry Design Lens: Challenge to Biology; (b) Biomimicry Design Lens: Biology to Design

Biology to Design:This is concrete route throudgiomimicry Thinkingprocess. 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. Heré f e 6 s mug benincluded (Egs4 (b)) [2Q2].

These two lenses include same steps derived framf e 6 s ;Raoweverdni epch kers these steps follow
different pathways as shown in Fig. 4 (a) and (b). When @ialenge to Biologya designer should starbfn
defining the context while iBiology to Desigrstarts 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 searchitects are not biologist and know the challenge better than others, they have to
coll aborate with biologist to discover and wuse natur
but inefficient longstanding solutions.

On the other hat 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 framesk 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 aedtitral 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
spa@s that allow relations between other disciplines. Moreover, the definition of architecture in an online

dictionary is Athe complex or carefully designed st
architecturd 1 4] . Ar i stroittlaet i uosnedd wwarhd sfeiver al meanings to
natureds purposes or imitating natureb6s methods. Acc:¢

natur e, since architectur e i lsodsdls]. Gne dan undermstand from these o u | d
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 naturencould

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 groupgsyildings and materials

Buildings:
1 East Gate Building by Mike Pearce, Harare Zimbabwe. Completion date 1996.

ot

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 cathedrdike spires (Figh (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 gaprfect 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
theday 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 opers¢hteibes 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 ® nomatter 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 conglital 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 fa-ade.

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 concreigfaces 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 tgsviam order to ensure that there is always
enough ventilation. Although the temperature outside varies betwérarsl 33C, the inner temperature is
always in between 225°C [16].

1 The Eden Project Biomes by Nicholas Grimshaw, Cornwall U.K. Completio date 2001.

Fig. 8. The Eden Project layout.
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