Int. J. Highw. Eng. Vol. 16 No. 2 : 11-18 April 2014
http://dx.doi.org/10.7855/IJHE.2014.16.2.011

oY el 250 3= YrpPYe] B A7

Development of A Strength Test Method for Irregular Shaped Concrete Block Paver
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PURPOSES : This study aims to develop a strength test method for irregularly shaped concrete block paver.

METHODS : Ten (10) different types of concrete block pavers including porous and dense blocks were tested for strength capacities.
Destructive and non-destructive methods were used to develop a strength test method for irregularly shaped concrete block paver. The flexural

strength evaluation was conducted in accordance to KS F 4419, while compressive strength was conducted with a 45.7mm-diameter core

specimen. The impact echo test method was used to evaluate the elastic modulus. Finally, regression analysis was used to investigate the
relationship between flexural strength, compressive strength and elastic modulus based on their corresponding test results.

RESULTS : The flexural strength of the tested block pavers ranged from 4MPa to 10MPa. At 95% confidence level, the coefficients of
determination between compressive-flexural strength relationship and compressive strength-elastic modulus relationship were 0.94 and 0.84,

respectively. These coefficients signified high correlation.

CONCLUSIONS : Using the test method proposed in this study, it will be easier to evaluate the strength of irregularly shaped concrete
block pavers through impact echo test and compressive test, instead of the flexural test. Relative to the flexural strength requirement of SMPa,

the minimum values of compressive strength and elastic modulus, as proposed, are 13.0MPa and 25.0GPa, respectively.

Keywords

concrete block paver, flexural strength, compressive strength, elastic modulus.

Corresponding Author : Cho, Yoon-Ho, Professor

Department of Civil and Environmental Engineering, Chung-Ang University,
84 HeukSeok-Ro, DongJak-gu, Seoul, 156-756, Korea

Tel : +82.2.820.5336 Fax : +82.2.816.0251

E-mail : yhcho@cau.ac.kr

International Journal of Highway Engineering

http://www. ijhe.or.kr/

ISSN 1738-7159 (Print)

ISSN 2287-3678 (Online)

Received Jan, 10,2014 Revised Jan, 14,2014 Accepted Mar, 28,2014

73 85 Awo] 48 B% 5MPa oS W
gk et A2 AR, 7
Sobd ThRe Bl B8 9
B} ofel A3 Glek. el l5he] B9 Fig, 13t
2ol 850 B B A o S

rol
Hl
H
Hu
o
o
T
Mo
1k}
2
>
i
>
~
fol
—
—



A
ilfad
I
1o
ro
o
)
HT

ot ofe} AT VEE T
|2 ASTM C 9360A41= E22] ¢t
% AABIATE AA B AlE dt
1, S Ao 559 T} =
Foh Ag AMEo] A Pt
2|+ 55MPas BHEslojof sl 7 B39

= 27

)

2 ol
of HI >
o ofy = ok
o £ K
O

2

=
nt}o
il
23
of
ol
L
2
|
oL
ol
L

o 1o rH v
A
ﬁ‘
+
2 o
~
N

¢ o
A
o3t
1
rir
t
o
=
as)
Qo
t
) l'N'
A=)
%
O
2
ot
.ﬂ
()
Q
o
o)
=t
[oN

Aol o

Te= =2

n 8
o}'..@
L
mlﬁ“i’,L‘
oo\l‘m}l
2y
> 7
T
— ok
)
oo
'OHU
>
>
b
4o
%é
9
2
>
T
I3

>
oo
i

A 755 AASKAL =, 78] AR 4=
= 50MPaE WHEsfoF shw, AA] A& 7ol
40MPaE Z3}3fof 3t} BS EN 1338041 914 7=
9] FH47]FEE 3.6MPac|™, 250N/mm °]42] =}v|3}5
& Q731 Qlt}, AS/NZ 4465 7w 7|&3 utjs)
= ANkl e, 7k 3SMPai}t 5kN OW" ?@E}.
JIEPAR010)= &5 F4 =8} 4 7152
Lo, FHEo] 49 5MPaz AA|H o] Qlct, J% }5= 9]
73] [¢] Alx—” Hi zﬂ-”— e) Z‘]%Eﬂxﬂi ;(41:]-‘6]- ZE 6]1:5_]—]‘4-
AR dol= 259 2719 w} 100mm~50mm=E th
FsHAl AAEo] Q= wHH, AJHE] A7) gt Pk
VEEA] gom A o7 39MPall YEHES 8T
Sit} Argentinean Portland Cement Institute(ICPA)
M= &5 x4 254 4 B4=71 Al oleh=
A& nEste], 199890 S =R Hrkek=
7= 2 A7) = Fch(Benitez et al., 2009).

P 258 ol el ge= TAEol o,

fr oo 1

N

]zOﬁ‘
LN

2 & ol A7) wfZol] FHE 715 -k 2]
ehgt Ao geEn, a2y 22 Ao Hi
e e Slst] £5 mofol AR oA AAE
wj ol 7]E] Wy o8 Aws 248 o}, o
of FE AF A3 A AHS Hdely] o e Ae=

,é‘;

- < -l
E=

t

Tensile splitiing strength
(EN1 |
i h

i
8 Paving block
Paving block
Packing
pieces
Flexural strength

(KSF 4419:2009, ASINZ
4465, JIPEA 2010)

Compressive strength
(ASTM C 140:2012)

Fig. 1 Strength Test Methods for Concrete Pavers
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Table 1. Concrete Pavers used in the Experiment

A-1 A-2 A-3 A-4 A-5

. = - _ =
e | @ ea
Block : -

25X125 [200%X100]200%X200{200x100| 220x110

X65 X60 Xx60 X60 X80
B-1 B-2 B-3 B-4 B-5

Block
220X%110 190 X90X[190X90X|300X300|200%200

X80 60 80 X60 X80
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Fig. 2 Laboratory Test Procedure
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Table 2. Physical Properties of the Concrete Pavers

A-1 | A-2 | A8 | A4 | A5

Strength| STDEV. | 0.21 | 0.51 | 0.25 | 0.24 | 0.01

Porous | Compre | AVG. |13.4712.0915.38|13.57 | 10.40
Block | ssive

Strength| STDEV. | 1.81 | 1.86 | 2.71 | 1.51 | 1.38

Bulk Density | 219 | 2.04 | 1.98 | 2.02 | 1.89

B-1 | B-2|B-3|B-4|B-5

Flexural| AVG. | 548 935|775 | 713 | 5.55

Strength| STDEV. | 0.36 | 0.43 | 0.71 | 0.70 | 0.16

Dense | Compre | AVG. |14.84|28.65|20.37|18.36 |15.88
Block | ssive

Strength| STDEV. | 1.94 | 2,20 | 3.92 | 4.03 | 1.88

Bulk Density 217 1232 | 232 | 229 | 226

Frequency
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Flexural Strength (MPa)

Fig. 3 Statistical Distribution of Flexural Strength
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Table 3. Compressive Strength Correction Factor
according to d/I Ratio

Correction Factors

d/UHl | ASTM C 42 (2003) | KS F 2422 | Tuncan et al.

JIS A 1107 (2012) (2007) (2008)
2.00 1.00 1.00 1.00
175 0.98 0.98 0.98
1.50 0.96 0.96 0.94
1.25 0.93 0.93 0.91
1.00 0.87 0.89 0.87
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Table 4. Summary on the Results of the Regression
Analysis based on Compressive and
Flexural Strengths

ASTM C
before | Chung |42 (2003) |KS F 2422|Tuncan et
calibration| (1989) |JIS A 1107| (2007) |al. (2008)
(2012)
R? 0.79 0.80 0.80 0.80 0.80
y0 -1.055 -1.523 -1.494 -1.388 -1.409
a 2.974 2.78 2.875 2.867 2.823
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Table 5. Regression Coefficients of the Compressive
Strength and Elastic Modulus using the

Regression Equation

a b c
ACI 318-95| 473 0.50 n/a
General TS-500 | 325 050 | 14.00
concrete
KCI A 470 0.50 n/a
General & High Demir,
strength concrete| 2005 6.85 0.43 n/a
ACI 363 3.32 0.50 6.90
High strength (53473 | 950 | 0.30 n/a
concrete
KCI B 3.30 0.50 7.7
2 Ate ARt FAYES AT E59 T4t
1E8 R s Aolua Ayt 2awE A
ol 283 4= 9 ACI 318-95, TS-500, KCI A,
Demir(2005)7H 118j8tE S 3t} Fig, 72 g A4
FAAE o] g3alo] AlESt A/ Aot ASE B

45

ACI 318-95
TS-500
KCIA

Demir (2005)

—— - ACI3185Regr

35 TSS00 Regr
———= KCIARegr

Denir U0S) Regr

40

> o0

30

25

20 A

Elastic Modulus Calculated (GPa)

Elastic Modulus Measurement (GPa)

40 45

Fig. 7 Calculated Elastic Modulus Versus Measured

Elastic Modulus from the Lab Test

Aot BAE HojRar Sl 7] A" =449
U BT W2 712719 AGEAE UESlaL, KCI
A%} Dem1r(2005)-: Fdst AE HoF]I) Fig.

A7} 0.842 =7 Yebgch
60
f=3.28"0.80 -
50 R’= 0.84
/ T t-3ex076
—_ A e
él; 40 '—0/—/‘/ =S
= |
T 304
[}
o
& 20 /
i
sl 2 s ® Edustc
I 4 O Esvsfc
// ””” VosecEe
0 T T T
0 10 20 30 40

Compressive Strength (MPa)

Fig. 8 Correlation between Compressive Strength and
Elastic Modulus before and after Calibration

Fig, 9% A% SHYASY 2
95% A1 7713} 2ol el A0, ARALT} 0,84

60

—
A /
s ’ /
50 4 74 7
Fa
v T
7 .
@ w0 7 e
=~ z #
3 7
3 A
3 30 o
g g f=3.28"x"0.80
= >
<] 7 R?=0.84
7] i s .
& 201 ey
1T} 73 P
. ‘a
7 //,/
04 7/ // @  Active
vk ~ Model
/// Y — — —  95% Confidence Band
p
0 : . .
0 10 20 30 40

Compressive Strength (MPa)

Fig. 9 Correlation between Compressive Strength and
Elastic Modulus at 95% Confidence Interval

16 International Journal of Highway Engineering - Vol.16 No.2



d ol Eq. (NS B34 4oz B2 s 24
g = Utk 95% A FpFo A UA AAIH FHAE
5MPa0l sj@él= =7 13MPas 832 1, 5

&

e ARl H47|EA = 25GPaclth, Fig, 102 A¥

oM dold E5 FAE, dHAEd EATY &

A Z 3D Plane 2 & Yehf L 9},
E,=3.28xf0% 7

Se+4

4e+4

Elastic Modulus(GPa)

2
5 g

Fig. 10 3D Plane of the Relationship between Compressive

Strength, Flexural Strength and Elastic Modulus

I
N
!

o
>0T°|-
T
o
fu
o

J

e
g
e 1o

o
o

o

I e

2

of N 2
aw
ilus
J
2

tlo
o
:>é
bl
ol
ol
N
N
ol
o —V‘—'

=

mlm ﬂﬂE

2

=

du =
(R N TR ]

o H o ox o H L e
S .
S
2
-3 o
=
8
rO

o R

3 2

i =

i,

r)v

oflt

tok

-

>

N

o fomo o) o L N
O
e
o3t
H1
Ahe
o,
O
mr Mo
N
I
et

2
>
o
MU od ¥8 >4 o

o H M
=
)
ot
ot
©
ol

g

ﬂ
4o
X
2
>
o,
2
Ao
nx
of o¢
o
rE
A=)
=

e B
i1had
ool
o
rE
o

:gg
N
N
ol
ol
2

b B

ol
oft
of
rlr
o2
A
ol
HT
L g
offl
mu
ox.
g
N
1o gl
[
N
N
N
il
N
N

13MPa, 25GPa= AAFHEE AQkate,

ALl 2

2 g+= 20113=8H MSEZAAM Fdsh=s Tet
4 S5 2 AFAIE & judel =5 29770l 2l
AE Aez o A7 7Issl=s =il AR 2
oAl HA=EE U,

> oY

un n

References

ACI Committee 318, 1995. Building Code Requirements for
Reinforced Concrete (ACI 318-95), American Concrete
Institute, Farmington Hills, MI

ACI Committee, 363 State-of-art-report on high strength concrete,
ACI Materials Journal 81 (4) (1984) 364-411.

ASTM C 42-90, 2003. Standard Test Method for Obtaining and
Testing Drilled Cores and Sawed Beams of Concrete. Annual
Book of ASTM Standards, Vol 04.02

ASTM C 936, 2002. Standard Specification for Solid Concrete
Interlocking Paving Units. Annual Book of ASTM Standards,
Vol 04.05

Baik, B. H. and Song, S. J., 2003. A Study on the Estimation of
Compressive Strength by Small Size Core. Journal of the
architectural institute of Korea : Structure & construction, v.19
no.1, pp.85-92

Benitez, A., Bertone, J and Civitillo, P., 2009. Implementation of the
Flexural Strength Test for Concrete Pavers. 9th. International
Conference on Concrete Block Paving. Buenos Aires,
Argentina

British Standard, 2003. Concrete Paving Block - Requirements and
Test Methods. BS EN 1338:2003

Chung, H. W., 1989. On Testing of Very Short Concrete
Specimens. Cement, Concrete, and Aggregate, ASTM, Vol. 11,
No. 1, pp. 40~44.

Concrete Society Technical Report No:11 (1976). Concrete core
testing for strength. The Concrete Society, London

Demir, F., 2005. A New Way of Prediction Elastic Modulus of
Normal and High Strength Concrete?Fuzzy Logic. Cement and
Concrete Research 35 (2005) 1531-1538

Gao, J. M. and Xue, B. F., 2012. Study of Porous Concrete Strength
Test Method. 10th International Conference on Concrete Block
Paving. Shang Hai, China

Han, S. H and Park, W. S., 2009. Analysis of Dynamic and Static
Elastic Modulus of In-situ Marine Concrete. Journal of Korean
Society of Coastal and Ocean Engineers, v.21 no.6, pp.437-443

Japan Interlocking Block Pavement Engineering Association, 2010.
Interlocking Block Pavement Engineering Design and Build
Guidelines

JIS A 1107, 2012. Method of Sampling and Testing for

Compressive Strength of Drilled Cores of Concrete

Korea Standard Association, 2009. Concrete Interlocking Block for

ror

22285 =27 - Mli6d M2z 17



Sidewalk and Road, KS F 4419 : 2009

Korea Standard Association, 2007. Method of Obtaining and
Testing Drilled Cores and Sawed Beams of Concrete, KS F
2422 : 2007

Norwegian Council for Building Standardization, 1992. Concrete
Structures Design Rules NS 3473, Norwegian Concrete
Association, Stockholm.

Standards Australia / Standards New Zealand, 2004. Masonry Units,
Segmental Pavers and Flags—Methods of Test Method 5:
Determining the Breaking Load of Segmental Pavers and Flags.

Tuncan, M., Arioz, O., Ramyar, K. and Karasu, B., 2008. Assessing
concrete strength by means of small diameter cores.
Construction and Building Materials Vol 22, Issue 5, May 2008,
Pages 981-988

Turkish Standardization Institute, 2000. Requirements for Design
and Construction of Reinforced Concrete Structures TS 500,

Turkish Standardization Institute, Ankara.

18  International Journal of Highway Engineering - Vol.16 No.2



