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Abstract—Green concrete is an active area of research. Structural
demolishing waste is a global serious problem, particularly in
urban areas. This research paper presents the experimental
evaluation of the effect of long term loading on reinforced green
concrete beams. Three beams were cast with partial replacement
of natural coarse aggregates with demolished old concrete. Three
beams were cast with all-natural coarse aggregates to compare
the results. The beams were mounted on purpose made frames
for 9 months. Deflection, strain and cracking in beams were
monitored on a daily basis. After 9 months, the beams were tested
until failure in a universal load testing machine under central
point load. It was observed that the proposed beams exhibited
3.55% reduction in maximum load caring capacity compared to
control specimens. The obtained results show good performance
of the proposed green concrete beams under 9-month long term
loading.
Keywords-green concrete; demolished concrete;
aggregates; long-term loading flexural strength; deflection

coarse

I.
INTRODUCTION
The production of conventional concrete ingredients gave
rise to several environmental issues. The rapid pace of
development around the globe consumes these ingredients in
large quantities. Green concrete is the best solution to not only
protect environment to some extent, but also to save natural
resources for the future. The use of old, demolished concrete in
new concrete, in full or partial replacement of coarse
aggregates is an active area of research the last two decades. In
this regard, author in [1] reviewed the recent trends regarding
the use of demolished concrete as partial or full replacement of
coarse aggregates in new concrete. Under short term loading,

authors in [2, 3] studied the flexural stress-strain behavior of
reinforced recycled concrete beams using normal and rich mix
concrete. From the obtained results they observed 8.8% and
11.68% reduction in flexural capacity of 28-day cured normal
and rich mix beams respectively. In addition to short term
loading, structures also have to face random jerks (wind and
earthquake) and long-term/sustained loading during their
service life. Therefore, it is essential to check the performance
of the proposed concrete under long-term loading to study the
behavior of the material and improve the confidence in using it.
To this end, shrinkage, creep and deflection under long-term
loading using recycled aggregates and high volumes of fly ash
were studied in [4]. Authors reported that all studied
parameters showed increase with increase in dosage of recycled
aggregates. Authors in [5] extended the study to concrete creep
and shrinkage. They used four replacement levels of coarse
aggregates, namely 0%, 20%, 50% and 100% and two different
water-cement ratios, 0.5 and 0.65 for 1000 days in order to
study the parameters. Their observations were almost the same
with the ones presented in [3]. They also recorded different
behavior of the parameters when they used pre-saturated coarse
aggregates. They also developed a numerical expression to
predict the parameters of the study. Authors in [6] also studied
long-term deflection. Authors in [10] studied the flexural
capacity of recycled concrete beams under the combined effect
of corroded steel and sustained loading. They observed
reasonable performance of the proposed material under longterm loading.
Pore size and mechanical properties of concrete with
recyclable aggregates from different sources were
experimentally investigated in [8]. The authors used 5-year
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cured samples of the proposed concrete. From the obtained
results, they observed good correlation between porosity and
strength of the concrete. Comparison of experimental creep and
shrinkage of recyclable concrete specimens under 1-year
sustained loading with ACI provisions was made in [7]. Using
their observations, the authors suggested modifications in the
equation given by ACI provisions. The modified equation was
then used to check the experimental data of the parameters with
good agreement. Old concrete aggregates have old mortar
attached with them. This not only increases the water demand
of the concrete, but also has effect on its performance. The
effect of mortar attached with old concrete aggregates has been
studied in [9]. Based on their study results, authors introduced
residual-mortar-factor to existing ACI and CEB methods used
for computation of creep and drying shrinkage. Comparison of
the results using residual-mortar-factor and original
formulation revealed better results with the proposed factor.
Authors in [11] used cylinders as coarse aggregates in
production of reinforced recycled concrete beams to test for
flexure, shear and bond. They used 40% and 100% replacement
of natural coarse aggregates and control specimen with 0%
recyclable aggregates. The comparison of test results with
control specimen, ACI provisions and similar results from the
literature revealed minimal differences in peak load and loaddeflection. They also used finite element method to model the
obtained results. The results of the numerical model were in
good agreement with the experimental observations. Authors in
[12] designed a 1200-day long-term deformation test on
reinforced concrete beams made with 0%, 50% and 100%
replacement of natural coarse aggregates with recycled
aggregates. They introduced creep coefficient of recycled
aggregates in the computation of additional curvature of the
beam section to develop formulas for the calculation of longterm deflection. They also introduced the regeneration
coefficient based on the size of recycled aggregates. Finally,
they developed the deflection increase coefficient which
simplifies the computation of long-term deflection and the
results obtained by the use of the coefficient agree well with
the experimental results.
The above discussion of the available relevant literature
shows that there still is room for more research to build
confidence in the use of recyclable demolished concrete as
coarse aggregates in new, green concrete. Therefore, in this
work, the long-term effect of 9-month loading on reinforced
concrete beams was evaluated. The beams were cast with 50%
dosage [13] of recyclable aggregates from demolished
concrete.
II.

MATERIALS AND TESTING

A. Materials
For casting of the proposed beams, ordinary Portland
cement under the brand name Pak Land, hill sand, natural
coarse aggregates of size approximately equal to 25mm and
demolished concrete as coarse aggregates were used. Large
blocks of demolished concrete were collected from
demolishing waste of an about 45 years old building. These
blocks were manually hammered to get aggregate size
www.etasr.com
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approximately equal to 25mm as of the natural coarse
aggregates. After washing and drying the aggregates in open
air, screening of the aggregates for cracked particles was done
to avoid the use of weak material. Sieve analysis of both
natural and recyclable aggregates was done in accordance with
relevant (ASTM C 136) procedure to have well graded
aggregates in the concrete mix (Table I).
TABLE I.
S.No
1
2
3
4
5
6
7
8

COARSE AGGREGATES SIEVE ANALYSIS

Sieve
Mm
in/#
31.5
1.25
25.0
1.00
19.0
0.75
12.5
0.50
9.5
0.38
4.8
#4
2.36
#8
Pan

% Passing
RCA
NCA
100.00
100.00
93.60
94.11
47.21
48.26
18.25
17.82
5.74
5.41
2.43
2.29
1.13
2.23
-

Both natural and recyclable aggregates were used in 50%
proportion. 1:2:4 concrete mix with 0.5 water-cement ratio was
used because it is commonly used in the construction industry.
Potable water from the city water supply system with pH value
equal to 6.9 was used in the concrete mix. Deformed bars of 60
grade strength were used as reinforcement.
B. Model
A total of 9 reinforced concrete beams were cast. The
dimensions of all the beams were kept equal to
1875mm×150mm×300mm. Weight batching ingredients of
concrete were adopted. To reinforce the beams four #4 bars
were used as longitudinal reinforcement (2 bars in tension and
2 bars in compression zones). Shear reinforcement in the form
of stirrups was provided at 150mm center to center along the
length of the beams. Six beams were cast with all-natural
coarse aggregates. Out of these, three beams were used for the
determination of peak load under short term loading, whereas
the remaining three beams were used for long-term load
testing. Three beams were cast with 50% dosage of natural and
recycled aggregates. In all beams, top and bottom concrete
cover were kept equal to 25mm. Concrete mixer was used for
mixing the ingredients, followed by casting of the beams in
standard fashion. All the beams were cured for 28 days by fully
immersing in potable water. After curing, beams were allowed
to air dry for 24 hours, followed by installation of dumec pads
in 11 rows at equidistant from center line of the beams for
strain measurement.
C. Testing
Before starting the long-term loading test of the beams,
three beams made with all-natural aggregates were tested in
universal load testing machine using central point load (ASTM
C 193) for short term loading. The average peak load of the
three beams was recorded to be 74.022KN, and 50% of this
load was used as sustained load for long-term loading tests. Out
of the remaining six beams, three of all-natural aggregates
(NB1, NB2, NB3) and three beams with 50% dosage of
recyclable aggregates (RB1, RB2, RB3) from demolished
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concrete were mounted on long-term load testing frame (Figure
1). The load was applied on the center of the beams with the
help of a load cell and screw jack system and was maintained
for 9 months. During this period of time, load, deflection, strain
and cracking were measured on daily basis.
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clear that the reinforced concrete beams made with 50%
replacement of natural coarse aggregates with recyclable
aggregates perform well under 9-month sustained loading.
TABLE II.
B#
NB-1
NB-2
NB-3
RB-1
RB-2
RB-3

AVERAGE DEFLECTION IN ALL BEAMS

Deflection (mm)
2.2050
2.1225
2.1700
2.2950
2.3375
2.2650

TABLE III.

Fig. 1.

Beams mounted on loading frame.

After the elapse of the 9-month period, the load was
removed. The beams were then tested in the universal load
testing machine. During the testing, load, deflection and
cracking were recorded at regular intervals.
III.

B#
NB-1
NB-2
NB-3
RB-1
RB-2
RB-3

Average

Difference %

2.165
6.235
2.300

AVERAGE STRAIN IN ALL BEAMS

Strain
0.00244
0.00239
0.00242
0.00257
0.00261
0.00254

Average

Difference %

0.002420
6.322
0.002573

RESULTS AND DISCUSSION

The parameters were recorded on a daily basis. The strain
was recorded on eleven locations along the depth of the beams.
The average of all strain values was computed. The deflection,
its average and difference between both groups of the beams is
given in Table II. The strain results are given in Table III. It
may be observed that the proposed beams in comparison to
control specimen under sustained load for 9 months exhibited
6.235% increase in deflection and 6.322% increase in strain. It
was further observed that the maximum deflection in the
proposed beams is within the allowable limits specified by ACI
318. Figure 2 shows the average deflection vs. time and Figure
3 shows the average strain vs. time. It is clear from these
figures that both deflection and strain were increased due to the
introduction of recycled aggregates in concrete. The trend of
deflection and strain gain is the same in both types of the
beams. All the beams were also tested under central point load
in accordance to ASTM C 293 specifications until failure.
During the process, load and deflections were monitored at
regular intervals. The maximum load sustained by the beams
made with all-natural aggregate was recorded equal to
83.150KN with deflection equal to 13.2mm while in beams
with recyclable aggregates was equal to 80.200KN and
13.78mm respectively. The load vs. deflection of all six beams
is shown in Figure 4. Except some minor jerks, the deflection
patterns of all the beams are similar, recycled aggregate beams
are in good agreement with all-natural aggregate beams. The
reduction in maximum attained load of beams with recyclable
aggregates is recorded equal to 3.55% whereas the increase in
deflection is equal to 4.39%, both less than 5%. During the
sustained loading cracks were monitored and marked (Figure
5). The widest crack at the end of testing was recorded to be
less than 1mm. This shows the strength of the proposed beams
under sustained loading. After sustained loading and during the
testing of the beams, the crack pattern in almost all the beams
is shear failure (Figure 6). From the obtained results it is very
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Fig. 2.

Fig. 3.

Average deflection vs time

Average strain vs time
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beams. Similar increase in strain is recorded, equal to 6.322%.
Crack initiation and propagation was also recorded and was
observed that at the end of the 9-month period, the maximum
width was 0.52mm. After the removal of sustained load, the
beams were tested in UTM until failure. During testing, load
and deflection pattern of the beams remained in good
agreement to each other. It was also observed that almost all
the beams failed in shear test. The observations demonstrate
that reinforced concrete beams made with 50% recycled
aggregates showed good performance under 9-month sustained
loads.
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