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Abstract

This study has been conducted to understaedpossibility of utilization of Maddhapara hard rock
aggregate as coarse aggregate for making high strength concrete. For this, hard rock aggnegates
collected and investigated for physical and mechanical properties. Concrete specimens of size 100 mm
by 200 mm were made by varying watesbinder ratio (W/B) (0.30, 0.35, 0.40, 0.45), cement content
(450 kg/ni and 500 kg/r), type of cement (CEM Type |, CEM Type Il AM and CEM Type Il BM).

Also, a part of the cement (8%) was replaced by silica fumeg@®® to 40 kg/mi). 444 cylindrical
concrete specimens were made for 37 different mixture proportions of concrete. The specimens were
tested for compressive strength, streain curve and modulus of elasticity of concrete at 7 days, 14
days, 28 days, 56ays, and 90 days. Specimens were also tested for tensile strength of concrete at 28
days. In addition to the concrete specimens, 222 mortar cube specimen ¥2inath x 2 inch) were

also made by screening concrete of each mixture through #4 sievendrtar specimens were tested

at 28 days and 90 days. From the experimental results, it was revealed that hard rock aggregate can be
utilized as coarse aggregate for making high strength concrete fronPd@M8 MPa. Relationships
between compressivershgth and tensile strength, compressive strength and modulus of elasticity, and
stress and strain of concrete made with Maddhapara hard rock aggregate are proposed.

© 2018 Institution of Engineers, Bangladesh. All rights reserved.
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1. Introduction

As per the plan of the present government, Bangladesh will become a middle income country
by Year 2041. To achieve this goal, government has taken initiatives to construct several
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megastructures like Metro Rail Project, Padma Bride Project, Paira PogcBr@®haka
Elevated Expressway Project, Matarbari Deep Sea Project, and so on. For making these
structures, it is necessary to utilize high strength concrete. Due to the limited resources of
high quality coarse aggregate, it is a big challenge for un#éfiing high strength concrete. In

most of the projects, aggregates are imported from several countries, like India, Malaysia,
China, Qatar, etc. High strength concrete (HSC) is not a new material. The production of this
material became possible after intien of chemical admixture as well as utilization of
mineral admixtures in concrete. Globally, a lot of studies were conducted on the production of
high strength concrete (Aitcin, 1990) (Hassan, 2000) (Memon, 2002) (Rosenberg, 1989)
(Chen, 2008) (Nagatakz2002).

These studies concluded that for making HSC the importance of mineral and chemical
admixtures is very significant. In fact, it became possible for making high strength concrete
with the utilization of mineral and chemical admixtures. In additiothe high strength, high
strength concrete reduces chloride ingress in marine environment. It also reduces carbonation
rate of concrete in atmospheric environment.

Table 1
Material propertiesf coarse and fine aggregates

Types of Aggregate

Parameter -
Maddhaparadard Rock Aggregate Fine Aggregate
Specific Gravity (SSD) 2.75 2.60
Absorption Capacity (%) 0.58 4.0
Wear Value (%) 23.6 -
. 4.76mmi 2.38mm: 2.5%
. 0
Grading 1150Tnnr1nl'|' 150nm"_" 460%/4 2.38mmi 1.19mm: 12.5%
T Below 1.19mm: 85%
FinenesModulus (FM) 6.60 2.64
Table 2
Mineralogical compositions of hard rock
Maddhapara Hard Rock Weight (%)
Aggregate Sio, CaO FeO; NaO MgO AlLO; K0
Maddhapara Hard Rock  62.7 20.4 8.0 6.3 5.3 6.0 0.8
Table 3
Variables considered for making specimens
Cement Type CEM I CEM Type Il AIM CEM Type Il B/M
Cement Content (kgifn 450 414 500 460 450 414 500 460 500 460
Silica Fume (kg/r) 0 36 0 40 O 36 0 40 0 40
wi/c 0.30, 0.35, 0.40.45
Superplasticizer Sulfonatechaphthalendormaldehyde condensate (SNF)
(Chemical Admixture) 0.5% of the binder content.
Sand to Aggregate 036
Volume Ratio ]

To explore the possibility of making high strength concrete using locally available aggregates,
a study was conducted (Sarwar, 2012). It was found that by using locally available materials
(both as coarse and fine aggregates), it is possible to produceeteonf strength 40 to
50MPa. Some studies were also conducted by other researchers for producing high strength



M. T. Uddin et al. / Journal of CivilEngineering (IEB), 46 (2) (2018) 9708 99

concrete in Bangladesh (Rashid, 2009). No detailed studies were conducted to explore the
possibility of utilization of Maddhapara hard rock @sarse aggregate for producing high
strength concrete in Bangladesh. Therefore, this study has been planned for making high
strength concrete by utilization of Maddhapara hard rock. 444 concrete samples and 222
mortar samples were made by varying W/C, aeinmntent, abd silica fume content. The
specimens were tested for mechanical properties of concrete at 7 days, 14 days, 28 days, 56
days and 90 days. The results of this experimental investigations are summarized in this
report.

2. Experimental method
21 Materials

Stone chips frooMaddhapara hard rodguary site was collected. Maximum sizes of coarse
aggregate was 15 mm. For producing high strength concrete, the maximum aggregate size
was reduced to 15 mm from tbemmonlyused aggregate size of 20 mm. Physical properties

of aggregates, such as specific gravity, absorption capacity, wear value and fineness modulus
are summarizedn Table 1. The hard rock aggregate shdgher specific gravity (2.75),

lower abrasion value28.6%), and also lower absorption capacity (0.6%) compared to the
commonly used coarse aggregate in Bangladesh. From the abrasion value of the hard rock
aggregate, it is found that the hard rock aggregate is harder compared to the commonly used
stone aggmate. For making a dense grading, the aggregates were divided into two different
sizes, such as 15mm ~ 10mm & 10mm~5mm. It was found that 60% (15 mm to 10 mm) and
40% (10 mm to 5 mm) combination produced maximum unit weight and minimum void.
Therefore, thé aggregate gradingas used for making high strength concrétseralogical
compositions of the aggregate are summarized in Tablhe.physical properties of fine
aggregates, such as specific gravity & fineness modulus are also summarized in Taide 1.Sa
as coarse aggregate, the fine aggregate was divided into differenfFgizeaggregates were

mixed in different proportions and the unit weight and void in aggregate were measured. It
was found that 2.5% (5 mm to 2.38 mim}2.5% (2.38 mm to 1.19 mmand 85% (1.19 mm

to 0.15 mm) combination give maximum umightand minimum void in the aggregates.
Therefore, this grading of fine aggregate was used for making high strength concrete.
Ordinary portland cement (CEM Type | as per BDS EN 197), and bleretednts (CEM

Type Il AIM and CEM Type Il B/M) were used. CEM I is purely clinker basechent CEM

Type Il AM contains 884% clinker and €0% mineral admixtures, and CEM Type Il B/M
contains 657/9% clinker and 2B5% mineral admixtures. A part (8%) tietcement was also
replaced by silica fume. Naphthalene based sulfonated naphtfiateradehyde
condensates (SNF) super plasticizer was used to increase workability of concrete. The dosage
of SNF was 0.5% of binder. Tap water was used for migongrete

2.2 Mixture proportions

Concrete mixes were made using different W/B (0.30, 0.35, 0.40, and 0.45), total binder
content (450 kg/fh and 500 kg/i) and types of cement (CEMype I,CEM Type II
A/M,CEM Type Il B/M).Also, some cases were made wiplacement of cement by silica

fume (36 kg/m and 40 kg/m). Sandto-aggregate volum ratio was 0.36 for all caseEhe
variables are summarized in Table 3. Air content was assumed to be 2% as no air entraining
admixtures was used. For low W/C, naphthalbased super plasticizer was used to improve
workability. By varying the concrete mix design parameters, tseiyen concrete mixes were
designedMixture proportions of 37 cases are summarized in Table 4. The cases are defined
based on the types of cemigcement content, silica fume content and WAB an example,

the caf¥kEl nAM8460 SF40 WB 0.300 indicates Case

AM cement (460 kg/r), silica fume (40 kg/f) and W/B =0.30.
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Table 4
Mixture proportions

Unit Contents (kg/r)

Case No. w/B Binder (B)
CA FA Ch.A.
TI THAM TIBM SF
CO01TI 450 SFO WB.30 450 - - -
C02TI 414 SF36 WB.30 414 - - 36
135 1232 655 2.25
CO3-TIl AM 450 SFO WB.30 - 450 - -
CO4TIl AM 414 SF36 WB.30 - 414 - 36
CO05TI 500 SFO WB.30 0.30 500 - - -
C06-Tl 460 SFA0WBC.30 ' 460 - - 40
CO7-TIl AM 500 SFO WB.30 - 500 - -
150 1177 626 2.50
CO8-TIl AM 460 SF40 WB.30 - 460 - 40
C09TIl BM 500 SFO WB.30 - - 500 -
C10-TIl BM 460 SF40 WB.30 - - 460 40
C11-TI 450 SFO WB.35 450 - - -
C12TI 414 SF36 WB.35 414 - - 36
158 1192 634 2.25
C13TIll AM 450 SFO WB.35 - 450 - -
C14TIl AM 414 SF36 WB.35 - 414 - 36
C15TI 500 SFO WB.35 0.35 500 - - -
C16TI 460 SF40 WB.35 ' 460 - - 40
C17-TIl AM 500 SFO WB.35 175 - 500 - -
1133 603 2.50
C18TIIAM 460 SF40 WB.35 - 460 - 40
C19TIl BM 500 SFO WB.35 - - 500 -
C20-TIl BM 460 SF40 WB.35 - - 460 40
C21-TI 450 SFO WB.40 450 - - -
C22TI 414 SF36NB.40 414 - - 36
180 1153 613 2.25
C23TIll AM 450 SFO WB.40 - 450 - -
C24TIl AM 414 SF36 WB.40 - 414 - 36
C25TI 500 SFO WB.40 0.40 500 - - -
C26-TI 460 SF40 WB.40 460 - - 40
C27-TIl AM 500 SFO WB.40 200 - 500 - - 1089 579 2.50
C28TIl BM 500 SFOWB.40 - - 500 -
C29-TIl BM 460 SF40 WB.40 - - 460 40
C30-TI 450 SFO WB.45 450 - - -
C31-Tl 414 SF36 WB.45 203 414 - - 36 1113 592 2.25
C32-TIl AM 450 SFO WB.45 - 450 - -
C33TI 500 SFO WB.45 0.45 500 - - -
C34TI! 460 SF40 WB.45 ' 460 - - 40
C35TIl AM 500 SFO WB.45 225 - 500 - - 1045 556 2.50
C36TIl AM 460 SF40 WB.45 - 460 - 40
C37-Tll BM 500 SFO WB.45 - - 500 -

W- Water, Bi Binder, Tl Type | Cement, TIl AMi CEM Type Il A/IM cement, TIl BMi CEM
Type Il B/M cement, SF Silica Fume, CAi Coarse Aggregate, FA Fine Aggregate, Ch. A-
Chemical Admixture
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2.3 Casting,curing and testing

A 200iter capacity mixer pan was used for mixing concrete. Both coarse and fine aggregates
were kept saturatedgurface dry (SSD) condition. Immediately after mixing concrete,
workability of concrete was measured by a slump cone. Cylinder concrete specimens of
diameter 100mm and height 200 mm were made. Also, 2 inch mortar cube spesiEnens
made by screening eaatixture of concrete through #4 sieve. The specimens were demolded
after one day and kept under wet condition. The specimens are shbigaril.

One day before testing of the specimens, the specimens were kept under Thater
specimens were tested wndch universal testing machine (UTM). During compression tests,

two dial gauges were attached at a gauge length of 100 mm to measure strain over the
specimens under the load. From the stedssin curve of the specimens, modulus of elasticity

of concretewas determined as per ASTM C 469. The modulus of elasticity is defined as the
slope of the line drawn from a stress of 0 to a compressive stress §F T ébsile strength

of the specimens was measured by splitting test. The specimens were testiaysit 74

days, 28 days, 56 days, and 90 days. The compressive strength and tensile strength was
determined as per ASTM C 39 and ASTM C 469 respectively.

Fig. 1 Partialview of the cylinder and cube specimens
3. Results anddiscussiors
3.1 Unit weight ofconcrete

The unit weight of concrete made was measured from the weight of specimens before
crushing for compressive strength. The results are shotigune 2. The average unit weight

of concrete made with Maddhapara hard rock was found to2&kyInt. The unit weight of
concrete made with hard rock aggregatabout 6% higher compared to the normal concrete
made with stone aggregate (2300 k¥j/rithe unit weight of concrete made with Maddhapara
hard rock aggregate is increased due to theehigipecific gravity of the hard rock aggregate.

3.2 Workablity ofconcrete

Workability of fresh concrete was measured by slump cone. The slump of fresh concrete for
all cases is shown iRigure3. It is found that the cases with low W/C and also the cases made
with silica fume shows less workability. With the use of silica fume, the workability is
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reduced due to the smaller sizes of silica fume particles compared to the normal cement
particle. Simiér results were also observed by other resear¢Nagataki, 2002)This study

was conducted with naphthalene based super plasticizer with a moderate amount of dosage.
The dosage of chemical admixture can be increased to wmprorkability of concrete
further. As an alternative, polycarboxylate based new generation chemical admixture can be
used to improvavorkability.
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Fig. 2 Unit weight of concrete made with hard rock aggregate

| SPAM 048 005 NG TLL-LED

SP UM 0 IS 09Y NV ILL-9€D
SPAM 048 00§ NV ILL-S€D
SPAM 0 IS 09% LL-vED
SPaM 048 00§ LL-€€D
SPAM 048 0S¥ NV ILLCED
SPaM 9€dS FIY LL-1€D

SP UM 048 0S¥ LL-0€D
0F"dM 0P IS 09Y N TLL-6ZD
0FdA 048 005 NH TTL-8TD
0FdM 048 00§ NV TLL-LTD
0P dM 0V US 09% 1L-9TD

0P dM 048 00§ LL-STO
OF"dM 9€dS PI¥ NV ILL-#TD
0FdM 048 0S¥ NV TLL-€TD
0F"dM 9IS IV LL-TTO
0F"dM 048 0S¥ LL-ITO
SEUM 0P IS 09Y N TLL-0ZD
SEUM 048 005 WY TLL-61D
SEUM 0 IS 09% WVILL-8ID
SEIM 045 005 NV ILL-LTID
SEIM 0V IS 09% LL-91D
SEIM 045 008 LL-STD
SEUM 9€dS PIY WV ILL-F1D
SEUM 04S 0S¥ NV ILL-€1D
SEUM 9IS PIY LL-TID
SEUM 048 0SY LL-TID
0€°dM 0P IS 09% NI TLL-0ID
0€°dM 048 005 WY TLL-60D
0€°dM 0 IS 09Y NV T1L-80D
0€°dM 048 008 NV ILL-L0D
0€dMOPAS 09¥ LL-90D
0€°dM 048 00§ 1L-S0D

0€ M 9IS PI¥ NV ILL-F0D
0€°dM 045 0S¥ NV TLL-€0D
0€dM 9€dS PI¥ LL-T0D
0€°dM 048 0SY LL-T10D

Fig. 3 Slump offresh concrete

Compressivatrength of concrete
these figures, the cases are chronologically arranged in descending order based on the

compressive strength. Irrespective of the cases, the strength of concrete is increased with
time. Significant increase in strength of concrete is als®rved after 28 days. The average

Compressive strengths of concrete of all cases at the ages of 7 days, 14 days, 28 days, 56

days, and 90 are shownhigure 4, Figure5, Figure6, Figure 7, andFigure 8 respectively. In

3.3
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ncrease
made with CEM Type | cement. However, it is raised to 15% for the cases made with CEM

Type Il BM cement. It is due to theosler rate of hydration of mineral admixture in CEM
Type Il BM cement. The effect of W/B on the compressive strengitooéreteis clearly

is also clearly observed. Replacing the amount of cement by silica fume increases
compressive strength of concret8ilica fume particles are purely siliceous (SiO2) and the
particles are much smaller compared to the ordinary cempariicle and also it has

pozzolanic characteristics. Thesbaracteristicsof silica fume particles improves ono-

the target strength of concrete. The effect of silica fume on compressive strength of concrete
structureconcrete and thereby increase compressive strength of cofitagiztaki

observed irrespective of the types of cement. The less is the W/B, the more is the strength.
It is clearly understad that for making high strength concrete, W/B is to be reduced based on

7-Day.

Fig. 4 Compressivetrength ofconcreteat
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Fig. 5 Compressive strength of concrete atdbd;
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case, compressive strength of concrete is increased to 78 MPa at 90 days.

Generally, ifcompressive strength of concrete exceeds 40 MPa at 28 days then it is defined as

high strength concref@®CI318, 1999) It is found that out of 37 cases, compressive strength
of concrete at 28 days exceeds 40 MPa for 31 cakmgever, after 90 days, compressive

strength of concrete exceeds 40 MPa for 33 cadss, it can be noted that the compressive
days, the highest compressivessgth of concrete of 67 MPa was observed for the case made

strengthof concrete exceeds 40 MPa i@ cases at @aysand for 25 cases at 14 days. At 28

with W/C
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Fig. 6 Compressive strength obncrete at 28lay.

0P dM 048 0S¥ NV T1L-€2D
SP'dM 048 005 WA TLL-LED
SP UM 0FAS 09% NV ILL-9€D
SP'dM 048 00§ NV ILL-S€D
SEdM 045 005 WA ILL-61D
SP'dM 048 0S¥ NV ILL-TED
SP'dM 048 0S¥ LL-0€D

0F dM 9€4S PI¥ NV ILL-¥TD
0P dA 048 005 N TLL-8TD
0r'dM 0P IS 09Y NG T1L-6TD
St dM 0P AS 09% LL-¥€D

0P dM 048 00S NV ILL-LTD
SEdM 048 008 WV ILL-LTID
SP'AM 9€dS PIY LL-1€D
SEdM 048 0S¥ NV ILL-€1D
SEdM 0P IS 09% WVILL-8ID
0€°dM 048 0S¥ NV ILL-€0D
SH'dM 04S 00S LL-€€D
SEIM 0P IS 09¥ NG TLL-0TD
0P dM 048 008 LL-STD
0€°dM 048 008 NG TLL-60D
SEIM 9€dS PIY WV ILL-V1D
0€°dM 048 008 NV ILL-£0D

[ 0p" I 08 0SF 11120
0€°dM 0P IS 09Y NV ILL-80D
0€°dM 9€4S PIY NV ILL-¥0D
SEdM 048 00S LL-SID

0v dM 0P IS 09% LL-9CD
0€°dM 0P AS 09% NG TLL-01D
0P dM 9€dS PIY LLCTO
0€°dM 048 0S¥ LL-T10D
SEIM 048 0S¥ LL-T1D
0€°dM 04S 00S LL-S0D
0€°dM 9€AS PI¥ LL-T0D
SEIM 9€dS IV LLCID
SEIM 0P IS 09% 1L-91D
0€°dM 0P IS 09% 1L-90D

Fig. 7. Compressive strength of concrete atdaty.
However, CEM Type | cement shows better performance in terms of compressive strength of

compressive strength of concrete. It is also found that for making high strength concrete CEM
concrete.

The cases with low W/B and replacement of cement by silica fume produced more
Type IIAM and CEM Type Il BM cements can also be used instead of CEM Type | cement.
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Fig. 8 Compressivestrength of concretat 9Gday.

Fig. 9 Tensilestrength of concrete at 2fay.

3.4 Tensilestrength

Tensile strengths of concrete for all cases are shown inrd-By Same as compressive
strength, the cases with a low W/C show more tensile strength. Addition of silica fume in
concrete also increases tensile strength of concrete. The variation of tensile strength with
respect to the square root of compressive sthesigtoncrete is shown in kige 10.

Q= 0473 @ 1)

Where,"@= tersile strength of concrete (MPand"@= compressive strength of concrete
(MPa). The coefficient of the abowaentioned equation is 0.556 as per ACI 313014 for

normal concrete aggregate specified as per ASTM C 33 (coarse and fine aggregates). It is
understood that the use of equation of ACI-2084 will provide higher tensilstrength of
concrete.



