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Abstract— To make precast construction industry more
reliable and environmental friendly it must need to adapt
new requirements. The main way of reducing the
construction industry environmental impact is recycling
concrete waste to produce new concrete or to use it in road
construction as sub-base. Generally Precast concrete has
more strength than the regular conventional concrete, it
ranges between 50Mpa to 80Mpa. So it is more useful for
recycling due to its high strength. In the prestressed precast
concrete industry some of the concrete elements produced
are rejected due to quality test failures. This paper describes
the process of recycling of precast concrete wastage.
Various types of precast concrete wastage also discussed in
this paper. The specific purpose was to measure the waste,
rejected prestressed precast material of Precast India
Infrastructures Private Limited, Pune and give them possible
ideas to recycle the wastage material and make some profit
from waste.

Keywords: Prestressed Precast Concrete Wastage, Concrete
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. INTRODUCTION

Concrete recycling is a popular way to utilize aggregates
collected from demolished structures and rejected concrete
for quality purpose. Recycling has many benefits that made
it more good option in this age of greater environmental
awareness, more environmental laws for to avoid
environment contamination. By doing the recycling of waste
concrete we can earn some profit from waste which
ultimately keeps construction cost down. We need to
develop perfect concrete recycling system for PIIPL, so to
do so we need to calculate how much scrap material is in
their scrapyard. As precast concrete had different design
system than conventional concrete we need to take some
consideration while calculating the total quantity of scrap.
As Hollow core slabs have cores present in them we cannot
directly calculate the concrete and steel quantity directly we
need to consider its standard void ratio percentages to get
accurate quantity. Also we need to check the strand patterns,
types of strand, to calculate the rough estimate of steel
wastage percentage. Generally Prestressed concrete
structures has more strength and have larger cross section
we need to break them into small pieces with the help of
hydraulic breakers to make them compatible with opening
size of crushers. There are various ways of recycling of
precast concrete, we are going to find this methods in this
research.

Il. METHODOLOGY

We have studied some research papers, related to concrete
recycling. Calculated waste quantity generated at precast
plant of PIIPL.

A. Aim:

— To calculate total quantity of scrap present at two
scrapyards of PIIPL (Precast Indian Infrastructures Pvt.
Ltd. Pune is the India’s biggest Precast concrete
manufacturer company).

— To find different methods of recycling of the precast
concrete wastage.

B. Objectives:

— To find different types of wastages generated by precast
plant.

— To prepare a suitable recycling procedure of precast
wastage generated by PIIPL precast plant.

— To find different ways of recycling of precast concrete
wastage.

C. Scope of work:

The scope of study is limited in the following ways:

— To find uses of recycled concrete.

— Study the recycled concrete aggregates with some
research papers.

— Finding benefits of recycling concrete.

— Study of procedure of concrete recycling standard
procedure.

— Study of various types of crushers and their utility.

Il1l. TYPES OF WASTAGE GENERATED AT PRECAST CONCRETE
PRODUCTION PLANT

In precast concrete plant the production of concrete
elements done in large scale. So it need proper supply chain
management to avoid the wastage of concrete and other
materials. The major wastage produced in precast
production plant is of Hollow core slabs. There are various
types of wastages present in precast production plant some
of them are discussed as follows:

A. Elements rejected due to the quality issue:

This is common type of waste in precast concrete
construction industry. The element is generally rejected if it
does not required strength, poor finishing, unrepairable
cracks generated in transport.

B. Production bed leftover element pieces of HCS:

Hollow core slabs are casted in long bed having length upto
30 meters with fixed width. After this slabs of lengths upto
12m are cut from same bed this creates the waste piece at
the end of bed.

Fig.1 showing the waste cut pieces remained on production
bed. This piece is of no use so we need to recycle them. This
cut pieces has length upto 0.8 meter.
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and width 0.3-0.5m. So this type of C/S we cannot utilized
so we need to discard it. They are shown in fig.3.

(5 kY HES 270:°2

Fig. 1: Production Wstage of HCS fre at the slab
production bed.

C. Wastage formed due to cracks in the webs:

When the structural design of precast slab or beam is not Fig. 3: Wastage of long cut pieces of slab.

satisfactory then there is generation of cracks in the web of

the element. This cracks are not repairable so it creates the ~ £ Tested crushed concrete cubes:

wastage in precast production. It is shown in fig.2. In Precast concrete production quality inspection of every

' 4 element need to be done at various stages. So 3-5 concrete

(99..)»H CS 400 2 cubes are prepared for each element. The concrete cube
. ey | | which are prepared for quality checking are discarded after

compression testing which are shown in fig.4. We can

recycle aggregates from them for reuse.

i. 2: Cracks in the web of CS.
D. Long cutting pieces:

Precast slabs requires various types of cuttings like pocket o )
cutting, long cutting etc. In this type of waste contains edge ~ — The waste generated due to longitudinal and vertical
cutting leftover pieces of HCS. They have length upto 12m cracks formed in the elements.

Fig. 4: Tested concrete cube wastage at precast plant.

F. Other wastages:
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—  Trail precast elements casted for load testing.
—  The small pieces left after cutting of steel bars and steel
strands.

IV. CALCULATION PROCEDURE FOLLOWED FOR ESTIMATION
OF WASTAGE

To calculate the quantity of precast waste of PIIPL all scrap
elements are measured with the help of tape and all data is
recorded and processed in MS excel. Standard void ratio
factors are used for the calculation of volume of concrete are
given in table 1. For the quantity of steel per meter standard
weight of steel is used viz. shown in table 2 and table 3
respectively.

The Photographs of each elements has taken and in
each photo sr. no. of element, type of element, location of
element and similar elements total quantity is mentioned.
E.g. (51) HCS 270 *2, here 51 is sr.no. HCS is type of
element, 270 is thickness of slab in mm and 2 is quantity of
same elements.

The types of elements are HCS, Precast wall,
columns, beams, gutter, retaining wall, solid slabs, staircase
flights, Lego blocks, footing. In table 4. OA23 is stands for
other element and sr. no. 23 (other element means other than
HCS) and in table 5. M18 stands for Micro-city sr.no.18
(there are 2 scrapyards in PIIPL Ashtapur phata and Micro-

city)

Depth in mm | VR factor
200 0.65
270 0.55
300 0.68
350 0.51
400 0.48
Table 1: Void ratio factor for HCS
DIA OF BAR | KG/M
6 0.222
8 0.395
10 0.617
12 0.889
16 1.580
20 2.469
25 3.858
32 6.321
40 9.877
Table 2: Weight of steel bar per meter
DIA OF STRAND | KG/M
5 0.152
7 0.304
9.3 0.448
12.7 0.782
15.2 1.152

Table 3: Weight of Steel strands per meter

TOP 5 T BOTTOM QUANTTY} < reanp
ELEMENT THICKNESS |  VR% OF
SR.NO. QUANTITY [LENGTH (M) | WIDTH (M) DIA OF WEIGHT
TYPE ™M) FACTOR | NO.OF | o\ | WEIGHT | NO.OF |DIAOFSTRAND| WEIGHT CONCRETE (K6)
STRANDS (mm) PERM | STRANDS |  (mm) PERM | (CUM.)
M1 | HCS250 1 373 1.20 0.25 0.63 4 7 0.304 n 9.3 0448 | 0705 | 2459
M2 | HCS300 1 373 1.20 0.30 0.68 4 9.3 0.448 n 107 0782 | 0913 | 4169
M3 | HCs270 | 4 150 120 0.27 0.55 4 9.3 0.448 7 17 0782 | 1069 | 43.60
M4 | HCs270 | 2 0.65 1.20 0.27 0.55 4 9.3 0.448 7 127 078 | 0232 | 945
M5 | HCS200 1 0.60 120 0.20 0.65 4 7 0.304 n 9.3 0448 | 0094 | 39
M6 | HCS200 | 5 0.60 0.32 0.20 0.65 0 0 0 4 93 0448 | 0125 | 538
M7 | HCS200 | 4 120 0.38 0.20 0.65 0 0 0 4 9.3 0448 | 0237 | 860
M8 | HCS200 | 2 0.30 0.87 0.20 0.65 2 7 0.304 8 93 0448 | 0088 | 25
M9 | HCS200 | 2 0.50 0.75 0.20 0.65 2 7 0.304 8 9.3 0448 | 0098 | 419
M10 | HCS270 1 0.50 1.20 0.27 0.55 4 7 0.304 7 17 0782 | 0089 | 335
M11 | HC5250 1 3.80 1.20 0.25 0.63 4 7 0.304 n 9.3 0448 | 0718 | 2505
M12 | Hes270 | 7 0.65 120 0.27 0.5 4 9.3 0.448 7 127 0782 | 0811 | 33.06
M13 | HCS400 1 10.88 040 0.40 0.484 2 7 0.304 3 9.3 0448 | 0883 | 214
M4 | HeS270 | 2 10.88 0.21 0.27 0.55 2 9.3 0.448 4 152 1152 | 0679 | 1977
M15 | HCS350 1 5.00 0.10 0.35 0511 0 0 0 1 93 0448 | 0089 | 224
M16 | HCS270 1 6.90 120 0.27 055 4 7 0.304 7 152 1152 | 1230 | 64.03
M17 | HCS270 1 8.50 1.20 0.27 0.55 4 9.3 0.448 9 152 1152 | 1515 | 10336
M18 | HCS350 1 8.50 1.20 0.35 0511 4 9.3 0.448 7 152 1152 | 184 | .78
M19 | HCs250 | 3 4.00 0.21 0.25 0.63 1 7 0.304 3 9.3 0448 | 0397 | 1978
M20 | HCS250 | 5 5.80 032 0.25 0.63 0 0 0 4 9.3 0448 | 1462 | 5L97
Table 4: Sample data table of calculation of HCS wastage
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STRANDS DETAILS STEEL BARS DETAILS |
ELEMENT LENGTH| WIDTH | THK/HT DIAOF OF
SR.NO. QUANTITY NO. OF WEIGHT|  DIA OF BAR AND NO. OF BARS TOTALLENGTH OF BAR (IN M) WEIGHT
TYPE M) | ()| (M) STRAND CONCRETE
STRANDS PERM (KG)
(mm) (cuMm.)
810[12(16(20]25]32]4]| 8 |10 |0 [16|220[25]|32]|4

0Al | LEGO 8 | 120 | 055 | 05 0 29 0.00
OA2 | BEAM | 10 | 230 | 060 | 030 0 250 414 | 65209
OA3 | BEAM | 1 | 780 | 060 | 045 0 |2 780 780 2 | 8y
OAd | BEAM | 1 | 780 | 060 | 055 0 4l2]2|2 780 7.80{ 7.80 | 7.80 257 | 10815
OAS | BEAM | 1 | 780 | 060 | 035 0 |8] 4 220/ 780 164 | 10064
OA6 | BEAM | 2 | 780 | 060 | 03 0 780 38 | nmu
OA7 | BEAM | 1 | 780 | 035 | 050 0 |7 160 137 | 6L
OA3 | BEAM | 1 | 780 | 060 | 03 0 |4 8.00 164 | 51
OA9 | BEAM | 1 | 1000 030 | 075 0 255 1187
OA10 | BEAM | 1 | 1000 | 020 | 055 0 110 1187
OAlL | COIN 1 | 925 | 060 | 0%0 0 62 4|12| 4 220 9.5/ 9.25| 9.5 500 | 83763
OAL2 | BEAM | 1 | 85 | 025 | 075 0 |8 2 200 10,00 159 | 1108
OAI3 | BEAM | 1 | 680 | 060 | 090 0 68 3% 367 | 14865
OAl4 | BEAM | 1 | 480 | 030 | 090 E 270 130 | 4600
OAL5 | COIN 1| 500 | 090 | 090 0 8|4 675|675 405 | 37.00
0At6 | COIN 1 | 300 | 0% | 050 0 8|4 5.00{ 5.00 135 | 28074
A7 | COIN 1 | 610 | 120 | 075 0 8|44 6.50( 6.70 | 6.70 549 | 40119
OA18~| COLN 1335 [ 0% | 0% 0 8|44 400 4.00] 400 | oy
OA19 | COIN 1| 925 | 060 | 090 0 4144 9.75] 9.5 | 9.75 500 | 48
OA20 | BEAM | 3 | 1200 | 060 | 075 0 325 1620 | 124

Table 5: Sample data table of calculation of other structural elements

V. POSSIBLE USES OF RECYCLED PRESTRESSED PRECAST
CONCRETE WASTAGE

The recycled concrete wastage can be used in various ways

some of them are:

—  Small pieces of concrete waste can be used as gravel for
new road construction projects.

— This recycled gravel should be laid down as the lower
layer in road construction with fresh concrete or asphalt
or bitumen poured over it [1].

— If recycled aggregate is free from contaminants then it
can be used as replacement to natural aggregate of fresh
concrete.

—  Well graded and aesthetically pleasing recycled
concrete materials can be provided as a substitute for
landscaping stone or mulch.

— Crushed concrete of large size pieces can be used for
erosion control.

—  The economical retaining walls can be created with help
of crushed concrete by filling it in wire gabions (cages)
and stacking together.

—  Stacked gabions can be used for building privacy screen
walls.

— Recycled concrete can be used for soil stabilization as
precast concrete is of high grade, it enhance the load
bearing capacity of the subgrade of soil.

— The long cut pieces obtained from HCS wastage can be
used for making small blocks of size  0.3m X 0.3m.
They can be used for building footpaths at roadsides.

— Recycled Prestressed concrete can be used as a stable
base or bed for the underground pipe laying or any
other lay underground utilities.

— Recycled concrete material can be used as landscape

materials with different architectural texture and colour.

Road base for airport runways.

Recycled concrete can be used in building foundations.

VI. TYPES OF CRUSHERS USED FOR RECYCLING OF PRECAST
CONCRETE:

There are various types of crushers are available in the
market. Crushers can be installed according to the recycle
requirement and recycle type. It can be stationary crushers,
mobile crushers, and portable crushers.

The three main types of crushers according to
crushing requirements are Jaw crusher, Impact crusher and
Cone crushers.

A. Jaw Crusher:

Jaw crusher is called as primary crusher. It has opening at
the top and it is in V shape. Jaw crusher is a compression
type crusher having fixed jaw and moving jaw placed
opposite to each other in V shape. The movable jaw side
compresses concrete material against the fixed jaw. Due to
this, the concrete block is converted in small pieces.

The size of the crushed output material can be adjusted. The
output size of jaw crusher is 40-350mm. The jaw crusher is
more powerful compared with other crushers so it is used
for primary breakage of materials. The fig.5 show different
components of jaw crusher.
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Eccentric shaft

Fig. 5: Components of Jaw crusher
Jaw crusher has rectangular or square opening with
maximum size 1000 X 1200mm. It is suitable for
compressive strength less than 320 MPa. The maintenance
cost of Jaw crusher is less and it is easy for repair work also.

B. Impact Crusher:

Impact crusher is a secondary crusher. It is set after the jaw
crusher in recycling process. Impact crusher can be used as
primary crusher if the material is of less hardness and size.
Impact crushers uses the impact of crusher material for
crushing. Shear crushing is accomplished by breaking along
or across lines of cleavage in impact crusher. Impact crusher
is medium fine hardness crusher.

The output size of the impact crusher is 20-40 mm
and 40-60 mm. Components of impact crusher is shown in
fig. 6.

First Stage Impact Curtain
Impact Curtain Adjusting Rods Second Stage
With Anvils Impact Curtain
With Anvils

Replaceable

Wear liners

Rotor

Blow
Bar

T
Wedge Lock

Assembly Discharge Third Stage  Hydraulically
Opening  Impact Plate  Operated
Back-up Bar Crus!ser
Service Door |

Fig. 6: Impact Crusher components

C. Cone crusher:

Cone crusher has secondary and tertiary crushing
application. It is used to generate fine-medium sized
aggregates. It has output size 8-30 mm. The cone crusher

uses an eccentrically rotating shaft that grinds the rocks
between a robust metal cone and a fixed wall. Large feed
openings can be paired with small discharge sizes, giving
cone crushers a high crushing ratio. Fig. 7 Shows working
principle of cone crusher. Cone crusher has less
maintenance.

CRUSHING
.~ CHAMBER

SIZING GAP

DISCHARGE c

DISCHARGE
ECCENTRICSHAFT

Fig. 7: Working principle of cone crusher.

VII. SUITABLE PROCESS OF RECYCLING OF PRECAST
WASTAGE FOR PIIPL PLANT

Use of Hydraulic breaker for
converting large elements in
suitable feed size.

Collection and transportaion of
demolished elements to the
crushing machine.

Use of Jaw crusher for Priamary
crushing of concrete.

Use of magnetic separator for
seperating steel strands,
reinforcement and concrete crush.

Use of Impact crusher as a
secondary crusher for required
aggregate size.

Use of vibrating screens with
primary, secondary & tertiary
screens.

Cleaning is done by using water
flotation, hand picking, air
separators.

Stacking of material according to
partical size.

Fig. 8: shows the process flowchart of concrete recycle.
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The stationary crushing plant is suitable for PIIPL because
they have fixed production plant location. The waste
generated has stored in their plant’s scrapyard so it is easy
for them to recycle the waste. Due to fixed location they
don’t need portable crushers. PIIPL have their own mobile
cranes and dumpers so they can use it for inner plant
movements.

VIIIl. RESULTS

—  The total wastage on PIIPL plant is calculated and final
results is shown in Table 6.

CONCRETE | STEEL
LOCATION TYPE
(INCUM. |(IN TONNES)
porran [ o5 | et | 7an
PHATA TOTAL 674.203 40.802
HCS 169.228 8.123
MICROCITY| OTHER 113.278 4,606
TOTAL 282.506 12.729
TOTAL 956.708 | 53.531

Table 6: Total Wastage at PIIPL Plant

IX. CONCLUSION

— As precast concrete has higher strength it need Jaw
crusher for primary crushing. Also needs secondary
crusher and magnetic separator for steel strand
separation.

— Recycling of concrete waste eliminates the material
imports and exports cost.

— Using recycled concrete material reduced the pollution
of environment.

—  The more development and research need to be done for
making recycled aggregates more fracture free after
crushing and improve their strength and reduction of
porosity.

X. FUTURE SCOPE OF RESEARCH:

— Analysis of precast concrete waste generation
percentage in production plant.

— Cost analysis for installation of crusher plant at precast
concrete production plant.

— Analysis of concrete recycling crusher plant operating,
maintenance, and repair cost.

— Study of recycled aggregate properties for reuse in
precast concrete production.

— Quality tests required for use of recycled concrete as
gravels for road construction.
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