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ESTIMATING OF COMPRESSIVE STRENGTH OF DIFFERENT
TYPES OF CONCRETE BY NONDESTRUCTIVE TESTS

'ANIS A. MOHAMAD-ALL 2MAZEN D. ABDULLAH, *AQEEL H. CHKHEIWER

E-mail: lanismohamadali53@y’ahoo‘com, 2mazend08l@gmail‘com, 3aqee]'civil@yahoo.com

Abstract— The objective of this research is to investigate the effect of the coarse .aggregate content, type of coarse
aggregate (normal weight and light weight), and amount of steel fiber in concrete on compressive strength, both rebound
number and ultra-sonic pulse velocity. Moreover, the relat ionship between compressive strength and rebound number, ultra-
sonie pulse velocity (UPV) was discussed, The experimental work included testing of twenty-four mixes of conerete. The
mixes were divided into two groups; each group consisted of twelve mixes, first group mixes consisted of normal weight
coarse aggregate, second group mixes consisted of lightweight coarse aggregate,”in each group, three contents of coarse
aggregate and four percents of steel fiber (0, 0.25, 0.5, 0.75% of concrete volume) were used. It has been noticed that, the
UPV increases with increasing coarse aggregate content in normal weight coarse aggregate concrete and vice versa in
lightweight coarse aggregate concrete, The increment of age (from 7 to 28 days) leads to higher compressive strength,
rebound number and UPV. The steel fiber content showed pronounced effect on the values of UPV, The results also show

that, there is a good correlation between compressive strength and rebound number as well as UPV for the two types of
concrete, - :

L. INTRODUCTION II. EXPERIMENTAL PROGRAM

Several national and international standards recognize In order to achieve the aim of the study, 24 mixes
the various non-destructive test methods as suitable (144 specimens) are designed, preparved and tested for
and indicative [1]. Basically, most test methods . fresh and hardened normal weight and light weight
measure some other properties of concrete than its concrete.

strength, but the evaluation of in-situ concrete )

strength is carried out by means of an established A Materials ;

correlation  of these properties with strength.  Ordinary Portland cement with specific gravity of
Therefore, the reliability of the strength estimation  3.15 and Blaine fineness 3200 cm2/g was used. Table
primarily depends upon the: precision of the (1) presents the physical properties and chemical
established calibration. . compositions of the cement, A local natural coarse
Rebound hardness and ultrasonic pulse velocity (with maximum size of 20mm) and fine aggregate
techniques are commonly wused tests * for t(he from Zubair, Bagrah (south of Iraq), that meet the
estimation of concrete steength, The compressive  requirement of ASTM C33-03[5] were used. In this
strength of concrete is related to the surface hardness study one type of lightweight coarse aggregale,
of the conerete in the case of rebound hammer test crushed thermostone was used. The shape of crushed
and to the velocity of a pulse propagated through the  lightweight coarse aggregate was normally in angular
full thickness of a concrete element in the pulse  with adequate amount of clongated of and flaky
velocity technique. The merits and limitations of particles, for this type of coarse aggregate, The
those techniques are discussed by Bungay [2] and  maximum size was 20mmy; the part of the excess fine
Tann [3]. The relationship between the compressive  was removed so as to satisfy the ASTM (-330
strength and rebound number or pulse velocity is  specification [6]. The sieve analysis of all aggregates
known to be influenced by several intrinsic and s presented in Table (2). Some properties of the
extrinsic factors. Among those factors, the aggregate  lightweight coarse aggregate of each type are given in
type and moisture content of concrete, which have a  Table (3). The coarse and fine aggregate each had a
significant effect on the correlation [3.4]. There is no  ~ specific gravity of 2,62, water absorption of 0.8 and
standard correlation between concrete compressive  1.4% respectively.Polycarpoxy superplasticizer as per
strength and the ultrasonic pulse velocity and many  ASTM (494 type G specification [7] having a
aspects controlled this matter. The nature of the specific gravity of 1.05 and a total solid content of
aggregates which is one of the major aspects that is  30% was used, Ordinary tap water is used for mixing

generally more plentiful, rigid.and resistant part in and curing.

concrete, influences this correlation and changes the

elastic properties of the concrete. "B. Mix Proportions

In this investigation the influence of normal*strength  Details of the mixes aré shown in Table (4). The

and lightweight coarse aggregate with and without coarse aggregate contents were 1000, 1050 and 1100

fibers on the correlations between compressive and  kg/m3 for normal weight concrete and 295, 310, 323

both rebound number and pulse velocity has been  kg/m3 for light weight concrete, The W/C ratios were

studied, 0.4 for each value of coarse aggregate content. The
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steel fiber ratios were 0, 0.25, 0.5 and 0.75% of
concrete volume. .
C. Preparation Specimens and Test Methods
Standard 150mm cubes were used to determine
compressive strength at ages 7 and 28 days. The
compressive strength for each specimen represents
the average of compressive strength of 3 cubes. All
samples were demolded after 24hrs, marked and
cured in water until testing age, Lo

The rebound number was measured by Schmidt
hammer and according to ASTMC805-02 [8]. Each
cube was fixed by applying (6) MPa in a compression
machine to avoid any movement during this test as
shown in Fig.(1). Five readings were taken on each
two opposite smooth surfaces of the cube, thus a total
of 10 readings were taken on each cube. The final
reading of rebound number of each mix was therefore
the average of 60 readings. The ultra-sonic pulse
velocities of the concrete cubes were measured
according to ASTMC597-02 [9] using transducers
with frequency (54) kHz, as shown in Fig.(2).Two
readings on each cube were measured(using the
opposite smooth surfaces of the cube). Thus each mix
result of ultrasonic pulse velocity represents an
average of twelve readings.

Table (1): Physical properties and chemical
composition of cement

PHYSICAL PROPERTIES
Sitting time(min} . :
Initial 150
Final 240
Compressive strength (MPa)
7days ° 22.7
28days . 303
Specific surface, blaina,.em?*/p 3200
CHEMICAL ANALYSIS % =
Lithe {CaQ) G2.00
Siica ($104) 21.00
Alumina (Al,0,) 9.26
* tron Oxlde (Fe,0y) 3.00
Magnesla (MgD) 2.0
Sulfate {SQ4) 2,10
Lass on Ignition (LO1) 1.0
Insoluble residue (I.R.) 0.70
Liime saturation factor {L.5.F) 0.92

T

i

Figure (1): Schmidt hammer test

e o

igure (2): UPV test
III. RESULTS,AND DISCUSSION

The test results obtained from this investigation are
summarized in Tables (5)'and (6). The discussion of
the effect of studied parameters on the compressive
strength, rebound number and ultra-sonic pulse
velocity is presented in the following articles:

A. Rebound number results

Test results show the effect of coarse aggregate
content and fiber content on the rebound number of
NWC and LWC in addition to the relationship
between rebound number and compressive strength is
investigated as described in following sections:

B. Effect of, ﬁbe.rs content on rebound number

From Fig. (3), it can be noted that increase in the
fiber content causes an -increase in the rebound
number clearly in the lightweight concrete more than
it is in normal concrete. The increase in the rebound
number due to fibers in the 28 days was more than in
the 7 days.

Table (2): Grading of the coarse and fine aggregate

used
) Coarse aggregale Fine agaregete
Sieve
S o A . i AT
o i P Rl e L
Fassing % Passing (%) mm
33 fiits

% 10 106 109 100 95 100 100
18 9 %100 9% T 90100 | 475 9 95-100
95 37 255 45 1050 236 L 30-10C
475 2 010 1 150 1:8 n 30-85
2% 1 05 060 45 25:60

030 11 5-3

=3 _ nAar R fnin

Table(3) Physical properties of lightweight coarse

aggregate
Absorption % 174
Bulk specific gravity (S5D) a0
Dry density (kg/m’) 442
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Table (4): Mix proportions of all mixtures

light weight& normal weight coarse aggregate)

Coarse
T ¢ Max aggregate Leament kSa/r::g kV\;/C_, Water kg/m'] sP of Flher
VPEEEIDIEE No. . kg/m®® kg/m’ € g/m cement % cantent %
1 Q
2 0.25
1000 521.4 670 0.4 208 0
) . 0.5
4 0,75
5 0
6 Q.25
NSC 1050 » 462 703 04 184 0.55
7 . 0.5
8 .75
9 1]
10 . 0.25
1100 402 737.0 0.4 160 1.0
11 £ 0.5
12 0.75
13 0
14 0.25
295 * 521 G670 0.4 208 05
15 e 0.5
16 0,75
17 0
148 “ .25
LWC . 310 462 703 0.4 184 0.8
19 0.5
20 0.75
21 )]
2 i 402 737 4 160 17 22
T 323 & by 05
24 0.75

C. Effect of coarse aggregate content on rebound
number

From Fig. (4), it can be observed that, for all fibers
content in NWC, the rebound number increases as
coarse aggregate content increases but for LWC, the

rebound number decreases as coarse aggregate -

content increases. This is due to the hardness of the
concrete surface depends on the hardness of coarse
aggregate used in a mixture.

D. The proposed Rebound number — compressive
strength relationship

Figure (5)-reveals the rebound number — compressive .

strength relationship for NWC and LWC at ages of 7
and 28 days. It is observed a good correlation
between compressive strengthh and rebound number
for NWC and LWC mixes containing fibers
regardless of the difference in coarse aggregate
content, The proposed relationship between cube

compressive strength and the rebound number is .

expressed as given in equations "(1)" to "(4)" below.
For NWC containing fibers, the Equation "(1)" and
"(2)" were proposed to estimate the compressive
strength at 7 and 28days from rebound number value
respectively

Feu: compressive strength of concréte(Mpa)

RN: Rebound number

Fcu= 1.286RN - 12.93 (7 days)
Feu=1.368RN-12.98 (28 days)...............
Figures (6-a) and (6-b) show the relationship between
the measured versus the estimated values for the
NWC compressive strength with different rebound
numbers. The plotted data confirnr the reliability of

.............

the proposed method for the estimation of the
concrete compressive strength with different rebound
numbers.

For LWC containing fibers, the Equation "(3)" and
"(4)" wepe proposed to estimate the compressive
strength at 7 and 28days from rebound number value
respectively as follows:

Fcu: compressive strength of concrete(Mpa)

RN: Rebound number

Fcu = 0.983RN +3.242 (7 days) ..............
Fcu=1.061RN +5.127 (28 days) ............ |
Figs.(6-ck and (6-d) shows the relationship between
the measured versus the estimated values for the
LWC compressive strength with different rebound
numbers at ages 7 and 28 days respectively . The
plotted data confirm the reliability of the proposed
method for the estimation of the concrete
compressive strength with different rebound numbers.
The predjcted compressive strength values are in a
good agreement with those obtained from test.

E. Ultrasonic pulse velocity result

Test results presented in Tables (5) and (6) show the
effect of coarse aggregate content and fibers content
on the ultrasonic pulse velocity of NSC and LWC. In
addition to the relationship between ultrasonic pulse
velocity and compressive strength is investigated as
described in following subsections:

F. Effect of fiber content

From Fig. (7) shows that, increase in the fiber content
causes an increase in the ultrasonic pulse velocity in
the light concrete and normal strength concrete. The
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increase in the ultrasonic pulse vélocity is same for
the 28 days and the 7 days.

G: Effect of coarse aggregate content

From Fig. (8) it can be observed that for all fiber
contents in NWC, the ultrasonic pulse velocity
increases as coarse aggregate content increases but
for LWC the ultrasonic pulse velocity decreases. The
increase in the ultrasonic pulse velocity in the 7days
is more than in the 28 days. Figures (10-a) and (10-b)
show the relationship between the-measured versus
the estimated values for the compressive strength
NWC containing fibers with different UPV. The
plotted data confirm the reliability of the proposed
method for the estimation of. the concrete
compressive strength with different UPV. For LWC
containing fibers, the Equations "(7)" and "(8)" were
proposed to predict the 7 and 28days compressive
strength from respectively UPV values

Feu: compressive strength of concrete(Mpa)

V: Ultrasonic plus velocity .
Feu=1.269 €0.841V (7days)....... 660000000 (1)
Fou= 0.888 e0.880V (28 days)............... (2)

Moreover the actually measured compressive strength
values are plotted versus the corresponding predicted
ones for LWC in Fig. (10-¢) and (10-d). the plotted
results confirm the reliability of the proposed method
for the estimation of the concrete compressive
strength with different UPV,

Table (5): Compressive strength, rebound number
and ultrasonic pulse velocity of NWC mixes

| Ulteasonic pulse velocity
i 0l esslve
coc:[::e:fs' czlr:r:t “sz’;;q (M:’a) Rebound number {km/sec)
ke’ O % 7 8 T w
1o 0 | 327 | @5 | 6 2,0 154 | 47
o 05 | 29 | @7 | 38 | a3 | 45 | ams
1020 05 | 32 | a2 | a2 438 4608 4800
00 | 075 | %7 | 495 31 457 4714 4306 |
[ 050 0 | »9 | a6 | 3a a7 456 | 4732 |
[ Tloso 025 | 343 | %0 | ;s 30 a5 | azer
[ | o5 | a5 | @0 | s 453 451 | 4835
1050 075 | 374 | 499 | 37 464 4728 as
1190 0 | 31 | 467 | a9 | a2 4568 | 474
1100 025 36,4 483 328 44,3 8620 | A79% i
1100 05 | 378 | 498 | 391 453 4669 | 488
YN vra 4L DL yuo Yo.L CNZN] 4,31

Table (6): Compressive strength, rebound number
and ultrasonic pulse velocity of LWC mixes

. Ultrasenle pulse velocit
’T‘;::E | Fibers Compm(sp; l;;,:)s tringth Rebound nuioer (kn:/sec) ’
content | content & 2 _ . —
(/' 7 ) T 1 | »
BETEI) PI%} 1 184 21 3300 | 3925
243 025 25 306 189 B0 3378 3,995
348 05 233 315 18.6 38 - 3434 4,036
348 Q.75 248 10 286 261 3.507 4,100
365 | 0 21 202 180 216 3322 3,893
365 I 0,25 pa ] 284 18.3 219 3345 3.952 N
365 05 2.2 20.7 19.1 2.9 3407 4092
3w/ - 075 231 326 i 2.7 L9 3467 4018 B
381 0 203 27,0 177 2.0 3304 3.871
381 025 04 71 179 13 sl | 39
381 05 22 281 86 21 | 33 | 299
L | ors w2 30,1 203 1,3 2437 +.029 |

“'22-0 m-*-r-—cl\cﬂ'is ka/m3 f
E F1p o THCAC 105 kelma /
~ cac=asthg/ms |
3 s
2 200 s A
: s
< | _,-=‘/§§
Z 190 42
g fé_,/,_,&r/ :
2 180 - e
] - .
o .
17.0 : . :
[ 0.25 0.5 0.75 1
Fiber Content %
o (A)
«27.0 oo CAC=348 kg/m3
'ﬁ- 26.0 | mwittmmCAC=365 kg/m3
@ 250 CAG=381 kg/m3
8 240
:
Z 230 ./_‘,x‘.}""
h-)
52208 g
@
9210
200 it ; i ==l
0 0.2 04 0.6 0.8
Fiber Content %
’ (B)
42.0
mvepens CAC=L0D0 kg /M
41.0 - il CAL 21050 kg,/MA
40.0 | ~ o LAC=K10G kg/m3 | .
o |
;39.0 | =
LT A
] J A
™ 270 gl b )
[ —— 4
b0 ‘"_r S
30 | i
0 05 1
. Fiber Content %
(C)
49.0 e CAC=1000 kgy/ md
48.0 et 1 |62 11TV LTV 110 Q) EE————
47.0 - CAC=1100 kg/m3 N e
£ 460 - -
A
& 45.0
a
- ® 440 —
030 B
42.0 -z?.-‘-:-—-.-—"'u_‘/_. = ]
41.0 - e
0 0.2 0.4 0.6 0.8
I'ilbul Content 76

(D)

Figﬁre (3): Rebound number Fiber content relationship for (a)
NSC at 7 Days, (b) NSC at 28 Days, (c) LWC at 7 Days and (d)

LWC at 28 Day.
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Figure (4); Rebound number - coarse aggrégate content
relationship for (a) NSC at 7 Days, (b) NSC at 28 Days
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= 230 | v [
D] e Filer Cooptents (L )54
;g 22.0 s
21.0 - — i
z I
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Figure (4): Rebound number - coarse aggregate content
relationship for (¢) LWC at 7 Days and (d) LWC at 28 Day
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Figure (5): Rebound number.~ compressive relationship for (a)
NSC at 7 Days, (b) NSC at 28 Days, (¢) LWC at 7 Days and (d)
LWC at 28 Day
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Figure (7): Ultrasonic pulse velocity fiber content relationship
for (a) NSC at 7 Days, (b) NSC at 28 Days
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Figure (7): Ultrasonic pulse velocity fiber content relationship
for (¢) LWG at 7 Days and (d) LWC at 28 Day
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Figure (8): Ultrasonic pulse velocity- coarse aggregate content

relationship for (a) NSC at 7 Days, (b) NSC at 28 Days, (c)

LWC at 7 Days and (d) LWC at 28 Day

Figure (9): ultrasonic pulse velocity compressive strength

relationship for (a) NSC at 7 Days, (b) NSC at 28 Days (c)

LWC at 7 Days and (d) LWC at 28 Day
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CONCLUSIONS

From the test results obtained in this study the

following conclusions can be drawn: *

1.

The rebound number increases as coarse
aggregate content increases for NSC but for
LWC the rebound number decreases.

The rebound number increases as fiber content
increases clearly in the lightweight concrete
more than in normal weight concrete and this
increase in the 28 days more than in the 7
days.

The increase in the fiber content causes an
increase in the ultrasonic pulse velocity in the
light eoncrete and normal strength concrete
and this increase is same for the 28 days and.
the 7 days.

It can be observed that for all fiber contents in
NWC, the ultrasonic pulse velocity increases
as coarse aggregate content increases but for
LWC the ultrasonic pulse velocity decreases.
The influence of type and amount of aggregate
and steel fiber is very important and cannot be
neglected for accurate prediction of
compressive strength of concrete based on
rebound number and ultrasonic pulse velocity.
The good relationships were obtained from
curve fitting for the results; therefore the
proposed equations can be used to estimate
compressive  strength of normal and
lightweight ~ concrete.  The  predicted
compressive strehgth values are in a good
agreement with those from the experimental
tests.
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