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Abstract

Lightweight concrete has less dead load as compared to the normal concrete. Most of the
buildings are made in India using light weight aggregate/materials. In this experimental work,
we need to focus on the light weight concrete using pumice aggregate and assessment of the
result of compressive strength and reduction in dead load of the concrete. Four concrete mixes
of M1, M2, M3 and M4 were prepared with the different replacement ratios (0, 15, 30 and 45%)
of pumice aggregate with coarse aggregate respectively. Each set of concrete mix comprised of
9 cubes, tested at the age of 7, 14 and 28 days of curing period. It is concluded that with the
increase in replacement of pumice stone by 15, 30 and 45%, the compressive strength decreases
by 6.12, 14.25 and 22.84% respectively at 28 days of curing period.
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INTRODUCTION

Lightweight concrete (LWC) is a versatile
material for construction that has created great
interest in many engineers, architects and
contractors in recent years. LWC is generally
used to reduce the dead weight of a structure as
well as to reduce the risk of earthquake
damages to a structure because the earthquake
forces that will influence the civil engineering
structures and buildings are proportional to the
mass of those structures and buildings. Thus,
reducing the mass of the structure or building is
of utmost importance to reduce their risk due to
earthquake acceleration. Lightweight
aggregates (LWA) are used to make light
weight concrete when the weights of aggregates
are less as compared to the normal aggregate.
However these types of aggregates are used for
the making of LWAC using either artificial
lightweight aggregates or natural lightweight
aggregates. These various types of aggregates
are available for commercial use, cover a wide
range of properties such as elastic properties,
tensile and compressive strength, time
dependent properties, fire resistance, durability,
etc. These materials are produced from raw
materials in manufacturing plants. Naturally
occurring lightweight aggregates such as
pumice and scoria are mined from volcanic

deposits but other light materials can also be
used.

MATERIALS USED

Cement

The cement taken was ordinary Portland
cement (OPC) of 43 grade of uniform
consistency, conforming to 1S 8112-1989. The
test for specific gravity, standard consistency,
initial and final setting time and 28 day
compressive strength have been conducted
(Table 1).

Table 1: Physical Properties of Ordinary
Portland Cement.

Sr. | Characteristics Values |Standard Values

No. Obtained

1. [Specific Gravity 3.07

2. |Normal 2%
Consistency

3. |Initial Setting 36 min  |Not to be less
Time than 30 min

4. |Final Setting 4 h 12 min |Not to be greater
Time than 600 min

Fly Ash

In the investigation, Class C fly ash was used.
Class C fly ash normally comes from coals
which may produce an ash with higher lime
content, generally more than 15%, often as high
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as 30%. Fly ash conforming to IS 3812 (part-1)
has been used and uniform blending of fly ash
with cement was ensured.

Fine Aggregate

The fine aggregate (river sand- Badarpur) used
in the experimental work is locally procured.
Sieve analysis of the fine aggregate was carried
out in the laboratory as per IS 383-1970, and the
results are tabulated in Table 2.

Coarse Aggregate

The aggregates which are retained over IS sieve
4.75 mm are called as coarse aggregate. The
coarse aggregate used in the present study was
locally available crushed stones of maximum
size of 10 mm. Specific gravity and other
physical properties of coarse aggregates are
given in Table 3.

Pumice-Lightweight Aggregate

Pumice is one of the most common and the
oldest of naturally occurring aggregates utilized
lightweight coarse aggregates. Pumice is
usually light colored or nearly white and has
fairly even texture or interconnected cells. It is
created when super-heated, highly pressurized
rock is violently ejected from a volcano. The
sieve analysis of these aggregates carried out
individually for normal, medium and bigger
size plastic aggregate and fineness modulus are
as given in Table 4.

Table 2: Physical Properties of Fine

Aggregate.
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Fig. 1: Pumice Coarse Aggregate.

Water
Tap water without any salts or chemicals was
used in the study.

CONCRETE MIX DESIGN

The mix design of plastic coarse aggregate
concrete is not different from that of
conventional concrete and the same mix design
procedure as per given in IS 10262:2000 was
adopted for the M-30 grade of concrete. The
ratio of the ingredients material is 1:1.34:1.7
and the water/cement ratio is 0.45 the for all the
mix proportions. The concrete specimens are
prepared with pumice aggregate using fly ash
for the M-30 grade of concrete (Table 4). Three
cubes of each variation of plastic aggregate are
casted and the average of three test results is
taken for the accuracy of the results.

Table 4: M-30 grade of concrete
Concrete Mix Mix Content
M1: Control Mix M30
M2 M30+20%fa+15%PA
M3 M30+20%fa+30%PA
M4 M30+20%fa+45%PA

RESULT AND DISCUSSION
Compressive Strength

The compressive strength tests results are the
average of three measurements of the concrete
cubes are presented in Tables 5-7after 7, 14 and
28 days. The compressive strength of the
concrete cubes decreased with the increasing
quantity of pumice aggregate content in
concrete mixtures respectively. Further, the use
of fly ash as partial replacement of cement; also
to check the effect in the compressive strength
whereas use of fly ash with pumice aggregate
content give better compressive strength
(Figure 2).
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Compressive strength of all the Mixes

Compressive strength

M1 M2

B 7 days Strength
B 14 days Strength
28 days Strength

M4

Fig. 2: Compressive Strength on Hardened Cube Specimens by CTM.

Table 5: Compressive Strength of Cubes after

7 days.
Sr. No. M1 M2 | M3 | M4
Mix Conventional | 15% | 30% | 45%
7 days Strength 25.7 23.05(20.87 | 14.73

Table 6: Compressive Strength of Cubes after

14 days.
Sr. No. M1 M2 | M3 | M4
Mix Conventional | 15% | 30% | 45%
14 days Strength 27.99 25.76|22.84(19.72

Table 7: Compressive Strength of Cubes after

28 days.

Sr. No. M1 M2 | M3 | M4
Mix Conventional | 15% | 30% | 45%
28 days Strength 32.35 30.37(27.74|24.95
CONCLUSION
The following are the observations and

conclusions on the basis of experimental
results:

The specific gravity of pumice (LWA) is
1.95; this value is 27% lower when
compared to the specific gravity of NWA
which is 2.68. Therefore, the usage of
pumice aggregate can reduce the dead
weight by 27%.

On replacement of NWA with LWA in
concrete mix M2 (15% replacement of
NWA with LWA), M3 (30% replacement
of NWA with LWA) and M4 (45%
replacement of NWA with LWA), it is
observed that the unit weight of LWAC
reduces by 6.12, 1425 and 22.84%
respectively in comparison to control mix
M1.

The compressive strength by CTM
(destructive testing technigue) is found to
decrease with increase in percentage of
pumice stone a lightweight aggregate. The
concrete mix M2, M3 and M4 showed
reduction in compressive strength by 6.12,
14.25 and 22.84% at 28 day of curing period
with respect to concrete mix M1. The
compressive strength (by CTM) of concrete
mix M2, M3 and M4 are 30.37, 27.74 and
24.95 MPa respectively, at curing period of
28 days. Hence the optimum value of
strength M30 is achieved by replacing 30%

of normal weight aggregate with
lightweight aggregate.

REFERENCES

1. ACI Committee 213R-03. Guide for

Structural Lightweight
Concrete. American Concrete
Committee 213 Report.

ACI Committee 213R-87. Guide for
Structural Lightweight Aggregate
Concrete. American Concrete Institute,
Committee 213 Report.

AlaettinKilic,, Cengiz  Duran  Atis,
Ergu’lYas.ar, Fatih O" zcan. High-Strength
Lightweight Concrete made with Scoria
Aggregate Containing Mineral Admixtures.
Cem Concr Res. 2003; 33: 1595-1599p.
AtilaGurhanCelik, Ahmet Mahmut Kilic,
Gaye OzgurCakal. Expanded Perlite
Aggregate Characterization for Use as a
Lightweight Construction Raw Material.
Physicochem ProbIMin Processing,
Process. 2013; 49(2): 689-700p.

Aggregate
Institute,

RTCET (2017) 1-4 © STM Journals 2017. All Rights Reserved

Page 3



Durability Study of Lightweight Aggregate Concrete

Mahto and Muhammed

10.

11.

12.

13.

14.

15.

16.

CelikOzyildirim, Ph.D., P.E., VTRC,
VDOT, Charlottesville VA. Durability of
Structural Lightweight Concrete. LWC
Bridges Workshop 2009 IBC.

Teo DCL, Mannan MA, Kurian VJ, et al.
Lightweight Concrete Made from Oil Palm
Shell (OPS): Structural Bond and
Durability Properties. Build Environ. 2007;
42: 2614-2621p.

Sari D, Pasamehmetoglu AG. The Effects
of Gradation and Admixture on the Pumice
Lightweight Aggregate Concrete. Cem
Concr Res. 2005; 35: 936-942p.

Ergul Yasar, Cengiz Duran Atis, Alaettin
Kilic, et al. Strength Properties of
Lightweight Concrete Made with Basaltic
Pumice and Fly Ash. Mater Lett. 2003; 57:
2267-2270p.

El Zareef MA. Conceptual and Structural
Design of Buildings Made of Lightweight
and Infra Lightweight Concrete. PhD
Thesis, Berlin University of Technology;
2010.

Mackie Il George K.Recent Uses of
Structural Lightweight Concrete. Ottawa,
Kansas: Control and Service Engineer
Buildex Inc.

Guide to the Use of Lightweight Aggregate
Concrete in Bridges. A Cement and
Concrete Industry Publication, Technical
Guide 8.

Al-Khaiat H, Hague MN. Effect of Initial
Curing on Early Strength and Physical
Properties of a Lightweight Concrete. Cem
Concr Res. 1998; 28(6): 859-866p.

Cui HZ, Tommy Yiu Lo, Shazim Ali
Memon, et al. Effect of Lightweight
Aggregates on the Mechanical Properties
and Brittleness of Lightweight Aggregate
Concrete. Constr Build Mater. 2012; 35:
149-158p.

IS: 383-1970. Specifications for Coarse
and Fine Aggregates from Natural Sources
for Concrete. Bureau of Indian Standards,
New Delhi, India.

IS: 456-2000. Code of Practice for Plain
and Reinforced Concrete. Bureau of Indian
Standards, New Delhi, India.

IS: 10262-1982. Recommended Guidelines
for Concrete Mix Design. Bureau of Indian
Standards, New Delhi, India.

17

18

19

20

21

22

23

24,

25

IS: 1199-1959. Indian Standard Methods of
Sampling and Analysis of Concrete.Bureau
of Indian Standards, New Delhi, India.

IS: 516-1959. Indian Standard Code of
Practice-Methods of Test for Strength of
Concrete. Bureau of Indian Standards, New
Delhi, India.

IS: 8112-1989. Specifications for 43-Grade
Portland Cement. Bureau of Indian
Standards, New Delhi, India.

IS: 2386 (Part 1)-1963. Indian Standard
Methods of Test for Aggregates for
Concrete. Bureau of Indian Standards, New
Delhi, India.

IS: 2386 (Part 3)-1963. Indian Standard
Methods of Test for Aggregates for
Concrete. Bureau of Indian Standards, New
Delhi, India.

I'lkerBekirTopcu, Burakls ikdag™. Effect
of Expanded Perlite Aggregate on the
Properties of Lightweight Concrete. J
Mater Process Technol. 2008; 204: 34—
38p.

Jihad Hamad Mohammed, Ali Jihad
Hamad. A Classification of Lightweight
Concrete:  Materials, Properties and
Application Review. International Journal
of Advanced Engineering Applications
(IJAEA). 2014; 7(1): 52-57p.

Kumar Pradeep, et al. Experimental
Process of Tungsten Inert Gas Welding of
a Stainless Steel Plate. Mater Today:
Proceedings. 2015; 2(4-5): 3260-3267p.
Mishra S, Kumar A, Mishra RK, et al.
Structural  Health  Monitoring  and
Propagation of Lamb Waves to
Identification of Crack. Mater Today:
Proceedings. Jan 1,2015;2(4-5):1833-40p.

fCite this Article \

= y

Asif Muhammed N, Bibha Mahto.
Durability  Study of Lightweight
Aggregate Concrete using Pumice
Aggregate as Replacement of Coarse
Aggregate. Recent Trends in Civil
Engineering & Technology. 2017; 7(2):

RTCET (2017) 1-4 © STM Journals 2017. All Rights Reserved

Page 4



