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ABSTRACT

In the application of uniaxial compressive strength test, standard cylindrical
and cubic specimens are usually employed in the quality control of concrete. In
addition to the standard specimens different types and sizes of specimens can be
preferred for research and development or comparison purposes. The specimens
composed of the same material proportions, and the same strength grade at
different geometry and shape may give variable strength values despite they were
prepared from the same concrete batch, which makes the test results hard to
compare.

In this study, the compressive strength values of cubic and cylindrical
specimens at two strength levels with different sizes were investigated and
transformation coefficients were proposed.

Key Words: Compressive strength, size effect, standard cylindrical and cubic
specimen

BiCiM VE BOYUTLARIN BETON BASINC DAYANIMINA ETKIiSI
OZET

Beton kalite kontroliinde yaygin olarak kullanilan tek eksenli basing dayanimi
deneyinde standart silindir ve kiip ornekler kullanilmaktadir. Standartlarca
boyutlar1 belirlenmis bu orneklerin yaninda arastirma gelistirme asamalarinda ve
karsilagtirmali deneylerde farkl: tip ve boyutta 6rnekler de tercih edilebilmektedir.
Ayn1 malzeme bilesenleri ve oranlari ile ayni beton simnifinda hazirlanan farkli
geometrik sekle ve boyuta sahip Orneklerin farkli basing dayanimi degerleri
vermesi, deney sonuglar1 arasinda karsilastirma yapilmasini giiglestirmektedir.

Bu caligmada farkli boyutlarda kiip ve silindir formdaki o6rneklerin basing
dayanimu degerleri iki farkli dayanim sinifi i¢in incelenmis ve bu boyutlar arasinda
gecis katsayilari Onerilmistir.

Anahtar Kelimeler: Basing dayanimi, boyut etkisi, standard silindir ve kiip 6rnek

1. GIRIS

Beton kalite kontroliinde yaygin olarak kullanilan tek
eksenli basing dayanimi deneyinde kullanilan 6rnek tip ve
boyutu deney sonuglarini 6nemli dl¢lide etkilemektedir.
Boyut etkisi nedeniyle malzemelerin goriiniir dayanimlari
farkli  boyutlardaki ornekler  igin degiskenlik
gostermektedir. Bu degiskenligi agiklamada istatistiksel
yaklasim ve enerji - kirilma mekanigi yaklasimlari
kullanilmaktadir (1-3). Farkli orneklerden elde edilen
deney  sonuglarinin  biribiriyle  karsilagtirilabilmesi
amaciyla pek ¢ok calisma (4-6) yapilmis ve elde edilen
bulgular 1s18inda Cizelge 1°de verilen ¢esitli gegis
katsayilart ve formiiller 6nerilmistir. Ancak bu katsayilar
ve formiiller beton dayanim sinifin1 dikkate almamakta
veya belli dayanim degerleri arasinda gecerli oldugu
belirtilerek verilmektedir (7).

1. INTRODUCTION

In the application of uniaxial compressive strength test,
which is usually employed for the quality control process
of concrete, the type and dimensions of the specimens
considerably affect the test results. Due to the size effect,
the relative strength of specimens varies at different
dimensions. In order to explain this phenomena, statistical
models and approaches of fracture mechanics are being
used (1-3). Many studies are conducted for the comparison
of the test results derived from specimens with different
sizes (4-6) and in the vicinity of these results, some
transition coefficients or formulations are proposed.
However, these transition coefficients and formulations do
not take the compressive strength grade into consideration
or valid only in between pre-determined strength values
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Table 1. The relationship between the strength of cylindrical and cubic specimens according to different researchers
Cizelge 1. Farkli arastirmacilara gore silindir ve kiip 6rneklerin dayanimi arasindaki iliskiler

Researchers / Arastirmaci Relationship / Iliski Explanation / A¢iklama
Si1s0x f 150 mm cube /
Peterson (8) L1080 0.85—0,21x LRI )
J k150 1000 150 mm ayrith kiip (kgf/cm®)
S as0¢ fi 200 mm cube /
L’hermite (8) SHI0AN. — 0,76 + 0,2 log 22 ) .
£,200 200 200 mm ayrith kiip (kgf/cm®)
Js0x 12 200 mm cube /
Poijarvi&Syrjala (8) 1090 0,85~ )
S0 S0 200 mm ayrith kiip (kgf/cm®)
S 1s0x300 _ 50 200 mm cube /

Vourinen (8)

fk,200 7795 - f‘k,z()()

200 mm ayrith kiip (kgf/em®)

f5 150+300 » 150x300 mm cylinder; fi ;50 , 150 mm cube ; fi 500 200 mm cube
£5.150%300 » 150x300 mm silindir; f 150 , 150 mm ayrith kiip ; fi 500 200 mm ayrith kiip

Deneylerde kullanilabilecek 6rnek boyutlart ilgili
standartlarda standart silindir 6rnek capt 150 mm ve
yiiksekligi 300 mm olarak, standart kiip o6rneklerin
ayritlart 150 mm olarak verilmistir (9-11). 100 mm ¢aph
yiiksekligi 200 mm olan silindir ve 100 mm ayrith kiip
ornek kullanilmast kiigiik orneklerin bazi
dezavantajlarindan dolayi kisithidir. Bu dezavantajlar:

e  Omek boyutunun kiigiik olmasi dayanimlarin
goreceli olarak artmasma ve sonuglardaki
degiskenligin artmasina yol agmaktadir.

e Karnisgimdaki en biiyiikk tane boyutu kiiglik
kaliplar  kullanildiginda  “geper  etkisi”’ni
azaltmak i¢in kisitlanmalidir.

Ote yandan, kiigiik 6rnek kullamminin  getirdigi
avantajlar da su sekilde siralanabilir:

e  Kiiciik boyutlu 6rnekler daha kolay tasinir ve
kaza sonucu zarar gérmeleri daha nadirdir.

e  Kiiciik boyutlu &rneklerin kaliplart da kiigiik
oldugundan maliyetleri daha diisiiktiir.

e Kiiciik boyutlu oOrneklerin kesit alanlart ve
dolayisiyla kirtlma yiikleri de daha kiigiik
oldugundan daha diisiik kapasiteli makinelerde
deneye tabi tutulabilirler.

e  Kiiciik boyutlu 6rneklerin hazirlanmasi igin daha
az beton, kiir islemleri i¢in daha az alan
gereklidir (4-5).

Bu ¢alismada farkli boyutlarda kiip ve silindir formdaki
orneklerin basing dayanimi degerleri iki farkli dayanim
siifi i¢in incelenmis ve bu boyutlar arasinda gegis
katsayilart Onerilmistir. Elde edilen bulgular 1s18inda,
ornekler arasindaki gegis katsayilarinin beton dayanim
sinifina gore degiskenlik gosterdigi belirlenmistir.

The standards related with sampling define the
standard cylinder as 150 mm diameter and 300 mm height,
and the standard cube with edges of 150 mm (9-11). The
employment of small specimens such as cylinder with 100
mm diameter and 200 mm height or cube with edges of
100 mm is limited due to some disadvantages of these
specimens. These disadvantages are:

e The increase in size of specimens may cause a
relative strength enhancement and may increase
the variability of test results.

e The maximum aggregate size of the concrete
mixture should be limited in order to reduce the
“wall effect”.

On the other hand, there are some advantages of using
small specimens which can be listed below:

e  Small specimens can easily be transported and
there is less probability of damage caused by
any accident.

e  The molds of small specimens will naturally be
small, thus the costs will expected to be lower.

e The cross section and failure load of small
specimens under compression are lower, thus
they can be tested with a rather lower capacity
machine when compared with standard
cylinders.

e Less concrete is needed for the preparation of
small specimens and less area is occupied for
curing purposes (4-5).

In this study, the compressive strength of specimens
with cubic or cylindrical form at different sizes tested at
two different strength grades and transition coefficients
are proposed. Test results showed that, the transition
coefficients between different specimens varies with the
compressive strength grade.
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3. DENEYSEL CALISMALAR

iki farkli dayamm smifinda (Normal Dayamm-ND,
Yiiksek Dayanim-YD) beton tasarimlari hazirlanmistir.
Hem ND hem de YD smifina giren karigimlardan 7. ve 28.
giinde dokuzarli gruplar halinde basing dayanimi deneyine
tabi tutulmak {izere dort farkli tiirde (150 ve 200mm ayrith
kiip, 100x200mm ve 150x300mm silindir) toplam 144
ornek alinmustir. Bu Orneklere kirim giinlerine kadar
standart kiir uygulanmustir.

3.1. Kullanilan Malzemeler ve Karisim Oranlari

Bu arastrmada  Izmir'deki Batigim  Cimento
Fabrikasi’nin iirettigi PC 42.5 tipi ¢imento kullanilmustir.
Iri agrega olarak 15-25 mm ve 5-15 mm kirma
kiregtasi, ince agrega olarak 0-5 mm kirma kiregtasi
kumu ve 0-3 mm dogal kum karisimi seg¢ilmigtir.
Agregalarin  tane  boyutu dagilimi  Sekil 1’de
goriilmektedir. Normal dayanim sinifina  giren
karigimlarda herhangi bir akiskanlastirict  katk:
maddesi kullanilmazken, yliksek dayanim sinifindaki
beton karisimlarinda islenebilirligi arttirmak amaciyla
polikarboksilat bazli bir hiper akiskanlastirici katki
maddesi kullanilmistir. Normal ve yiiksek dayanim
siniflar1 i¢in hazirlanan beton karigim oranlari Cizelge
2’de sunulmustur. ND siifi rnekler i¢in taze beton birim
hacim agirhigi 2350-2390 kg/m® arasinda ve ¢ékme degeri
155-170 mm arasinda; YD smnifi 6rnekler igin ise taze
beton birim hacim agirligi 2460-2480 kg/m® arasinda ve
¢okme degeri 165-185 mm arasinda degigmektedir.

3. EXPERIMENTAL STUDY

Concrete mix designs at two different strength grades
(Normal strength-ND, High strength-YD) were prepared.
A total of 144 specimens of different types (150mm and
200mm cubes, 100x200 and 150x300 cylinders) from both
ND and YD mixes which will be used in groups of nine in
compressive strength tests at 7 and 28 days were prepared.
Standard curing is applied to these specimens until the
time of test.

3.1. Materials and Mix Proportions

In this study, PC 42.5 type ordinary Portland cement
produced by Baticim Cement Factory, Izmir is used. As
coarse aggregate crushed limestone of 15-25 mm, 5-15
mm and as fine aggregate crushed limestone sand of 0-5
mm and river sand of 0-3 mm are selected. The particle
size distributions of aggregates are given in Figure 1.
While no plasticizing admixture was used in normal
strength grades, in order to improve the workability a
polycarboxylate based hyper plasticizer was employed in
high strength grades. The concrete mix proportions of
normal and high strength grades are presented in Table 2.
The fresh unit weight and slump value of specimens for
ND strength grade varied between 2350-2390 kg/m® and
155-170 mm; while these values for YD strength grade
varied between 2460-2480 kg/m® and 165-185 mm
respectively.
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Figure 1. Particle size distribution of aggregate mixture
Sekil 1. Agrega tane boyut dagilimi

Table 2. Concrete mix designs prepared for normal and high strength grades
Cizelge 2. Normal ve yiiksek dayanim siniflari i¢in hazirlanan beton dizaynlari

Mix component / Bilesen

Normal strength grade /
Normal dayanim sinifi (ND)

High strength grade /
Yiiksek dayanim sinifi (YD)

weight / agirhk (kg/m®)

weight / agirhk (kg/m®)

Cement/ Cimento 350 450
Water / Su 193 135

Sand / Kum 794 824

Coarse aggregate / Iri agrega 1017 1056
Admixture / Katki - 3.6
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4. BULGULAR VE TARTISMA

Normal ve yiiksek dayanim siniflari i¢in farkli yaslarda
kiip ve silindir 6rneklerden elde edilen basing dayanimlari
ve istatistiksel veriler Cizelge 3 ve 4’de verilmigtir. Tim
yasglarda her dayanim sinifindaki 9 6rnekten elde edilen
basing dayanimi  degerlerinin  standart sapmalari,
ortalamalarima  bolinerek  degiskenlik  katsayilar
hesaplanmistir. Kiip 6rneklerden elde edilen degiskenlik
katsayilart silindir 6rneklerden daha diisiiktiir. Bu durum
Sekil 2 ve 3’de sunulan standart sapma degerleri
incelendiginde de goriilmektedir. Normal dayanim
smiflarinda 7 giinliik basing dayanimlarinin degiskenlik
katsayilar, ozellikle silindir Orneklerde 28 giinliikk
degerlerden daha yiiksektir.

Yapilan deneylerde genellikle elde edilen basing
dayanimi degeri, numune boyutunun biiyiimesiyle
artmistir. Literature ters olan bu davranigin “geper etkisi”
sebebiyle olustugu disiinilmektedir (4). Kullanilan en
biiyiik tane ¢apmin 25 mm olmasi dzellikle 100x200mm
silindir 6rneklerde “ceper etkisi”’ni on plana ¢ikarmakta
ve diisiik kompasitesiye sahip ornekler tiretilmektedir. Bu
durum aynmi zamanda standartlarin Onerdigi en biyiik
agrega capina uygun kalip se¢iminin Onemini de ortaya
koymaktadir.

4. RESULTS AND DISCUSSION

The compressive strength values and statistical data
derived from cylindrical and cubic specimens of normal
and high strength grades at different ages are given in
Table 3 and 4. At all ages and strength grades the
coefficient of variation of nine specimens are calculated
by dividing the average to standard deviation of
compressive strength values. The coefficients of variation
of cubic specimens were usually lower than cylindrical
specimens. This behavior can be investigated from the
standard deviation values presented in Figure 2 and 3. The
coefficients of variation values of specimens at 7 days, in
particular cylindrical specimens, were usually higher than
values found in 28 days.

Test results showed that, the compressive strength
values increases by the increase in size of the specimen.
This behavior which is the opposite of literature is thought
to be caused by the “wall effect” (4). The maximum
aggregate sizes of concrete mixtures were 25 mm, which
caused the “wall effect” and low compasity, particularly
for 100x200 mm cylinder specimens. At the same time,
this situation is put forward the importance of the selection
the mold type which is proposed by the standards for a
given maximum aggregate size.

Table 3. The compressive strength values and statistical data derived from cubic specimens
Cizelge 3. Kiip formundaki drnekler igin basing dayanimi degerleri ve istatistiksel veriler

Strength grade / ND YD ND YD
Dayanim sinifi grade / sinifi grade / sinifi grade / simifi grade / simifi
Specimen type/ | o kiip 150mm | cube /kiip 150mm | cube /kiip 200mm | cube / kiip 200mm
Ornek tiirii
Specimen age / 7 28 7 28 7 28 7 28
Ornek yas1
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
1 23.8 38.6 49.4 56.9 274 36.7 53.8 62.6
2 23.7 38.6 50.8 57 25.5 35.8 52.8 62.9
3 24.6 39.5 52.8 56.4 25.7 36.5 53.5 62.4
4 22.6 38.7 49.9 55.4 24.5 36.8 53.9 59.5
5 23.5 38.4 49.3 55.9 27.6 34.8 53.5 55.3
6 23.9 37.1 48.8 52.4 24.9 34.5 51.5 57
7 21.9 36.3 51 59.4 25.5 35.1 50.9 54.8
8 23.6 36.9 46.4 53.4 25.5 33.1 53.3 61
9 22 36.5 48.6 53.7 27.8 36 50.8 54.7
Average /
Ortalama (MPa) 23.3 37.8 49.7 55.6 26.0 35.5 52.7 58.9
Standard deviation
/ Standart sapma 0.9 1.1 1.8 2.2 1.2 1.2 1.3 3.5
(MPa)
Coefficient of
variation /
Degiskenlik 3.9 3.0 3.6 3.9 4.7 34 2.4 5.9
katsayis1 (%)
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Table 4. The compressive strength values and statistical data derived from cylindrical specimens

Cizelge 4. Silindir formundaki 6rnekler i¢in basing dayanimi degerleri ve istatistiksel veriler

Strength grade / ND YD ND YD
Dayanim sinifi grade / sinifi grade / sinifi grade / sinifi grade / sinifi
Specimen type / 100x200mm 100x200mm 150x300mm 150x300mm
Ornek tiirii cylinder / silindir cylinder / silindir cylinder / silindir cylinder / silindir
Specimen age/ 7 28 7 28 7 28 7 28
Ornek yas
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)
1 18.3 30.1 40.6 43 18.5 29.6 47.1 53.9
2 16.6 27.5 41.4 41.3 18.3 31.9 43.5 54.2
3 18 27.1 40.8 46.5 17.5 28.6 36.7 53.1
4 17.4 25.7 43.2 47.9 18.3 28.4 38.9 51.1
5 19.7 28.6 34.1 47.2 15.8 28.4 43 57.5
6 19.1 27.9 333 383 14.6 28.4 41.9 534
7 15.8 27.7 32.6 423 15.9 27.5 423 49.3
8 17.3 284 33.6 39.5 14.5 27.8 39.8 53.1
9 13 26.8 42.5 46.5 * * * 52.2
Average /
Ortalama (MPa) 17.2 27.8 38.0 43.6 16.7 28.8 41.7 53.1
Standard deviation
/ Standart sapma 2.0 1.2 4.5 3.5 1.7 1.4 3.2 2.3
(MPa)
Coefficient of
variation /
Degiskenlik 11.5 4.5 11.7 8.1 10.1 4.8 7.6 4.2
katsayis1 (%)
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Figure 2. The compressive strength and standard deviation values of cubic specimens
Sekil 2. Kiip 6rnekler i¢in basing dayanimi ve standart sapma degerleri

Deneylerde, silindir numuneler daima kiip numunelere
kiyasla diisik dayanim vermistir. Ancak bu g¢alismada
saptanan silindir dayanimi - kiip dayanimu iliskileri, Tiirk
standartlarinda verilen iliskilerden sapma géstermektedir.

Experimental studies verified that, cylindrical
specimens were always give lower strength values when
compared with cubic specimens. However, relationship
between cube and cylinder strength deviate from the
relationship proposed by Turkish standards.
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Figure 3. The compressive strength and standard deviation values of cylindrical specimens
Sekil 3. Silindir 6rnekler i¢in basing dayanimi ve standart sapma degerleri

Yapilan deneysel calismalarda kullanilan tiim 6rnek
tiplerinden elde edilen basing dayanimi degerlerinin,
standart silindir (150x300mm) ve standart kiip (150mm)
orneklere cevrilebilmesi igin Cizelge 5’deki katsayilar
belirlenmistir. Ornegin 100 mm capl 200 mm yiikseklikli
silindir 6rnek (100x200mm) basing dayaniminin, standart
silindir (150x300mm) dayanimina ¢evrilmesi i¢in normal
dayanim sinifinda 1.02, yiiksek dayanim sinifinda 1.16 ile
carptlmasi1 gerekmektedir. Benzer sekilde, 100 mm c¢apl
200 mm yiikseklikli silindir 6rnek (100x200mm) basing
dayaniminin, standart kiip (150mm) dayanimina gevirmek
amactyla normal dayanim smifinda 1.36, yiiksek dayanim
smifinda 1.29 katsayilari kullanilabilir. Basing dayanimu
degeri degistikce Ornek dayanimlari arasindaki gegis
katsayis1 da degismektedir, bir baska deyisle normal
dayanim (ND) ve yiiksek dayanim (YD) smiflarinda 6rnek

In order to convert the strength of different types of
samples to standard cylinder (150x300 mm) and standard
cube (150 mm) strengths, coefficients were proposed and
presented in Table 5. For example, to convert the strength
of cylindrical specimen with 100 mm diameter and 200
mm height (100x200 mm) to standard cylinder (150x300
mm), this value should be multiplied by 1.02 at normal
strength grades, and 1.16 at high strength grades.
Similarly, to convert the strength of 100x200 mm
cylindrical specimen to standard cube (150 mm), this
value should be multiplied by 1.36 at normal strength
grades, and 1.29 at high strength grades.

As the compressive strength grade differs, the
conversion coefficient of sample strength changes, in
other words, at normal strength (ND) and high strength

dayanimlart arasindaki gecis katsayist degiskenlik (YD? grades? th‘,: conversion  coefficients between
gbstermektedir. specimens varies with strength.
Table 5. Transition coefficients of different specimens to standard specimens
Cizelge 5. Farkli 6rnekler i¢in standart 6rneklere gecis katsayilari
Transition ND YD ND ‘.{D ND YD ND ‘.{D
coefficient / cube cube cylinder | cylinder cube cube cylinder | cylinder
Gegis katsayisi 150mm 150mm 100x200 | 100x200 200mm 200mm 150x300 | 150x300
mm mm mm mm
Standard cylinder
/ Standart silindir 0.75 0.90 1.02 1.16 0.75 0.85 1 1
Sg‘;ﬁi‘iﬁﬁgg / 1 1 136 1.29 1.01 0.94 1.34 1.10
4. SONUCLAR 4. CONCLUSIONS
Yapilan deneysel ¢alismalarin 151831inda  asagidaki In the scope of this experimental study, the following

sonuglar elde edilmistir:

1. Ayni forma sahip farkli boyuttaki 6rneklerin boyutlar
biiyilidiikce dayanim artmaktadir. Literature ters olan bu
davranigin kiigiik orneklerdeki “ceper etkisi” sebebiyle

conclusions are drawn:

1. As the size of the specimens at the same shape
increases, higher strength values are obtained. This
behavior which is opposite of literature is thought to be
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olustugu diisiiniilmektedir.

2. Farkli sekil ve boyutlar arasindaki gecis katsayilarmin
beton dayanim smifina gore degiskenlik gosterdigi
belirlenmistir: Standart kiipten standart silindire gecis
katsay1st normal dayanim sinifina giren betonlar icin 0.75,
yiiksek dayanim sinifina giren betonlar da ise 0.90
degerini almaktadir. 100 mm ¢apl silindirden standart
silindire gegis katsayisi normal dayanim smifina giren
betonlar icin 1.02, yiiksek dayanim sinifina giren betonlar
da ise 1.16 degerini almaktadir. 200 mm ayrith kiipten
standart silindire gecis katsayis1t normal dayanim sinifina
giren betonlar i¢in 0.75, yiiksek dayanim sinifina giren
betonlar da ise 0.85 degerini almaktadur.
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