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Permutation Entropy and Improved Permutation Entropy
Applied to Traffic Flow Variables

Ali Muhssin Shahatha!, Ks mai 12 kahi n
Yildiz Technical University, Department of Civil Engineeritiggenler 34220 Istanbul
talimuhssin83@gmail.com
2Tel: 212383 51 80, sahin@yildiz.edu.tr

Abstract

Recognizing the complexiof a time series is a significant task in data analysis, espedafy
from thecar-following theory which represents an important research direction in the field of
intelligent transportation systems (ITH) helps us gain a@eeperunderstanding of how the
processes ware studying work. For complexity analysis, various entropies basSdaomo n 6 s
form are considered an effective todhe novelty ofthis study aims to determine the most
effective type of Permutation Entropy?E) or Improved Permutation Entrop{fPE) for
analyzing vehicle trajectories in ellowing behavior anddentifying the optinal variable
from vehicle trajectory data, given that most transportation studies using entropy focus on
macralevel traffic conditions and few examine mideyvel carfollowing. The methodology
involved using NGSIM datao prepae a sample ofthe vehicle tajectory datasetwhich
included the following variablesposition, speed, acceleration, space headwayd time
headwayafterward two types of entropy PE and IPEwere appliedo analyze these variables
Different types of statistical toolscan also b usedto interpretthe analysis results and then
select the best type of entropy ahdoptimalvariable they carbeusel later toinvestigatehe
behavior of cafollowing theory.The results indicated th#E outperformedPEin analyzing

all variableswith the local positiornvariablebeing the most effectivéPE can be aaluable

and effective tool, providing the possibility of analyzing reajectoriesdata. It will be the
basis for future studiegparticularly in the fied of carfollowing theory analysis which is
considered a branch of the field of intelligent transportation systems (ITS).

Keywords: CaifFollowing, Vehicle TrajectoryPermutation Entropyimproved Permutation
Entropy.

Introduction

Car-following models represent one of the essential approaches to understanding microscopic
traffic flow dynamics, as they describe the interactions between successive vehicles in a traffic
stream.Furthermore, cafollowing theory is an important research directionthe field of
intelligent transportation systems (ITS), and the success of ITS deployment depends on the
availability of advanced traffic analysis tools to predict and analyze the behavior-of car
following.

Quantifying the complexity of a given time seriesan important challenge in data analysis
giving us more profoundinsight into the mechanisms governing the regarded processes.



Moreover, measuringhe complexity of observed time series plays an important iole
understanding the characteristics af #ystem under stud¥. Chen et al., 2019)

Entropy is one of the most effective tools for complexity analysis and provides a mathematical
expression to reflect the disorder degree of a system; increasing the entropy value represents
increases in the slorder degree of a systefhe entropy of a system is equal to the sum of the
entropies of its states. When the state probabilities of the system are equal, its entropy reaches
a maximum. According to the definition and principle of entropy, the entropy d$crete
stochastic state can be expressed as follows:

o)

C
2
o

Where atropyH is a function of the probability distribution {p12p, } réther than a function

of values or statistical indicators of the original series {x1,.x2, In this way, it can be
concluded that the less regular the original series, the higher the efttyopst al., 2020).

Many entropy approachesuch as permutation entropy (PBBandt & Pompe, 2002)
approximate entropyPincus et al., 1994)sample entropyRichman & Randall Moorman,
2000),and fuzzy entropyW. Chen et al., 2009have been proposed redgntach of which

has its advantages éudisadvantageg&.urthermore, there are more than 100 kinds of entropies
based on Shannondéds form that aancotheridisciplings used
(Zhang et al., 2020; Zheng et al., 2024).

Mosttransportation studigbatused entropyfocus on macrdevel traffic conditionsand few
examine micreevel carfollowing. Liu et al.(2019 used the general formula for entroyey

applied the entropy to the distribution of vehicle space headway on the road to estimate the
dynamic traffic fow. Lyu et al.(2020) used different types of entropy algorithms (Shannon
entropy,steeringwheel entropyapproximate entropy, anshmple entropy), which applied to

the time headway data during dallowing. Zhang et al(2020) used Fuzzy Permutation
Entopy (FPE) toinvestigatethe complexity of traffic evolution based on simulated time
headway under different states of traffic congestion. Liu é2@22) used Information Entropy

(IE) for traffic flow analysis.

Compared with other entropy algorithnf4 is famousnd widely usedlor complexity series
analysis(Duran et al., 2023)t combined the concepts of entropy and symbolic dynamics to
create a new measure of complexityis basedon computing the Shannon entropy of the
relative frequency of all the ordinal patterns found in a time s@@iesstaFrau, 2019)Chen

et al. (2019) proposed the IPE method based on PE, which combines some advantages of
previous PE modifications; this wemethod in the field of entropy can detect spiky feafures
moreeffectivelycompared to PE.

The aim of this study is to explore the effectiveness of PE and IPE -dollosring behavior
when analyzing the variables of speed, acceleration, space headnayheadway, and
position. Next, identifing the most effective type of entropy and the best variable can later be
used to investigate céollowing behavior.

1 Spiky features: Places where the value quickly rises or falls compared to neighboring points.
8



Methodology

In this study, two types of entropy algorithms will be examined, PE and IPEalyrarthe
variables of speed, acceleration, space headway, time headway, and position. Thereatfter, the
results of PE & IPE will be analyzed using range, average, and standard deviation to explore
the effectiveness of P&r IPE on caifollowing behavior.

1- Permutation Entropy PE
PE is a very popular complexity analysis tool for time sgi@sestaFrau, 2019)It directly
accounts for the temporal information contained in the time dgiasn et al., 2012).

A
P g
a €40

(e}
N

00

where,D represerstthe embedding dimensi®RE is a suitable method for reducing the excess
redundancy in time seriesThis method is simple and transparent, robust with respect to
monotonic distortion$of the raw dataand suitable for estimating the dynamical complexity of
the underlying dynamical proce@édybida, 2020).

2- Improved Permutation Entropy IPE

IPE method combines some advantages of previous modifications of PE.

000 —— FiDR QO -
a &v

whereL is the level of discretization and D represent the embedding dimension.

The PEandIPE results according to equatio®) @nd @), respectivelyare restricted between

0 and 1. A value near 0 means the time series is more regular and deterministic, while a value
near 1 means the time series is noisier and more random.

There are some parameters that need to be predetermined for computitlg ém IPE
algorithms, such as embedding dimension D, discretization level L, andestajtin N.

In this study the parameters were selected as folldased on the datasetilized in the
numerical tests

D = 3for both PE and IPBBandt & Pompe(2002)suggesngt hat t hey ar e usi
L =3for IPE

N = 30 elementsiepresenng the data lengthincluded inthe calculation of one entropy unit
(which correspondso the distance travelddr 3 secondsn the numerical test to be presented
next).

2 Embedding dimension: how many consecutive data points are considered together to form
one "pattern” or "state" of the system.

3 Excess redundancy: means thatadare too predictable; the system repeats similar patterns
excessively, reducing its informational richness or complexity.

4 Monotonic distortion: a transformation that changes data values but preserves their order.

9
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SL = 600elementsyepresenng the totallength of thetime serieswhich corresporgito the
duration of examining sample data for a distance traveled véthgecondsThe moving time
window of the test of eadnajectoryis 0.1 secondsbecause the accuracy of the resolution of

the NGSIM data is 0.1 seconds (i.e., every ten elements of the SL series correspond to a 1
second time duration).

3 Data Prepation.

Real catfollowing datais adopted in this empirical study, and it is extradtech the trajectory
dataset othe Next Generation Simulation (NGSIM) projg®GSIM, 2007).The data was a
15 min time frame observation (7:50 €105 am) on &40 msegmenbf lanenumberl of

U.S. Highway 101theHollywood Freewayin Los Angeles, Cébrnia. As shown in Figure.1

Figure 1 Next Generation Simulation (NGSIM) projttGSIM, 2007).

We utilized the local position data (Local_Y) from the NGSIM dataset to draw vehicle
trajectories. After filtering out abnormal trajectories, rmadomly selected a sample ofd10
highlighted in red in Figure 2. Thereafter, we prepared data on speed, accelegmmm,
headway, time headway, and position. Table 1 shows a short sample of data preparation.

Figure 2 Vehicles trajectories of NGSIM data.

Table 1 Samplef datapreparation

. . Following Space Time
Vehicle_ID Time Local | Length | Speed | Acce. Pre(_:edlng vehicle | headway* | headway*
S Pos.m | veh. m m/s m/ s | vehicle ID D m S
1068 7241.3 | 78.712 | 3.6576 | 6.8397 | 0.4328 1056 1072 12.81074 1.87
1068 7241.4 | 79.401 | 3.6576 | 6.8671 | 0.0061 1056 1072 12.88694 1.88
1068 72415 | 80.088 | 3.6576 | 6.8671 | -0.009 1056 1072 12.96314 1.89
1068 7241.6 | 80.775 | 3.6576 | 6.8671 0 1056 1072 13.03934 1.9
1068 7241.7 | 81.463 | 3.6576 | 6.8489 | -0.265 1056 1072 13.11859 1.92
*ASpace heddmeayhoe aodrwafiy 6 i s with respect to t

10
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Results

1- Analysis of Speed and Acceleration variables
PE andIPE algorithmswere applied on speed aadceleration datéor a selectedsample of
trajectoriesFigure3 shows the analysis results fanevehicle trajectory#1068.

For the speed variablen Figure 3(a)we can see thdhe vehiclespeed vass with time, and

the range of speed chamsdetweenl m/s and 20 m/sThe analysis results of Pahd IPEfor

the speed variablgFigure3(b and c) show that the wave of PE changed betweerafdD.8

more than the wave of IRhich changed between Gahd0.4; and according to the concept

of entropy(betweerD andl), the wave of Pk moreirregular and noiger than the wave of IPE

for the same variablédowever it is still difficult to comprehend the behavior thfe wave of

IPE as comared withthe speed diagram dhe vehiclebecause the mperiodic nature of the

waveof IPEi ndi cates that t he s-yasyingeconipkexitydapdichaoticc s e x h
behavior.

On the other handhe acceleratiowvaluesfluctuatewith time, Figure 3(d) and the range of
acceleration changes between Ojm/sa n d Tle analyss|results of PE and IPE foe
accelerationvariable, Figure 3(e andf), show that the wave of PE changed betwe8rafd

0.9 more than the wave of IR®/hich changed between Gahd0.7; andalso,according to the
concept ofentropy (between0 and 1), the wave of PEs moreirregular and noiger than the
wave of IPE for the same variablurthermoreunderstanding the behavior of the IPE wave
compared to the vehicle's acceleration diagram remains challenging due to theodanperi
nature of the IPE wave.

(a) Speed diagram with time. (d) Acceleration diagram with time.

7230 7240 7250 7260 7270 7280 7290 7300 7230 7240 7250 7260 7270 7280 7280 7300

(b) Analysis results of PE for speedriable. (e) Analysis results of PE for Ac¥ariable.
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(c) Analysis results of IPE for speedriable.  (f) Analysis results of IPE for Acwariable.

Figure3. Analysis results of Speaahd Acceleratiowvariables data according to PE &PE.
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Figure 4 presents the statistical analysis comparing the results of PE and IPE regarding the
speed and acceleration variables for the selected sample vehicles. It involves the range, average,
and standard deviation. Generally, the results show that IPR luager range and average,
indicating that IPE is better than PE when the results are compared with the concept of entropy
(0 and 1); 0 means more regular and deterministic, while 1 means more irregular and noisier.
Furthermore, the standard deviationigades that the IPE results are lower than the PE results;
that indicates the IPE results are close to the mean and consistent or stable as compared with
the PE results, which were far from the mean and dispersed.

of PE :&IPE variable /si e of PE& IPE f S ed va Std E&FEI
mhverag

mummmmmw

€)) Range of PE &PE for (b) Average of PE & IPE for (c) Standard deV|at|0n ongE
Speed variable analysis. Speed variable analysis. IPE for Speed variable analysis.

Range of PE & IPE for Acc. variable analysis Average of PE & IPE for Acc. variable analysis Std. of PE & IPE for Acc. variable analysis
mRangecfPE m Rangecf PE ierage of PE - m Average of IPE mSiofPE i of PE

(d) Range of PE & IPE for e)(Average of PE & IPE for (f) Standard deV|at|on of PE
Acc. variable analysis. Acc. variable analysis. IPE for Acc. variable analysis.

Figure4. Range, Average & Std. values of PEHRE forSpeed andcceleration
variables analysis

2- Analysis of Space Headway and Time Headway variables

PE and IPE algorithms were applied on space headway and time headway data for a selected
sample of trajectories. FiguBeshows the analysis results for one vehicle traject&068.

For the space heagy SH variablein Figure 5(a) we can see th#étte SHvarieswith time, and

the range of SH changes betw&m and 30 m. The analysis results of PE and IPE for the SH
variable, Figure 5(b and c), show that the wave of PE changed between 0 and 0.7 more than
the wave of IPE, which changed between 0 and 0.4; and according to the concept of entropy
(0i 1), the wave of PE is more irregular and noisier than the wave of IPE for the same variable

However, it is still difficult to comprehend the behavior of the wave of IPE as compared with
the space headway diagram of the vehbdeause the nonperiodic nature of the waivlPE
i ndicates that the s-yasyingeconipkexiydnd ohaatid behsvioe x hi bi t

On the other hand, the time headwWay valuesvaries with timeFigure 5(d) and the range of

TH changes betweensland 9 s. The analysis results of PE and IPE for the TH variable, Figures
5(e and f), show that the wave of PE ohea between 0 and 0.9 more than the wave of IPE,
which changed between 0 and 0.5; and also, according to the concept of erittpph€Ovave

of PE is more irregular and noisier than the wave of IPE for the same variable. Furthermore, it
is still difficult to comprehend the behavior of the wave of IPE as compared withHhe
diagram of the vehicle.
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Figure5. Analysis results of Space Headway and Time Headway variables data
according to PE &PE.

Figure 6 presents the statistical analysis comparing the results of PE and IPE regarding the
space headway and time headway variables for the selected sample vehicles. It involves the

range, average, and standard deviation.

Generally, the results showathPE has a lower range and average, indig#éthat IPE is better

than PE when the results are compared with the concept of entropy (0, @nchdans more

regular and deterministic, while 1 means more irregular and noisier. Furthermore, the standard
dewvation indicatesthat the IPEresultsarelower than the PEesults that indicates the IPE

results are close to the mean and consistent or stable as compared with the PE results, which

were far from the mean and dispersed.
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Figure6. Range, Average & Stdalues of PE &PE forSpace Headway and
Time Headwayariables analysis

3- Analysis of Position variable
PE and IPE algorithms were applied on position data for a selected sample of trajectories. Figure
7 showsthe analysis results for one vehitiajectory,1068.

For the position variable Figure 7(a) we can see that the pioen diagram started frord m
until the end otheroadsegmentt 640 m. The analysis results of PE and IPE for thé&ipas
variable, Figure 7(b and c), show that theave of PEis equal to Qwhile the wave of IPE
varies around 0.33; and according to the concept of entrady, (the wave of PE is more
regular and deterministic than the wave of IPE for the same variable.

However, the result of PE idogical becaus¢he position diagranthanges oveime, whichis
provenby thespeed and acceleratidragramsn Figures 3(a and dipat indicataunstable flow
between7250and7270 £conds

In contrastthe results of IPEare more logi@l and understandablesbause the IPE method
identifiedthat the value of 0.33 peesentstreamlined movemeras shown in Figure 7(c). This
graph illustrateshat theIPE results deviahg from 0.33 correspond to the locationsf
deceleration and acceleratidapicted in Figues 3(a and d) and Figure 7.(a)
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Figure7. Analysis results oPosition variable dataccording to PE & IPE.

Figure 8 presents the statistical analysis of the results from PE and IPE regarding the position
variable for the selected sample. It includes the range, average, and standard deviation. The
range, average, and standard deviatiofte are all zero, reflecting that the PE results are zero.

In contrast, the standard deviation results for IPE are close to zero, which is a favorable outcome
as compared with standard deviation results for speed, acceleration, space headway, and time
healway variables.

Range of PE & IPE for Pos. variable analysis Average of PE & IPE for Pos. variable znalysis Std. of PE & IPE for Pos. variable analysis
W= ot PE mRangzof P Waera of PE W Aeraze of IPE WSt oFPE Sl ofIPE

(@) Range of PE & IPE for (b) Average of PE & IPE for (c) Standard deviation of P&
Pos. variable analysis. Pos. variable analysis. IPE for Pos. variable analysis.

Figure8. Range, Average & Std. values of PE & IPE for Position variable analysis.

Conclusions
Entropy tools are commonly used to test or quantify the complexity of a given time series,

providing an indication of its nature based on a scale from Qwdédre O ndicates a regular
time series and 1 indicates a random and irregularlortiis paper, PE and IPE algorithms
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wereused to analyzepeedaccelerationspace headway, time headway, and posdata for
a selected sample bIGSIM trajectories

The analgis results of PE and IPE for tlspeed, acceleration, space headway, and time
headway variableshow that the wavef PE is more irregular and noisier than the wave of IPE
for the same variabéeWhile the analysis results for the position variable show that the wave
of PEis equal to Gandthe wave of IPE varies around 0,&8cording to the concept of entropy
(0i 1), the wave of PE is more regular and deterministic than the wave of IPE for the same
variable. However, the result of PEiifgical becaus¢he position diagram changes over time,
indicatinganunstable flonin some placesss shown in Figure.Zhe IPE resultson the other
hand, are deemedore logical and understandable because the IPERochietentified that the
value of 0.33refersto streamlined movemenand any deviationfrom this baseline(0.33)
indicates avariation invelocitythatis proportional to itAdditionally, statistical analysisf the
range, average, and stand deviation indicatesthat the IPEmethod outperformshe PE
method particularly in terms oftandardieviationrelated tgoosition.

It can be concludethat the IPE tool presents a satisfactory representation of vehicle behavior,
especially when analyzing the position variable instead of the other vari@biesof the
advantages of this method is the ease of direct application for analyzing positioandat
interpreting results because the IPE method identified that the value of 0.33 refers to
streamlined movement, and any deviation from this baseline of 0.33 indicates a variation in
velocity that is proportional to itn other words, the IPE tool idfective for analyzing real
trajectory data, and its results accurately reflect vehicle behavior duriiglloaring, thereby
supporting the recommendation to use the IPE method-iokawing theory analysis. This is

an indicator that the IPE tool deges more investigation and has the potential to adapt to the
processes, such as traffic flow analysis and@#rwing.
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Using Generative Adversarial Networks (GANs) To Generate a
Synthetic Population for a Travel Demand Model
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Abstract

Population sgithesis is the crucial step in developing an actibdged travel model as it
requires detailed socioeconomic dd&apulation synthesisvolves taking a sample of people
with their social, economic, and spatalaracteristicsand scaling it up to represent the whole
populationwithin the study area. Due to high cgdimited capabilities, timeonstraintsand
privacy concerns its oftendifficult to collect the data for thevhole study areaTherefore,
researchers tend &xpand the partially collected data to reflect the full populaticendast
effectiveway.

Considering the absence of comprehensive aggregated data, this study adopted GANs as a
statistical learningpased framework for population synthesis. The appraankd to generate

a synthetic population for a travel demand model derived from disaggregated sample data at
both household and individual levels. Specifically, a Conditional Tabular Generative
Adversarial Network (CIGAN) was utilized, and coding perfoad in the Google Colab
environment

To produce a synthetic population, <GANs learn from collected samples of households and
individuals, use it as a seed to replicate their attributes and expand the sample to the population
level. The study is based ordividuallevel data obtained from Malatya Transportation Master
Plan Study. The dataset includes various secmnomic attributes such as gender, age, and
related demographic variables.

Chi square for categorical attributes and KS for continuous attributes has been used as goodness
of-fit measures for marginal distribution validation. The validation results show that synthetic
data successfully maintained the distribution of the attribtriem the real data. Correlation
coefficient metric was used to validate joint distribution, the results demonstrate that the
relationships among key variables such as household size household income, and age are largely
consistent across both datasettsoA the histogram comparisons indicate a high degree of
similarity between the distributions of the sample data and the synthetic population
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Abstract

Dynamic Traffic Assignment (DTA) models aim to represent the-timrging evolution of

traffic conditions across a network, but their reliability depends strongly on how the simulation
period is structured. Two critical boundary conditions (the wapnandcooldown) periods
govern how the model transitions into and out of realistic congestion states. Theipvphase

allows vehicle loading and congestion formation to stabilize before performance is measured,
while the cooldown phase ensures that vehiddéready in the system are cleared before the
simulation ends. The length of these periods, together with the number and duration of time
slices used to divide the modeled period, has a direct influence on model robustness and
computational performance. &lstudy area was the city of ADIYAMAN, divided into 47 TAZ

with 3635 nodes and 1273 links, peak htvaffic was simulated aftetderivingtemporalODs

from 4-step model. To evaluate network performance, measure¥HHe delay,speedand

VDT of the modelalong with CUBE software were adopted. Ddtaven methods such as
changepoint based on variations in speaddelay considered to identify when the network
reaches a stable state. The study found that using-waumeriod (30 minutes in this case) and

one cootdown period Klearto max. of network travel time) is sufficient for simulation.
Additionally, 510 minutes time slice for the main simulation period provided the best balance.
The cooldown period showed a critical role, as it had a greater ingpaggétwork performance
compared to the warup phaseThe VHT, VDT, andlheTotaldelay decreased by 37%, 35%

and 14%respectivelywhen using optimatookdown, while the change percentage in VHT or
VDT was about 14%.
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sénéféena benzer mekan k °zell kl er sajl ayaca
kat kel arénén y¢ksek su tutma kapas tes ve ka
standart karéekéem oranlar étndmnzef aak|IlIém Kk demreay
uygul anméxt ér .
Karékémlarda kulif{amelndm,t amgrieglaek eakléexrkanl|l akt €
ve sel ¢l oz e s as®lnéc eldetnk éb erhalra emesr or anl arda |k
ayreéentel é& «kekk Uygulhaensneepkltaénrar aL f katkéesénén Kk
daj él maséné sajlamak amaceyl a, kar ekt ér ma K |
yeéer et el me K, kar ékéem s¢rec s¢r ekl ol arak kon
Bu -al ékmada hsaelkéktbdraal mék bedtohekar ékéeml ar é
Karékém Tasar émé Hes(@apS E&@x, FaEGEeBsmda alenmagt
maks mum dane -apé 19 mm ol an kal ker k°kenl
yécksek anmekaméimw sajl amal arénén yané séra a- €k
uygul amal aréenda avant aj sunar. Ayr eéeca, k° kel
b r aderans olukturarak yapeéesal bptdaojlal ¢déedes
kK umu, akarsu akéendérmaséyla olukan yuvarl ak
Kl eneb | rl 7 n arterer. Ancak bu yuvarl al
sénérl ayab | ece]j - n aderanéHarresreqtdam e z
201Kol Il anél acak ol an r vV e ntde ag®T ®*gald alr @nk t
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TablAgregMabhz&mel |. kil er
Mal zeme ¥zelKr Agr Kn Agr

ce
¥zgg¢l y¢zey 7,8 2,64
| ncel Kk mod¢2, 73 , 68
72
12
1

S |t -er | -
Su emme dej e0, 4
Toplam nem 0, 39

[ellelle) N

k e klidle Kk i bajl ayécé ol §d T&k ERNu, l1l2Bntlednadna r -diémen tuoy,g
ol arak ¢retill xR CEMpil Ipéart!| addpkalKloerylai ¢4 imma
Fabri kasé taraféndan temin edil mikti22 Wweae ment
%0044 ol arak bel i2r lkeanpnsiakmeé nTdsa EgNe r1-9%6k | ekt i ri | en
ve S$Sio@Pl améenéen en az @M yol dujme nstabpn eadrdrdetikat ebru | u

dol gu maddel er i, betonun ge-irimsizlijini art
daha fazla malzeme kull anéména ol anak sajlaya

Kek CEMLII/BR tipi portland kalkerli -ir
Karékém suyu, hem hidratasyon r e ask sli ynodn I ralreé
sékékbetehmakyerlexktirilebilirlijinin sajlanm
zararl|l & Dbilexkik i1itermem&s meye gimeaoaeh nitel.
Hi dratasyon i -in gerekl:i s u dékéenda kal an m
kul |l anBUbUmeéewmti @k.mada 2kdelkl a nkéa raénk ékme ks uy u, Kar ama
beled yeye lhekes-mdesuyaj kanmék ve deneysel s,
kaynak suyu kullanélarak tutarl el ek sajl anmeéecx

kekKbhr2gkem suyu

Ki myasal katkée maddel eri, karéekémén taze ve
amaceéeyla -ameeatoy dhgwemdaki ek bilekenler ol ar
aj érl epbendm@ed ¥Br asenda kull anélan bu katkeéel ar
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se-il|l mi Bt@ikri. bkue kkiast K& Inadr ,r | tbeezcece kB Rt @ E& bom&kn @ ar
kal mayép ayné zamanda su i htiyacéneée( aelkhnitlar ak
kartname, 2016)

kekKUIB.AanéI an .akekxkanl akt ér éecé

cal ekxma keapkaméndlhees ®keé kktaerreeklénmmelkar enda kat ké
kull anél an 1 fl er, ger i don¢kt gr el me Kk A4 ti
sayfal aréndan el de edil mi ktir. Bu mal zemel er ,
uzunl ukt a nmé«kftl éedrt@ kkaezkeiglh alni f,4 eam no lgeerna kk lbiglii r0l e
|l i fbeecml uvuzun | ifler ise 3 c¢cm boyutlaréenda ke

e .
i 7
kekFhr 4l & boyutl.arda kesilmik | if]

Hazeér | aR®%rm 0l imalr kral € s ol v eknap |Ibaaremé&x taérr.i | B uk ibkoly
hem de wuvzun | if gruplaréna ayré ayré uygul ann
| aboratuvar ortaméenda d¢zgen kKekil de seril er e
sonrasénda kar &k eemltaorpdlaa nknuél kl taénré | (nmkaekk i¢lz ebr) .

~e.

l' iflerin kurumasé i-in se

y °2zel l ikl ersi nle nsda hrilpe bsué ksée«
czerindekidiegti K imi xr,i °kar kK éalkd
mi kroyapé davranékl arée a-é€s

Y°nt em

Bu -al eékmada, sel ¢l oz k esa
kull anél d 8kl bpdonl d SS§8K
deneyse stler n n ger - e
a- ekl an r Mal zeme tem
ul usal dakFraltaraserseve
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Deneysel -al ékmal arda bajl ayédcd2ql5arRgdk Rarrtelga
maks mum 19 mm tane -apéna sah p doj al kér ma
karékém tasaréemeécupgquiRdedagdhkel gj Ka¢zere 192
10.800 g agrega, 960 ml su ve 60 ml kat k é
Su/ - mento orané t¢m karéekémlarda 0,5 ol ar ak

TablAgrz2gMabhr&@mel |. kil er
F be S/ ¢ me Su Agre Katk Topl:
(1. 5x: Mal z e
3x0. 4
0 1374
20 0, 1920961 1080 60 ~ 1376

30 1377
40 1378

Sel ¢l oz esasl é& katké mal zemel er i ol arak at ek
boyd e) ve kaplanmaméxk bi-imde dedj earheoldacalk m
Kekibdeml(keéesa |if) ve 3 cms (luzrud ddligdetsa@hoeHd tag
kar ékéménab5 %0e %2l ,0r%lnl ar énda Byl éoemibanchal i 1 a
hem de | if uzunluju a-éséndan dejikkenlije sa
i -ermeyen karékeém ise kontrol numunesi ol ar ak

oPackdeda beté¢
il e kar ékt ét
redme&lka hal.i
el ektri kl:
cksalkl 15 naodre

Hazeéers¢$ aha
mi kser h
Numune Kk
ve her t-
saniye s
silindi Ki

B o @
_mlm]('D|CDIQ_

m
z
I
8
B
k

KekSI I bndirik kirik kaleéep

| sdkekeérél mék betonun mekan k °zel-| kl er
Sertl ekm kK Beton Numunel estaddamBa&®ea- uYyawym:r
s E(MEX tEENM-31 2 29DADxk)Nn ey s el ver | &r, dene
k °1-¢m per yotlare d kkate al énar
, f uzunl ukl ar é vV e mal z e me terloer
d r I m Kk, en uygun SSB karéekém tasar €

Basén- Dayanémé Deney Sonu-1ar

Basén- dayaneée
k myasal d re
a dojrudan e
ajlar.

me , betonun sadece takeéeyeécéeleéek 0©°
n-, akKkeémnmpmhmdagahéméeveedehmat k |
yk kisek. oDanpam®é mébret onun uzun ©° mg¢g
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Betonun basén- dayanéméné etk | eyen temel uns
karékémén yojunlujudur. ¢ ment o, agregal areé b
¢ emto m ktarénén artmasé, - mento hamurunun |

b r alana yayél maséna ve dayanémén artmaséna

betonun pr z almaséné sajlar. VAemnch&ky dm&rma Gak ¢
Bu nedenl e, su m ktaré d kkat/ ayarl anmal & v
séké ve bokluksuz ol masé, yan yé¢ksek yojunl ou
etkend r.
kekid@d go°re¢l degj ¢ ¢zrerfear Wlue -arl @xlmar da ( %0, %1
uzun boyutlu sel ¢loz | f -eren s | nd rl e sE
Bu numunel ere 7. gén ve 28 gén sonunda baseén
15x30 cm bsoylutnldarréeénkdak al épl arda ¢ret I m kK ve K

| —— : :

kekiBasl&®On- dayanémé i -in numuneler
S | nd rle sékéktéreéel mék betona | f ekl enmes
arterab | r. L flemarakatylapknehuwamanuwu agaaékI|
Ancak | f orané akKkéreé artteéj]énda, kar ékém hc
a-ab | r. Bu dur um, I f teré¢ ve kar ékém -
Il kk | d r.
Bu - al expmaldaan yt est |l er de, bazeée SSB kar ékéml a:
gor ¢l megktgr. Bunun neden kar éekeémdak | f or
- meunt e r ekl Il 7 n bozarak ba¥&mgt géagsaenleene n é
-al éekxkma kapsaménda, sel ¢l oz | f katkelé ve k:
s¢reler sonunda el de ed | éTabitd a®- edlay e&emé rblaas
dayaneéeme dejerler her deneyt adramas e -alm®@ngag
hesapl anméexkt ér . Ver | er, %95 g¢ven degzey nde
varyans anal z ( ANOVA) uiynmawklsa mmoénk tdéerj.e rQretra |l a
sapmal a3veTasbdumul mukt ur . rAanmd n dza ks o naur-tl éaw &n d a ¥«
stat st ksel olarak anlamlée b r etk yaratt e

TabINaw nmluneBasrélmm- Dayaném Sonu-1| ar ée.

F ber Oranl Késa Uzun
7 28 7 28

0 20, 24, 23,5 29, ¢

1 17, 22, 16, ¢ 27, ¢

1,5 15, 21, 18, ¢ 26, ¢

2 16 20 21, ¢ 24,7

26






