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Abstract.    An experimental program has been carried out to investigate the effect of edge-slope on 
compressive strength of concrete specimens. In this study, effect of such slope was investigated by 
testing 100 standard cylinder specimens and 40 standard cubes. When molds are put on a slanted place, 
wet concrete starts to flow through the open end of mold. It keeps flowing until it reaches to a parallel 
surface with the place over which it was placed. That creates a sloped surface over the loading area. 
Experimental results revealed significant relationships between failure loads and slope of loading surface 
for cylinders. Angled cracks occurred in sloped cylinder specimens. Tension cracks occurred in cube 
specimens. Fracture mechanisms were also evaluated by using finite element analyses approach. 
Experiments yielded an exponential curve with bandwidth for cylinders. Average value of curve is  

cfey 
2


between slope and compressive strength. Inclination is much effective parameter for 

cylinders than cubes. 
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1. Introduction 

 
World-wide used cylindrical concrete compressive strength specimens have a standard diameter 

of 150 mm and height of 300 mm, a=150 mm for cubes. These specimens are used in uniaxial 
compression tests. Concrete specimen is kept inside the mold for 24 hours and then cured for 28 
days. Compression tests are carried out at 28th day with uniaxial loading tests. Since concrete is a 
load bearing material in constructions, compressive strength is the most significant parameter in 
design processes. There are several factors effecting compressive strength of concrete. Some of 
these factors are type of cement, shape of specimen, water to cement ratio, loading rate, type of 
aggregate, moisture, curing, age of concrete, existence of a loading cap and etc (Del Viso et al. 
2008, Nikbin et al. 2014, Papadakis and Demis 2013 and Van der Vurst et al. 2014). Cylindrical 
specimens taken from the same concrete mixture may yield different strengths under different 
curing conditions (Zhutovsky et al. 2013, Patil et al. 2014 and Husem and Gozutok 2005). Such 
differences are also observed under different loading conditions. More than one peak point may 
exist under different loading rates. Higher loading rates may yield higher strengths (Cotsovos and 
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Table 4 Concrete mixture calculations 

Concrete W/C 
Cement 
(kg/m3) 

Water 
(kg/m3) 

Total 
aggregate 
(kg/m3) 

Absorbed 
water 

(kg/m3) 

Admixtures 
SP 

(kg/m3) 
SF 

(kg/m3) 
HSC 0.30 500 150 1789 4.2 22 50 
OC 0.50 350 175 1828.5 4.2 35 - 

HSC: high performance concrete    OC : ordinary concrete
                  SP : superplasticizer admixture      SF: silica fume   

 
 

2. Experimental study 
 

2.1 Sample preperation 
 
Cylinder and cube molds was filled, placed randomly over an unlevel surface. After 24 hours 

specimens were un-molded and cured for 28 days. Samples were taken out of the curing pool and 
capped for testing from both ends. Tested slopes were very low but visibly noticeable. An 
unnoticed case was tried to be investigated in this study. Therefore, the specimens with high top 
slopes were not tested. Since concrete spills over the mold, cause a volume loss at high slopes. It is 
also hard to test high slope specimens with standard test devices since such devices are fixed at 
one point and have a limited rotation capacity. However, high slope specimens were also analyzed 
in this study by using finite element analysis approach and member behavior was evaluated for 
such cases. Cylinders’ and cubes’ zero lines, maximum - minimum heights and their projections 
over cylindrical surface were determined.    

 
2.2 Concrete mixture 
 
Many aggregates can be used to produce high-strength concrete, such as the natural sand, 

granite, limestone, or dolomite (Beushausen and Dittmer 2015, Teng et al. 2014). Calcareous 
aggregate was used as concrete aggregate. Maximum aggregate diameter is 16 mm and physical 
characteristics are presented in Table 1. CEM I 42.5 R Portland cement was used as the cement 
material of the study. Characteristic compressive strength is 42.5 MPa and cement characteristics 
are presented in Table 2. Silica fume and super plasticiser were also used in concrete mixture. 
Chemical characteristics of silica fume are presented in Table 3 and concrete mixture calculations 
are presented in Table 4.  
 
 
3. Results 
 

3.1 Experimental results 
 
Six cylindrical specimens with the lowest slopes were tested by axial loading to determine the 

mechanical characteristics of concrete. Sulphur capping was applied to both ends of specimens. 
Tests were carried out at 28th day of curing. An average stress-strain curve for high-strength and 
ordinary concrete is presented in Figs. 3 and 4. Concrete mechanical characteristics (initial 
modulus of elasticity, Poisson ratio, etc.) are given in Table 5.  
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Measurements made over cylinders with three different slopes are presented in Figs. 5 and 6. 
Strain capacity of specimens was inversely related to increasing slopes. Results indicated that 
lower Young Modulus values could be calculated over a sloped-cylinder.  

 
Table 5 Concrete mechanical characteristics 

Concrete 
Number 

of 
specimens 

Average compressive 
strength (Mpa) 

Standard 
Deviation 

(Mpa) 

Coefficient of 
variation 

Modulus of 
elasticity 

(GPa) 

Poisson’s 
Ratio 

HPC 50 69.49 14.16 0.21 32.2 0.237 
OC 50 27.35 1.74 0.063 21.5 0.250 

HPC: High performance concrete 
OC: Ordinary concrete 

 

 

Fig. 3 Stress-strain curve for high-strength concrete 
 
 

 

Fig. 4 Stress-strain curve for ordinary concrete 
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Fig. 5 Unit strains at vertical projection of maximum height point (Görkem 2012) 
 
 

 

Fig. 6 Horizontal strains at vertical projection of maximum height point (Görkem 2012) 
 
3.2 Finite element analyses and crack patterns 
 
Finite element analysis was performed by using ANSYS software. Cylinders were modeled by 

SOLID 187 members with 10 points each. Typical finite element meshes used in this study are 
presented in Fig. 7.  

Material properties, which used as program inputs, were taken from mechanical tests results (i.e. 
Poisson’s ratio, Young Modulus of Concrete, failure loads and test specimen geometry). Failure 
loads were converted than applied as uniform pressure over the sloped surface. Bottom of the 
cylinder was modeled as fully restrained. While experiments allow measurement at limited 
locations, finite element analysis yields unit strains all around the cylinder. Linear analyses were 

0

10

20

30

40

50

60

70

80

-0.002 -0.0015 -0.001 -0.0005 0

S
tr

es
s 

(M
P

a)

Strains

0,263

0,4764

0,9878

0

10

20

30

40

50

60

70

80

0 0.0002 0.0004 0.0006

S
tr

es
se

s 
(M

P
a)

Strains

0,263

0,4782

0,9878

184



 

perform
Dis

gets co
crackin
was re
concre

A c
Analys
areas. 
Fractur

 

 

Fig. 8

 

med to obser
stribution of 
omplicated 
ng modes (M
eached at lo
ete cylinders 
cube specim
sis result and
Therefore on
re patters wh

8 Unit strain 
(a)0.263 (b

A treat

rve/validate s
unit strains 
and over-loa

Murray et al.
ower loads. 
are presente
en with 1.21
d crack patte
ne face of cu
hich given in

distributions 
b) 0.4782 (c) 

tise on irregul

strain distrib
over cylinde
aded regions
 2007), in th
Just to mak
d in Fig. 9.  
12 degrees s
ern were giv
ube is expose
n Fig. 11 endo

 

 Fig.

at S-S section
0.9878 (d) a

 
 
 
 
 
 

lar shaped con

bution at failu
ers in Figs. 5
s enlarge wi
his case, und
ke compariso
    
slope is teste
ven in Figs.
ed to tension
orse finite el

7 Finite elem

ns of high-str
at Max-Min se

ncrete test spe

ure. 
5 and 6 are p
ith increasin

der increasin
ons, experim

ed and analy
10 and 11. I

n. Opposite f
lement analy

ment meshes

rength concre
ection of 0.987

ecimens 

presented in 
ng slopes. In
g slopes, the

mental fractu

yzed by finit
Inclination c
face is expos

yses in Fig. 10

ete cylinders w
78 

Fig. 8. Distr
n addition to
e highest uni
ure mechani

te element m
changes the l
sed to compr
0.  

 

 

with slope an

ribution 
o other 
it strain 
isms of 

method. 
loading 
ression. 

ngles of 

185



 

 

 

 

Fig. 9 Fraacture patterns

Fig. 10 U

F

Selç

s of cylinder sp

Unit strain dis

Fig. 11 Fractur

 
 
 
 
 

çuk Emre Gör

pecimens (Gö

stribution of a

re patterns of 

rkem 

örkem 2012, Z

a sloped cube s

cube specimen

Zandi and Gör

 

specimen 

ns 

rkem 2013) 

 

186



 

4. Dis
 
In p

This re
in Fig.

If s
maxim
infinite
load al
stripe 
created
exist o
other 
expone
band-w
Simila
expone

R2 
and 0,
0,0015
than cu
When 
why in
loading

 

scussion 

present stud
elationship fo
 12 for cylin
slope is inc

mized at 90. 
ely small thi
long the leng
should be ze
d with curren
over the top s
words, this 
ential functi
width (Figs. 
arly, lower slo
ential functio
values found
873, respect

5 to 0,0377 (
ubes. There 
a cube has s

nclination ha
g area and af

A treat

dy, an empiri
for high-stren
nder specime
creased step 

In this case,
ckness (Fig. 
gth perpendi
ero. Addition
nt technology
surface of ev
curve can 

ion). Due to
12(a) and 1

opes will yie
on. 
d from test r
ively. These
(Fig. 13). It i
is a possibil

sloped surfac
as nearly no
ffects crackin

Fig. 12 Slo

tise on irregul

ical relations
ngth concrete
ns and Fig. 1
by step wh

, the testing 
12(b)). Such

icular to its a
nally, it is ob
y. Therefore

very concrete
not intersec

o distribution
12(c)). The 
eld greater di

results for or
correlation 

is clearly see
lity for cubes
ce, it can be b
o effect (Fig
ng mechanis

ope-fracture lo

 
 
 
 
 
 

lar shaped con

ship was pr
e and ordinar
13 for cube s
hile keeping
object will l
h stripe will 
axis. Resulta
bvious that a
, it was assu
e cylinder. T
ct horizontal
n of fracture
steeper is th
istribution. T

rdinary and h
values are to
en that inclin
s that a cube
basically tur
. 13) on cub
m. 

oad relationsh

ncrete test spe

oposed betw
ry concrete u
specimens as
g the volum
look like a st
have fixed e

ant load that 
a cylinder w

umed that an 
hat’s why slo
l axis (also 
e loads, this
he curve; th

These charact

high strength
oo low for c
nation is mu
e may not be
rned into ano
be’s compre

hip for cylinde

ecimens 

ween fracture
used in this s
 follows;  

me constant, 
tripe with an
nds and load
can be bear

with perfect g
amount of s

ope can not b
it is a mat

s behavior c
he narrower 
teristics are e

h concrete cy
cube specime
ch effective 

e loaded on i
other surface 
ssive strengt

r specimens 

e loads and 
study was pre

slope “α” 
n infinite leng
ded with dist
red by this c
geometry can
slope will de
be equal to z
thematical r
curve must 
is the band 
expressed be

ylinders are 
ens, varies b
on cylinders

its inclined s
e for loading.
th. It only c

 

slopes. 
esented 

can be 
gth and 
tributed 
oncrete 
nnot be 

efinitely 
zero. In 
rule for 
have a 
width. 

est with 

0,8491 
between 
s rather 
surface. 
. That’s 
changes 

187



 

 
 

5. Con
 
The

TS-EN
not all
the beh
Test re
other m
and th
This a
vertica
and pe
best w
of failu

In c
affects
expose

 
 

nclusions 

ere are some
N 12390-4 20
lowed in cyl
haviour of a

esults and re
materials i.e.
e same geom

affects that “
al axis at /
erfect cylinde

with exponent
ure loads.  
cube specim
s cracking m
ed to tension

Fig. 13 Sl

e specificati
002, ASTM 
inders test s
a sloped cyli
commended 
. rock test co
metrical prop
“is that a lea

2/  and can 
er cannot be 
tial function.

mens no obvio
mechanism b
. Opposite fa

Selç

ope – Fracture

ons (ACI 3
C-39 2014) 
pecimens”. B
inder under 
behaviour c

ores. There w
perties (stand
ning curve o
not intersect
created by u
 Additionally

ous effect is 
by changing 
ace is expose

 
 
 
 
 

çuk Emre Gör

e load relation

18-95 1995,
recommend

But the reas
uniaxial pre

curve can be
would be the
dard cylinder
or a steeper 
t horizontal 

using current 
y this curve 

observed by
cube’s load

ed to compre

rkem 

nship for cube

 Eurocode 2
ds that “slope
on is not me

essure?”ques
 useful not o
 same loadin
r). Only diffe
curve?” Beh
axis. 2/
technology. 
must have a 

y compressiv
ding areas. T
ession.  

e specimens 

2 2004, TS-
es must be k
entioned. In 
tion was trie

only for conc
ng conditions
ferent thing i
havior curve
is the limit o
These chara
bandwidth b

ve strength p
Therefore on

-EN 12390-3
kept in minim

this study “
ed to be ans
crete but als
s (uniaxial lo
is the materia
e must inters
of slope (Fig

acteristics exp
because of va

point of view
ne face of c

3 2002, 
mum or 
what is 
swered. 
o some 
oading) 
al type. 
sect the 
g. 12(b)) 
pressed 
ariation 

w. Slope 
cube is 

188



 
 
 
 
 
 

A treatise on irregular shaped concrete test specimens 

 

References 
 
American Concrete Institute (1995), Building Code Requirements for Structural Concrete, ACI 318-95. 
American Society of Testing And Materials (2014), Standard Test Method for Compressive Strength of 

Cylindirical Concrete Specimens, ASTM C-39. 
ANSYS (2014), Swanson analysis system. 
Beushausen, H. and Dittmer, T. (2015), “The influence of aggregate type on the strength and elastic modulus 

of high strength concrete”, Constr. Build. Mater., 74, 132-139. 
Cotsovos, D.M. and Pavlović M.N. (2008), “Numerical investigation of concrete subjected to compressive 

impact loading. Part 2: Parametric investigation of factors affecting behaviour at high loading rates”, 
Comput. Struct., 86(1-2), 164-180. 

Del Viso, J.R., Carmona, J.R. and Ruiz, G. (2008) “Shape and size effects on the compressive strength of 
high-strength concrete”, Cement. Concrete. Res., 38(3), 386-395. 

Eurocode 2 (2004), Design of Concrete Structures. General Rules and Rules for Buildings BS EN 1992-1-1. 
Gesoğlu, M., Güneyisi, E. and Özturan, T. (2002), “Effects of end conditions on compressive strength and 

static elastic modulus of very high strength concrete, Cement. Concrete. Res., 32(10), 1545-1550.  
Görkem, S.E. (2012), “Experimental and theoric approach to slanted concrete cylinders subjected to uniaxial 

pressure”, Proceedins of the 4th International Conference on Seismic Retrofitting, Earthquake 
Engineering and New Technologies, Tabriz, May.  

Husem, M. and Gozutok, S. (2005), “The effects of low temperature curing on the compressive strength of 
ordinary and high performance concrete”, Constr. Build. Mater., 19(1), 49-53.  

Meddah, M.S., Zitouni, S. and Belaabes, S., (2010), “Effect of content and particle size distribution of coarse 
aggregate on the compressive strength of concrete”, Constr. Build. Mater., 24(4), 505-512. 

Momber, A.W. (2000), “The fragmentation of standard concrete cylinders under compression: the role of 
secondary fracture debris”, Eng. Fract. Mech., 67(5), 445-459. 

Murray, Y.D., Abu Odeh, A. and Bligh, R. (2007), Evaluation of LS-DYNA Concrete Material Model 159, 
U.S. Department of Transportation, Publication No: FHWA-HRT-05-063.  

Muthukumar, M. and Kumar, G. (2014), “Failure criteria of concrete- A review”, Comput. Concr., 14(5), 
503-526. 

Nikbin, I.M., Destehani, M., Beygi, M.H.A. and Rezvani, M. (2014), “Effects of cube size and placement 
direction on compressive strength of self-consolidating concrete”, Constr. Build. Mater., 59, 144-150. 

Patil, A., Chore, H.S. and Dode P.A. (2014), “Effect of curing condition on strength of geopolymer concrete”, 
Adv. Concr. Constr., 2(1), 29-37. 

Papadakis, V.G. and Demis, S. (2013), “Predictive modeling of concrete compressive strength based on 
cement strength class”, Comput. Concr., 11(6), 587-632. 

Rao, G.A. and Prasad B.K.R. (2011), “Influence of interface properties on fracture behaviour of concrete”, 
Ind. Acad. Sci., 36(2), 193-208. 

Sim, J., Yang, K.H. and Jeon, J.K., (2013), “Influence of aggregate size on the compressive size effect 
according to different concrete types”, Constr. Build. Mater., 44, 716-725. 

Teng, S., Liu, Y. and Lim, T.Y.D. (2014), “Determination of fracture energy of ultra high strength concrete”, 
Eng. Fract. Mech., 131, 602-615. 

Turkish Standards Institute (2002), Testing Fresh Concrete. Sampling., TS EN 12350-1 : Part I. 
Turkish Standards Institute (2002), Testing Hardened Concrete. Compressive Strengths of Test Specimens, 

TS EN 12390-3 : Part III.  
Turkish Standards Institute (2002), Concrete-Testing Hardened Concrete. Compressive Strength – Properties 

of Test Machine,TS EN 12390-4 : Part III.  
Van Der Vurst, F., Desnerck, P., Peirs, J. and De Schutter, G. (2014), “Shape factors of self-compacting 

concrete specimens subjected to uniaxial loading”, Cement. Concrete. Comp., 54, 62-69. 
Wang, J. and Yan, P. (2013), “Evaluation of early age mechanical properties of concrete in real structure”, 

Comput. Concr., 12(1), 53-64. 

189



 
 
 
 
 

Selçuk Emre Görkem 

 

Zandi, M. and Görkem, S.E. (2013), “Experimental and theoric approach to slanted concrete cylinders 
subjected to uniaxial pressure”, Middle-East. J. Sci. Res., 14 ,1489-1497. 

Zhutovsky, S., Kovler, K. and Bentur, A. (2013), “Effect of hybrid curing on cracking potential of 
high-performance concrete”, Cement. Concrete. Res., 54, 36-42. 

 
 

CC 

190




