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FOREWORD
We would like to welcome you all to thé& Conference on Sustainability in Civil Engineering
(CSCEG619) held in Department of Civil Engi |
Technol ogy, | sl amabad, Pakistan. The main f

related to the field of civiengineering. It is a platform for civil engineers from academia and
industry to share their experiences and different research findings in relevant specializations.
Th format of this conference is to have several parallel sessions of different spewihkies,

we (the researchers and engineers) can interact and improve our understanding of sustainability
in the field of civil engineering.

We are lucky to have six wonderful and renowned keynote speakers for our opening edition of
CSCE. This year, we haveceived B2 manuscriptgor our conferencdrom China, Pakistan,

Saudi Arabia, Germany, Italy and UKfter the screening@nd review process, there &8

papers to beresented in Conference. Adlapersunder goneloubleblind review processThe

review committee has comprised 86 PhDs servingn industry and academiat Australia,
Malaysig Hong Kong China,PakistanSaudi ArabialJAE, UK andChili.

With this opportunity, we would like to express many thanks to everyone, especially all the
faculty and staff at theCapital University of Science and Technoldgy their greatsupport

and participation. We are also grateful to all teeiewers and keynotgpeakers who have
dedicated their time to share their expertise and experience in this conference.

We give our greatest appreciation to all the participan@ 9fC B ,6asauthorspresenters and
audience, without whom this conference will have no posititeractiveatmosphere. Last but

not least, the greatest honor is given to aganizingcommitiee whose hard work has made
thisdaya success.

Engr. Sohai b Nas Engr. Dr .
Conference Secre Conf eren
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Abstract

Recently hybrid fiber reinforced concrettHFRC) has gained popularity for its
superiormechanical propertie¥ he fiber hybridizatiomn HFRC means thadditionof

two or more than two fibers in a suitable way tcetéldl benefits from each fibefhe
growth of cracks in concrete is mu#itale pocess from micrdo macroscale Also,

the restriction of cracks with one dimension and length of fibers is limited at their
particular scalandhave no or little effects at other scales. Therefore, it is logical to
combinevarioustypes and sizes of fibg in concrete foachievingoptimizedstrength
properties.In this study, the compressive and flexural strength of concrete with
incorporation of calcium carbonate whisker, basalt fiber and steel fiber are evaluated.
The mix design ratio of PC and HFR€1:2:1.5 (cement: sand: aggregateith water
cement ratio of 0.4The HFRC, HFRC1, HFRC2 andHRC3 were prepared with 5%
steel fiber and 5% calcium carbonathisker havingbasalt fibes content 0f0%, 26,

4% and6%, respectivelyThe compressive and flesal strength tests are performed in
accordance with theelevantASTM standard. It is revealed that the compressive and
flexural strength of HFRC are improved by 14% and 46%, respectivedy compared
with that of plain concrete. It is recommendedoimize the length and content of
basalt fiber in hybrid fiber reinforced concrete.

Keywords: Multi-scale fibers, steel fibgebasalt fiber calcium carbonate whisker
strength.

1. INTRODUCTION :

The concrete brittleness and poor crack resistance can be controlled up to some extent
by reinforcement of randomly distributed fibers. The cracks from micnmacro level

can be arrested by use of fibers reinforcement. The fibers help to resistitimsn

and crack growth from microto macro level and provide bridging effect which
ultimately enhances the strength and toughr®aathiaand Sappakittipakorr2007)

The single type of fiber in concrete as a reinforcement can only be effective up to
limited extent. Nearly 45 years agbalton and Majumdaf1975) studied the use of
combining organic and inorganic fibers to achieve higher toughness and strength. After
that different type of hybrid fiber reinforced composites were developed using fiber
hybridization. It has been observed that the performance of multiscale hybrid fibers

2
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reinforced concrete mixtures is superior to that of concrete mixtures reinforced with
singletype of fibers due to positive interaction between them and this phenomenon is
conmonl y known acsThdifibarsbirehybrid fipar eeinfgrged concrete
(HFRC) can be classified by their geometrical size i.e. micro and macro fgmeed||

et al. 2015). The HFRC having two or more types of fibers has been studied and shows
higher compressive strength, tensile strength and energy dissipation capacity (Li et al.
2017). Also, the strength can be enhanced by using optimized content of different types
of fibers.

Sivakumarand Santhanaif2007)combined the differertybridfiber conbination, i.e.
steelglass steelpolyester and steglolypropylenefibers to study the mechanical
properties of HFRC. It was reported that addition of steel fiber improves the energy
absorption mechanism, i.e. bridging effect while the glass, polyester and polypropylene
fibers results in delaying the development of micracks. The reason for improved
mechanical properties was due to increased hybrid fibers which provide the bridging
effect. Steel fibers can bridge macro cracks and restrict the crack propagation at large
scale ultimately enhances the mechanical propedfeconcrete. The basalt fibers
restrict the formation of cracks at meso level. Meanwhile, Ga@®kers can bridge
micro cracks and prevent further crack propagation at micro scale (Cac2ei 8l

Yoo et al. (2017) reported that the restriction @fc&s with one dimension and length

of fibers is limited at their particular scale, but have no or little effects at other scales.
Therefore, it is necessary to combine different types of fiber and still the research is
needed form macrscale to micro scalhybrid fibers at miti-level cracking. In this
study, the strength parametest HFRC with steel fibers and calcium carbonate
whiskess having different contents dfasaltfibersare investigated.

2 EXPERIMENTAL PROCEDURES:
2.1 Materials:

The raw materia include cement, fine aggregate, coarse aggregate, super plasticizer,
calcium carbonatavhisker, basalt fibers (BF) and steel fibefable 1 shows the
chemical composition afalcium carbonatehisker. The steel, basalt fibers and CaCO
whisker are shown in Figure 1. The propertieditierent types of fiberare presented
in Table 2.

Table 1. Chemical composition GaCQ whisker (wt.%)

Chemical Co1CaCSi2CQ ApOs FeOz COQ MgO SQ@

CaGWhi sker 54. 0.2 0.1 0.042. 2.10. ¢
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Figure 1: R€aGCGRht skiealss, ba. basal't

Table 2: Properties of different types of fibers

Si ze :
Raw I ngre : Tensil e s
Lengt | Di amet
CaCQwhi ske 2 03 One 0.i5m 306B@MO00 Ml
Basalt fil 12 mm 7~1m ¢ 304B0O000 N

Steel fib¢35 +10¢0.55 +1° 1345 +15%

2.2 Mixing Design

The mix design ratio of plain concrete (PC) anBRE is 1:21.5 (cement: sand:
aggregate) with a wateement ratio of @. The super plasticizer content &6, by
cementmass, is added @il HFRCs. The mix design ratios of all concrete miaes
shown in Table 3The mix design ratio is selected from the previous study (Khan et al.
2018).A layer procedure for the mixing oibkr reinforced concrete was adopted for
the HFRC mixKhan and Ali(2016 andKhan and Ali(2018)also reported this method
for uniform mixing and to avoid balling effect

Table 3: Mix design ratio of all concrete mixes

Mix Type Steel fiber  CaCOs whisker Basalt fiber Su_pgr
plasticizer
PC - - - -
HFRC 5% 5% 0% 1%
HFRC1 5% 5% 2% 1%
HFRC2 5% 5% 4% 1%
HFRC3 5% 5% 6% 1%

Note: The mix design ratio was 1:2:1.5:0.4 (cement: sand: aggregate: water).
All percentages are by cement mass.

2.3Test Specimens

After uniform mix, three cylinders of size 100 mm diameter and 200 mm height and
three beam specimep$ size 100 mm width, 100 mm depth and 400 mm lengtre
castfrom each batch. The fresh concrete mix was poured into the plastic moulds and
then compaction was performed on vibrating table. After 24 hours, the cylinders and

beams were demoulded and kept for 28 days in to the curing room. The ASTM standard
C 192 wadollowed for making and preparation of specimens.

2.4 Testing

The compressive strength (CS) and flexural strength (FS) tests were conducted in
accordance with the ASTM standard C39 and C1609, respectively.

3. RESULTS

3.1 Compressive strength
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Figure 2 shows th€S of PC andall HFRGs with standard deviation values of up to
10% TheCSof HFRCis increasedo 22.4 MPaand then reducasp to 20 MPat 6%

BF content ForHFRC,the CSis enhanceavith incorporation of 2% BFontentand
thenreducedwith increase in BFeontentto 6%. The reason for enhanced CS is the
filler effect of calcium carbonate whisker and also the crack bridging effect of basalt
and steel fibers. Also, the addition of higher content of fibers results in creation of air
voidswhich ultimately reduces strength. The CS of HFRC is increased up to 14% than
that of PCKizilkanat et al(2015) also reported the increase CS with addition of basalt
fiber. The calcium carbonate whisker improved the CS of cement based composites
(Cao et & 2014). The incorporation of steel fibers results in enhanced CS of concrete
and is also reported I§ong and Hwan@004). In comparison with PC, the CS of all
HFRCs is higher. The increasing trend in CS is observed up to the HFRC1.

25 A

20

Compressive strength (MPa)
——
——
—l—

[uny
(6]

PC HFRC HFRC1 HFRC2 HFRC3
Concrete Type

Figure 2:Compressive strength of all concrete types

3.2 Flexural strength

The flexural strength witetandard deviation valuesB€ andall HFRCs are shown in
Figure 2 TheFSis improvedup to 46%with incorporationof up to 86 basalt fiber
content.The multi-scale hybrid fibergrack arresting mechanisrasults in improved
FS

Flexural strength (MPa)
w

PC HFRC HFRC1 HFRC2 HFRC3
Concrete Type

Figure 3: Flexural strength of all concrete types

Thesteel fibers, BRand calcium carbonate whiskefered crackesistance anacroe
, mese and micrelevel, respectively Song and Hwandg2004) stated thathée

5
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incorporationof steel fibersmproves thdlexural strengthThe improvement in FS of
concrete with inclusion of BF is also observedkigilkanat et al.(2015). The FS of

all HFRCs are higher as compared to tha®Gflt may be noted that as the content of
basalt fiber increases the FS of HFRC increases. However, the HFRC3 showed the
highest FS than that of PC and all other HFRCs. The standard deviation values of all
concrete types are up to 14%.

4. DISCUSSION

The fibers are surrounded by adhesive contact of paste which improves the strength of
concrete from stress transfer mechanism between matrix and reinforced fibers as shown
in Figure 4. Moreover, a part of tensile stresses are taken by fibers generated due t
applied loading, thus resist crack growth and help to retain compact microstructure.
Also, the applied load is transferred to the fibers cenmaitix which also keeps the
fibers together. The competence of a HFRC is dependent on thentibex interface
and the capability to transfer stress from the matrix to the fiber. The tensile cracking of
concrete is controlled and delayed through discontinuous randomly distributed multi
scale fibers throughout the cement paste. A slow controlled crack growthioherent
unstable tensile cracks is due to the incorporation of +acétie fibers during crack
propagation at different levels. This slow crack growth property of fibers delays the
initiation of shears and flexural cracks and ultimately improves thagth
i o A s AT By

.

Basalt
fibers

a. b.
Figure 4: Fiber bridging during crack propagation, a. steel fiber, b. basalt fibe

5. CONCLUSIONS:

Following conclusions are made:
1 The compressive strength of hybrid fiber reinforced concrete having 2% basalt
fiber content inhanced up to 6%, when compared with that of plain concrete
1 Compared to plain concrete, an increment of 46% is observed in flexural
strength of hybrid fiber reinforced concrete with 6% basalt fiber cantent
1 The positive synergy of hybrid fibers can besetved from improved strength
properties of concrete.
1 The increased strength shows that the rualtile hybrid fiber can resist the
cracking and control the initiation of cracks at midirel.
Based on above results, thaulti-scale hybrid fibersshowed he satisfactory
performanceTherefore, further studies should be carried out on optimization of basalt
fiber length and content in HFRC
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Abstract

Nowadays, one of the main concerns of the researchers, is to control the increasing rate
of pollution. Several studies are conducted to overcome the burdenianenental
pollutants. The Sugarcane bagasse ash (SBA) being pollution needs proper disposal. In
addition to SBA, the stone dust (SD) being remaining of the stone processing plants,
also requires proper disposal. SBA due to cementitious nature and Sheeimgture

can be used as a partial substitute to the cement and sand, respectively. Hence, the
suitability of the partial replacement of the cement with SBA and sand with SD, needs
to be explored. In this pilot study, the slump, compressive stren§hai@ splitting

tensile strength (TS) of the normal strength concrete for partial replacement of cement
with SBA and of sand with SD are examined. 9% of cement weight is replaced with the
same amount of SBA. And 40% and 50% of sand weight is replacedquitth weight

of the SD. The specimens are tested according to the ASTM standards. The highest
slump is noticed for the normal concrete having zero percent of SBA and SD. The
samples comprising of replacement of 9% SBA and 40% SD showed the highest CS as
compared to other samples. The incorporation of 9% SBA and 50% SD gave maximum
TS. Hence, the partial replacement of cement with SBA and sand with SD, can be
employed for strength improvement of normal strength.

Keywords: Normal strength concrete, Sugarcdrmegasse ash, stone dust, strength
improvement.

1. INTRODUCTION:

In the modern era, the researchers are trying to utilize the industrial wastes in some
beneficial products to overcome the burden of pollution. The industries have significant
role for thefinancial stability of the world but on other hand thedrgducts and wastes
generated in the industries during the manufacturing process also grounds a huge
burden of pollution on the society. One of the wastes produced by Sugarcane industry
is bagassesh. Bagasse ash being waste of the sugar mills is damped out in valuable
lands because of which various ecological issues have been accounted for (Cokca et al.
2009). Janjaturaphan and Wansom 2010 reported that the Sugarcane bagasse ash (SBA)
is a cementibus material which carries good binding properties and could be utilized
for improving the engineering properties of the soil. Sugarcane bagasse could be used
as a substitute for the manufacture of particleboards and it could also be utilized for
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variousapplications of civil engineering like construction of floors etc. (Battistelle et
al. 2016; dos et al. 2014). Castaldelli et al. (2013) stated that the SBA could be
employed for preparing concrete and other building material, such as blocks and bricks.

Like the SBA the stone dust (SD) being waste material is also available in large
guantity. SD can reduce the cost of concrete by replacing the sand partially. The dust
produced during the processing of stone in the stone processing plant, normally
surpassethe limit specified by the ASTM C7787 and the sand needs to be washed.
This process shows a significant economic loss in the available natural resources, and
an increase of waste that makes dust disposal problem at quarries (Malhotra & Carette
1985; Kalheff 1977), since, only slight amounts are used as a filler material in asphalt
concrete. Balamurugan et al. (2013) reported that significant improvement was reported
in mechanical strengths of M20 and M25 grade concrete when sand was replaced by
SD. Safiddin et al. (2007) investigated the effectiveness of the sand replacement with
qguarry dust for cement concrete. It was stated that the sand replacement with quarry
dust, resulted minute rise in the dynamic modulus of elasticity with reduced
compressive stingth as compared to that of the plane concrete.

In the current research program, the behaviour of the normal strength concrete for the
partial replacement of cement with Sugarcane bagasse ash and sand with stone dust are
evaluated. The general aim is txaenine the effectiveness of the usage of Sugarcane
bagasse ash and stone dust in the same mix of the concrete. In this study, the
compressive and splitting tensile strengths along with the slump of the concrete are
evaluated for replacement of the 9% cemeeight with same amount of Sugarcane
bagasse ash and 40% and 50% of sand weight with same quantity of the stone dust.

2. MATERIALS AND CASTING, PROPORTIONING, AND DESIGNATION:
2.1 Materials

Ordinary Portland cement (OPC) complying with the ASTM C150 Typeutilized

in this experimental study. The maximum size of coarse aggregates is taken as 3/4 inch
(19 mm).Sand graded between No.4 (4.75mm) sieve and N0.100 (150 pm) is used in
making of all samples. The stone dust used complies with the requireshé&y83 M
C33/33M18.Locally availableSugarcane bagasse ash of Mardan Sugar Mill is used in
the current investigation. Sugarcane bagasse ash obtained is sieved through No. 200
sieve.

2.2 Samples preparation and properties

The samples for each test aesttand cured according to the ASTM standard specified
for corresponding test. The mix design of the 1:2:4 is used for the concrete with water
to cement ratio of 0.68. The samples used in the study are designated as NC, 9B:40S,
and 9B:50S. The NC designatthe sample, which have zero percent of Sugarcane
bagasse ash (SBA) and stone dust (SD). In each of the 9B:40S, and 9B:50S, the 9B
presents the percentage of cement weight replaced by same quantity of SBA while 40S
presents the percentage of the sandamsal by same amount of SD. Hence 9B:40S is

the sample having 9% cement weight replacement with SBA and 40% of sand with SD.
Designations and mixing properties of the samples are demonstrated in the Table 1.
Three samples are tested for each property amoh okthe three results is considered

as a final value for the corresponding property.
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Table 1. Sample designation and mixing properties

Mix Binder  Fine Aggregate Coarse
Sample design W/C OPC SBA River Stone Aggregate
Sand Dust
NC 100% 0% 100% 0% 100%
9B:40S 1:2:4 0.68 91% 9% 60% 40% 100%
9B:50S 91% 9% 50% 50% 100%

OPC = Ordinary Portland cement, NC = Normal concrete (0% SBA and 0% SD'
SBA = Sugarcane bagasse ash

3. EXPERIMENTAL PROCEDURES

The standard procedure of the ASTM C143 / C14134 is used for the slump test.
ASTM standard C39 / C39M7 is used to perform the compressive strength test of the
standard size cylindrical specimens in 2000 kKN compression testing machine. The
cylindrical standard size specimens are tested according to the ASTM standard C496 /
C496M-17 for determining the splitting tensile strength.

4 RESULTS AND DISCUSSIONS
4.1 Slump

Slump test results of the normal concrete (NC) specimens and Sugarcane bagasse ash

(SBA) and stone dust (SD) incorporating specimens 9840S and 9B:50Sare

displayed in the Table 2. The slumps of 3.62 inch, 2.87 inch, and 2.56 inch are noticed

for NC, 9B:40S, and 9B:50S, respectivelshe NC having zero percent of SBA and

zero percendf SD gave the highest slump for the same W/C ratio. The slumps of the

9B:40S and 9B:508re 0.75 inch and 1.06 inch, repectively, less than that of the NC.
Table 2 Results of slump tests

Samples W/_C Slump Slump Slump difference
ratio (Inch) (%) (%)
1) 2) 3) 4) (5)
NC 0.68 3.62 100 0
9B:40S 0.68 2.87 79 21
9B:50S 0.68 2.56 71 29

The percentage comparsion of the slumps and their percent differences with respect to
NC, are given in the fourth column and fifth column, respectively, of the Table 2. The
slump of the9B:40S and 9B:50S, reduced by 21% and 29%, respectively as compared
to that of the NC. Hence, it can be deduced that the addition of SBA and SD into
concrete may reduce its workability. The possible reason for the decrease in the slumps
may be the high tendency of the SD for water absorption due to its clayey nature.

4.2 Compressive Strength:

28 days compressive strength (CS) test results of the normal concrete (NC) specimens
and Sugarcane bagasse ash (SBA) and stone dust (SD) incorporating specimens (i.e.
9B:40S and 9B:50S) are revealed in the second column of Table 33 of 3009.9

psi, 3221.1 psi, and 3194.7 psi, are observed for NC, 9B:40S, and 9B:50S, respectively.

The CS of the 9B:40S and 9B:50S are 211.2 psi and 184.8 psi, respectively, greater
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than that of the NC. The maximum CS of 3221.1 psi is noted for 9B:40S

Table 3. Results of compressive strength (CS) and splitting tensile stren
(TS) tests

Samples 28 days CS (psi) 28 days TS (psi)
1) (2) 3)
NC 3009.9 273.46
9B:40S 3221.1 251.58
9B:50S 3194.7 274.45

The percentage comparison of the CS is demonstrated in the Figure 1. The CS of the
9B:40S and 9B:50S are found 7% and 6%, respectively, more than that of the NC. It
can be concluded that the collective role of both SBA and SD may resulted in the
improved G5. The Sugarcane bagasse ash may be helpful in improving the CS by virtue
of its cementitious nature, which can bond excess quantity of the inert ingredients
(aggregates) of the mix. Similarly, the SD may also be helpful in strengthening the bond
between he inert materials due to its clayey nature. Hence, the usage of optimized
amount of the SBA and SD may be helpful in upgrading the CS of the concrete.

$ 150 $ 150
Y 1 107 106 o .
G 100{ £ sisy 5 100 2200 920 107
g resee 1) 2888
8 13833 & b3s
g 901 resse o 50 233
3] brdod S] 220
/3] o6 o boss
g 4. _ __teeed o g . —Leee
NC 9B:40S  9B:50S NC 9B:40S  9B:50S
Figure 1. Percent Figure 2. Percent
compressive ¢ splitting ten

4.3 Splitting tensile Strength:

28 days splitting tensile strength (TS) of the normal concrete (NC) specimens and
Sugarcane bagasse ash (SBA) and stone dusin&Dporating specimens (i.e. 9B:40S

and 9B:50S) are demonstrated in the third column of Table 3. The TS of 273.46 psi,
251.58 psi, and 274.45 psi are noticed for NC, 9B:40S, and 9B:50S, respectively. The
TS of the 9B:50S is 1 psi greater than that ofNii2 While the TS of the 9B:40S is
21.88 psi less than that of the NC. The 9B:50S outperformedfibe 8D samples in
upgrading TS.

The percent comparison of the TS is presented in the Figure 2. The TS of the 9B:40S
is 8% less than that of the NC. And th8 of 9B:50S exceeded the TS of the NC by
minute amount of 0.4%. A significant variation in the TS of the concrete is noticed by
varying the amount of partial replacement of the sand with SD. As compared to sand
samples with 0% SD, increase in the TSh&f samples having partial replacement of

the sand with SD is observed. This can be associated with the improvement in the
packing and binding among the SD particles and other surrounding aggregates due to
presence small size particles. But this increasdinging can be limited only to a
specific percent for any unique mix design. So, use of the optimized percentages of the
partial replacement are very important for attaining the maximum possible TS of any
mix design of concrete. The percentage of the SBA SD need more -tepth
optimization for the TS.
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5. CONCLUSIONS:

Following conclusions are made from the present investigation:
1 The slumps of the 9B:40S and 9B:50S, reduced by 21% and 29%, respectively,
as compared to that of the normal concrete (NC).
1 The compressive strength of the 9B:40S and 9B:50S, increased by 7% and 6%,
respectively, as compared to that of the NC.
1 Splitting tensile strength (TS) of the 9B:40S is 8% less than that of the NC. And
the TS of 9B:50S increased by 0.4% than that oNGe
The experimental outcomes showed significant improvement in the considered strength
properties of the concrete by the partial replacement of the cement with Sugarcane
bagasse ash and sand with stone dust. The optimization of the percentages aathe part
replacements with Sugarcane bagasse ash and with stone dust in NC is under
consideration in the parallel study.
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Abstract

Foundry sand consists primarily of clean, uniformly sized, Hgjghility silica sand or

lake sand that is bonded to form moulds for ferrous (iron and steel) and nonferrous
(coppe, aluminium, brass) metal castings used by foundries. This sand can be recycled
and reused three to five times before disposal. The disposed sand is known as Waste
Foundry Sand (WFS). The opportunity to replace the natural fine aggregate with
industrial ly products embodies various technical, economic and environmental
advantages resulting into a more sustainable construction sector. Different experiments
have been carried out to assess the strength and characteristics of concrete using WFS.
Proposed worlks an effort to determine the strength and economic feasibility of using
WEFS and recycled aggregates an alternative to fine and coarse aggregate respectively
in preparation of structural concrete. Concrete mixes were prepared with 0%, 10% and
15% replacem® (by weight) of fine aggregate by waste foundry sand and 20%
replacement (by weight) of coarse aggregate by recycled aggregate. Mechanical and
physical properties of the materials were evaluated using various tests. It includes
Fineness Modulus, Bulk Spiic Gravity and Water Absorption testhese materials

were used to cast the sample in a cylinder of dimengions: | 12 t+ for corl
testing. Testing was carried out & 74" and 28'day. From the tests it was found that

WEFS based concrete hasceptable working strength and can be used in civil structures.

Keywords: WFS: Waste Foundry Sand, CA: Coarse Aggregate, RA: Recycled
Aggregate, F.M: Fineness Modulus

1. INTRODUCTION:

The word concrete originated mean®aompadhe L atii
or condensed [1]. It is a very strong construction material and consists of cement, sand

and coarse aggregate mixed with water. It is the most used material after water and its
utilization is about a metric ton per annum per capita. Its teabbe properties in fresh

and hardened state have raised its usage to 12 billion tons per year globally. It is a
cheaper material and performs better than aluminium and steel

Waste materials like waste foundry sand and recycled aggregate concrete which are
burden on environment can be used as a new technique in construction industry that is
exploring rapidly on a large scale Waste foundry sand is obtained by burning sand after
the casting process of metal is reuse for many times but when it cannot beukedjer

it is removed from foundry as a waste for disposal. Use of waste foundry sand as a
partial replacement or total replacement by fine aggregate in concrete results in

production of economic, light weight and high strength conj@pte
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Recycled aggrega can be generated from demolished construction structure which
comprises of broken members or components likes the slab, beam, brick wall and
others. Since the quality data of these broken materials are often unknown, such as
water cement ratio, kind afdmixtures, aggregate origins and gradations, as well as the
differentiation of its properties during the performance time, thus it should refer to
historical data of the components, physical characteristics, mechanical characteristics
and environmental @racteristics [3].

Due to rapid growth in population the demand of building construction and hence the
demand of construction materials like concrete is also rising. So other than using natural
sources we have to find other alternative sources of cormpatituents to produce
concrete of adequate strength. Waste foundry sand from metal industry causes various
environmental problems. Such waste material which is harmful for the environment can
be used for the development of low cost andfeemdly buildng materials. Concrete

is a material which is composed of coarse aggregate, fine aggregate, cement, admixtures
and water, all of these each material in concrete contributes towards its strength. So, by
partial replacing of material affects different pradjes of concrete. The purpose of this
research work is to study the effect of partial replacement of waste foundry sand (WFS)
with natural sand on mechanical properties of concrete using recycled aggregate
concrete. And to produce low cost and-&wendly concrete using waste foundry sand

and recycled aggregate concrete

2. EXPERIMENTAL PROCEDURES:

2.1 Materials

The Ordinary Portland Cement (OPC) ASTM Type | of Grade: 42.5 with 32 %
consistency was used. The initial and final setting time of OPC was 31 minutes and 130
minutes respectively. The Lawerancepur sand was used as fine aggregates. The physical
characteriscs of fine and coarse aggregates are summarized in table 1.

Tablel: physical characteristics of fine and coarse aggregates

: Non-Ferrous
. Fine Coarse
Properties waste foundry
Aggregates  Aggregates

sand
Bulk Specific Gravity(Oven Dry) 2.52 2.63 2.14
Bulk  Specific  Gravity (SSC
Condition) 2.58 2.64 2.27
Apparent Specific Gravity 2.69 2.66 2.48
Water Absorption (%) 2.48 0.546 6.40
Fineness modulus 2.64 7.96 0.93
Bulk Density (Compacted) Ibsfft - 96.76 -
Bulk Density(Loose) lbs/ft - 88.16 -
Flakines index (%) - 5.10 -
Elongation index (%) - 13.72 )
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2.2 Concrete Mix Design
Table2: Mix Design Ratio

Ce(g)e nt Sand (S) Coarse aggregate (CA)
364 673 1088
1 673/364 1088/3644
1 1.94 2.98

1 Ratio for concrete migesign is 1:2:3

Table 3: Mix Proportion

No of
SrNo  Mix ID S(geC'Te” Cement Sand W.F.S NA RA Water
Cylinder)
Kg/m?3 Lit/m 3
1 Conventional g 195 39 0 5850 0 11.70
Concrete
2  10%W.FES 09 195 3510 390 117 0  11.70
3 15% W.F.S 09 195 3315 585 5850 0  11.70
0% W.F.S +
4 00 % RA 09 195 39 0  46.80 11.70 11.70
10 % W.E.S
5 000 RA 09 195 3510 3.90 46.80 11.70 11.70
15 % W.E.S
6 000 RA 09 195 3315 585 46.80 11.70 11.70
Total_noof 54
specimen

a. b. C.
Figurel: Recycled Aggregates and Waste Foundry Sand

2.3 Casting of Concrete Specimens

Cylindrical concrete specimen with 6 0
compressivestrength. The concrete constituents were mixed in a revolving drum type
mixer for approximately three to six minutes to obtain uniform consistency. Additional
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mixing time of about two minutes was provided for thaste foundry sand mixed
concrete mixtureso ensure homogeneity. After mixing, tbglindrical moulds were
ylled inthreelayers and fully consolidated on a vibrating table to remove any entrapped
air.

3. COMPRESSION TEST

The compressive strength of the sample was calculatetl and728' day by dividing

themaximum load achieved during the test on the transverse ra@gienest was made

following the standard procedure describedin ASTM 9. Cyl i ndrixcal spec
120 were used. The specimens were cured in lab curing tank until thef éeging.

Each value of the compressive strength represents an average of three. Cylindrical
specimens were capped with plaster of Paris and tested in saturated state. Rate of
loading was kept at 200 to 400 Ibs/sec according to ASTM standard andpadaig|

was kept 23 to 68 Ibs. Testing procedure was follomsedescribed in ASTM C 39.

4. RESULTS AND DISCUSSION

4.1Slump Test

Workability of concrete mixture is measured by slump test: The slump test was
conducted in accordance with the ASTML&3guidelines. In this test the slump cone

was used. Three equal layers of concrete were filled in the sliding cone and compressed
using 25 strokes of crimping rod. The rod was tempered having a diameter of 5/8in and
length of 24 in. The slump test providegaod estimate of expected operability.

Figure 2 Slump test

Table2: Slump test values of various mixes of WFSC

Sr.# Mix 1D Percentage replacement of WFS + RA Slur(rilrf)c?]/)alue
1 NRAWES 0 Traditional concrete 100 %tatural sand 0 % 3
W.F.S
2 NRAWEFS 10 10% replacement by WFS 4
3 NRAWEFS 15 15% replacement by WFS 6
4 RAWEFS 0 0% W.F.S + 20 % RA 3
5 RAWES 10 10 % W.F.S + 20 % RA 5
6 RAWES 15 15 % W.F.S + 20 % RA 6
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4.2 Results ofCompressiveStrength Test:

At each age average of three cylinders was taken for determination of average
compressive strength. Compressive strength is significantly increased. The behaviou
can be seen through table 3.

Table3: Results of compressive strength @sWWFSC

Percentage Replacement Compressive Strength Psi

Sr.# Mix ID Of WES

7 Days 14 Days 28 Days
Traditional concrete 100 9

1 NRAWFSO natural sand 0 % W.E.S 2980 3240 3465

NRAWFS 10 % replacement by

2 10 WES 2900 2980 3155
NRAWFS 15 %replacement by

3 15 WES 2740 2750 2835

4 RAWES 0 0% W.F.S + 20 % RA 3370 3125 3220

5 RAWFS10 10% W.F.S+20%RA 2840 2840 3080

6 RAWFS15 15% W.F.S+20%RA 2690 2670 2970

Cylinder Compressive Strength
4Ud\aﬁAWFS 0 = NRAWEFS 10 @ NRAWFS 15 # RAWFS 0 » RAWFS 10 =~ RAWFS 15
3000
2000
1000

Compressive
Strength(PSI)

I
W%
L

0
7 Days 14 Days 28 Days

MIX Design

Figure 3:Compressive strength of-W/FSC at all ages
5. CONCLUSIONS:

The reuse of neferrous waste foundry sand and recycled coarse aggregate as a
substitute for natural sand and coarse aggregate respectively in concrete production
was evaluated based on the mechanical properties of the resulting cdralleténg
conclwsions are drawn from the finding of literature survey and results of the detailed
experimental work of this project:

1 Concrete prepared with ndarrous waste foundry sand concrete has various
benefit characteristics such as reduced the cost and envir@hpreftiem from the
foundry waste disposal.

1 The workability of fresh concrete increased with increase in the percentages dosage
of nonferrous waste foundry sand content.

1 The compressive strength values for concrete with 10% and 15% regular sand
replacements with Neferrous waste foundry sand are lower than the concrete with
no replacement.
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1 Compressive strength of nderrous waste foundry sand concrete also decreases
with increase in content of ndarrous waste foundry sand.

1 Concrete containop 0% replacement of fine aggregate with Merrous waste
foundry sand and 20% recycled coarse aggregate showed flexural strength higher
to that of the control mix at 14 days.

1 Compressive and flexure strength of #ferrous waste foundry sand concrete is
observed to decrease with increase in dosages.

1 Theanalysisof nonferrouswastefoundry sandindicatedthatnonferrousfoundry
sandcanbeavery suitablematerialfor concretgroduction However thefineness
andhigh waterabsorptiorof this sandincreaseshe waterdemandof the concrete,
and by increasein the workability of the concretedue to its finenessand
compositionandchemicalreaction.

1 Recycledcoarseaggregatencreasesond strengthand henceeffectiveto useas
partial replacementwithout sacrificing strengthat all and economycan also be
achieved.

1 This sand and recycled coarse aggregate can be used in those projects where low or

medium strength is required because these will contribute towards economy.
1 Cost of norferrous waste foullry sand is not more due to their free availability,
however this sand is cheaper than natural fine aggregate resulted in economy.

6. RECOMMENDATIONS:

In this researcWWFS andrecycledaggregateisedandrecommendhatit is safeto use
partial replacementf fine aggregatevith WFS up to 10% replacementAnd coarse
aggregatespartially replaced with recycled aggregatesfor 20% obtained from

demolishectoncretestructurego producenormalstrengthconcrete.
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Abstract

Natural resources of limestone, coal, and oil are depleting day by day due to its high
usae in the production of cement. Researchers are searching for easily obtainable and

economical materials, which can be used as a cement replacer in concrete. Bagasse ash,

wood ash (WA), and rice husk ash are pozzolanic nature materials obtained as
byproduds from agriculture and industry. These are pollutants for surrounding and
utilizing them as cement substitution materials will lessen the contamination as well as
expense of the cement. The overall aim of this study is to evaluate the performance of
the oncrete for cement replacement with WA. In the current research, the effect of
replacement of cement with local WA on workability and compressive strength of
concrete as well as chemical composition of ashes and strength activity index of WA
samples werexamined experimentally. ASTM C39/C39W, was adopted to cast and

test concrete cylinders for evaluation of the compressive strength at the age of 7 days,
28 days, and 56 days. Wood ash of three different local sources i.e. boiler of Rado 80
textile mill, kiln of the Liaquat Hall mess, and Doce bakery was used. The chemical
composition of each type of the WA was determined by using wet analysis method. The
control mix consisted of cement, sand and aggregates in the proportions of 1, 2, and 4,
respectivelywith water to cement ratio of 0.60. The test specimens were also cast in
the same proportion with 10% replacement of the cement by same amount of the WA.
The workability of the test mix got reduced as compared to that of the control mix. The
results of corpression test showed that concrete containing WA of boiler of Rado 80
textile mill, was comparatively good as compared to that of other types of the WA
samples used in the investigation. The incorporation of the WA showed the potential to
achieve the reqred strength of the concrete with low cost wood ash as replacement for
cement. But detailed optimization of the percentage of the replacement of the local
wood ash with cement is required.

Keywords: Normal strength concrete, local wood ash, cement repEtemproperties
improvement.

1. INTRODUCTION

Cement is an important and expansive ingredient of the concrete, which forms 10% to
20% of concreteds mass. The cement has
in environment. The utilization of waste material as a substitution for cement has turned
out to be increasingly latest trend to save atmosphere. Number of industrial wastes like
fly ash, bagasse ash, wood ash, and rice husk ash are produced during different
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processes in industries. Recently, some of the locally produced wastes like lime stone
qguarry dust, electric arc furnace slag, industrial granite sludge, bagasse ash, and glass
waste sludge were investigated as a possible cement replacer (Khan et al. 2019; Amin
et al. 2017; Amin et al. 2017; Amin 2017). It was reported by different reszarittat

some of the pozzolanic industrial wastes could be utilized as cement substitute in
various types of the cement composites (Khan et al. 2019; Rukzon & Chindaprasirt
2012; Naik et al. 2003; Ganesan et al. 2007).

The use of timber processing waste dorestry biomass as fuel in various industries
has caused a key problem, linked to the production of significant quantities of ash as a
by-product from the burning of such biomasses. A local method offiting is used

for disposal of large portion lfaut 70%) of produced wood waste ash (Etiegni and
Campbell 1991; Campbell 1990). The seepage of rainwater or leakage of the heavy
metal contents may arise numerous issues like contamination of ground water (Udoeyo
et al. 2006). Hence, the loftigrm impactf wood ash disposal through landfilling is

not a safe and proper solution. These issues need suitable way of wood ash disposal as
a solution. Several types of factories in Pakistan such as Gourmet foods, Doce foods,
Rado 80 textile mill and many othereausing wood as a fuel. Moreover, timber
industries have developed boiler units at small size, which use timber wastes as fuel. In
this way, wood wastes obtained from the same industry are used as fuel for boilers.
Recent researches had indicated that weaste ash was found feasible as a cement
substitute material in production of concrete with satisfactory amount of durability and
strength (Cheah & Ramli 2011). Naik (1999) reported that all the samples of mortar
mixes obtained by 10% replacement of cetr&rowed the maximum compressive
strength. Rajamma et al. (2009) also analyzed that wood waste fly ash from wood
biomass fired power plant when used as a 10% replacement with cement in mortar mix
gave higher 28 days compressive strength. As the wood esledhhe potential to be

used as a cement replacer. Therefore, the suitability of the locally available ash also
needs to be checked as a cement replacement in concrete production. For this purpose,
in the current research three different types of loaatigessible ashes were analyzed

as a cement replacer in the concrete mix.

In the present investigation, the wood ashes local sources of boiler of textile mill of
Rado 80, Doce bakery, and kiln of the mess of Liaquat Hall were incorporated as a
cement replaer in the cement mortar. The outcomes of the ash wet analysis test,
strength activity index testyorkability, and compressive strength tests of concrete were
examined experimentally. In this study, 10% of cement weight was replaced in concrete
mix by sameamount of locally available wood ash.

2. SAMPLES CASTING, PROPORTIONING, AND DESIGNATION

2.1 Materials

The locally available wooden ash (WA) was used in this work. The ashes of the three
different sources were used for this purpose i.e. i. ashes fromn bbRado 80 textile

mill ii. Ashes from Doce bakery situated in Lahore and iii. Ashes of kiln of mess of the
Liaquat Hall located in Government College of Technology, Rasul. The wood ash was
passed through 0.074 mm sieve (No. 200) to bring it within pleeied size of the
cement and to make it free of dust and other impurities.

2.2 Samples preparation and designation

The mix proportion of 1:2:4 (cement:sand:aggregates) was used for preparation of all
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concrete samples with a consistent water to cemént (#/C) of 0.60. Slump cone
test was used for determining the workability of the fresh concrete. The standard size
(150 mm diameter and 300 mm height) cylinders were used. Normal concrete was used
as a control concrete and three specimens were cast.tyFsearen cylindrical
specimens having 10% of cement replacement with same amount of WA (nine for each
type of wood ash) were cast for determining the 7 days, 28 days, and 56 days
compressive strength of the concrete. Sample designation and mix propargact
type of the mix are shown in the Table 1. The CC represents the control mix (0% of
WA), BWA represents the sample had WA of boiler of Rado 80 textile mill, DWA is
the sample which had the WA of Doce bakery Lahore, and MWA is the sample had
WA of kiln of the Liaquat Hall mess. The mortar cubes of 50 mm side were cast for
performing the strength activity test. Total of nine mortar cubes (three for each type of
WA) were cast. Average of three results was considered the final value for each
property.

Table 1. Sample designation and Mix proportion

Sample Mix w/C Binder Content Fine Coarse
Design OPC WA Aggregate  Aggregate
% % % %

CC 1:2:4 0.6 100 0 100 100
BWA 1:2:4 0.6 90 10 100 100
DWA 1:2:4 0.6 90 10 100 100
MWA 1:2:4 0.6 90 10 100 100

OPC =Ordinary Portland cement, WA = Wood ash

3. EXPERIMENTAL PROCEDURES

Slump test was performed as per the standard method of the ASTM C143/Q543M

The chemical composition of all the wood ash samples and cement were determined by
wet analysis to check the criteria of ASTM C&1® The compressive strength test of
mortar wbes for strength activity index and concrete cylinders were carried out
according to ASTM C109/C109MI6a and ASTM C39/C39M7, respectively.

4. RESULTS AND DISCUSSIONS

4.1 Chemical content of wood ashes

Chemical composition of all the wood ash (WA) sampled cement were determined
by wet analysis to check the criteria of ASTM Cé&ll8(Mineral Admixture Class C).
Wet analysis test results are demonstrated in Table 2.

Table2. Results of wood ash chemical analysis

Constituents Cement Boiler WA Doce WA Mess Kiln WA
% % % %
SIO, 13.81 55.52 13.50 20.66
Al203 6.85 3.11 4.21 3.663
FeOs 0.01 0.401 1.37 1.2
CaO 60.52 9.92 25.76 17.92

From the chemical analysis of wood ashes, it was found that the amount of CaO was
less in every type of the WA as comapred to that of the cement. The summation of the
total amount of the silicon dioxide (SifQ aluminium oxide (AdOs), and Iron oxide
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(Fex0s) was found 26%, 18%, and 59%, for Boiler WA, Doce WA, and Mess Kiln WA,
respectively. The Boiler WA was able to achieve the higher value of the sum of three
types contents as compared to other two types of the ashes but still it did not achieve
the mininum requirement for natural pozzolana for using as a mineral admixture in
cement concrete according to ASTM C &8

4.2 Strength activity index

ASTM C311/C311M18 was followed for determinng the strength activity index (SAI)

for wood ash samples. The SéfitheBWA, DWA, and MWAmortar specimens were

91%, 97%, and 91%, respectively. Hence the SAI of each of the sample was more than
75%, confirming the pozolanic activeness of the ashes as well as their suitablity for use
in concrete.

4.3Slump Test

Workability of concrete was determined by slump cone test in accordance with ASTM
C143. The slump of 50 mm, 40 mm, 40 mm, and 40 mm was noticed for control mix
having zero percent of wood ash (CC), Boiler wood ash samples (BWA), Doce wood
ash samples (DWA)and Mess Kiln wood ash samples (MWA), respectively. The
slump of BWA, DWA, and MWA reduced by 20% as compared to that of the CC.
Slump results showed that for increase in the contents of the wood ash caused
significant decrease in the slump for the saMi€ ratio.

4.3 Compressive Strength:

The compressive strength (CS) of concrete specimens at an age of 7 days, 28 days, and
56 days were determined in accordance with ASTM C39 / GBBM he compressive

test results are presented in Table 4. The 7 dayef@$ control mix having zero
percent of wood ash (CCBoiler wood ash sampldBWA), Doce wood ash samples
(DWA), andMess Kiln wood ash sampleM{VA) were 17.8 MPa, 17.1 MPa, 11.4

MPa, and 12.6 MPa, respectively. The 7 days CS of 17.1 MPa of BWA sasdhest

to the 7 days CS of control mix with the slight reduction of 0.07 MPa. The lowest 7
days CS of 11.4 MPa was noticed for DWA. The 28 days CS of the CC, BWA, DWA,
and MWA were 23.5 MPa, 21.2 MPa, 16.4 MPa, and 15.3 MPa, respectively.

Table 3. Comressive strength test results

Compressive Compressive Compressive

Mix strength strength strength

7-days 28-days 56-days
(MPa) (MPa) (MPa)

1) (2) 3) 4)

CC 17.8 23.5 30.0
BWA 17.1 21.2 29.5
DWA 11.4 16.4 16.8
MWA 12.6 15.3 15.5

By comparing the 28 days CS of the wood ash samples, the highest 28 days CS of 21.2
MPa was noticed for BWA while the lowest 28 days CS was observed for MWA. The
28 days CS of the BWA was the nearest to that of the control mix with zero percent
wood ash. e 56 days CS of the CC, BWA, DWA, and MWA was 30.0 MPa, 29.5
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MPa, 16.8 MPa, and 15.5 MPa, respectively. By comparing the 56 days CS of wood
ash samples, the BWA showed the highest CS of all. The 56 days CS of the BWA was
12.7 MPa and 14 MPa greater thaattof the DWA and MWA, respectively. The 56
days CS of the BWA was slightly decreased by 0.5 MPa than that of the control mix.
The percentage comparisons of the 7 days, 28 days and 56 days compressive strengths
are demonstrated in Figure 1, 2 and 3, resypely. The 7 days CS of the CC was 4%,
36%, and 29%, more than that of the BWA, DWA, and MWA, respectively. The lowest
decrease in the 7 days CS was noticed for BWA incorporated samples. The 28 days CS
of the BWA, DWA, and MWA were less than that of B€ by 10%, 30%, and 35%,
respectively. The minimum decline of 10% was noticed in the 28 days CS of BWA than
that of CC. As compared to the 56 days CS of control mix, the 56 days CS of BWA,
DWA, and MWA was decreased by 2%, 44%, and 48%, respectively\gi& diecrease

of 2% was noted in 56 days CS of the BWA sample as compared to 56 days CS of the
control mix. The 28 days strength results showed that by replacing 10% cement with
BWA, drop in strength was 10% and this drop in strength reduced to 2% aftay$6
probably due to delayed hydration in comparison with control concrete. Hence, the
samples having wood ash of the boiler of Rado 80 textile mill, showed the highest
compressive strength as compared to samples with wood ash of Doce bakery Lahore
and wodal ash of kiln of the mess of Liaquat Hall.

—
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It can be concluded that thest results indicated that by addition of wood ash in
concrete the compressive strength decreased, but this reduction in compressive strength
was less prominent after long time curing. This may be due to the late pozzolanic action
of the wood ashes. BWAepformed better out of three ashes in improving the
compressive strength of the samples.

5. CONCLUSIONS

Following conclusions were made from the current study:

A The strength activity index of thBoiler WA, Doce WA, and Mess Kiln WA
mortar specimens was 91%/%, and 91%, respectively.

A The slump of BWA Boiler WA sample}y DWA (Doce bakery WA samplgsand
MWA (Mess Kiln WA samplesyeduced by 20% as compared to that of the
control mi x (CC) A0% wood asho.

A As compared to the 7 days, 28 days, and 56 dagygressive strength (CS) of
the CC, the minimum reduction of 4%, 10%, and 2%, respectively, was noticed
in CS of the BWA as compared to CS of other companions.

A The lowest 28 days, and 56 days CS was observed for the MWA that was 35%
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and 48%, respectiveligss than that of the CC. While the lowest 7 days strength
was noted for DWA that is 36% less than that of CC.
The experimental outcomes showed significant impact on the considered properties of
concrete by addition of the wood ash as a partial repladefoercement. Further
investigation is required to evaluate the optimized content of the wood ash for better
strength properties of the concrete as well as cement mortars.
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Abstract

Use of alternative aggregates has become a
they have significantly reduced the seeimonomic stresses which the construction
industry is facing nowadays. This research is dedicated to studying the behavior of
concrete incorporating crumb rubber as a partial replacement of fine aggregate and
polyvinyl alcohol fibers as the addition of cement. PVA dosages of 1% and 2% by mass
of cement and rubber dosages of 5% and 10% by weight of fine aggregate were
incorporatedinto concrete. The parameters of the study were slump test, the fresh
density of concrete, water absorption and compressive strength. Test results show that
the density, workability, and strength of concrete took a nosedive as the rubber content
increaseshich is attributed to the fact that rubber is lighter in weight, has a rough
texture, increases the viscosity and form a weak bond with cement. On the flip side,
PVA has shown a positive influence on the engineering properties of concrete. Hence,
PVA canbe used to overcome the issues associated with the use of crumb rubber in
concrete.

Keywords: Alternative aggregates, rubberized concrete, fiber reinforced concrete,
polyvinyl alcohol fibers, crumb rubber, mechanical strength parameters, fresh
propertiesof concrete.

1. INTRODUCTION:

Concrete is the second most widely used material in the \¥®algg, 2014)The annual
production of concrete is estimated to be 30 billion tons(Monteiro et al. 2017). In
concrete ingredi@s, aggregates proportion is the highest. It is a fact that these virgin
resources are limited and needs to be preserved in order to maintain balance in the
ecosystem. Therefor e, it has become a dir e
aggregates whh has dual advantages; that is the reduction of cost and removal of
waste. Which benefits the environment and enable us to conserve natural
resource@annan, April 2004) The investigated alternative aggregates (AAS)
includes; recycled concrete aggregate (RCA)(Jin et al. 2015), building rkbksf

and DeVenny, 2004 etc.

In recent years, preservation of the environment seeks undivided attention of engineers
and scientists. Keeping that in mind crumb rubber can be added into concrete to aid
preservation of the environment and to conserve natural reso@masb rubber is
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recycled rubber produced from automotive and truck scrap fites demand of tire
production has increased drastically over the years, but their disposal has been an
alarming concern, as these tires cannot be recycled and are dumped whbseas c
severe threats to the society from environmental impact to health concerns. Among all
the methods suggested for the disposal of rubber, its incorporation into concrete has
been proved most effective. The only problem associated with the use ofrcitniveb

as an alternative aggregate is that it causes a reduction of mechanical strength of
concrete (Liu et al. 2016). Likewise, they are found to cause an increase in the
workability of concrete but had a negative influence on its compressive and tensile
strengttiMercy and Ramarao, 201&lowever, the aforementioned shortcomings can

be regained by using different additives/polymers likdispersible polymer powders,

liquid resins, monomer and watesoluble polymers (Eren et al. 2017). PVA
(chemically known as polyvinyl alcohol) are higlrformance fibers and are the first
synthetic colloid prepared by Herrmann and Haehnel in the yeafHRi@2i, 1973) It

is water soluble polymer and is always used in concrete f@anemng the mechanical
strength and durability of concrete. PVA being a chemically reactive polymer on
reaction with cement forms calcium complexes that fills the pores, thus, densifies the
structure and improves the properties of the cement(fasgd and Rai, 2001PVA

fibers increase the ductility, toughness, tensile strength and flexural strength of
reinforced concrete and they help in bridging the cracks thus enhance the crack
regstance ability of concrete (Noushine et al. 2013). The significance of this research
work is that it would curb the issues or problems associated with tire disposal.
Moreover, the rubberized concrete would strike the pay dirt in the construction industry
for being comparatively cheaper and readily available. The rubberized concrete is
recommended for nestructural applications like sidewalks, etc. In addition,
rubberized concrete improves thermal protection and is therefore recommended to be
used as genal insulation of walls and heat insulation on roofs. Moreover, it can be
used as a noise insulator in theatres, cinema halls, noise proof rooms, etc.

2. EXPERIMENTAL PROGRAM
2.1 Materials:

During the research work, Bestway Cement was usedypel cement The fine
aggregate having a maximum size of 2mm and fineness modulus of 2.64 was used.
While the locally available crush with a maximum size of 19 mm and fineness modulus
of 2.65 was used as coarse aggregate. A tire rubber, used as an alternativéeaggrega
was obtained from a recycling industry Swat Tyre & Rubber Co Pvt Ltd Hayatabad,
Peshawar. It has a fineness modulus of 2.76. PVA fibers were imported from China and
its properties are shown in table 1.

Tablel: Properties of PA

Colour Off white
Length 6mm
Diameter 25um
Density 1.29g/cnd
Elongation O 40%
Tensile Strength 425MPa
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2.2 Specimen designation:

While conducting experiments, two varying abbreviations were ueedM and PR.

Where CM stands for control mix while in PR, P stands for PVA and R stands for crumb
rubber. I n PR, the digits 0, 1 & 2 comes
that rders to the percentages in which they have replaced the respective ingredients of
concrete. For instance, 2P5R states the specimen in which 2% PVA was added for
cement and 5% fine aggregate was replaced by crumb rubber.

2.3 Mix proportion:

A total of nine(9) concrete mixes have been used with the ratio of 1:1.5:3 (1 part of
cement, 1.5 parts of sand and 3 parts of coarse aggregate). They include one CM
(control mix), while the rest of the eight consists of different proportion mixes of PVA
and Crumb rublre The wateircement(w/c) ratio was kept constard D.45 whereas,
the design strength was assumed to be 21 MPa. PVA was used in a proportion of 1 & 2
% while crumb rubber was used in a proportion of 5 & 10 %. The complete mix design
is summarized in tabl2.

Table2: Mix Design

Cement PVA wic  Water Fine Crumb  Coarse

Mix 3 5 ; 5 Aggregate Rubber Aggregate

(kg/m?®)  (kg/m3) ratio (kg/m?) (kg/m?) (kg/m3)  (kg/m?d)
CM 411.11 O 0.45 185 709.49 0 1049.4
OP5R 41111 O 0.45 185 674.02 35.48 1049.4
OP10R 411211 O 0.45 185 638.54 70.95 1049.4
1POR 406.99 4.11 0.45 185 709.49 0 1049.4
1P5R  406.99 4.11 0.45 185 674.02 35.48 1049.4
1P10R 406.99 4.11 0.45 185 638.54 70.95 1049.4
2POR  402.88 8.22 0.45 185 709.49 0 1049.4
2P5R  402.88 8.22 0.45 185 674.02 35.48 1049.4
2P10R 402.88 8.22 0.45 185 638.54 70.95 1049.4

2.4 Testing

Concrete testing was divided into two phases; the first phase was concerned with fresh
properties of concrete that include slump test and fresh density of concrete while the
second phase was concerned with hardened properties of concrete that includes wate
absorption test and compressive strength testing.

The slump test was performed in accordance with ASTM C 143. The densities of
concrete were determined in their fresh state by weighing them and subsequently
dividing them by their volume. However, thetemabsorption test was performed using
ASTM C 6421 97. While for assessment of compressive strength of concrete ASTM

C 39 was used.

3. RESULTS AND DISCUSSIONS
3.1 Workability

Slump test was performed for evaluating the workability of concrete. Workability
reflects the fresh properties of concrete. The results are shown in figure 1, which
illustrates that rubber has a negative influence on the workability of conaetpdn
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500f rubber replacement there was a reduct.i
for 10% of rubber replacement the reduction was almost 27%. This reduction in
concretebs workability was attributed to t
in viscosity of the concrete with the addition of rubber. Unlike rubber, PVA has shown

a positive influence on the workability of concrete. Where it can be seen that upon

adding 1% and 2% of PVA the workability was increased by 14% and 45%
respectively. Likewis, their combined effect has shown an increase in workabdity i

upon comparing with OP5R the increase for 1P5R was 15% while for 2P5R the increase

was 25% respectively. The increase in the
ball-bearing effecbf PVA (Allahverdi et al. 2010).

Workability

60
E 35
£ 40 33.55 30.78 31.6
Q {: 2 9 2 5 ' 5 \\\\‘\.‘\\\\
E 2 N
n RN

O LR

CM OP5R OP10R 1POR 1P5R 1P10R 2POR 2P5R 2P10R
Figure:1 Average slump test of the fresh mixes versus PVA dosages

3.2 Density of fresh concrete

The fresh density of concrete is of extreme importance for its effect on the strength
parameters and durability etc. tls¢ measur ement of concreteds
of this test are illustrated in figure: 2.

Density of Fresh Concrete

= 2455.03

2 2600 2331.83 2332.73 2269.78

B 2400 2205.03 2201.43 2149.28

< i 2165.46 =i 2122.3
> 2200 = = '
G 1 Z

2 2000 1 Z

a ) =z

0O 1800

CM OP5RP10R  1PORLP5RP10R  2PORP5RP10R
Figure:2 Densities of the fresh mixes at different PVA dosages

Rubber, being |ighter in weight, tends to
the repl@ement, lower is the density and vice versa. Likewise, the addition of PVA also
tends to cause a reduction of concretebs d

3.3 Total water absorption

The total water absorption of concrete helps in working out the durability of concrete.
The concret with higher water absorption suggests that it has high porosity and lower
durability or vice versa. In this research, the water absorption was evaluatednat 7
28" day respectively. The results are illustrated in figure 3.
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It is clear from the grapithat with the addition of rubber the water absorption of
concrete increases, this is due to the weak bonding between rubber and concrete
material that lead to cracks in concrete, thus making it susceptible to water penetration.
Whereas the behavior of PM#as found out to be a bit ambiguous that is at 7 days of

curing it doesndét show any significant inf
concrete, while at the &lay it causes a significant reduction in the water absorption
of concrete. Attheaer | 'y days of concrete, the PVA ha

chemical interaction, therefore, the voids remain in the concrete and thus the water
absorption is high whereas with time it forms calcium complexes that fill the voids,
densifies the structurend results in a reduction of water absorpt{®mgh and Rai,
2001)

From figure 3, upon adding 1% of PVA into rubberized concrete, the reduction in total
water absorption was 14% whiler 2% of PVA the reduction was 26% respectively.
Whereas, when both rubber and PVA is added it tends to cause a significant reduction
in the water absorption of concrete when 1% PVA was added to 5R it causes a
reduction of 11% while when 2% PVA wadded to 5R it causes a reduction of 17%.

28th Day Total Water Absorption
6.179

3.7361%.062

. L 2 738 3-38
HE )
PARERERE | U ol
PARERERE | U
PARERERE | U
PARERERE | U
e | TN

CM OP5ROP10R 1POR1PSRLP10R 2POR2P5R2P10R

Water Absorption (%)
o N M OO @©

Figure:3 Total water absorption of mixes at different PVA dosages

3.4 Compressive strength

For concrete, compressive strength is of utmost importance. In the following study,
compressive strength was evaluatedatnd 28" day of curing. The experimental
results are shown in figure 4. It was witnessed that rubber due to weak bonding tends
to decrease the compressive strength of concrete. For 5% and 10% replacement of
rubber, there was a reduction of 17% and 28%pectively.

Compressive Strength
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¢
?
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C

<

OP5RP10R  1PORLP5RP10R 2PORP5RP10R

Compressive Strength
(MPa)

Il 7th Day Strength (Mpa) & 28th Day Strength (Mpa)

Figure:4 Compressive Strength versus PVA dosages
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While the addition of PVA has struck the pay dirt by overcoming the reduction in
strength that results from the addition of crumb rubber. Though af'tti@y7the effect

was negligible as initially PVA hasn't interacted chemically with cement while at the
28" day, after proper chemical interaction PVA enhance the strength significantly. The
increase in compressive strength for 1% and 2% of PVA was edfintabe 3% and

6% respectively. Moreover, their combined effect has shown to cause an increase in the
compressive strength of concrete. An increase of 5% for 1P5R and 12% for 2P5R was
observed upon comparison with OP5R.

4. CONCLUSIONS:

The overall result indiates that incorporation of crumb rubber causes a decrease in
concreteds workability wup to 27%, a reduct
almost 22% and an excessive increase in waieorption of 64% respectively.

Whereas, PVA, a synthetic watgoluble polymer, has overcome these aforementioned

problems and has significantly improved the concrete engineering propegstias i
increase of 45% in concreteds workability,
a tad i ncr ease sivastrangthwag obserged sponcaddmg PVA sito

the concrete. Whereas, rubber and PVA both have shown to cause a steady decrease in

fresh density of concrete.
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Abstract

Recycled aggregates are used worldwidinaseplacement athe natural aggregate in
different ratios causing significant reduction on concrete strength and other properties.
In this research recycled aggregate concretfillbeswereused along withumpsof
recycled aggregate taken from demolished waste. These [G®ypmsn to 90 mm) of
recycled aggregate were used as a replacement of coarse aggregate in different
proportions (0%,10%,20% and 30%@r casting control specimen, CFST (concrete
filled steel tube) and CFPT (concrete filled plastic tube) cylinders. Vatiests were
conductedsuch as slump testyater absorption test, fresh concrete density test,
compressive anidhdirect tensilgess. Upon 30% replacement of the recycled aggregate
reduction in concrete strength for recycled aggregate CFST, CFPT and simple cylinders
(without any confinement) was to be found 9.22% ,43.2% and 54.14%, respectively
when compared with control specimen.

Keywords: Recycled aggregate CFHecycled Aggregate CFPT
1. INTRODUCTION:

Concrete is utilized more generally than some other substance after water, on account
of its numerous points of interest. The global material extraction is 48.5 billion
tons/year, out of which the share of construction material is 16.2 billion tons/year
(Steinberger et al., 2010)he Building demolition rate is always expanding, making it
fundamental to successfully reuse destruction waste to save tenewmable natural
resources. Nowadays, a large proportion of demolition waste and useable construction
material is discardeth landfill destinations, making natural issues because of the
shortage of such sites, unplanned transfer of disposal, and the ecological expense of
transporting demolition waste. In a concrete mixture, aggregate represent about 80% of
concrete. Thereforghe replacement of NCA (natural coarse aggregatejrious
percentagewith the RCA (recycled coarse aggregate) can be really helpful to make a
traditional concrete as a sustainable maté8afiuddin et al., 2011Panda et al studied

that up to 30% replacement of aggregat8@C (secompacting concrete) there is no
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noticeable decrease in strength and other properties were found. Increment in RCA
above 30% will inverselgffect concrete properti@s C Pandaa 2013)

Recycled aggregates additionally reduces the amount of virgin aggregates to be made,
consequently less evacuation of natural resources. While being smashed into smaller
particles a lots of carbon dioxide is absorbed. This diminishes the amount & G®

air. The utilization of reused aggregates isn't easy but difficult to utilize on the grounds
because their properties are not quite the same as natural coarse aggregates. That's the
reason the nature of RCA can vary when gathered from various solileequalities

of RCA ought to be low density, low mechanical strength, and high water absorption,
more noteworthy porosity when compared with NQA Saravana Kumar and G.
Dhinakaran, April 1, 2012, Etxeberria et al., 200¥Qwever, the cost of crushing RCA

is still expensive. The CFST (concrdiéed steel tubular) structures have many
structural benefits, whicmcludes high load bearing capacity and fire resistances, large
energy absorptioand ductility capacities. It also reduces the construction cost and time
required for shuttering because of no need for shutt€kiag et al., 2014peveral
researchersome up with the resuhat most of the mechanical propertidsecycled
aggregate CFST are similar to that of the ordinary concrete CFST; however, reduction
in its strength and modulus was found. Steel tabular columns with concrete filled are
vulnerable to degradation due tormsion, which results in the reduction of strength.

For theGFRP(Glass Fibre Reinforce Plastidhe brittle failure of hoop break led to

the failure of GFRP confined concréxgao et al., 2012)The exceptional properties
which includes kgher resitance to environmental attacks ambectromagnetic
transparency make the plastic attractive for various structural applications.
Compressive strength of CFPT (concrete filled plastic tube) increased between 1.18 to
3.65 times the unconfined stigth(Gathimba Naftary K, 2014)

In this study, recycledgregate CFST and CFRbBnfined concrete were investigated

for mechanical and durability assessment by using various percentages of Recycled
aggregate (0%,10%,20% and 30%) as a replacement of coarse aggregate. Various tests
were performe@nd results wereotpared with the control specimen.

2. MATERIALS AND METHODOLOGY

The materials that were usedreeCoarse Aggregate, Fine Aggregate, Water, Cement
(OPC), Recycle Coarse Aggregate (Lumps), Stgeh@ers/tubes and Plastic Tube.

2.1 Coarse Aggregate

Coarse Aggregates are obtained from the ware house located near CUI, Abbottabad
Campus, Pakista®specific gravity fineness moduluand water absorption of CA was
found to be 2.68, 2.9 and 3.07% respectively.

2.2Fine Aggregate

Fine Aggregates are obt&d from theshoplocated near Gl, Abbottabad Campus,
Pakistan Specific gravity water absorption and fineness modulus of FA was found to
be 2.43, 2.04% and 2.65 respectively.

2.3Cement

Ordinary Portland cement (OPC) ASTM C150 Typwas used throughout the
researchDensity, Initial and theFinal setting timeavas found to be 3.1fcn?, 66 min
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and 335min respectivelfrineness and surface area of Cement was 97.76% and 2827
cn? /g.

2.4Recycled Aggregate

Demolished buildingwastewas talken which includes (slab, beams and columns)
opposite to Daewoo Bus stand Abbottabad and then with the help of crushing plant
crushed the demolished waste into lumps (having size 50mm to 90mm). These lumps
were used as recycled aggregate and replaced vaithrah aggregate different
proportion 0%,10%, 20% and 30%)Water absorption and Specific gravity of RCA
was found to be 8.34% and 2.50 respectively.

2.5 Steel Tube and Plastic Tube:

Diameter (inner to inner) and the wall thickness of steel and ptabis were 6in
x0.0662in and 6in x 0.19in respectively, while the height of both tubes were 12in.

2.6 Testing Procedure

Concrete cylinders used had height and diameter (12in x 6in) and therefore volume
(339.29irf) and concrete mix wad20 (Mix whose compressive strength after 28 days
curing is 20N/mrf) while mix proportion was 1:1.5:3. The Steel tube and plastic tube
were used in which concrete was cast and propertibe tfcycled aggregate concrete

fill ed tubes (plastiand steel) wer®bserved Recycled aggregatemps (50mm to
90mm)were replaced with natural aggregatéifferent proportion©%,10%, 20% and
30%).After the selection of materjalle had casd3cylindres for each reptement of
recycled aggregate for each td3ifferenttests such as the slump test for workability,
compressive and indirect tensile tests for strength were conducted for checking
structural performance and mechanical propefResycled aggregate simple cylinder,
CFST and CFPTresults were compared thi the control specimenwithout any
recycled aggregate used

3. RESULTS AND DISCUSSION

3.1Workability Test:

This test was conducted as per ASTM C 1R8&duction in slump value was noticed

with the increment of recyc ldedo highgngatere gat e p

absorption of recycle aggregat0, R10, R20 and R30 shows recycled aggregate
replacement percentages with natural coarse aggregate.
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Slump Test for Workability
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Figure-1: Workability Test by Slump method
3.2 Fresh Concrete Density:

An increase in a percentagerecycled aggregate reduces the fresh concrete density.

By the replacement othe recycled aggregate up to 30%, fresh concrete density
decreased by 7.84% as compared to natural aggregate concrete. Values ranges from
2269.77 kg/mto 2447.836 kg/rh
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Figure-2: Fresh Concrete Density

3.3 Water Absorption Test:

The rate of water absorption was increasing \aithincrease in recycled aggregate
proporti on t khadquansty ommoytar attacbebécause it has porous
structure)with it, and alsaecycled aggregate initial water absorption was 2.74 times
(174%) higher than natural coarse aggregate.
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Water Absorption Test (7 days)
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Figure3: Water Absorption Test (@ays)

3.4 Compressive Strength Test

This test was determined as pe&8TM C39 7-days compressive test shodescease

in concrete strength with increment in recycled aggregate proportion. But recycled
aggregate CFST shows strength which is more than double of the no confinement
concretgsimple cylinders)Upon 30% replacement tiferecycled aggregate reduction

in concrete strengthof recycled aggregate CFST, CFRimd the simple cylinders
(without any confinement) was to be foun@®6 43.2% and 54.1% respectively.

Compressive Strength (7 Days)
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é’_’/ 4000 % RO
<
9 HH HR20
& 2000 i
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Steel Tube Simple Cylinders Plastic Tube

Figure4: Compressive Test 7days

3.5Indirect Tensile Test (Hastic Tube & Simple Cylinders):

An indirect tensile test was conducted on recycled aggregate CFPT and the simple
cylinders because steel is good in tension so, we did not perform on it. It is found that
upon 30% replacement of the recycled coarse aggregate reduction in CFPT and the
simplecylinders, reduction in tensile strength was 32.2% and 45.68% respectively.
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Indirect Tensile Test (7 Days)
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Figure5: Indirect Tensile Test (Plastic Tube & Simple Cylinders)

4. CONCLUSIONS:

From the conducted study following conclusions can be drawn:

1 Recycled Aggregate in CFST and CFReOuces the amount of demolished
waste of construction and reduces the use of virgin materials, which makes it a
sustainable step towards the ddendly environment.

1 37.5% reduction in slump value was observed upon 30% replacement of the
natural aggreda with recycled aggregate.

1 Upon 30% replacement of recycled aggregate reduction in concrete strength for
recycled aggregate CFST, CFPT and simple cylinders (without any
confinement) was found 9.22% ,43.2% and 54.14% respectively.

1 Itis found that upon 30%eplacement of the recycled coarse aggregate in CFPT
and simple cylinders, reduction in tensile strength was 32.2% and 45.68%
respectively.
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Abstract

In this experimental researdhge effect of different ratios of bagasssh and recycled
coarse aggregates in Tvetage concret€TSC) was evaluated.SC is not quite the

same as normaloncrete. In TSC, @se aggregates are seformwork and after that

grout or mortar is infusethrough a pipe with high pressure. Four mixes of TSC
concrete were prepared. Control Miwas made with 100% natural coarse aggregates.
Control Mix-1l was pepared with 100% recycled coarse aggregates (RCA). The third
mix was madeavith 10% bagasse agBA) as a frational substitution of cemeiaind

100% RCA Fourth mix was prepared with 20% bagasse ash as a fractional substitution
of cement and 100% RCA. 1%psr plasticizer by the weight of cement was added in
concrete mixes with 10% and 20% bagasse ash. Water to cement ratio (w/c) was 0.5
and used for all mixes. Different tests like compressive strength test and split tensile
strength test were performed oangles made from all four mixes. Compressive
strength and tensile strength of Control Miwas highest among all mixes. Results
indicate that tensile strength and compressive strength was increased with the addition
of bagasse ash in mixes having RCA. Tieximum increase in compressive strength
and tensile strength was in 20% BA mix.

Keywords: Two- stage concrete (TSCRReg/cled coarse aggregates (RCAkthiral
coarse aggregas, Bagasse as{BA)

1. INTRODUCTION :

The most extensively used building mateaabund the globe is concrefMeyer,

2009. In TSC, carse aggregates are seformwork and after that grout or mortar is
infusedthrough a pipe with high pressuréSC has a number of applications, it is
mainly used in concrete and masonry repair in under water construction, places where
placing conventional concrete is difficult, in mass concreting where a low heat of
hydration is require@Stubbs, 1959 TSC need more coarse aggregates than required
in normal concretéAbddgader and Elgalhud, 20p8hrinkage in TSC is lower due to
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point to point contact of coarse aggregdf&sdelgader and Gorski, 20D3rSC costs

25% to 40% less than traditional concr@éedelgader, 199h

Around 10 billion tons of concrete is produced annually, making it the largest consumer
of Earthdés natural resources, that are wat €
and sand. Around 12.6 billion tons of natural aggregatesedd annually. Cement
industry releases around 7% of the total Carbon dioxide)(@Q@ehta, 2002 To

protect our environment from depleting virgin aggregate resources, recycled aggregates
has been used to produce coter®ecycled aggregates consists of natural aggregates
and adhered mortar. Concrete obtained from demolished buildings is crushed to obtain
recycled aggregates. It has more absorption capacity. Due to increased absorption
capacity, 5% more water is requdréor concrete made with recycled aggregates to
acquire similar workability as that of normal concriexeberria et al., 2007

Therefore, recycled aggregates can be used in TSC as an alternative of natural aggregate
because there is no issue of workability in TSC, as coarse aggregates are placed in
formwork. It will also help in conservation of natural resources of coarse ageggegat

But concrete with recycled aggregates need more cement than typical concrete to
achieve higher streng{iansen, 1986

Wastes obtained from agriculturaldsome other industries can be used as replacement
materials in concret@Hansen, 1986 Sugarcane contains about 25% bagasse. Bagasse

is also used in paper inslly. When bagasse is burnt for energy purpose, it produces
3% of ash, which is dumped in landfi{gémin, 2010. Pozzolands silica
Ca(OHp} and forms calcium silicate hydrate, which enhance the strength of concrete
(MartirenaHernandez et al., 2001

TSC is used in the foundation of an 18 storey building in Gdansk, Poland, refacing of
Baker dam, Colorado, USA, piers of Mackinac Bridge, USA and repair of water dam

in Czchow on the Dunajec river, Polafibwek et al., 200)7 This significance of this
research work is to tackle the issue of pollution caused by bagasse ash and concrete
waste. It will help in creating sustainable dBpment and preserve the sources of
natural aggregates. Moreover, TSC will play a vital role in underwater construction,
repair and mass concrete. TSC with bagasse ash and recycled aggregate will be
economical and will have strength almost equal to cathmeal concrete.

2. EXPERIMENTAL DETAILS AND METHODOLOGY:
2.1 Materials:
2.1.1 Cementitious materials:

Ordinary Portlandcement (ASTMTypel) was used for the preparation of TSC.
Fineness of cement was 93.15%. The surface area of cement was 2/®7 Bagasse
ash was broughHtom Premier sugar mill, Mardait. was grinded/crustiein PCSIR,
Peshawa It was passed through siev@@2Specific graviy of bagasse ash was 1.35.
The surface area of bagasse ash was 284G/grom

2.1.2 Aggregates

Coarse ag@gates were brought from a quarry near COMSATS University Islamabad,
Abbottabad CampuRecycled coarse aggregates were brought from an empty plot near
Daewoo terminal, Abbottabad. The demolished concreteewafsta building was
crushed with the help ofausher to obtain recycled coarse aggreg&test of crushing
concrete waste with the help of a crusher was less than purchasing natural aggregate.
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Twenty-five millimeter was the maximum size of both natural and recycled aggregates.
Table 1 shows the phigsil properties of both natural and recycled aggregates.

Table 1. Physical properties of natural and recycled aggregates

Physical Properties Natural aggregates Recycled aggregates
Water absorption 1.85% 7.59%
Specific gravity 2.75 2.62
Impact value 14.72% 22.23%
Fineness Modulus 2.04 2.19
Density 1532.3 kg/m 1399.2 kg/m

Fine aggregates were brought from a quarry near COMSATS University Islamabad,
Abbottabad Campud=ineness modulus of fine aggregate was 2.96. Fine aggregates
had watemabsorption of 1.1% and specific gravity 2.35.

2.1.3 Admixture;

Ultra Super Plast 470 was used throughout the casting of TSC. It was procured from
Ultra Chemicals, Peshawar.

2.2 Mixture Proportions:

Four different mixes of TSC were made with ratio 1:1:Z@rfent: Fine aggregate:
Coarse aggregateControl mix | was made with 100% natural coarse aggregates.
Control mix Il had 100% RCA. Third mix was prepared with 10% BA as a fractional
substitution of cement and 100% RCA. Fourth mix had 20% BA as a frattio
substitution of cement and 100% RCA. 1% super plasticizer by the weight of cement
was used in mixes with 10% and 20% bagasse ash. Water to cement ratio (W/C) used
in this experimental research was 0.5. It was used for all four mixes.

Table. 2 Mix typs with identification based on replacement ratio

Mix Types Concrete Mix Proportion
CM-I Control Mix (100% natural coarse aggregates and 100% cement)
CM-II Control Mix (100% recycled coarse aggregates and 100% cemen
100% recycled coarsmygregates and 10% cement replaced by
10% BA
Bagasse ash
0 0
20% BA 100% recycled coarse aggregates and 20% cement replaced by

Bagasse ash

2.3 Specimens casting and curing

Cylindrical moulds of 6 inches diameter and 12 inches height were used for casting of
TSC.The inner surface of the mould was oiled, so that concrete should not adhere to
its inner surface. A pipe ofibch diameter and-theter height was placed in the middle

of a mould. In the second step, a mould was filled with coarse aggregates. In the third
step, grout was injected from the top via pipbe grout was poured under gravity
pressure, which was created with the help-ah@ter pipe. This pressure was sufficient

for filling the voids between coarse aggregates with gidtér the appearance gfout

at the top of a mould, the pipe was removed from the mould. This procedure was used
for all specimens. After 24 hours, specimens were taken out from the moulkispand

in a water tank. 72 specimens were prepared in total, each mix had eighteseispec

44



1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

2.4 Test methods:

In this research, following tests were carried out on hardened concrete:

a) Compressive strength test was carried out according to ASTM C394039ests
on cylindrical specimens were done at 7,28 and 56 days.

b) Split tensilestrength test was carried out according to ASTM C486Tests on
cylindrical specimens were done at 7,28 and 56 days.

3. RESULTS:
3.1 Hardened properties:

The results of compressive strength test of concrete cylinders at a given curing age are
shown in Figl. Each compressive strength is an average of three measurements. This
figure shows that compressive strength at 56 days was higher than 28 and 7 days for all
concrete mixes. This is because of an increase amount of hydration due to longer curing
age. Nineconcrete cylinders were casted for each concrete mix proportion. The
compressive strength of GMwas found to be highest for 7,28 and 56 days of curing.
CM-II compressive strength is decreased by 22% when compared wHaCRdays.

This reduction of sength is due to recycled aggregates. Recycled coarse aggregates
have inferior quality due to a porous surface caused by adhered mortar and high water
absorption. The compressive strength of 10% BA and 20% BA at 7 days increases by
14% and 19% with respeto CM-II. This is due to the effect of pozzolanic reaction
between Ca(OH)and BA, which forms calcium silicate hydrate-8H), enhancing

the compressive strength as reportedartirenaHernande et al., 2001 There was

no issue of workability due to recycled aggregate because recycled aggregates were
preplaced in formworkThe same pattern is followed at 28 days and 56 days. The
increase in compressive strength was not exprefsine 28 to56 days. The normal
compressive strength at 7 days is abouB6% of 28 days in case of normal curing
(Neville, 1996.

The results of split tensile strength of concrete cylinders at a given curing age are given
in Fig. 2.The tensile strength of GMvas highest at 7,28 and 56 days. The maximum
increase in tensile strength at 56 days was 44.82% in comparison with 7 days of the
same mix. This increase was in 20% BA. This was mainly due to the effect of
pozzolanic reactions. The results follow the samdepatas that of compressive
strength. This is because of similar reasons discussed in the case of compressive

strength.
4000
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Figure 1. Curing age vs Compressive strength
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Tensile Strength vs Curing age
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Figure 2. Curing age vs Tensile strength
4. CONCLUSIONS:

The following conclusions am@rawn from results:
1 Compressive strength of GMdecreased by 22% when compared to-CM 7

days.

Tensile strength of CMI decreased by 38% when compared to-Cd 7 days.

Compressive strength of 20%BA increased by 35.35% when compared-tb CM

at 56 cys.

i Tensile strength of 20%BA increased by 52.77% when compared it &\b6
days.

1 Compressive strength and tensile strength of TSC decreased with recycled
aggregates.

1 Compressive strength and tensile strength increased with bagasse ash as fractional
substitution of cement.

1
1
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Abstract

The major chunk of construction is covered by concrete construction. Concrete is a
mixture of cement, sand, crush and water in appropriate ratio. It is good in compression
but weak in tension. In order to improve these strengths of concrete, this research was
conducted to evaluate the effect of Hybrid Fiber Reinforced Concrete (HFRC) on
strength of concrete. Steel reinforced fibers were used to improve the compressive and
tensile stragth of concrete and also to control the progress of cracks in concrete. Steel
reinforced fibers concrete (SFRC) was produced having 5000 Psi as target strength.
Two types of steel wires having 25mm and 18mm fibers were used. 1.25% of concrete
volume was eplaced with steel fiber having aspect ratio for 25mm fiber was 60 and
for 18mm fiber it was 40. Different proportions of steel fibers from 25% to 100% for
both types of fibers were used to evaluate their effect on strength of concrete. The main
purpose ofntroducing fiber steel concrete is to eliminate the traditional shears stirrups
in concrete members. Cubes and prisms were casted to test for compressive strength
and tensile strength on concrete. It was observed that there is no significance effect of
steel fibers on compressive strength of concrete while around 58.33% of tensile
strength was improved because short length steel fibers controlled the propagation of
cracks in concrete. The maximum results were achieved at 100% replacement of 18mm
fibers. The results are helpful for building stakeholders to improve strength of concrete
by using steel fibers in concrete. Further studies can be carried out to find out other
properties of steel fiber reinforced concrete.

Key words: Hybrid steel fibers, compssive strength, flexural strengtiechanical
properties, Aspect ratio

1. INTRODUCTION

A stone like material is known as concrete which is attained by a warily balanced
mixture of cement, sand, gravel and water. While in fresh state, concrete is a plastic
which can be molded into any desired shape but with time it becomes hardened.
Concretedevelops micro cracks during curing. Cracks propagate in the fibers that are
right under the load and these hybrid steel fibers block crack propagation. Due to dry
shrinkage problem in concrete, formation of cracks also occurs and by elapsing of time
increase in size and magnitude of cracks take place resulting in failure of concrete.
(Maruthachalam et al, 2013). To minimize this phenomenon fibers are introduced as a
new technigue which helps to increase the tensile strength of concrete.

Concrete which amtain fibrous material is known as Fiber Reinforced Concrete (FRC)
which improves its structural strength. It incorporates quick isolated fibers which are
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equally allotted and haphazardly oriented. Fiber reinforced concrete consisting of,
cement, water, fie and coarse aggregate, along with discontinuous fibers. The small
Piece of reinforcing material which own certain properties and minimize the
propagation of cracks are called Fibers which are equivalently disseminated and
arbitrarily arranged. This corete is named as fibers reinforced concrete. (Grijaet al,
2016). The addition of fibers greatly reduced the post cracking behavior in concrete
which improves structural integrity and cohesiveness of material.(Vandewalle, 2007)
Typical aspect ratio of fibers ranges from 20 to 100 while length dimensions ranges
from 6.4 to 76mm (ACI 544.1R6). The volume fraction (¥ is a term, used to
represent the amount of fibers added in the concrete mix as a total volume of concrete
The seel fiber volume fraction used in concrete typically ranges from 0.1% to 3.0%
(Global Research Analysis). More than 1.0% of volume fraction generally decreases
workability and fiber dispersion and need a special mix design or concrete placement
techniquegPortland Cement Association).

Figure 1 shows the effect of long and short fibers on concrete. Short length fibers
bridges micro cracks, control the growth of cracks and also delay the coalescence in
fiber reinforced concrete. Long length fibers prewvtetpropagation of micro cracks,
control the macro cracks also and then improve the fracture toughness of composites.

-
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Figure 1: Effects of short and long fibers

An attempt was made to find out the effect of steel fibers in concrete. Steel fibers of
length 18mm and 25mm was used in this research at different percentages to evaluate
their effects on mechanical properties of concrete like compressive strength, flexural
strength, ultimate load carrying capacity and ductility. Some positive effects were
obseved in concrete after adding hybrid steel fiber in concrete as compare to Plain
concrete. The results of this study will helpful in selection of concrete with improved
compressive and flexural strength and also with improved ductility. The greater
compresive and flexural strength co concrete will help the design engineer to make
their design more economical and safer.

2. MATERIALS USED

Ordinary Portland cement having Typmanufactured by DG cement with fairly high

CS content for good early strength deyenent was used. Usually include natural
aggregate with passing through a 9.5mm sieve. Source of Fine Aggregates was
Lawrencepur having Specific gravity 4.81, Fineness Modulus 3.37 and 0.80% water
absorption capacity. Similarly, source of Coarse Aggregatas Margalla having
Specific gravity 2.53, aggregate size 12mm and 1.37% water absorption capacity.
Hybrid mild steel fibers having diameter 0.43mm were used in concrete having length
25mm and 18mm with 60 and 40 aspect ratios respectiveitalite water was used

for this research and Chemrite 520 BA was used as water reducing and set retarding
concrete admixture at the rate of 0.5 lit/50 kg cement. These fibers were added in
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concrete at a volume fraction of 1.25% whereas no fibers were addedtrol mix
(CM) specimen.

Table 1: Different Ratios of Fibers used

Mix specimens Steel fibers
by volume of concrete (%)

CM Normal Concrete
Samplel 100% (25mm)
Samplell 100% (18mm)
Samplelll 50% (25mm), 50% (18mm)
SamplelV 75% (25mm), 25% (18mm)
SampleV 25% (25mm), 75% (18mm)

The concrete mixture design was carried out to find out values of ingredients. Trial

mixture design was carried out first to find out the mixture ratios for required strength

of concrete. For this research concrete mix 1:1.6:1.8 was used with 0.4 veateetat

ratio.

Deformed high strength steel of 13mm & 16mm bars were used to provide longitudinal

reinforcement in beams. 16mm bars provided at bottom of beams and 13mm bars
provided at top of beams. For stirrups used 10mm bars for all the beams. In plain
reinforced concrete beams stirrups are provided throughout the beam but in fiber
reinforced concrete beams two stirrups are provided at its one end two stirrups are
provided at its other end. Stirrups are provided to hold the top and bottom bar (Singh
et d, 2016).

3. EXPERIMENTAL METHODOLOGY

3.1 Compressive Strength Test

This test was performed accordingd8TM C39 To find out compressive strength of
concrete the cylinder of size 300x150mm were used. Specimen were placed on bearing
surface of UTM, of capacity 100 tones deprived of eccentricity and uniform rate of
loading of 0.25 MPa per second was applied tillfghkeire of cylinder. Machine gives
compressive strength direct in MPa so no need to convert the compressive strength
value (Ohitha et al, 2016).

3.2Flexure Strength Test

Plain and SFRC beams of size 100x150x1200mm were tested using a universal testing
machne. The loading scheme was two point. The beam was simply supported over a
span of 970mm and a twmoint loading system was adopted having an end bearing of
115mm from each support. A load was applied to stiff steel beam that distributed into
two points ad then from the two points load is transferred to beam specimen. The rate
of loading applied on beam was 0.5 MPa per second. The load is applied till the failure
of specimen. The first crack load and ultimate load are noted and deflection was
measured ueg the dial gauge (Cho et al, 2009).
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4. EXPERIMENTAL RESULTS

After the preliminary tests, various samples were casted included cylinders and beams
to evaluate the properties of concrete with and without use of steel fiber in concrete.
Cylinders were castl for the compressive strength test and beams were casted for the
flexural strength test. These samples have various percentages of steel fiber in
concrete.

The below figure2 indicates the comparison of plain concrete and steel fiber
reinforced concret with all described percentages. It is clear from figlithat there

is a significant improvement in compressive strength of concrete by adding steel
reinforced fiber in concrete as compare to plain concrete. The addition of 25%, 75%
and 100% steel fibesf 18mm and 25mm lengths have not produced large difference
at 28 days. While among the steel fiber reinforced concrete, the addition of 25mm and
18mm long steel fibers at 50% yielded the maximum results as compare to all other
options. Therefore, it islear that this is the optimum percentage of steel fiber
reinforced in concrete for the improvement of compressive strength.

Fiber Ratio vs Average Compressive Strength at 28 Days

25mm 75% 18mm 25% I 33.27
25mm 25% 18mm 75% . 33.34
25mm 50% 18mm 50% e, 36.018

18mm 100% I 33.395

Fiber Ratio

25mm 100% I 34.11
Plain (28 Days) NN 33.0885

315 32 325 33 335 34 345 35 35.5 36 36.5
Compressive Strength (Mpa)

Figure 2: comparison of compressive strength for plain and fibrous cylinders

Similar trend was also found in concrete atafge4 days. Where the addition of 25mm
and 18mm long steel fibers at 50% yielded the maximum results as compare to all other
options.

Fiber Ratio vs Average Compressive strength at 14 days

(Mpa)
= o 34.11 33.40 36.02 33.27
g 28.64
=30 24.25
.a 25
% 20
2 15
7
‘: 10
5 5
o O
E- Plain (14 25mm 100% 18mm 100% 25mm 50% 25mm 25% 25mm 75%
8 Days) 18mm 50% 18mm 75%  18mm 25%
Fiber Ratio

Figure 3: Compressive strength at 14 days

Similar trend was also found in concrete at age of 7 days. Where among the steel fiber
reinforced concrete, the addition of 25mm and 18mm long steel fibers at 50% yielded
the maximum results as compare to all other options. But the rate of gain of
compresiwe with rest to time was not found here in steel fiber reinforced concrete. The
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compressive strength of steel fiber reinforced concrete remains constant at around
36.02 Mpa in different ages.

Fiber Ratio vs Average Compressive Strength (Mpa)

40 36.02
as 34.11 33.40 33.27

30 28.64
2 21.62
2
1
1
o

Plain (7 25mm 100% 18mm 100% 25mm 50% 25mm 25% 25mm 75%
Days) 18mm 50% 18mm 75% 18mm 25%

Fiber Ratio

c o u

Compressive Strength (Mpa)
L]

Figure 4: Compressive strength at 7 days

Deflection tests were performed on beams to find out the ductility of steel fiber
reinforced concrete. It is clear from below graph that steel fiber reinforced concrete
with 25mm long steel fiber with 100% replacement yielded maximum deflection as
compare to other samplelt is also clear that there is significant improvement in
deflection of steel fiber reinforced concrete as compare to plain concrete which shows
that addition of steel fiber reinforcement improves the ductility of concrete and hence
improve the warnindpefore failure of steel fiber reinforced concrete structures.

Deflection at Failure (mm)

25mm 25%, 18mm 75% B8.49
25mm 752, 18mm 25% 10.91
;E 25mm 509, 18Bmm 50% B8.75
g 18mm 10086 8.22
- 25mm 100% 11.94
Plain 7.2
0 2 4 6 8 10 12 14

Deflection (mm)

Figure 5: comparison of deflection at failure for plain and fibrous beams

5. CONCLUSION

Concrete is a good building material and widely used in construction all over the world.
It has good compressive strength but it is very weak in tension which make it lesser
durable against tension loading. In order to improve the tensile strength oéteoncr
steel fibers used in this research has significant effects on all properties of concrete
when compared to conventional concrete. Following are the major findings of this
study.
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Compressive strength of plain cylinder is 33.09 MPa. There is 8.13%\vspent

in compressive strength of concrete by adding steel fiber ratio (25mm 50% +18mm
50%) in concrete. Because long fibers have greater pull out resistance which
improves the post cracking tensile strength of concrete and short fibers provides
micro crak control at early stage so both long and short fibers combined to achieve
the maximum compressive strength.

Flexural strength at first crack load in plain beam is 7.5 KN. As compare to plain

concrete, around 58.33% flexural strength of concrete waowagrby adding

steel fiber ratio (18mm 100%). It is because short length fibers control the micro

cracks in early stage of loading which leads to higher tensile strength of concrete
so the first crack appear later on 18mm 100% beam sample.

Flexural strenth at ultimate load in plain beam is 85 KN (Average of two samples).
Around 8.11% improvement was found by adding steel fiber ratio (25mm
50%+18mm 50%) because when the beam was subjected to flexural loading the
long fibers bridge the micro cracks and metthe expansion of cracks and when
long fibers fail than short fiber bridging cracks until its fail so combination of both
long and short length fibers combine to achieve maximum flexural strength at
ultimate load.

The variation in results of Load Deffigon Curve is due to hand compaction of
concrete and there is no use of vibrator for compaction concrete, due to this
deflection is more in 18mm fibers rather than 25mm fiber but according to previous
studies deflection should be more in long fibers aspared to short fibers.

The energy absorption in plain beam is 445 K. Around 36.49% improvement

was found by adding steel fiber ratio 18mm 100% because deflection in case of
this ratio also maximum so energy absorption also maximum. More the deflectio
more is energy absorbed by the beam sample.

RECOMMENDATIONS
Improvement in tensile strength and also in ductility of concrete is helpful in

choosing steel fiber reinforced concrete structures specially in earthquake areas
where tension and ductilitg ithe basic requirement of structures.

. This improvement inf tensile strength and ductility due to steel fiber reinforced

concrete also helpful for the designers to reduce the member size and make the
structure more economical as compare to traditionatrede.

Future research can be carried out by changing the aspect ratios and volume of
fractions of fibers (such as 1.5% and 1.75%) and check the compressive and
flexural behavior.

Analytical modeling of fiber reinforced concrete beam can be done.

Stress strain curve can be plotted and their behavior can be studied.
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Abstract
Construction industry is considered one of the biggest industries in the world. It
mainly covers construction of roads, dams, highways, bridges, residential and
commercial and highise buildings. Some useful construction materials including steel,
concrete and wood are used for the taucsion of all the structures. Concrete is widely
used construction material all over the world for the construction of different structures.
Concrete usually contains cement, sand, crush and water which collectively regulate its
strength and other proprs. Water is the most important ingredient of concrete which
takes most of the part in the functional properties that is why it is necessary to evaluate
the quality and availability of water. In this study, the effect of quality of locally
available wateon the properties of concrete has been identified. The locally available
water from Tap, Spring, Nula and Marble waste sources were used for the sampling. In
first run the effect of water quality on strength of concrete was determined. In second
step ofsampling, the sample having maximum compressive strength in stage one was
considered as benchmark and other samples were made by adding admixture to get the
benchmark strength. In the first stage 120 concrete samples including 60 cubes and 60
cylinders wee casted to check the effect water quality on compressive strength of
concrete at different stages like 7 days, 14 days and 28 days. In this stage concrete made
up of spring water yielded the maximum strength and concrete made up of Nula water
yielded minmum strength. In the second stage fly ash was added as an admixture in
concrete and casted same number of samples to check the effect of fly ash on concrete
strength. It was observed that with addition of admixtures, concrete with Nula water
and marble wde water yielded maximum strength as compare to that of tap water and
spring water. Therefore, it is recommended that at the site where water is not easily
available these types water can be used to prepare concrete by using some suitable
admixture.

Keywords. Concrete Ingredients, Water sources, Water Quality, Compressive
Strength and Admixture.

1. INTRODUCTION

Construction industry consists of five major sectors including Environmental
Structures, Infrastructures, Residential Buildings, Commercial Builaiindustrial
Buildings. Concrete is mostly used construction material all over the world. The
properties of concrete highly depend upon the properties of its ingredients like water,
cement, crush and sand. An attempt is made here to investigate ttteoéffeater
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quality on the compressive strength of concrete prepared by using locally available
water in the studied aré&ilchrist, 1972.

For proceeding the work for different qualities of water that is Tap wapeing water,

Nula water, and industrial waste water are the best options chosen for practice because
in our country various sources of water are available in different regions of the country
but abovementioned qualities of water are most feasible a®y ¢o be collected for
mixing the concrete. The water which is fit for drinking will be good for concrete but
this criterion is not applicable in all condition like if water contains small amount of
sugar or salt even then it would be fit for drinking bBuwill not be fit for concrete

(Ofori, 1993.

The construction industry is a tool through which society accomplishes its objective of
urban and provincial developme(itorner, Marenjak, & EI Haram, 2002 It gredly

affects the economy of all nations however it is at or close to the best in the yearly rate
of business disappointment and coming about liabilities contrasted with different
industries. This is a result of the complexities of the development prodeskifend

the expansive number of parties involved in the development procedure i.e. customers,
clients, originators, controllers, temporary workers, providers, subcontractors and
experts. Construction industry is one of the greatest employers of thengvork
population(Hooi & Leong, 2017.

Concrete is used in construction, which is made up of Coarse Aggregate, fine aggregate,
binding material like Ordinary Portland Cement (OPC) and water. Concrete have good
ability to bear Compressive stresses, which comes from the Structuveeggit and

live loads but it Is weak in tension, Steel is use in concrete to resist the tensile stresses
and it is also known as Reinforced Concrete cement. The coarse aggregate must be
retained on sieve no (4.75mm) and fine Aggregate should be passing from sieve no
(4.75mm)(Papadakis, Fardis, & Vayenas, 1992oncrete is the oldest and common
material which is use in construction. Concrete is fgaige due to it is in low cost and
material which is use in concrete it is easily available. Steel is use in concrete to handle
the tensile stresses. Volume of concrete is made up of around 75% of Aggregate and 15
% of cement. The Ph. Value of water tisagjoing to be used in concrete must be in the
range of 68. Water should not contain salt contents because it cannot make proper
bonding between cement and Aggred&age & Vennesland, 1983

Concrete havéifferent properties at different state like slump value, Initial and final
setting times, bleeding, segregation, consistency, pore pressure and freeze and thaw are
the basic properties of fresh concrete in plastic stage while compressive strength, tensile
strength flexural strength, shrinkage, creep elastic behavior and thermal behavior are
the basic properties of hardened concrete. Admixture are used in concrete to controls
the quality of concretéNeville, 1995. Addition of admixture in concrete improves the
properties of concret The addition of fly ash in concrete in the replacement of cement
enhance the mechanical properties, chemical properties and also durability of concrete
(Flatt, 2004. Similarly, the addition of super plasticizers in the concrete will also
improve thecompressive strength, wability, flexural strength, permeabilitpf
concretgCriado, Palomo, Fernanddmeénez, & Banfill, 200p

The water in concrete \&ry important role in making of concrete, it is used in concrete

to complete the hydration process. The quality of water is important factor in concrete.
The water ph. value must 7 to {Raki, Beaudoin, Alizadeh, Makar, & Sato, 2010

Water functions as the single most important and critical factor influencing the
workability or ease of mixing and placing the concrete. Moreover, water also controls
the fresh and harden properties in concrete. These properties include compressive
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strength of concrete, durability, cracking, permeability and workal(ftgwer &
Sanjayan, 2007

Concrete is weltlefined as a combined tough material that is attained by the setting of
a mixture of cement, aggregates, and water in standard detailedtjomegoThe
discrete materials when mixed together forms a plastic mixture, which can be molded
to any shape. Later, within a specified time period into hardens. Concrete is a numerous
material with variable assets. The mixing ratio of concrete ingredemtsangeable

and depending upon the properties of constituent and mix d@3ajmcios, Puertas,
Bowen, & Houst, 2000

Water is the most important ingredient of concrete which takes most of the part in the
bond formation that is why it is necessary to be studied regarding its availability and
preference. Concrete is composedcoarse aggregate, fine aggregate and water.
Cement is used as a binding material which forms a strong bond between all its
ingredients. This binding power of cement is only being activated through the
application of water in short the hydration of cemignbnly possible in its presence
(Siddique & Chahal, 2031

So many properties of concrete of concrete i.e. setting time, hardening time and
strength can be affected by the quality of a ngxivater. As the strength and durability

of structures depend more upon the properties of concrete which is used in the
construction of that structu®/ongpa, Kiattikomol, Jaturapitakkul, & Chindaprasirt,
2010.

Sea water usually comprehends 3.5salinity but faintly hurries the setting time of
cement. This comprises approximately 78% sodium chloride and 15% chloride sand
sulphates of magsaeim and these chlorides which are present in concrete
comprehending surrounded steel to steel corrosion. The chemical composition of
different types of water are analyzed and it is concluded that the sea water and rain
water had less strength due to thehtorides and some other constituents while the
fresh water showed better results and achieved high strength cofiRaietggdaeng,
Phoengernkham, Sata, & Chindaprasirt, 2D14

As the world is suffering from the water scarcity that is why it is the need of the time
to reuse the water from different sources like wash basin, kitchen floor wash and other
sources. But the properties of concrete datting time of concrete, compeng
factors slump compressive and tensile strengtiperties are highly depending upon

the quality of water. These properties are highly affected by the impurities in the mixing
water. That is why pure and drinkable water must be used in concretei¢veach
maximum(Le et al., 201p

2. RESEARCH METHODOLOGY

The research is based on the experimental study. Innikial istage different
preliminary tests were performed like dry density, bulk dgnsitirface saturated dry
density, water absorption, crushing value, initial and final setting time of cement, sieve
analysis of cement, fine and coarse aggregates andstemty of cementAfter
performing the preliminary tests on ingredients of concrete, several trials were carried
out to find the best suitable concrete mixture design for the required compressive
strength of concrete. From each trial mixture cubes, ostindd beams were casted to
perform compressive strength, tensile strength and flexural strength tests respectively.
Below table indicates the results of preliminary tests for the concrete mixture design.
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Tablel: Properties of Material for Mix Design

Properties of Material Values with Properties of Material Values

for Mix Design Units for Mix Design with Units

Grade of concrete M15 1 Gallon water 8.34 Ibs

Nominal maximum 19mm Slump value 75 mm

aggregate size

Specific gravity of cemen 3.15 Dry rodded weight of 109
aggregate

Specific gravity of fine 2.69 Coarse aggregat 1.20 %

aggregate moisture content

Specific gravity of coars: 2.63 Coarse aggregate wat 0.52 %

aggregate absorption

Density of cement 195 Pcf Fine aggregate moistur 5.20 %
content

density of water 62.4 Pcf Fine aggregate wate 0.71 %
absorption

1 cubic foot water 7.48 Gal Fine aggregate finene: 3.71
modulus

After that procurement of materiafgeliminary tests omaterialas per ASTM B7332

mix designprocedure as per ASTM-@4, samplingof concrete as per ASTM-C72

and curingof samples as per ASTM-Blwas carried outAfter the final concrete
mixture design, ingredients of concrete were mixed as peh3ié/ C-94 standards
and then cubes and cylindewvere casted and cured in the ponds for different time like
7-days, 14days and 2&lays. Total 120 samplesmprisel of 60 cylinders and 60 cubes
were castedwith and without addition of admixturer the compressive strength of
concrete. Tests on fresloncreteincluded slump test and density & void content test
were performed

After prescribed time period, compressive strength tests were performed to find out the
rate of gain of compressive strength at different age

3. RESULTS AND DISCUSSION

After thedetail and preliminary tests, 120 samples without admixtures and 120 samples
with admixtures were casted to find out the effect of locally available water quality and
admixture of compressive strength of concrete. It was observed that in initial samples
where admixture was not added in concrete, spring water yielded the maximum strength
as compere to other sample whereas concrete prepared with marble waste water and
Nula water yielded the minimum strength. The ultimate strength that achieved from the
concree sample prepared y using marble waste water and Nula water was lesser than
the target strength. These results are shown in the below-figure
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Figurel: Analysis of Results of Cylinders of All Water Qualities at 28 Days

It is clear from the above figure that there is a clear difference in the compressive
strength of concrete samples prepared with spring water and tap water as compare to
marble waste water and Nula water. It is also clear from the above graph that
compreswe strength of concrete prepared with marble waste and Nula water is lesser
than the target strength and hence it is not recommended to use these types of water to
prepare concrete at any site without use of proper admixtures.

As concrete samples prepdngith Nula water and marble waste water failed to provide
required strengthherefore, an admixture was added while casting the samples of Nula
water, Marble Waste Water and also tap water. Admixture which was used to improve
the strength was Superplastiers. Selection of this type of admixture was based on its
availability and literature This type of admixture is used to improve the compressive
strength of concrete by reducing the watercement ratian concrete. Amount of
admixture was calculatedeording toASTM C-494 and also from thgpecifications
provided by the suppliefwelve cubes and twelve cylindesamples were prepared

for each water quality and they were kept for cufimgdifferent time periodAll of

these samples were testediate period of7-daysl4-daysand 28daysto check the

rate of gain of compressive strength at these intervals of Bielew figure2 indicates

the results of these samples.
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Figure2: Analysis of Results of Cubes of All Water Qualities at 28 Days

It is clear from above figure that the strength of all the samples with addition od
admixture has been improved but samples prepared with marble waste water has gained
more strength as compare to tap and Nula water. There is an improvement of 18.54%
in conpressive strength of concrete prepared with marble waste water by adding
admixture in it. Therefore, marble waste water can be used in concrete mixture by
adding suitable admixture to achieve the target strength.
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Below figure3 indicates the rate of gaof compressive strength of concrete samples
at different ages like-days, 14days and 28 days with the addition of admixture in the
concrete samples.
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Figure3: Compressive Strength of Cubes of All Water qualities with Admixture

It is clear from abovéigure that the maximum improvement in compressive strength

of concrete is in concrete prepared with Nula water where concrete achieved maximum
strength as compare to all other samples. But these cubes sample tests result also
indicates the reasonable impement of compressive strength of concrete with
admixture.

Similarly, cylinders were casted, cured and then tested at different ages to check the
improvement in the rate of gain of compressive strength of concrete prepared with these
gualities of watersThe results are given below in figede
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Figure4: Compressive Strength of cylinders of All Water qualities with Admixture

Itis also clear from the above graph that again the improvement in compressive strength
of concrete samples prepared with Nulatev yielded maximum strength as compare

to all other samples. But it is also cleared that the rate of gain of compressive strength
and also improvement in compressive strength of all samples is quite good. That is why
it can be concluded here that at te@struction sites where tap water or drinkable water

is not available for concrete work any type of water can be used to prepared the concrete
but with the addition of some suitable admixture.
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4. CONCLUSIONS

Conclusions are made after the sampling astrig of concrete prepared with locally
available water including spring water, tap water, Nula water and marble waste water.
Sample were tested atdays, 24days and 2&lays to check the rate of gain of
compressive strength also to check the effectuality of water on concrete strength.

It is concluded that spring water yielded maximum strength as spring water is the purest
form of water that is why it provided suitable results. Compressive strength of concrete
prepared with tap water, Marble wastetevaand Nula water yielded relatively lesser
strength as compare to spring water respectively. It is also concluded that concrete
having Nula and marble waste water yielded lesser than the target strength. Therefore,
it is highly recommended that at anynstruction site concrete should not be prepared
with these types of water. After the addition of admixture in concrete mix, Nula water
yielded maximum strength as compare to all other samples. There was a significant
increase in the compressive strengtltaficrete prepare with Nula and marble waste
water with the addition of admixture. The rate of gain of compressive strength of
concrete having Nula water and marble waste water was also improved as compare to
spring and tap water. The results of both @dinand cubes tests indicated that with the
addition of admixture in concrete having Nula and marble waste water yielded
maximum strength as compare to traditional tap water concrete sample. Therefore, at
construction sites where tap water is not easitgssible, these types of studies helpful

to provide the suitable replacement of water for concreting.

After analyzing the results of concrete samples of all water qualities with admixture
and without admixture it was concluded that Compressive Strefgtmcrete which

is one of the most important property of concrete and it is affected significantly by the
water quality which is to be used in the casting of samples. Therefore, it is necessary to
study water quality for its chemical properties regaydis suitability for making the
concrete because it does not only have an effect on the strength of concrete but it also
affects concrete quality after construction.

5. RECOMMENDATIONS

From the results and conclusions, the recommendations are madprihgtwater
should be used in concrete if it is easily available to achieve better compressive strength
as compared to tap water and other types of water. Marble waste water and Nula water
can also be used in the concrete mixing by using suitable adeniXarble Waste

Water can also be used in preparation of concrete if Compressive Strength is to be
achieved regardless its other effects on concrete after preparation as this is waste water
and if it will be used in concreting then its effect on envirorinaglhovercome. Future
research can be made on evaluation of chemical properties of water and their effect on
the compressive strength of concrete. In future, the research can be done by exploring
other qualities of water and check their effect on proggedf concrete such as Tensile
Strength, Flexural Strength etc.
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Abstract

Nanomaterials and its application in construction industry attracted researchers to
explore their effect due to exceptional properties in term of mechanical and have the
potential & reinforcing within cementious matrix. Among them carbon based
nanomaterial exhibit tremendous advantages in the construction industry. In this study
hybrid intrusion of carbon nanotubes with graphite nanomaterials were added with
small dosage/concentrati ranging from @.08% to surfactant ratio of 1:1 in the
cement matrix, to explore mechanical properties in term of flexural and compressive
strength is explored. The result reveals that using a small percentage of nanomaterials
enhances the flexural strgth and compressive strength up to 185% and 70%
respectively.

Keywords: carbon nanotubes, graphite nanoplatelets, flexural strength, compressive
strength

1. INTRODUCTION :

Cementitious materials are widely used construction materials, due to having high
exceptional compressive strengtHowever these conventional cementitious material
offer good compressive values, but still limits the tensile capacity, which makes them
vulnerable to cracking. These cracks propagate form micro level, which then conjoin
to microcrack leading to failure of cementitious materigd. tackle the mentioned

issues various materials and techniques have been explored by several researchers
which include the incorporation of SRMs, welhgineered steel fibre<Carbon
nanofbers CarbomanotubesGraphene xide and casonaceous nanoloro inert,to

alter the traditional properties of composites acltieve the required milestones. These
nanoscale fibers arrest the propagation of crack at the nanoscale, causing enhancement
in mechanical propertieshese nanomaterials have distant and fruitful properties when
used in cememus material. Among variousnanomaterials, carbepased
nanomaterials havibe most enlightened properties. Small concentration increases the
mechanical response of cementitious composite. Kagadtautous et al. used carbon
nanotubes with small concentration of 0.08% in cement pastereported 35%
increase in flexural properti¢onstaGdoutos eal. n.d.) Wang et. al. used MWCNTs

in cement paste and reported increase flexural and compressive stretagli®%pand

50% respectivelf(Wang et al. n.d.)Gong et.al incorporated GO sheets with small
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dosage of 0.03% in cementitious composite and reported 46% and 25% enhancement
in compressive and flexural response. This is due to the refinement of poi@ize

et al. 2015)

The properties of Carboranotubes can be influenced by its aspect ratio, diameter as
well as fom its chirality. Historically Carbon nanotubes were discovered in 1991 by
sumio Lijima (Japanese Researcher) while investigating tifacsu of graphite
electrodes as sown in Figurérfature and 1991 n.d.)lhis discovery of CNTs leads to

a new dimension which opened a path towards utilization of CNTs in humerous fields
of engineering. Based on its characteristics, properties and its production CNTs is used
in numerous \able applications like rechargeable batteries, spprgonods and
automotive partgVolder et al. n.d.)

Figure 1: (a) Carbon nanotuffdreuer and Sundararaj 2004)) Schematics image
and TEM image of MWCNT¢#Breuer and Sundararaj 2004)
(Lietal. n.d.)

Graphite mnoplatelet (GNP) is another fowhgraphite anomaterial§GNMs) mainly
carbonbased conductive amoparticles which is produced from graphite. Normal
graphite consists of stratified layers including series of two dimensional (2D) graphene
layers stacked togjeer in the parallel fornm{Pierson 1993pms shown inFigure 2
However graphite anoplatelets cabe obtained via exfoliation andta@rcalation of
graphene layers.

Graphene sheets

Figure 2: Structure of Graphite showing the sp2 carbon atoms bounded i
hexagonal ring§Sengupta et al. n.d.)

Graphitenanoplatelets (GNPs) consist of many graghkyers bonded together with
a Van Der Vaal forces, having a thickness anmmeter and diameter ranges in
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microns There nanoscale size, when used in cementitious composite, enhances the
mechanical properties.

In order to improve the mechanical properties of composites matitomaterial
addition, it is mandatory to properly disperse it inside the matrix. The problem normally
faced with improper dispersion ohnomaterials the agglomeration and bundlirad

tubes inside the matrix for which different surfactants need to employ to make th
nanomateriahomogenously disperse through cement matrix. In the continuation of
mentioned topic an investigation on the dispersionasfomateriabndits effects on

the mechanical respsea of cementitious matricéSobolkina et al. n.d.xoncludes that
properdispersion leads to 40% enhanmmnt in compressive resistance. In most of the
researb investigations, it ra been emphasized those nanomaterials agglomerates
within the cementnatrix without giving proper attention to dispersitwo, Duan, and

Li 2009; KonstaGdoutos et al. n.d.)n this research dispersion of nanomaterials was
done using acacia gum as surfactant with nanomaterial to sutfeatia of (1:1), as it
yields maximum dispersion.

In this paper, hybrid intrusion carbon nanotubes with graphite nanoplatelets in cement
mortar, with dispersion and exploration of mechanical properties in term of flexural and
compression has been repdrte

2. MATERIALS AND EXPERIMENTS

Type 1, Grade 53 Cement in line with ASTM C150 was used as binding material. The
features properties of cement/binder can be seen in Table 1. Sand was obtained from
lawrenecpur, with fineness modulus of 2.4 and superplastiolatained from BASF
chemical for making cementitious mortar. The Muall carbon nanotubes and
graphite nanoplateletes used in this research were purchased from US Research
Nanomaterials and Deijung Company and their properties are listed in Tallacka A

gum used as surfactant for proper dispersal of nanomaterials in water. The features
properties of superplasticizer are listed in Table 3.

Table 1: Properties of OPC

Elemental Composition Content (%)
CaO 65.11
SiOz 19.17
Al203 4.96
FesOa 3.21
MgO 2.23
MnO + K:O 0.55
TiO2 0.28
P20s + N&eO 0.64

Table 2: Properties of MWCNTs and GNPs

External Internal Length Purity Specific Ash  Density
diameter diameter ( ¢ m' (%) surface content (g/cn?)

MWCNTs (nm) (nm) area  (wt.%)
Properties (m?/g)
20-30 5-10 1030 >97 110 <1.5 2.1
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Specific Particle Specific
surface size gravity

GNPs area  analysis
Properties (cm?/g) (€ m)
154 6.78 1.62
Table 3: Properties of third generation superplasticizer
Master Aspect Relative Density pH Chloride
Glenium ion content
®51 Light Brown Liquid 1.08 + 0.01 at 25°C 06 <0.2%

2.1 Mixing regime of nanocomposite cement mortar

The homogenous solutions of graphite nanonm
used to make nanocomposite cement mortar. The wateinder ratio of 0.38 was

selected for all formulation and binder to sand ratio of 1:1.5 was used for casting of

cement mortar. The mixing of all formulation was done by using Hobart mixer of 5 litre

capacity. After mixing, and for the evaluation of magital properties, prisms mould

having dimensions of 160x40x40mnvere casted. The details of formulation and the

mixing time taken by each formulation has been listed in Table 4 and Table 5

Table 4: Formulation regime
S.No. Formulation CNT GNP
(%) (%)

1 CS 0 0
2 C 0.08 0
3 CG 0.04 0.04
4 G 0. 0.08

* CS control sample, C carbon nanotubes, CG hybrid carbon nanotubes/graphite
nanoplatelets, G graphite nanoplatelets

Table 5: Mixing regime

Mixing regime Time of mix
Dry mix Half minute ( gentle mix )
Dry mix + Dispe 1 minute ( gentle mix )
Dry mix + Dispe 2 minutes ( fast mix )

3. RESULT AND DISCUSSION

3.1 Dispersion

The dispersion of nanomaterials was checked by usirgpgetroscopy. The dispersed
solution of nanomaterials wadiluted by using lambert beer law, before using
spectroscopy. The wavelength was kept betweers1200 nm and 500 nm wavelength
was kept to check the dispersed solution of nanomaterials, as it is unadteatauent
conditions(Baloch et al. n.d.) It can be seen that graphite nanomaterials (CG) having
small concentration with GNMs to surfactant ratidldf yield maximum absorbance.
This is due to the synergistic effect of nanomaterials as shown in Figure 3.
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. igure 3: UMSpectroscopy of nanocomposite
3.2Flexural Strength

The flexural strength of all prisms was performed according to ASTM C348, under
bending setup on load controlled machine as shown in Figure 4. The flexural test was
performed after 28 days of curing. It can be seen in Figure 5 that the flexural strength
of nanocomposite increases as compared to the control sample. Also, concentration
(CG) increases the flexural strength up to 185% compared to control specimen. This is
due to the synergistic effect, which enhances the microstructure causing an increase in
load carrying capacity

Figure 4: Bending test assembly
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Figure 5 Flexural responsef nanocompositat 28days
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3.3Compression Strength

The compression test was performed according to ASI3vM914 on two broken

pieces of prism after the flexural tess shown in Figure 6. It can be seen in Figure 6
that the compressive strength of nanocomposite (CG) increases up to 70% as compared
to control sample, as these fiber enhances the load carrying capacity between fiber to
fiber and with the adjacent matrix
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Figure 6 (a) Assembly of compression test, (b) Compressive straingth
nanocompositat 28days

4. CONCLUSIONS

From the study and research regarding nanomaterials, following conclusion has been

drawnby using small concentration pAnomaterials in cementitious mortar.

1. Dispersion of Hybrid CNTs/GNPs (CG) nanomaterials with nanomaterials to
surfactant ratio of (1:1) yield maximum dispersal. This is due to the synergistic
effect, as these both fibers belong to the family of graphitematerials

2. Intrusion of hybrid CNTs/GNPs (CG) by small dosage of 0.04/0.04% in
cementitious mortar increases the compressive strength up to 70% compared to
control specimen. This is due to enhancement in load carrying capacity

3. Intrusion of hybrid CNTs/GRs (CG) with small dosage increases the flexural
response of nanocomposite of hardened mortar sample. The bending test elucidated
that using small concentration increases the flexural response up to 185% as
compared to the control specimen.
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Abstract

The waste material produced from the demolition of concrete structures every day
throughout the world. This concrete waste includes the recycled aggregates and the best
way of use of this waste is to use as coarse aggregates in the production of fresh
conaete. The millions of tons of coarse aggregates is use for the production of concrete
and the rocks are the source of aggregates (whether natural or broken)..In the new
production of concrete the recycled aggregates is used as the coarse aggregates. In thi
research work from the experimental work performed on the recycled aggregates
concrete and the compressive strength of the recycled aggregates was determined by
using the different water to cement ratios. For to determine the compressive strength of
therecycled aggregate concrete the Lawrancepur sand is used as a fine aggregate, from
a demolished concrete the recycled aggregates is collected and used as coarse
aggregates and the DG Cement is used as a binding material. The different water to
cement ratie has a effect on the recycled aggregates concrete compressive strength.
W/C 0.50, 0.55, 0.60 was examined in our research work and the results found that W/C
0.50 gave greater compressive strength. The results show that submerged treatment
gives greater @ampressive strength compared to the coagulant because in the case of
submerged treatment, there is no loss of moisture from concrete samples and enhances
water reaction. Therefore, to achieve high pressure is recommended submerged
treatment. The propertied recycled aggregates was determined and compared with
the properties of natural aggregates. After the experimental work it was determined that
the water absorption capacity of the recycled aggregates was more as compare to fresh
aggregates due to theaathment of cement particles.

Keywords: Recycled concret&Vater cement raticAggregateCompressive strength.

1. INTRODUCTION :

The concrete which is produced by the use of natural aggregates hagjbatiigras

compare to the concrete which is prodd by the use of recycled aggregates as coarse
aggregates. Because the recycled aggregates have greater water absorption capacity due
to the attachment of cement particles with the aggregatebareda porous mortar

matrix around the surface of aggregathis make théower bondin concrete The

guality of the recycled aggregates is low as compare to natural aggragatesger the

recycled aggregates halween used in different construction works for the cost benefit
analysis and to reduce the waste enat produced from demolished of concrete
structures.
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The properties of recycled aggregates are low so the use of recycled aggsegates
limited and used for only low strength concrete and low grade concrete. And if the
recycled ggregates have good peagies thercan be sed in the production of high
quality concretesuch as structurzoncrete. The research and the experimental work
providad good guidance on quality contrdiiecycled aggregates and then use in high
guality concrete.

2. EXPERIMENTAL PROCEDURES
2.1 Test Standards
All the experimental work performed by the used of ASTM standard.
2.2 Test Performed on Concrete
0 Slump test

0 Temperature test
o Compressive strength test

Figure 1:View of a) RCA in Boulder and) Crushed form
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2.2 Research Methodology

[ Literatars Feviaw ]
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[ Analysis of Results ]

U

Figure 2 Flow Diaglam of Research methodology
2.3 Slump Test

On the fresh concrete th@ump test was performed according to ASTML4L3
procedure for or to check the slump value of freshcretethe slump cone apparatus
was used. The slump conas filledin three equal layer with considering height of the
slump cone andias compressed Wit25 strokes using the steel tamping rod after each
layer. The diameter of thempingrod is 5/8in ad have24 inchedong. Theslump
value gives the indication about the water content and ease in working on concrete.

Figure 3: Slump test

2.3.1 Procedure

1 The slump cone base plate is provided on flat surface, the base plate is
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lubrication isprovided and the base plate is made of steel.

1 The slump cone is filled up to 1/3 level and then provided the 25 equal strokes
by the used of tamping rod.

1 Then in second layer the slump cone is filled to 2/3 and the 25 strokes equally
provided by the usedf tamping rod

1 Then the last layer upto the top level of the slump cone was filled and then
removed the concrete outer on the top of the slump cone and provided the 25
strokes equally on top layer of the concrete.

1 Then the slump cone was removed carefullthevertical direction (it takes
about five seconds).

1 Then the slump cone is placed near to the sloping concrete, then place the
temping rod horizontally across the slump cone and the sloping concrete, and
measured the slump value in inches by the o$edale. Figure 3.8 above is
shown that the slump test of fresh concrete in inches.

2.3 Compression Test

Due to thehigh compressive strengtth concrete it hasommonly used toarry

compressive load&STM C 39 specifiess the standardest methodor to check the

concrete compresside ngt h. The cylinder size of 601 1:
compressive strengtfithe uniformly load applied on the specim&he canpressive

strength of the specimen was determined at 7 and 28 days.

Figure4: Compression Testing setup
2.3.1 Procedure

1 The bearing plates provided on the platen of the machine with hard face up and
wipe clean the upper and lower plate of the machine.

1 The specimen with accurate alignment was placed in the compressive strength
apparatus and then at the centre of the specimen between the plated the load was
applied.

1 Theapparatus applied the uniform load on the specimen with the constant loading
value of 35 7 psi/s.

1 The apparatus was applied compressive load on the specinietheihbad was
reduced steadily and specimen displays a well define load fracture pattern.

3. RESULTS
3.1 Strength at different Curing conditions

On 7 days curing in different conditions the results are being compared as shown in
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figure above. In submerged condition the strength is greater as compared to BURLAP
curing.

RAC COMPRESSIVE STRENGTH VS CURING CONDITION

(W/C=0.55)
25
21.35
18.35
A SUBMERGED
MBURLAP

%

COMPRESSIVE STRENGTH

CURING CONDITION 7 DAYS

Figure.5 Strength vs Curing Condition for RAC at 7 days

In figure no 6 there is a compression of the strength of 28 days curing. It can be clearly
observed the strength of the submerged curing in competitively more than the other
curing.

RAC COMPRESSIVESTRENGTH VS CURING CONDITION (W/C=0.55)
25 23.41

[ SUBMERGED
RN BURLAP

COMPRESSIVE STRENGTH
o M5 3
7

% / N
©
O
[(e]

Y,

CURING CONDITION 28 DAYS
Figure.6 Strength vs Curing Condition for RAC at 28 days

4. FUTURE RECOMMENDATIONS:

1 For this project the strength should also be checked for steam curing condition.

I For 0.50 w/c ratio where the concrete was not workable, admixtures should be
used to increase the workability.

1 At the same water cement ratio, the workability etigled concrete is higher
than that of control concrete. The reason for which is the smooth impervious
surface of recycled aggregate.

5. CONCLUSIONS:

The results of experimental work have been analysed and conclusions drawn from this
study are presentdmklow.
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1 For the same wi/c ratio and changing curing condition the compressive strength
obtained by submerged curing at 28 days is 11.5 % higher than burlap curing.

1 For the same w/c ratio and changing aggregate type the compressive strength
obtained by natad aggregate at 28 days is 7.13 % higher than recycled
aggregates.

1 The highest compressive strength was obtained by immersion of specimens in
water tank, submerged curing gives more strength as compared to burlap curing
because of enough water for hydratfrocess.
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Abstract

Sustainable development of nationds infras

challenge in this era. There is an emerging trend of using locally available natural fibres
in structural applications to support sustainable development in these countries. Banana
fibre is abundantly available and can be utilized in concrete roads. These roads are
prone to hair line micro cracking i.e., shrinkage cracking, instigated by dryimiabe

due to volumetric changes in concrete during the curing. The overall aim of this study
is sustainable development of concrete roads by using Banana Fibre Reinforced
Concrete (BFRC). And the specific aim is to investigate the tensile behaviour of BFRC
in comparison with conventional plain concrete (PC). Mix design of 1:2:4 is adopted
and 0.5% banana fibre by mass of concrete is used in BFRC specimen. Standard
cylinder specimens (100mmx200mm) of PC and BFRC each are casted and cured for
28 days. Splitensile test is performed on these specimens. BFRC depicted decreased
tensile strength and energy absorption as compare with PC. On the other hand, BFRC
showed an immense increase in toughness value. This improved behaviour of BFRC
toughness can help in netng the resulting shrinkage cracking propagation. It is
recommended that, mechanical properties of BFRC in addition with so other
strengthening admixtures and its usage as a commercial product should be explored in
depth.

Keywords: Shrinkage cracking;rack propagatiorBanana Fibre Reinforced Concrete,
Split tensile strength, Tensile energy absorpti®mdging effect.

1. INTRODUCTION :

Concrete pavements are durable structures and preferred more over flexible pavements.
Concrete pavements provide mateength. These pavements need less maintenance.
But these are also prone to number of pre mature failures. Shrinkage cracking is one of
these premature failures, which later on results in various distresses of pavements and
ultimately lessens the desigfelof the structure (Kumar et al. 201Zhese cracks are

also responsible for creation of chain and transverse cracking in concrete pavements
(Niken et al. 2016)-igure 1(a), (b) and (c) shows shrinkage crack propagation after six
months, one year and/é year of construction, respectively. The thickness of the lines
indicate the width of crack3hese issues are resolved by many researchers by use of
fibres to lessen the impact of damage caused due to poor construction practices.
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Figure 1: Shrinkagerack propagation, a. after six months of construction, b. a
one year of construction and c. after two years of construction

Ra and Joshi (2014) conducted a research to study the effect of fibre reinforced
concrete on the shrinkageackingin comparison with conventional concreféey
concluded that fibre reinforced concretewed resistance against shrinkage cracking

as compeed to plain concreteribres like polypopylene in restrained concrete can
lessen the drying shrinkage percent@geusefieh et al. 2017). Use of mineral fibres

and nano silica showed improved behaviour in mechanical properties of concrete
(Larisa et al2017).Debate on natural fibres all over the world is increasing. Utilization

of natural fibres as a source of raw materials for the different industries due to their eco
friendly nature and for accomplishing the idea of global sustainability has been
increased. Experts are looking for the new economieavironment friendlyand
sustainabléechniques in construction. Researchers are focusing on agricultural waste
as one potential of source energy. Today throughout the global, increase in awareness
about ssues of environment is acting as the strong motivation for the utilization of
natural fibres in various kinds of industries. However, there is a changing trend in use
of natural fibres in structural applicatiofanana fibres abundantly available andr

be utilized in concrete roaddlostafaet al. (205) expressed thdanana fibresan be
utilized in compressed earth blockeation,and they reported improved compressive

and flexure strength of banana fibre reinforced specimens in comparison with
unreinforced specimenginici et al. (2005)reportedthatin an immense amount of
agricultural byproduct created each midyear Turkey. Agriculturists consume it,
causing environmental harm. Rather than being scorched, agricdibues can be
utilized & a part of mud block creation. In the same vimnana fibras abundantly
available as an agricultural {product in Pakistan anoeing used as export product.
Sakthivel et al. (2019) did research study on the mechanical properties of banana fibre
reinforced concrete. Apart from enhanced mechanical properties, they reported banana
fire was found good in fire resistance. Keeping in mind, enhanced properties of banana
fibre reinforced concrete, they recommended to explore its future prospects for
constructbn industry as an environment friendly materieflo t he best of
knowledge, the research conducted to control shrinkage cracks by using BFRC in concrete
roads is limited. Therefore an experimental study is planned to investigate the potential of
BFRC in concrete roads. The overall aim of this research is sustainable development of
concrete roads by using Banana Fibre Reinforced Concrete (BFRC). And the specific aim
is to investigate the tensile behaviour of BFRC in comparison with conventional plain
concrete (PC). Percentage of banana fibre used is 0.5% by mass of concrete is used in
BFRC specimen.
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2. EXPERIMENTAL PROCEDURES:
2.1 Raw materials

Raw materials which aresedto preparespecimensomprises ofordinary portland
cement, santiavingfineness modulus of 2.6 and specific gravity of 2.63, aggregates
of maximum size 19 mm, arghnandibresof maximum length 50 mm.

2.2 Mix design and casting procedure

In the mix design ratio of PC, the rabb1:2:4 isused for cement, sand, and aggate
respectively with a watezement (W/C) ratio of 8. The mix design and (W/C) ratio
for BFRC isequivalent as compared t&€€ irrespective to that 50 mm long fibres
having 0.5% proportion, by mass ofoacrete All quantity of materials is mixed by
mass.For preparation of concretetating drum concrete mixerused. In making plain
cement concreteiaw maerials including water ar&ransferred in the drum of the
conventional concrete mixéollowing the sequence of aggregates first, sand second,
cenent thirdand water in the last, and it ietated 6r three minutes. Slump test is
performed beforélling moulds and the result of slump2scm.

For preparation adbanana fibre reinforcecbrcrete, an alternate approactembraced
to avoid the accumulation dfananafibres in blender bars of coreting drum. The
materials arglaced in drum in three layers. In first &ay 33% of total aggregates is
spread in the drum followed by cement, fibrexl asand. In this way, fibseare
sandwiched between aggregatesdl sand. A similar strategy embraced for the
remaining materiallThe blenders halted at tbpoint where addition of layer is to done
and remaining water iscluded. Concrete mixing machine rietated again for 1
minute.

2.3 Specimens

The cylinders were casted for conduction of glitsile strength test for PC and BFRC;
having standard size (100mm x 200mm). Total 4 specimens were casted (2 PC + 2
BFRC). For BFRC, filling and compaction of the mix in the masuldquires special
consideration. Therefore, another approach is adopted to remove air voids and to
achieve seltompaction, in addition to standard compaction method. The mould lifted
up to a height of 200mm approximately and afterward dropped to the Altier 24

hours, the specimens are-m@ulded and placed in the curing tank for 28 days. The
density of PCC and BFRC is determined by using ASTM8/C138M16 procedure.

2.4 Splittensile strength test

The splittensile strength is performed on the test specimens as indicated by the ASTM
standardC496/C496M11. The spliensile strength, spliensile behaviour, split
tensile energy absorbed before crack and split tensile toughness are determined.

3. REQULTS:

3.1 Split-tensile behaviour

Load versus time curves under split tensile loading for PC and BFRC are shown in
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Figure 2(a). The crack development in specimens undeitepéile loading at initial,

peak and ultimatéoads is presented in Figure 2(b). The upper two images i.e., Figure
2(b) demonstrate the underlying crack in PC and BFRC. The underlying crack in the
specimens of PC and BFRC is noted at 100% and 95% of their comparing maximum
loads. The underlying cradkngth and width in BFRC is lesser when contrasted with
PCC. The length of initial crack around 60 mm to 75 mm is observed in BFRC. At this
point, the separated pieces of PC can be around the first crack observed with no time
distinction, while pieces of BRC are held together as a result of the interlocking impact

of fibres. At the maximum load, when contrasted with PCC, the observed number of
splits, their length and width at the maximum load are less in BFRC as shown in Figure
2(b). At this stage, the gatest length of crack in the specimen of BFRC is amplified

up to around 75 mm. The test is proceeded even after the maximum load to see the
sample behaviour. At the ultimate load, there are various cracks and the most extreme
split lengths for the example BFRC is developed up to around 90 rasmshown in

Figure 2(b). For observation of fibre failure, specimens of BFRC are deliberately
broken into two pieces after the ultimate load application.
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!

Crack at
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Figure 2: Splittensile behaviour of PC and BFRE). spu. «oiiSile strength versus time,
and(b). crack development

3.2 Splittensile strergth (SS) split-tensile energy absorbedbefore crack (SE;) and
split-tensiletoughness(SEr):

For computing the splitensile strength (SS), the peak load value from-ggrisile load
versus time curve is utilizealccording to ASTM standard. For sgknsile absorbed
energy before crack (QFcalculation, the portioned part of area under gphsile load
versus time curve up to the first crack load is utilized. Similarly, thetspigile energy
absorbed after crack (9Hs computed by using the area under dpliisile load versus
time aurve from the first crack load to the peak load. Splittiexgsile absorbed energy
up to the peak load (SE taken as the entire area undplit-tensile loaetime curve
from zero to the peak stress. Splittitmpsile toughness (SkEis taken as the ratiof
the splitting tensile absorbed energy up to peak load to the sptitisge energy
absorbed before crack (SEASE
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Table 1: SSSk, SE, SE, Sk of PC and BFRC
Concrete type

Parameter PC BERC
SS (MPa) 1.43 0.83
SE (kN.s) 176.67 18.8
SE (KN.s) 0 118.3
SE (kN.s) 176.67 137.1

SEr 1 7.29

The splittensile strength SS of PC and BFRC are 1.43 MPa and 0.83 MPa respectively,
which means the split tensile strength of the BFRC is decreased by 42% in comparison
with PC. The comparison of SSk, SE and Sg&is shown in Figure 4. BFRC showed
decreased results in results of SS; &t Sk for BFRC in contrast with PC by 42%,
90% and 33% respectively. The sjénsile toughness of BFRC showed extreme
increase in its value as compare with PC.

Figure 3: Comparison of SS, §E5E and Skof PC and BFRC
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4. KEY ASPECTS FOR USING BFRC IN CONCRETE ROADS

Shrinkagecrack propagation in concrete pavements can be bonded with different
factors which include shrinkage, penetration of water, and tensiegsir etc. Due to
volumetric changes, shrinkage cracking results, which can be eliminated, if the split
tensile strength of concrete is greater than the tensile stresses induced by volumetric
changes due to shrinkage. It depicts that shrinkage crackirtgeazontrolled by tensile
strength of concrete. Bending stresses in concrete structures are introduced by
differential settlement in these structures. Similarly, cracks due to bending stresses
would be controlled if bending strength of the concrete iatgrehan these stresses.
Therefore, bending strength of the concrete is also needed to highlight in controlling
cracks. In order to avoid formation of severe distresses in concrete pavements, it is
necessary to increase the absorption, toughness andy extesgrbed after ultimate
loads of concrete. For reducing the rate of cracking in concrete pavements, it is essential
to investigate materials by means of less shrinkage in addition with better mechanical
properties (tensile strength, flexural strengthd tnughness).

Experimental behavior of PC and BFRC to reduce the rate of shrinkage cracking is
inspected, in the current study. When contrasted with that of PC, the BFRC
demonstrates ineffective results in spdibsile strength SS, sptinsile energy
albsorbed before crack SEtotal splittensile energy absorbed SE. An extreme
enhancement in Sks seen when contrasted with that of PC. Though, thetspkile
strength of BFRC is not found sufficiently effective but the increased toughness of
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BFRC can Blp in reducingpropagation of shrinkage cracking which ultimately will
stop different distresses in concrete pavements.

Fibre pull out

! Fibre
breakage

Figure 4: Fibre behavior in broken test specimen

BFRC gives a bridging effect while failing, hence changing the failure mode and
pattern. Figure 4 shows fibre pull out and fibrebadmding. It is observed that, nearly
70% of fibres arepulled outand that of 30% arerokenon thebroken surfacef
specinen The pulled oubbserved in broken specimendse to lesser bond strength
betweenbananafibres andconcretematrix. The reasowan bethat fibres were not
properly dispersednhile mixing

5. CONCLUSIONS:

This studyhighlights the usage of banana fibre reinforced concrete to avoid shrinkage
crack propagation in rigid pavements. Mix design of 1:2:4 with water cement ratio 0.6
was adopted to prepare PC and BFRC specimens. BFRC specimens included banana
fibores of 5 cm lagth. Splittensile behaviour of samples was judg&dllowing
conclusions can be drawn from the conducted study:
1 The increased toughness value of BFRC can help in controlling the propagation
of early age shrinkage cracking in concrete pavements.
1 The bridgng effect of BFRC prevented the shrinkage cracks from getting deep
under increased loading during testing. BFRC specimen did not break into two
pieces like PC specimen.

The results show a potential in BFRC to be used for mitigation of shrinkage cracks in
concrete roads. It is recommended that, mechanical properties of BFRC in addition with
so other strengthening admixtures and its usage as a commercial product should be
explored in depth.
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Abstract

In this growing era of advancements and infrastructural growth, concrete has become
one of the most utilized construction material across the globe. The environmental
issues may be caused by direct discarding waste materials into the environment. Waste
materials e&e now being employed to develop ddendly products and can be directly

used as effective additives in many materials to develop efficient characters and
durability in them. Stone slurry and solid marble waste are the two most produced waste
materials ®Metamorphosed limestone industry. Because of growing inflation in prices

of raw materials researches are being made to replace the expensive materials with a
low cost or waste materials in order to achievefeendly yet costeffective materials.

In this paper, cement is being replaced by the metamorphosed limestone powder, burnt
clay pozzolana, and wood ash. The tests are carried out for concrete developed in
combination with the replacement of 0, 5, 10, 15 and 20% cement by metamorphosed
limestone power, burnt clay pozzolana, and wood ash. The main focus of the current
study is to effectively identify the optimum range of percentage replacement that can
be practically useful to achieve higlerformance mechanical properties of concrete.

Keywords: Conaete; Waste Materials, Cement; Mechanical Properties; Strength
1. INTRODUCTION:

Concrete is an amalgamated material prepared with cement, sand, aggregates,
admixtures or superplasticizers and water. In concrete, cement is used as a binder to
hold the aggegates while fine aggregate (sand) acts as a filler material to increase the
density of concrete and water is used to hydrate the cébwen& Pheeraphan, 2015)

The effective properties of cement paste in concrete decides the efficient behaviour of
concrete. In order to prepare a durable , low cost yetpégtormance concrete many
studies are being conducted around thebe to explore this particular aspect
(Almusallam, Beshr, Maslehuddin, & #Almoudi, 2004) Numerous new skyscrapers
strengthened bond solid structures have utilized cement with a compressive quality of
more than 100 MPa. With increased usage of -igdlity concrete, comprehensive
reseach work has been conducted on base mechanical properties of concrete.
Research pertaining to the use of waste materials which are-fhredhycts produced
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by different manufacturing processes to enhance the properties of concrete. It clearly
shows the facthat human activities in different aspects of production and usage create
a very strong impact on procuring waste materials in significantly higher volumes more
than 2500 MT per year. Different detailed studies prove the fact that these waste
materials g way more profitable in usage nature if treated properly to utilize in
effective ways. The solid wastes are one of the most prominently produced wastes that
may include silica fume, fly ash, blast furnace slag, burnt clay pozzolana,
metamorphosed limeste powder, wood ash and waste construction materials. These
waste materials are used to improvise the strength of concrete, workability behaviours,
increase the water tightness, and to reduce the heat of hydration and significant thermal
shrinkage for conete.

The civil engineers are primarily concentrating to develop the advanced concrete to
enhance the service life of the structures and provide satisfactory performance under
different climatic conditions. In the past, the proper disposal of such irdwsaste
materials was indeed one of the significant environmental issues across the world
(Aliabdo, ElImoaty, & AbdElbasef015) But now the engineers are utilizing them for
plausible purposes. The fundamental objective here is to study the suitability of the
metamorphosed limestone powder, burnt clay pozzolana and wood ash as pozzolanic
materials to replace the cemegteight up to a certain amount in concrete. However,

it is anticipated that the employ of metamorphosed limestone powder, burnt clay
pozzolana and wood ash in concrete improves the base mechanical properties of
ordinary concrete.

These pozzolanas are Weconsidered as effectively acting source materials to be used
for the partial replacement of bonder in concr&¥hile Mineral Additives are also
known as Pozzolanic Materials. They are the natural residues of different processes and
they can fulfill ow demands and can be replaced with chemical admixtures. Pozzolanic
materials are: (i) Natural Pozzolanas (Shales and Clay, Cherts, Diatomaceous Earth and
Pumicites and Volcanic Tuffs) (ii) Artificially existing Pozzolanas (Metamorphosed
limestone powder, &nt clay pozzolana, Wood Ash, Slag (GGBFS), Fumes of silica,
Rice Husk and commonly available Metakaolin).

These improve numerous characteristics of concrete, for example, these reduce the
warmth of hydration and warm shrinkage, effectively increasesvéter snugness
impact , reduces the plane soluble base total response, improvises the protection from
assault by sulphate soils and ocean water, elevates the potential extensibility, lowers
the defencelessness ability towards the disintegration andhfiif@mprovises efficient
workability and lowers the gross cogisgarwal, 2006; Aliabdo, Elmoaty, & Auda,
2014; Cheah & Ramli, 2011; Coo & Pheeraphan, 2015; Erglin, 2011; Kiran & Sharma,
2017; Krishnasamy & Palanisamy, 2014; Mansoor et al., 2018; Moh&o&t, Omar,
Elhameed, Sherif, & Mohamadien, 2012; Puri & Srinivasan, 1959; Ranjan, Srivastava,
& Kumar, 2015; Shirule, Rahman, & Gupta, 2012; Siddique, 2007, 2012; Siddique &
Klaus, 2009; Torkaman, Ashori, & Momtazi, 2014; Turk, Karatas, & Gonen, 2013;
Vardhan, Goyal, Siddique, & Singh, 20IB)at is why these materials have been tested

by researchers as partial replacement to cement and sometimes sand/filler as well.

In this study, three different waste materials have been tested for strength performance
of concrete as a replacement of inder i.e. cement. This procedure is designed to
utilize the sustainable waste management in the field the of construction materials as
well.
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2. EXPERIMENTAL PROCEDURES:
2.1 Mechanism

Usage of different wastes in concrete and enhancing therssdenical properties of
concrete helps to produce et@ndly yet efficient structures. Usage of waste marble
powder, wood ash, and burnt clay pozzolana was explored the an aspect of strength
improvisation by replacement of cement in varying percentajdbe volume of
cement being used. Cement has been tested to be by using M25 grade concrete in
combination with the replacement of 0, 5, 10, 15 and 20% cement by metamorphosed
limestone powder, burnt clay pozzolana, and wood ash. It improvised the binder
properties and effectively reduced the usage of cement. Addition of pozzolana clay
allows better binding properties to prevail leading to achieve higher strengths and low
cracking concerns. Wood ash was finely ground to powder in order to achieve required
consistency to be utilized in concrete. Fine powder of wood ash serves as replacement
of vital ingredients of concrete. In this way, we can develop fine quality, durable and
all above sustainable Edoendly concrete building blocks. After the developineh
concrete, the mechanical properties of concrete were tested to understanding the
strength behaviour of concrete.

2.2 Materials

Across Pakistan large volumes of metamorphosed limestone powder, burnt clay
pozzolana and wood ash are generated thatumérgated into river waters or landfills.
Similarly, there is a large industry of brick production in Pakistan that produces tons of
wastages per day across the country. Utilization of wood ash is also an efficient
improvisation in concrete that rendensely reliable characters to concrete. All these
materials were analyzed for detailed properties and their respective behaviors as shown
in Table.1.

Table 1. Properties of utilized Cement & Additives

Materials Fineness  Consistency Initial Final Compressive Strength
setting setting (MPa)
time time 3 days 7 days
(minutes) (minutes)
CEM 4% 32% 60 265 16.29 23.14
MLSP 6.85% 34% 75 275 9.73 14.89
BCP 5.6% 30% 45 255 12.08 17.41
WA 7.49% 28% 40 225 8.67 11.93
2.3. Testing

The use of materials like metamorphosed limestone powder, burnt clay pozzolana and
waste wood ash in the production of concrete had been presented in thid\fzsier.
materials that were to be added were analysed for their base properties like consistency
measures, fineness, and sieve analysis were conducted before the utilization of these
materials. For the understanding the impact of cement replacement with these materials
on strength of concrete, three major mechanical properties were to be testee that
explained as under:
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2.3.1. Compressive Strength

The 7, 28 days of curing led to the compressive strength of concrete (ASTM C 39)
using burnt clay pozzolana at 10% by weight in place of cement to be effectively greater
than the normal compressive strength achieved by ordinary concrete. While in all other
cases, the compressive strength of concrete using metamorphosed limestone powder,
burnt clay pozzolanandwood ash at different proportions (5, 10, 15 and 20%) by the
weight as a replacement of cement that was lesser than the effective compressive
strergth of normal concreté€Compressive strength is evaluated by using the following
formula:

Compressive Strength (MPa) #P Q)

Where,
P = compressive load at failure (N)
A = crosssectional area of cylinder, (mm?)

2.3.2.Tensile Strength

The 7 and 28days tensile strength of concrete (ASTM C 496) using burnt clay
pozzolana at 10% by weight in place of cement was greater thengilestrength of
normal concrete. While in all other cases, the effective tensile strehgtiodified
concrete using metamorphosed limestone powder, burnt clay pozzotdmagod ash

at different proportions (5%, 10%, 15%, and 20%) by weight in place of cement was
lesser than the tensile strength of normal concrete. In general, the teesighstif the
cylinder is 10% of its compressive strendgthe effective tensile strength of concrete
can be evaluated by the following formula:

Tensile Strength (MPa) =2PD L , 2

Where,

P = compressive load at failure (N)
L = length of the cylinder (mm)

D = diameter of the cylinder (mm)

2.3.3. Flexural Strength

The flexural strength of concrete(ASTM C 78) using metamorphosed limestone
powder, burnt clay pozzolarandwood ash was higher than flexural strength of normal
concrée when cement is replaced by weight up to 15% and the flexural strength was
reduced by adding further metamorphosed limestone powder, burnt clay pozzolana and
wood ashThe flexural strength is computed by the following formula:

Flexural Strength (MPa) 3PI/bcf, (3)

Where,

0 = total load at failure point (N)

a= effective beam span between supports (mm)

&= total width of beam (mm)X2= measured depth of beam
Flexural strength can also be computed as:

flexural strength(NMa) = 0. 74&f 4)
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3. RESULTS:
3.1. Performance Analysis

In the current effectively conducted evaluation of mechanical properties the maximum
compressive strength is achieved at 7 days for 10% replacement level of burnt clay
pozzolana with cement so this is considered as optimum replacement level and the
optimum gained strength is 13.50 MPa after 10% replacement while the compressive
strength of specimen at control mix i.e. 0% replacement level was 12.26 MPa. For
effective canpressive strength of the cylinder specimen at 28 days, the maximum
strength is achieved for 10% replacement level of burnt clay pozzolana with cement so
this is considered as optimum replacement level and the optimum gained strength was
18.21 MPa after 1% replacement while the compressive strength of specimen at
control mix i.e. 0% replacement level was 15.91 MPa as shown in Fig.1. In case of the
tensile strength of cylinder specimens cured at 7 days, we have the strength of 1.165
MPa at the control mixe. 0 % replacement level while the maximum tensile strength
was 1.25 MPa at 10% replacement level of burnt clay pozzolana. For the tensile strength
of cylinder specimens cured at 28 days, we have the strength of 1.58 MPa at the control
mix i.e. 0 % replaement level while the maximum tensile strength was 1.67 MPa at
10% replacement level of burnt clay pozzolana as shown in Fig.2. For the flexural
strength of beams, the maximum 7 days strength was achieved for 5% replacement level
of burnt clay pozzolana wi cement which is 3.36 MPa while the flexural strength of
beam specimen at control mix i.e. 0% replacement level was 2.62 MPa. For the
effective flexural strength parameter of casted beams at 28 days of curing, the
maximum strength was achieved for 5% lagpment level of metamorphosed
limestone powder with cement which was 4.58 MPa while the flexural strength of beam
specimen at control mix i.e. 0% replacement level was 3.38 MPa as shown in Fig.3.
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Figure 1. Compressive strength of Conc@yinder (MPa) under 7 days and 28 days
curing
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Figure 2. Tensile strength of concrete cylinder (MPa) under 7 days and 28 days curing

Flexural Strength (MPa)
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Additives (%)

W 7 Days Curing W28 Days Curing

Figure3. Flexural strength of concrete cylinder (MPa) under 7 days and 28 days
curing
3.2 Analysis of Factos

During the analysis major focus was to find the replacement material for cement as it
is a costly material and need manufacturing process while industrial wastes are the
available raw materials. To investigate the impact of the change of additive and
replacing it with cement needs further confirmation before deciding about the
commercial use of the additives. To further deep analysis a relationship has been built
via contour plots which are basically between ratios. Compressive/Tensile strength
ratios and Flexural/Tensile strength ratio have been plotted against the types of
additives. From Plot (Fig.4.a) we can observe that the highest strengths are with cement,
but only dominant replacement is addit®é&.e. BCP) is true alternativeSimilarly, in

Plot (Fig.4.b) again clear dominance can be observed by ad8ftieeBCP).

90



1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

Contour Plot of Additives Type Vs CS/TS and % Addition Contour Plot of Additives Vs FS/TS and % Addition
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Figure 4. Contour Plot: (a) Comp/Tens Vs Type of Additives=(b¥Tens Vs Type
of Additives

4. CONCLUSIONS:

Concrete is one of the most used materialganstruction industry comprises of
cement, sand, aggregates, and water as major ingredients. For centuries it is under
discussion that what are the major influencing factors which contributing the strength
of concrete. Research has started by testingetshanical to physical properties and

later fresh and hardened properties. Sometimes it tends to physics and everything is led
by forces and revolving terms are stress and strain. Sometimes it starts with chemistry
like chemical reactions. In this researffoleal point is a replacement is of cement as
from all ingredients cement is one of the costly items and need an industrial production.
Cement has been tested by incorporating it in the concrete ineffective combinations of
replacements ranging from 0, 5,, 1% and 20% of used cement by metamorphosed
limestone powder (MLP), burnt clay pozzolana (BCP), and wood ash (WA). These
three materials are usually considered industrial waste are available at a lower cost than
that of cement. For effective compressitresgth of the cylinder specimen at 28 days,

the maximum strength is achieved for 10% replacement level of burnt clay pozzolana
(BCP) with cement so this is considered as optimum replacement level and the optimum
gained strength was 18.21 MPa after 10%aegment while the compressive strength

of specimen at control mix i.e. 0% replacement level was 15.91 MPa. For the tensile
strength of cylinder specimens cured at 28 days, we have the strength of 1.58 MPa at
the control mix i.e. 0 % replacement level vehihe maximum tensile strength was 1.67
MPa at 10% replacement level of BCP. For the effective flexural strength parameter of
casted beams at 28 days of curing, the maximum strength was achieved for 5%
replacement level of MLP with cement which was 4.58Mile the flexural strength

of beam specimen at control mix i.e. 0% replacement level was 3.38 MPa. Although
the highest strengths are with cement, only dominant replacement is MLP but BCP was
found satisfactory in all threkest condition. This study néelp in the construction of
concrete structure like rigid pavements which are saved and need rough construction
pattern. In case of 100 km of long road a large quantity of cement can be saved by
applying 15% replacement of cement with MLP or 10% replacgraf cement with

BCP. It can be successful as loading conditions for rigid pavement roads are different
than that of building and structures.
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Abstract

CarbonNanoTubes adhere together due to strong Vander wall forces, so it is inevitable
to disperse @bonNanoTubes before using them in the cement matrix. In this paper,
the dispersion of MWCNTs with Arabic gum, Polycarboxylate ether (PCE) based
superplasticizer andboth acting concurrently are described. The initial sonicated
suspensions were too concentrated; they were diluted accordiaghtmert beer law to
molarity of 0.18, 0.14 and 0.1mg/mlltka Voilet-Visible spectrophotometry technique
was used to check thdispersion of diluted sampleshe peak absorbance values of
Arabic gum, superplasticizerand thé& synergistic suspension ere measured
respectively and a graph of these different surfactants was plotted accoldamgiiert

beer law which depicts maxum dispersion in case of synergistic suspension of both
surfactants.

Keywords: Multi-walledcarbon nanotubeslitravioletvisible spectrophotometry,
Dispersion, Surfactants, dilution.

1. INTRODUCTION:

Carbonnanotubes are held by higkander wall forces making it inferior soluble in
water or organic solvent, resulting in difficulties time preparation of stable carbon
nanotube dispersions. There are many methods used to achieve dispersions like
mechanical dispersiofElias et al., 2005)ultrasonic dispersiofLiang & Li, 2015)
chemical modification (Ou et al., 2009) dispersants(Yurekli, Mitchell, &
Krishnamoorti, 2004)polymer coating methoftar et al., 2001)and metal coating
method(Lordi, Yao, & Wei, 2001) of which the chemical treatmenhd ultrasonic
process will cause damage to the structure of carbon nandfiubbest al., 1996)
Depending on the available equipment and needs, the researcher may use any one or
combinations of any prior mentioned methods for dispersion of canaotube.
Furthermore, any kind of surfactant may be used to help in breaking-pidond
betweereach layer and keep the individual layer stable.

A homogenous suspension of carbon nabes is inevitable for the reinforcing action

of carbon nanotubes in the cement mortar. However due to strong van der wall forces
in the carbomanotubes due to its high surface area causes the CNTs to agglomerate
together and adhere to form bundles in rtinetrix, originated from there polarizable
extended pelectron systems. Different techniques are used to disperse carbon
nanotubes in the aqueous medium, suchthes use of solvents, surfactants,
functionalization with acids, amines, fluorine, plasma,rowave, moietiesand non
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covalent functionalization. CNsfform agglomerates due to the adhesion between them
which is caused by strong Vander wall forces in between the tubes. Surfactants have
two characteristic features they adsorb on the interface efQNTs and self
accumulation int@ supramolecular structu(®aisman, Wagner, & Marom, 2006)
contrast to covalent sidewall functionaliven, the noncovalent can immobilize the
organic molecules on the sidewalls of the nanotubes without destroying the geometric
and electronic structure of the carbon nanot(dieso, Lu, Han, & Yang, 2003)

The most common method of dispersion employed these days is the use of chemicals
in the form of surfactants in conjuncture with ultrasonic enéRprveen, Rana, &
Fangueiro, 2013)However, these chemicals must be very carefully selected as they
may sonetime interfere with hydration kinetics of cementitious matrices. Various
cationic, anionic and neionic surfactants have been explored to evaluate their
influence on the dispersion of functionalized and unfunctionalized MWGWMalsic

gum has also beenfettively used as a surfactant to disperse the CNTs. W.Rashmi
(Rashmi et al., 201Ieported in his work that significant dispersion of the CNTs can
be achieved by the use of Arabic gumaadispersing agnt. They used CNTs 0.01

0.1% by weighbf water and Arabic gum in the comtgation of 0.255% by weight of

water. Dispersion can also be achieved by the use of chemical admixtures.
Superplasticizer (polycarboxylate based) is commonly used to achieve enhanced
workability can also act as an effective dispersant of carbon nanofGoéms,
Lambert, & Duan, 2012)Ultravioletvisible spectroscopy (UW¥is spectroscopy)
shows a clear difference in dispersion capability of different surfactants. The behavior
of dispersion may be governed by the chemical interaction of CNTs and surfactants and
electrokinetic propertie@arveen et al., 201.3)The phenomenon of proper dispersion

of CNTs with the help of a surfactant is also reported3asmal, Bhuaneshwari, &

lyer, 2013) It is evident fromthe above discussion that not much work has been done
on the dispersion of CN%$ in the combination of two or more surfactants. In this
researchwe try to evaluate the different suspensions containing sarfacidividually

and their synergisticfiect based on their UWis spectra.

2. MATERIALS:

The CNT was purchased from SA&notechnology material CO. LTDhe properties

of carbon nanotubes are listedtablel.Arabic gum was purchased frotie local
grocer and later on, was passed through sieve # 200. SimPallycarboxylate ether
based supelasticizer (master polyheed 99%nforming to ASTM G494 and acacia
gumwas wsed for dispersion mechanism. The detail properties of acacia gum and
superplastizer are listed imable 2 andable 3.

Table 1: Properties of CNTs.

Test items Dia. Length Appearance Surface Ash Fe Al M
Area

Test results 10-20nm 10- Blackpowder 90 <2% 0.4% 0.5% 0.2%
30um 350m2/g
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Table 2: XRF of ArabicGum

Analyte Ca0 KO FeO; SO MnO F0Os CuO TiO; ZnO SrO RbO

Result(%) 49.748 28.114 8.441 5.108 5.001 1.088 1.009 0.679 0.403 0.258 0.150

Table 3: properties of SP.

Form color density PH value Chloride content

Light Light Yellow 1.08+ 0.02 06 Chloride free

2.1 Sample preparation.

To measure the comparative dispersion of two different surfactants and the combination
of these surfactants. Three different composites were made, MWCNTSs to water ratio
was 0.2% in every composition. In the case of Arabic gum sammkrplasticizer
individual compositionghe ratio of MWCNTSs to surfactant was 1:4, while in the case

of the combination of both surfactanthe ratio was 1:4:4. In which depresent
MWCNTs and 4 represent rAbic gum and superplasticizer consecutivelye Th
compositions were placed on a magnetic stirrer for 10 minutes. After dispersing the
samples with a magnetic stirrer, further dispersion was carried out with the help of a
bath sonicator. The samples were placed in the bath sonicator for 1 hour. After
sorication, the samples were diluted, and the diluted samples were placed in a
spectrophotometer in quartz cuvette to check the absorbance Maduéetail process

of mixing can be seen i Figure 1.

Figure 1: (a) Stirrer mechanism; (b) Bath sonicator

3.RESULTS AND DISCUSSIONS:

3.1 Effects of dilution:

The comparative degree of dispersion MWCNTanmqueous medium can be judged

by the measurements of the W5 spectra of the dispersions since multiwall CNTs
show characteristic bands in the UV redMiyata, Mizuno, & Kataura, 2011; Saito,

Fujita, Dresselhaus, & Dresselhai892) In Ultra Violet-Visible spectrophotometry

the measured absorbance at a specific wavelength can be related to the degree that how
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much GirbonNanoTubes are disperseg@rossiord, Regev, Loos, Meuldijk, & Koning,

2005; Grossiord, van der Schoot, Meuldijk, & Koning, 200Rge three different
suspensions after the sonication process were taken for Ithee Volet-Visible
spectrophotometry. The composites were too concentrated that's why they were diluted
according toLambert beer law. Each sample was diluted to get the molarity of 0.18,
0.14 and 0.1mg/ml. quartz cuvette was used because plastic and glass cuvettes don't
give significant results in the UV region. The results are showfigure 2
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Figure2: Absorbance spectra of the aqueous solution of CNTs in the presence ¢

Arabic gum, (b) superplasticizer and (c) Combination of Arabic gum and
superplasticizer.

3.2 Effect of surfactants:

From the Lambert beer law equation, the graph for each sample (Arabic gum,
superplasticizeand thé& combination vereplotted). This graph shows the absaorta

at 0.18, 0.14 and 0.1mg/mlh& straight lineof Arabic gum and superplasticizer is
showing maximum slope and depicts maximum absorbance.
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Figure3: Absorbance spectra at different concentration.

In this study, different surfactants individually and there combined action on the
dispersion oMWCNTSs in agueous medium was monitored using the technique of UV

, Visspectrophotometry. From the results, it is quite evident that when both of the
surfactants, Aralb gum and supetasticizer were used concurrently the absorbance
value was maximum whidl a sign of thorough dispersion in comparison to individual
action of both surfactants. It can be because of the reason that both surfactants
rigorously disperse the MWCNTSs, overcoming the Vander wall force. Moreover, the
relation between dilution and alsbance in the spectrophotometry is also shown which
showsthedirect relatioshipbetween the concentration and absorbance

4. CONCLUSION:

To the authorsdé knowl edge,
dispersearbon nanotube$he arrent findings do not only add up to the growing body

of the literature onmultiwall carbon nanotubeslispersion but also confer the
opportunity to perform further extra functionalization steps due to the carboxylate
reacting group facing the surfad¢aurther, this study concludes that, the peak value at
362 nm wavelength and molarity of 0.18 mg/ml depicts that on comparison synergic
composition of both surfactants gives maximum dispersion.
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Abstract

Waste materials and some industriatgrgducts are hazardous to environment and
health of living beings. But nmy of these waste materials can be recycled or reused.
Some of these can be used in concrete as a construction material, that can reduce land
filling expenses and protect the environment from injurious effects. In this study,
natural fine aggregates weeptaced with steel mill scale, which is produced as a waste
material in steel industries. A detailed experimental study was carried out to determine
the effect of replacement of fine aggregates in high strength concrete with steel waste.
Three grades of fie aggregates and steel waste were used for attaopingum
packing densityCompressive strength test was conducted on specimens with varying
steel waste conterfElow and dry density tests were also performed on these mixes. It
was observed that an rease in the percentage of steel scale waste increased the flow
as well as the dry dengitof the concrete mixtures. The compressive strength of
concrete mixtureslso increased due to steel scale waste content up to a certain
percentage.

Keywords: Steelscale waste, recycling, packing density, compressive strength test.

1. INTRODUCTION :

The increase in population, development of industries and escalation of consumerism
have produced a rapid growth in the production of waste materials. Some of the waste
materials can be reused or recycled or can be used as a raw material in different
productionswhenever it is possible. Iron and steel industries are the main producer of
steel scale wastg&SSW)[Furlani and Maschjo Steel mill scale is produced in alest
industries but only small fraction is used in PakisRreviously in Pakistan, mill scale

was also exported to China, but now huge amount of this waste material is being
dumped as a landfill. Lanfilling is not a suitable solution because some efgbrtion

of this metallic waste leaches into the groundwater, thus deteriorating the environment.
On the other hand, natural resources are depleting day by day due to the development
of construction industry. Therefore, we need to look for an alternafitlee natural
materials in concretd.imited researches have been conducted on the use of steel mill
scale inconcrete. Pradip et al. (199@¢termined the effects of steel mill scale in the
production of cement mortar. Abtaibi (2008) used the SSW agjaggate replacement,
wherethe effect of SSW on concreteas observetby replacing it in percentages of
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0%, 20%, 40%, 50%, 70% and 100%. Compressive strength tests were conducted at
3,7 and 28 days. It was seen that compressive strength increased with40gb t
replacementMoreover,reduction in drying shrinkage was observed. Another study
determined by Pereira et al. (2011) concluded that greater water content is required in
order to maintain the workability of the mix. It was seen that concrete mixdavin
water/cement ratio of 0.55 and 0.65 resdlih high water consumption and greater
compressive strength.

The significance of this study is to use steel mill scale as replacement of sand, providing
an environment friendly solution for waste managememtillthelp prevent natural
resources from further depletiofihe objective of this studis to evaluate the effects

of partial as well as full replacement of natural fine aggregates with steel mill scale
waste on the mechanical propertieshwfh strengtlconcrete(HSC). Combination of
different grades o6SWand fine aggregates whiclagethe highest packing density

are used for preparing concrete mixtures. Floardened ensity andcompressive
strength of the concrete sampke®tested.

2. METHODOLOGY :

Steel mill scale filler was collected and separated into different grailesptimum
packing density of steel mill scale was determined amgitable mix design was
developed fothe optimum mix. Compressive strength test, hardened density test and
flow table tests were conducted according to ASTM specifications.

3. MATERIAL PROPERTIES :

Commercially available Fauji brand ordinargriand cement (OPC Typé wasused.
Silica fumeand quartz powdemere added as 25% and 40% of OPC to prepare. HSC
Locally available sand was used as a fine aggre@&®&V of different grades was
prepared by sieving (similar to fine aggregatésje aggregatéSSWwere divided
into three different grades., Grade | (21.18mm), Grade Il (1.28.6mm) and Grade

[Il (0.6-0.075mm) Particle density (PD) of various combinations of these grades
checked and the combinatiovith the highest packing density (PD) was usethi

mix compositionSuperplasticizer was use increase workability of the concrete

Figure 1: Determination of packing density using vibrating table

3.1 Mix compositions:

It was observed that G1G3 combination of fine aggregates resulted in the highest PD
for both sand and SS\MBased on th@D resultsG1 (50%) ands3 (50%) of sand/SSW

101



1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

were used for final HS@ix. First mix was prepared with 100% safdb(G1l & 0.5

G3). Then sand was replaced w88W(0.5G1 and0.5G3) by 20%, 40%, 60%, 80%

and 100%w/c ratio of 0.22 was used for all mixtures. Flow of all concrete mixes was

tested aper ASTM C-1437. Concrete specimens (20x20) of
cured as per standard specification. After curing, dry density of concrete specimens was
checked and later on samples were subjected to compressive strength test.

Figure 2: Sarﬁpieef HSC before compféssige strength testing
4. RESULTS AND DISCUSSION:
4.1 Flow table test:

Figure 3 showghe comparison of flow of HSC made witarious combinatios It was
observed that flow increadavith the increase i8SWcontent in the HSC due to the
reason thaBSW absorbs less water as compared to sand. Mixture with 100% sand
exhibitedflow of 195mm and it increadaip to 235mnfor the mix in whichsand was
totally replaced bySSW (SO SSW100)Mixtures with the varyingreplacement
percentages have the flow in between 195mm and 235mm

250

200
‘ I I
5
0

S100 SSWo SBO SSW20 S60 SSW40 S40 SSWa0 520 SSW80 S0 SSWi100
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Figure 3: Flow of various HSC mixtures waste
4.2 Dry density test:

The dry density test was performed as per ASTM C138 after 28 days of curing. Figure
4 shows that the increase of S®@htent increased the dry density of the HSC, due to
higher specific gravity of SSW as compared to the natural fine aggregates. The control
specimen exhibited a dry density of 2427 k§and the mixture with 100% SSW
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showed around 17.5% increase in drygly as compared to the control specimen.
Therefore, SSW increased the weight of the concrete.
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Figure 4: Dry densities of various HSC mixtures at 28 days
4.3 Compressive strength test:

Figure 5 compares the 28 days compressive strength of control mixture (S100SSWO0)
and mixtures containing SSW as a fine aggregate in different proportion. It was
observed that the compressive strength increased with the addition of SSW up to 40%
replacementwhich was the optimum level. S60SSW40 experienced 27% increase in
the compressive as compared to the control mix. After 40% replacement level, although
the compressive strength started decreasing, still the mixture prepared with 100% sand
replaced with SW (SOSSW100) exhibited 1.8% higher strength than the control mix.
The higher compressive strength in the case of steel slag mixtures can be attributed to
higher density of these mixtures.
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Figure 5: Percentage compressive strength of concrete mixtures
5. CONCLUSIONS:

Following conclusions can be withdrawn from this study:

1 Due to different sizes of fine aggregates, varying packing densities were
observed.
1 Flow of concrete mixture increased as percentage of steel scale waste increased.
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1 With the addition of SSW content in mixture, increase in dry density was
observed.

1 Optimum compressive strength was observed at 40% replacement of sand with
SSW.

1 100% replacement of sand with SSW exhibited comparable compressive
strength with the contrahix.

6. FUTURE RECOMENDATIONS:

Any future work in the same direction should also consider deriving stess plot
for the compression test on concrete cylinders
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Abstract

Concrete is fundamental constitute of construction industry across the globe. The bulk
of concrete is made up of aggregates, hence structural behaviour of concrete
significantly relies on the quality and properties of aggregates. This paper presents best
combination 6fine and coarse aggregates that yields the maximum compressive and
tensile strength. A research is carried out on coarse and fine aggregates from different
sources in Pakistan. Primary laboratory analysis was conducted to establish the
suitability of theaggregates from various sources in construction work. Tests conducted
include sieve analysis, bulk density, and specific gravity. Nominal mix (1:2:4) was
adopted for this work and mix compositions were calculated by absolute volume
method were cast to cqute the compressive strength to be monitored at 28 days. Test
result show that concrete made from has the highest workability followed by and
crushed granite aggregates. Experiments were conducted on eighteen different
combinations concrete and a constC ratio of 0.59 for each batch sample. Highest
compressive strength at all ages was noted with concrete made from Margallah crush
with blend of 50% Lawrencepur sand and 50% Kashmore sand. Also, the combination
of Haripur crush with Kashmore sand yiekbcond best value. A common practice is

to mix Chenab sand with Lawrencepur sand to attain good strength and workability.

Keywords: Concrete, Aggregate, Potential Sources in Pakistan, Strength.
1.INTRODUCTION:

Concrete is composed of the combination of cement, coarse aggregate, fine aggregates
and water. It can be said that concrete is a combination of a material that consists of a
binding medium which are embedded particleagiregates (Li, 2011). Moreovet, i

is most economical construction material, good in compression, durable and good fire
resistance, environment friendly and the maintenance of concrete is also easy to
conduct. Pakistan is a developing country and there are lots of construction projects
curently running in different areas so there is a huge demand of coarse and fine
aggregates for those projects. Research has been carried out on chemical and
mechanical properties of aggregates available in the country. At the staratasinals

like leawes, branches and so on were utilized, which later on changed to more tough
materials like mud, stone and timber (Khitab et al. 2015). The most extensively used
coarse aggregate source in most of the Pakistan is Margallah Hill Limestosieof
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the quarryng activity is observed in the Margallah hill source located at Ha&bdal

and Taxila regions of Punjab. The Sakesar limestone of Salt Range is also feeding most
of the southern Punjab and vicinity. There are a lot of construction material sources
situaged in Azad Jammu and Kashmir. Khurshidabad Dist. Haveli and Bakot area near
Kohala has millions of tons of limestone (Afzal, 2017). Takial and Khairabad in KPK
has huge resources of coarse aggregates similarly Khairpur Mir's, Sind has vast
potential of carse aggregates which are used for local construction needs. The sand
from Lawrencepur is one of the best sand available to be used for construction works.
Other sand types are also used in construction works in their relevant areas (Ghaffar et
al., 2016).Margallah aggregates resulted in better concrete mechanical properties,
while Sargodha aggregates showed improved physical characteristics (Abbas, et al.,
2017). Bara River, Basai, LoyeKhawar and Zangali/JaniKhawar can be safely used in
structure concretevorks. Out of these four sources, Basai is found as the best source
for coarse aggregates (Ayub, et al., 2012). The Chattan Shah Quarry aggregates showed
the higher specific gravity compared to all other aggregates, therefore higher
compressive strengtl38.2 MPa) was achieved as expected (Aslam et. al, 2015).

Despite of the availability of number of researches on the utilization of coarse
aggregates of different sites/areas, the most suitable and economical combination of
coarse aggregates of differentaguying sites is still not envaulted. This research work

will be helpful in finding the optimum combination of coarse aggregates of different
sites.

2. MATERIALS AND METHODOLOGY
2.1 Materials

Material testing is the process to determine the engineeniogegiies and the
characteristics of material. Aggregate play important role in the strength of concrete so
their properties really matter a lot. Therefore, it is necessary to test them in the lab for
determining their shape, size, gradation, fineness hasdapecific gravity and the
water absorption. This article describes the procedure as well as the mix proportion of
the materials used in the research work. The section also elaborates the material
properties of concrete mix. Ordinary Portland Cement@QProvided from Fauji
Cement Company according to the requirements of ASTWHQ was used. The
following Table lists both chemical and physical properties of OPC.

Tablel1l:Chemical Composition and Physical Characteristics of OPC

Constitu

. Al  FeO Mg SO . Na K2 L.O. Tot
ent (wt. SIiOz Os . CaO o Cl o o | al
%)
Mass 21.2 63.8 2.0 3.1 0.0 0.0 99.9
(%) 6 449 3.49 1 5 1 3 0.14 9 1.57 3
Physical Bl ai ne Initial Final

Specific Consisten

Characterist :
. gravity cy

ICS

specific surface setting  setting time
(cn?/kg) time (min) (min)

Values 3.15 24% 2415 27 134
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2.2 Sieve Analysis Test

Sieve analysis id widely used test in civil engineering for finding the gradation of
aggregates to check whether they can be capable to be used in concrete or not. The sieve
analysis of fineaggregates was performed as per ASTM C 136 and the gradation results
are shown in the figure 1.

Sieve Analysis of Fine Aggregates
120

100
80 Chenab

60 Lawrencepur

40 Kashmore
20

Percentage Passing %

0.01 10

1
Sieve Size (mm)
Figurel: Gradation of Fine Aggregates from various sources

The graph shows that the Chenab sand is gap graded and has a large number of fine
particleslesser than size of 0.17mm. Also the fineness modulus of this sand is obtained
as 1.74 which shows that the average size of particles is in between sieve 200 and 100.
This sand is not best for use in concrete due to very fine particles but can be used with
mixing some coarse grained quantity of fine aggregate. A good cement sand mortar can
be made using this sand. The Lawrencepur sand is obtained as coarser sand with almost
40% particles retained on sieve 80. Also the fineness modulus is 2.76 whictstells i
good capability to be used in concrete for better results. The Kashmore sand is well
graded sand with having particles of all sizes due to which it can make very good
bonding with coarse aggregate when used in concrete. The fineness modulus of this
sandis obtained as 2.89 so this is very suitable for high strength concrete. The sieve
analysis of coarse aggregates was performed and the gradation is shown in the figure 2.

Sieve Analysis of Coarse Aggregate

120
o 100
2
- 80
@ 60 Haripur
%
& 40 Sakhi
S Sarwar
o 20
o
a0

1 10 100

Sieve Size (mm)
Figure2: Gradation of Coarse Aggregates from different sources
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The sieve analys of Haripur and Margallah crush has almost the same gradation with
well graded nature. SakBarwar aggregate also has well gradation.

2.3Water Absorption, And Specific Gravity Test

Specific gravity (G) is the ratio of density of a material to thengiey of water. This

test is used to find out the specific gravity and the water absorption of aggregates. Water
absorption values are helpful in determining the water absorbed by the pores available
in aggregate particles. The Tests were performed a8$EM C1271 15. The values

of specific gravity and water absorption of both coarse and fine aggregates are presented
in table 2.

Table2: Gs and water absorption of fine and coarse aggregates

Source Name Specific Gravity Water absorption
Margallah Crush 2.61 0.97
Haripur Crush 2.88 0.81
SakhtSarwar Crush 2.63 0.70
Kashmore Sand 2.77 1.28
Chenab Sand 2.60 1.21
Lawrencepur sand 2.69 1.01

2.4 Preparation Of Mixes:

Six combinations were prepared for each type of crush. On these combination tensile
strength and compressive strength test were performed.

For Margallah crush the combination used are
MargallarLawrencepur(ML),

Margallah Chenab(MC),
MargallanhKashmore(MK),
MargallakLawrencepwuKashmore(MLK),
MargallahLawrencepwChenab(MLGQ,
Margallah-ChenabKashmore(MCK).

oOghrwNE

Likewise, six combinations were prepared for Haripur crush. These combinations are
Haripur-Lawrencepur(HL),

HaripurChenab(HC),

HaripurKashmore(HK),

HaripurLawrencepwChenab(HLC),

HaripurLawrencepwKashmore(HLK),

HaripurChenabKashmore(HCK).

ok wNE

Six combinations were prepared with Salairwar Crush. These combinations are
SakhtSarwari Lawrencepur(SSL,)

SakhtSarwari Chenab(SC),

SakhtSarwari Kashmore(SK),

SakhtSarwar- LawrencepwChenab(SLC),
SakhtSarwar-LawrencepwKashmore(SLK),
SakhtSarwarChenabKashmore(SCK).

oOghwNE
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2.5Slump Test

Slump tests were carried out for each combination pritr@g@ouring for having best
workability of concrete according to ASTM C 143. Figure 3 depict the variation in
slump values by using different combination of fine and coarse aggregates. All the
slump values were in range of 45mm to 75mm.

Graph between combination of aggregates and slump

values
100 79
71 74
80 61 61 62
57 58

g_ 50 54 49 52
D 40

20

o

PEIFSEE Y& & @w@w@@v T FaF e T

Combinations of Aggregates
Figure3: Variaton in Slump with different aggregates combinations
2.6 Casting and curing of Concrete Specimens

Al l the samples were made with standard c
diameter. The mix was placed in the mould in three layers of equal deptbrapdcted

using stand size rod with 25 blows on each layer. A total of 108 samples were casted in

6 days with 18 nos. of samples per day. Fig 4 shows the casted samples.

[ l e

Figure4: Cating of Test Specimens
The test samples were remoulded after 24 handsthen placed in curing tank for 28
days filled with tap water at room temperature.

2.7 Testing Method

The samples after their curing were tested for their compressive and tensile strengths
using compression testing machine and universal testing neachite compressive
strength of 28 days cured hardened cylinders was measured according to the ASTM
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specification using standard compressive testing machine (CTM) having a loading rate
of 100 KN/min For each combination three samples were tested for caimpres
strength and three were tested for split cylinder test as shown in figure 5..

Figure5: Testing of Concrete Specimens

3. RESULTS AND ANALYSIS

3.1 Compressive Strength Comparison of Aggregates

Figure 6 present the 28 days compressixength of all 18 combinations. It can be seen
that the combination of Margallah crush with a blend of fine aggregates of Lawrencepur
and Kashmore gavsighest strength of 4179psi. It is may be due to the presence of all
size of particles in Kashmore samtiich reduced theoids in concrete and gave very
good aggregate interlock.

All other combinations in which Kashmore sand was used gave higher results than the
rest ofthe combinations. The lowest values are from the combinations of Haripur crush
which are due to the rounded surface of aggregates which does not give strong interlock
of aggregates

Compressive Strength Comparison

N s\‘:\*' @c? FEFFFFEE ¥ E S

4500
4000
3500
3000
2500
2000
1500
1000
50
0

Compressive Strength (psi)
o

Combination

Figure6: Variation in Compressive Strength with different aggregates combi
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3.2Tensile Strength Comparison of Aggregates

Split tensile strength was determiresiperASTM C 496. Specimens were cagand

tested at 28 dayaf their curing. The results of split tensile strength are shown in figure

7. As for the compressive strength, all other combinations in which Kashmatevaan

used gave higher results than the rest of the combinations. The lowest values are from
the combinations of Haripur crush which are due to the rounded surface of aggregates
which does not give strong interlock of aggregates

Tesnile Strength (psi)

Tensile Strength Comparison
600.00
500.00

400.00

300.00

200.00

100.00 I I I
0.00

FETFTFEEEFEFTF &<

Combination

Figure7: Variation in Spi Tensile Strength with different aggregates combination

4. CONCLUSION:

T

The compressive strength, combinations made using Kashmore sand either fully
or partially, gave the best compressive strength values wigistue to its well
gradation which enables the great aggregate interlock in concrete due to very
less air voids.

The Haripur river gravel gave second best strength when combined with
kashmore sand but gave lowest strength with other types of sandswésch

may be due to its rounded surface type and less angular structure which cannot
make strong aggregate interlock with those sands. Also, the paste failure
phenomenon was observed during the compressive and tensile strength tests
which clears tells that themwere poor bonding in between coarse and fine
aggregates.

Kashmore sand has fineness modulus higher than all three sands whield show
that itwill be suitable to be used for achieving good high strength concrete.

In region around Kashmore, specifically in the DG Khan area where Sakhi
Sarwar san@vaswidely used, the Kashmore sand can be used for better results.
Other aggregates which were Salarwar crush, Lawrencepur sand and
Chenab sand gave good results alsbdand of Chenab river needs to be used

in combined with other coarggained sands for better results as shisdwas

fine grained which causes air voids in concrete.

The Haripur aggregates whigasactually river gravels shaedthat it meets

the engneering properties, parameters and requirements so it can be used as a

111



1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

construction material but not for high strength concrete unless otherwise used
with combination of Kashmore sand.

5. FUTURE RECOMMENDATION

This research work will be helpful to thenstruction industry in assessing the best
combination of coarse and fine aggregate for the different areas of the country. They
can now decide in a better way keeping the view the material and transportation cost
without compromising the concrete structyreoperties.

REFERENCES

Li, Z. (2011).Advanced Concrete Technolofjew Jersey: JOHN WILEY & SONS,
INC.

Khitab, A., Anwar, W., Mansouiri, ., Tarig, M., & Mebad, I. (2015). Future Of Civil
Engineering Materials: A Review From Recent DevelopmBasAdv.Mater.
Sci. 42 (2015) 27, 20.

Afzal, Z. (2017, January 28Llassification, properties and extraction of Aggregates
Retrieved from Slideshare:
https://www.slideshare.net/zeeshanafzall2/aggregdi438067

Ghaffar, A., Siddiqi, Z. A., & Ahmed, K. (2016). Assessing suitability of Margalla
crush for ultra high strength concrelakistan Journal of Engineering and
Applied Sciences3846.

Abbas, S.Munir, M. J., Kazmi, S. M., Khitab, A., Ashiq, S. Z., & Arshad, M. T.
(2017)Engineering Characteristics of widely used Coarse Aggregates in
Pakistan: A Comparative Study. Pakistan Journal of Engineering and Applied
Sciences.

Ayub, M., Ali, Q., Shahzad#., & Naseer, A. (2012). Engineering Assessment of
Coarse Aggregates Used in Peshawaernational Journal of Advanced
Structures and Geotechnical Engineering

Aslam, M., Shah, S. N., Qureshi, M. A.,@tho, S. H. (2015). Influence of Aggregate
Characteristics on the Compressive Strength of Normal Weight Concrete.
Technical Journal, University of Engineering and Technology (UET) Taxila,
Pakistan

112


https://www.slideshare.net/zeeshanafzal12/aggregates-71498067

1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

Paper ID:133

Development of Structural Concretevia Waste Hair Fibers
Khawar Alit, Hikmatullah Jamifi, Muhammad Wagas MafikArslan Shfiqué Faiza
Khalid®

1. MS Structural Engineering Scholar, University of Engineering and Technology,
(UET), Taxila, 47080, Pakistan.
Email: khawar.alil87@gmail.com

2. BSc Civil Engineering, University of Engineering and Technology, (UET) Taxila,
47080, Pakistan
Email: hikmat.jamili@gmail.com

3. MS Structural Engineering, NUST Institute of Civil Engineering (NICE), National
University of Sciences and Technology (NUST)1®lIslamabad, Pakistan and
currently Lecturer, Civil Engineering Department, Abasyn University, Islamabad,
46000, Pakistan.
Email: mmalik.ms15@nice.nust.edu.pk; wagas.malik@abasynisb.edu.pk;

4. BSc Civil Engineering, University of Engineering and Technolo@gT),
Taxila, 47080, Pakistan Email: arslanraja882@yahoo.com

5. MS Structural Engineering, University of Engineering and Technology, (UET),
Taxila, 47080, Pakistan.
Email: faizakhalid_1707@yahoo.com

Abstract
Concrete is weak in tension due to micro cracks, the inherent property of concrete,
which cannot be fully prevented in the hardened concrete. However, the occurrence of
micro cracks can be mitigated by introducing human hair as an organic fiber. Human
hair being a waste material, cause environmental pollution and badly disturbed the
aquatic life.lt is a cheap material and works as a function of steel reinforcement due to
its contribution in the tensile strength of concrete. Hair also increases the compressive
strength of concretéo some extenind reduces the permeability and volumetric
expansion bconcrete. For the purpose of this research, hair fibers have been collected
from the barber shops near UET Taxila. The size of the hair fibers used ranges from 1.5
to 2 inches and added in the concrete mix by weight of the cement. Concrete mix of
1:2:4 were prepared for the target mesrength of 3000 psi. Cement was replaced with
human hair weight 065 grams 130 grams 195 gramsand 260gramsin different
batches. Compressive Strength Test, Splitting Tensile Strdegt, Permeability Test
andSlumptest were performed on 6 x12 inches cylinders for each batch at the age of
14 and 28 days. As a result, the tensile andptessive strength of concratecreased
atreplacement of cement wig60gramsof hair bysame amouniVater Permeability
testperfamed on concrete for 3 days at @6 pressure showed thdte permeability
of concrete decreases by increasing the percentage of hair fiber.

Keywords: Hairs, Permeability, Compressive strength, Tensile Strength, Concrete,
1. INTRODUCTION:

Human hair isa material considered useless in most societies and therefore is found in
the municipal waste streams in almost all cities and towns of the vikaritef;, 2009.

Fiber are used in construction from old days. However, then only the small pieces of
ropes were used in mud for construction of mud structure. Those small pieces increased
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the overall strength of the mud. Hair is used as a reinforcement in construaitm du
high frictional coefficient and tensile strength. In different areas of many Eamope
countries, India and Syria [Heyman, 2002man hair is used in plastering of walls.
Research shows that hair reinforcement increases thatinaucapacity of stretures

[Pillai, 2013. Human hair reinforcement reduces the cracks in cement mortao due t
plastic shrinkage up to 92% [Abarbi, 2006. Due to hair reinforcement compressive
strength of concretancreases by over three times [Akhtar, 2009bers are ugkin

plaster to increase its properties. In 1950s the concept of fiber reinforcement was a point
of interest, but later on due to its health risks the use of asbestasifilbencrete was
discouraged [Naveen, 203 problem discussed in local newspapke barber shops

and parlors in and around UET Taxila caused seeaugonmental issues. There was

no system present in Taxila Punjab to safely treat and decompose the human hair waste
generated by the locals. Currently, this waste is thrown in the&ulas (near UET
Taxila), which pollutes and disturbs the aquatic life adversely. After conducting a
survey of the barbershops and hair salons near the UET Taxila, most of the shops agreed
that the presence of human adversely affects the lives of Itticaias in this context

that we decided to use hair as a reinforcement, in order to have safely channeled this
waste for further use. Hairs are elastic in nature. In dry condition they increase their
length 20 to 30% under stress, but in wet state theaserean be observed up to 50%.

The resistance to breakage of hair is function of hair and diameter of thread. When the
length of hair increases its elasticity decreases. Hair reinforcement also reduce the
erosion of concrete by increasing its durabilitynother additive feature of hair
reinforcement is that if small micrecracks appear in concrete, there is no chance of
corrosion. It is better to use hair reinforcement in Hydraulic structures such as piers,
sluice gates, where structural member are sutgdugh velocity water. Finally, human

hair reinforces the concretedaprevents the sapling effect [Jain, 2D12

2. RESEARCH SIGNIFICANCE:

The main purpose of this research is to investigate the properties of hardened cement
concrete after introducing spéc percentages of human hair through performing the
Compressive Strength test, Splitting Tensile Strength test, Permeability test and Slump
test. The second major purpose is to introduce the idea of using human hair in concrete
as a reinforcement matalito decrease the environmental pollution. No work has been
carried out in Pakistan on the utilization of human hair in concrete as organic fiber, so
this work might improve the properties of the concrete by utilizing the waste material.
Moreover, it willalso reduce the environmental pollution caused due tatilization

of human hair.

3. MATERIALS:

The mateml used in the test specimens wérenan hair (as fiber reinforcement),
cement, sand, casg aggregate and water. Hair weodlected from barkbeshops and
from hair salons around UET TaaiPunjab PakistarBandsource was of Lawrencepur
and the coarse aggregate wiereught fom Margalla hills having size of less thad
mm. Hydraulic Fauji cement was usedasding material. Initial anfinal setting time
of cement wereleterminedusing ASTM C 19104a [ASTM C19] The initial setting
timewas found to b&4 minute and final setting time came out tol#5 minutes. The
consistency of the cement pastas 30. Hair wer@ashed with acetone, septed,and
left for drying purposes before utilizing for concrete preparation [Neville,]1990
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4. METHODOLOGY:

Compressive Strength, Splitting Tensile, Permeability and workab#isy twere
performed on each concrete batch containing human hair asréivdorcement.
Concrete Cylinders of Bich diameer and 12 inch height were castedcompressive
strengthand splitting tensile tesEor permeability test, cylinders ofrch diameter and
6 inch height were used. The amount of cemi& each batch was replaced withir
fiber by 659, 130g, 195g and 260g. Control mix of concrete al&s prepared to
compare results of different teskr each batch, three samples were castedmiith
ratio of 1:2:4and fixed vater cement ratio of 0.58

5. TEST RESULTS:

Results of various tests performed on concrete sample containing human hair are
discussed as under.

5.1 Workability Test:
For ensuring the workability of hair reinforced concrelemp test and compacting

factor test wer@erformedas per ASTM C1430a and British standard respectively
Results of compacting factor and slump test are tabulated in table 1.

Table 1: Comparison of the slump and compacting factor test results

Hair (grams) Slump(mm) Compacting Factor
00 28 0.81
65 31 0.85
130 33 0.91
195 30 0.88
260 26 0.76

Table 1 showethe workability of fresh concrete antdindicates that the workability
ofconcrete increased initially til!l 130 gra
to reduceby increasinghair fiber as a reinforcemerior the development of structural
concreteWhen slump decreases workalilif concrete also decreases [Nevill89Q.

The value of compacting factor test also reduced to 0.76 which shows the decrease in
workability.

5.2 Compressive strength Test:
Concrete cylinders were prepared for compressive strength of concrete by using
different weightage ohairs with repect to mix ratio for different formulation3he

compressive strength test was performed according to ASTM@89ASTM C39
at the age of 14 and 28 days. Results are tabulated in tableaBeazwmpared in fid.
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Table 2: Compressive strengthamincrete at 14 days & 28 days

Hairs by weight of Mean Compressive Strength (psi)
cement (grams) at age of 14 days  at age of 28 days
0 2236.48 3237.24
65 2268.39 3285.1
130 2238.01 3280.83
195 2387.20 3427.24
260 2324.95 3321.36

Compressive Strength of Concrete

3600 3427.24

300  3237.24 32851  3280.83 3321.36
3000 m 14 days
2700 m 28 days
238
2324

ZI 2268 _—

2100

1800

0 95 130 195 260

Amount of Hair added (g)

Compressive Strength (Psi)

Figure 1. Comparison of Compressive strength of Concrete at the age of 14 and 28
days

Fromtable 2 and figre 1, it wasinferred that the compressive strength of concrete
initially increasesout when the amount of hair fibers exced®$ grans, it starts
decreasin@tthe age of 14 days and 28 days. This can be due to excessive volume of
hair fibersin the cement paste matrixhich ultimately decrease the density and hence
compressive strength of concretdoreover, figure 2 showed the failure/cracking
patern of concrete cylinders and it was obvious thate was resistance against cracks
due to hair reinforcement otherwise specimenlld split into pieces.
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Figure 2: Failure pattern of concrete cylinders

5.3 Split Tensile Test:

Splitting tensile test waperformed on cylindaraccording to ASTM standard [ASTM
C-49q, indirecttensile strength of concrete wdstermined aége of14 days and 28
days as shown itable 3 The splitting tensile strength of concrete incrdaséh
increasing wight of hairs uptol95g. After thatthe tensié strength of concrete
decreased due to weak bonding between hair fibers and cdduginty the testingfo
hair reinforced concrete, it was noticed that concrete shaméd crackswithout
splitting into piece contrary to as itsplit in control mix (concrete without
reinforcement). Thiscould bethe reasonhair reinforcement reduced swelling in
concrete as shown in figuBe

Figure3. Internal structure of Concrete Cylinders
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Table 3:Tensilestrength of concrete at the age of 14 and 28 days

Hairs by weight of Tensile Strength (psi)
cement (grams) at age of 14 days at age of 28 days
0 494.6 603.4
65 509.0 617.9
130 530.8 639.6
195 546.8 655.5
260 514.9 623.7

5.4Water Permeability Test:

The fAFour Cell Aut omatiitcy CAoprpcarreatteu sWa tsehro whhe
was used for investigating water permeability of concrete specinmieigsire 4 and

figure 5 showed he pictorial and schematic layout of apparatus along with testihg c

details Cylindrical specimens of 6x6 inch were used to evaluate water permeability of
concretePermeability test was performed as per ASTM standards [ASTM D@3R4

Prior to test, s ampl|BtsEmulsion@ainvas asedtadcna ed a't
sides of specimens so that water can permeate through top and bottom Surfaces only.
The specimens were subjected to hydrostatic pressure and water permeated was directly
collected in graduated cylinder and measu Table 4 showed the results of
permeadity test. For research purpose split the cylinder and measure the depth of
penetration from those samples to measure the penetration of water.

Figure4: Water Permeability Test apparatus
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Figure5: Application of Blue Emulsion pain to prevemenetration of water from

sides

Table 4: Water permeability Test Results

Hairs by weight of cement (grams) Penetration depth (mm)

0 18
65 13
130 9
195 6
260 3
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Figure6: Variation of penetration depth with amount of hair reinforcement added

The graph between weight of hair and penetrationtldeghown in figures, depicted
that permeability of ancrete decreased by increasing weight of hair in feanforced
concrete. Initially in control mixpenetration depth of water is more but with the
incrementof hairs penetratiordepth of watedecreasedn other words, ermeability

of water decreases in hair reinforaahcrete by increasing amount of water.

6. CONCLUSION:

The following conclusion can be drawn from the study:
1 Workability of hair reinforced concretiitially increases themlecreases by
increasinghe amounof hairfibers
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1 Compressive strength of concrete increasedbagrams, 130 grams and 195
grams of hair fibers addition while it decreases at additi@é@fjrams possibly
due to decrease in the density of concrete. Maximum 7.26 % increment in
compressivestrength of concreteras observed with addition of hair fibeas
compared to control mix.

i Due to elastic behavior of haitensile strength of concretacreased at 65
grams, 130 grams, and 195 grams of hairs but decreagédgramsof hairs
addition in the cement matrixTensile strength of hair reinforced concrete
increased by 8.64 as compared toontrol mix.

1 Permeability of ha reinforced concretdecreasedyy increasing weight of hair
because hair fibers act as bridging elements and reduce the porgositgiate.

7. FUTURE RECOMMENDATION:

Concrete is week in tension. To improve tensile properties of concrete we use steel
reinforcement. Due to itro-cracking, there is a possible chance to corrode steel
embedded in concrete. If we use hair as a reinforcement in concrete it reduced the
propagation of cracks and prevent steain corrosion.
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Abstract

Interlocking nasonrywalls exposedo lateral load$iave reduced lateral resistarnies

to lack of its tensile strength, as reported in the literafiféerent techniques have
been usedo enhance the lateral resistance of such structure which include use of
reinforcement, grout within interlock, plastering and rendering etthisnstudy1500

mm highinterlocked masonry walls mostly used in poor developing countries are
experimentallyeéstedThe research focus was to evaluate the structural pararieters
stiffness, load at first crack and toughnbgschanging the geometrical plan of walls.
Two walls of 3000 mm length were tested which include straight wall andtraight

wall. It was noted that first craditeralstiffness ofnonstraightwall as compared to
straight wallwasimprovedby 800%. Non-straightwall alsoundertook twice the load
than straight wall failure load without occurring failure.

Keywords: Interlockingstabilised soil wallmortarless, norstraight wall lateral
load, lateral stiffness.

1. INTRODUCTION :

One of the oldest construction materials is masonry. It is still being widely used with
some improvement®ifferent types of the unit developed over the time from simple
block to interlocking block$iave ledto mortarless construction. The types of the
blocks used in the mortdess constructiomround the globénclude Haenar system,
Mecano system (Vargas 88), Putra Block (Thanoon et al. 2004), Bamba system,
Tanzanian interlock lbck (TIB) system (Kintingu 2009) etcAmong these block
systems, mostly have similarity with conventional units with the differences in
projections and keys whiclprovide interlockhg mechanism formortarless
construction (Safieet.al 2011). The performance of masonry interlocking walls is
being widely explored (Velazquez and Ehsani 2000, Bagi et al. 1999, Rodriguez et al.
1998). Wind and earthquake loadings are typical exangpliederal loadingwhich is
required to resist bynasonry wallsVarious researckvorks wereconducted to study

the behavior of masonry walls exposed to lateral I¢8dkairge et al. 2017, Griffith et

al. 2004, Uzoegbo 2001, Velazquez and Ehsani 200@gstlale and Essawy 1988).

In the research worty Uzoegbo 2001, experimental worlpesrformed for mortaless

wall due to lateral loading and also plastering of walls are considered. The result
indicatedthatthe addition of plasteaffectedthe lateralcapacityof interlocked walls

and it wasnhotedthat load capacity increased by 20%. In another study by Safiee et al.
2011,interlocking system wassed and the behaviour of masonry wall under lateral
load was experimentally investigated. It veascludedhatthe laterabehaviour was
mainly controlledoy large displacemerindopening of block jointin another research
work by Sokairge et al. 201 mortarless blocks were used and tested ftateral
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loading. It was discussed that this system has sosslintages like low bending
capacity and also interlocking units had to settle down to balance uneven surfaces which
could result in low strength of the walls. Therefore, some other mechanism or methods
are required to overcome these deficiencies. Indtidy, Interlocking soil stabilized
blocks (ISSBs) system was used to build the wall and was subjected to lateral load. In
order to enhancethe lateral resistance of these walls, technique of changing the
geometric plan of the walls was explor€@hmpari®n of structural parameters of both
walls system was carried out which include peak load, lateral stiffness, energy
absorption and toughness. This study will enable to explore the technique of enhancing
the strength of the masonry wall by changing the ggpnwith similar material cost.

2. EXPERIMENTAL PROCEDURES:
2.1 Wall preparation and specifications

The dimensions of interlocked stabilised soil block (ISSB) are shown in the Figure 1.
These blocks werprepared in a machine with manual compressiavo walls (3000

mm long x 150 mm wide x 1500 mm high) were built with IS&Biout any mortar

600 mm block returns at the ends were givesvtmd wall instability. Both walls tested
against monotonic lateral load. Sample labelling is shown in Tabarhple A
represents the straight wall whereas sample B has got return in the middle and classified
as nonstraight wall.

Figure 1: ISSBvith dimensions

Table 1: Sampléabelling
Specimens Straight wall Non-straight wall

Label A B

2.2 Testing Procedure:

The straight and nestraight wall testing are shown in Figures 2 and 3, respectively.
The application of lateral loading by using pulley at 1000 mm height is also
demonstrated. Displacements at the top of wall are measured witkligitah
theodolite. Smaller loads were chosen initially to get the smaller displacement. Load
was then applied in increments of 40 N so as to observe first crack and peak load
resistance.
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450m 900m 1200m 450mm

b.
Figure. 2: Straight wall testing: (a) Schematic figure and (b) Test setup displaying
system for lateral load

Applied Load

ey e
BRSO o : = ) -
.....

Figure.3: Non-straightwall testing: (é) Schematic figure and (b) Test setup
displaying system for lateral load

3. RESULTS

3.1Behaviour against lateral load

The load displacement plot of each wall is detailed in Figure 4. It may be noted that

around 5 mm displacement is observed against a load of 100 N for straighhesdas
loads for norstraight walls are much higher for the similar displacemioi-straight
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wall showedvery high stiffness The highest load was found much higher for -non
straight wall as compared to straight wall and increased to 617 N. This showed that by
changing the geometric plan of the walls increased the stiffness and peak load.

Displacement(mm)

Figure 4: Load displacement curves for straight andstiight walls

Figure 5 explains the highest loads for the straightremmestraightwall. There is an
increase in failure load from 314 N for straight wall to 617 N for-swaight wall.
Around two times increase in lateral resistance is observed.

Ostraight wall = Non-Straight wall

Peak Load (N)
[¥¥)
L]
]

Figure 5 Comparison of pak load

3.2 Load, Stiffness and Energy AbsorptionProperties

The investigated parameters of both walls are presented in Table 2. These are load at
first crack, peak load, first crack stiffness and energy absorption related to before and
after crack. The loadisplacement slope up to load at first crack is tak®the first
crack stiffnessFirst crack andaftercrack energy absorbed arelculatedas the areas
of load displacement plots up to initial crack load aioch initial crack tohighestoad,
respectivelyOverall energy absorbedas obtained by addingefore and after crack
energy. Tle fractionof overallenergy tdirst crack energy isonsidereds toughness.
It is noted that the first crack stiffness is enhanced from 8.48 N/mm for straight wall to
68 N/mm for nomstraight wall. This is around eighittes increase. It can be noted that
the significant increase first crack stiffness is achieved bitanging the geometry of
the wall Thebeforecrack energy absorbed foonstraight wall is showing less value
as compared to straight wall. This is dodimitation of loading as neatraight wall
could not reached to failure load. However 1sbraight wall showed after crack energy
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absorbed and toughness index of 2.05. This showed ductile behavioursifaight
wall as compared to straight wall affewst crack. The straight wall showed value of
toughness index 1.0, indicating brittle failure. The sstnaight wall showed higher
failure load but a lower strain, this is due to the fact that stiffness of thetraoght
wall enhanced by changing theogeetry of the wall.

Table 2:Investigated parameteos straight andon-straightwalls

First Peak Frist Before After Overall

[%)]
@ crack load (N) crack crack crack energy §
£ load stiffness  energy energy absorbed <
(&) (o)
2 (N) (N/mm)  absorbed absorbed (N-mm) 3 ~
7 (N-mm)  (N-mm) =~
A 284 314 8.48 7526 0 7526 1.00
B 340 617 68 1888 1987 3875 2.05

4. CONCLUSIONS:

Experimental work was conducted to find the improvement in structural parameters
by the changing the geometry of ISSB wallgygtem. Two walls with different
geometry were considered for lateral loading. The conclusions are found as below:

1 First crack stiffness of nestraight wall as compared to straight wall was
improved by 800%.
1 Non-straight wall undertook twice the load than straight wall failure load
without occurring failure.
1 Non-straight wall showed ductile behavior after first crack as compared to
straight wall with toughness index of 2.05.
From the results, it can be condéd that nosstraight wall enhanced the lateral stiffness
and lateral load as compared to straight wall. Further investigation required to observe
the effect on strength of nestraight wall by inclusion of plastering and fibrous plaster.
Thus, cement cdant can be reduced with reduction in plaster thickness by utilizing the
strength gain due to different geometry for economical solution.
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Abstract

High Rise buildings are designed as frame structures with shear walls to provide
sufficientstrength, stability and stiffness against these lateral earthquake forces acting
on the building. For the convenience of users, a Lift Core (k&W) is provided
instead of shear wall which serves the same function as thatasfvgak In this study
anattempt is made to study the different locations ofLii&/ in a 10 storey building,
analysedising ETABS 2016static Force Methods per UBE97 in Seismic Zon& of
Pakistan. ALCW is provided at 4 different locations and the results are compared on
the kasis of displacement, Storey drift and Storey stiffness to select the best location of
aLCW. It was found that CW offers maximum seismic resistance at the centre of the
building.

Key Words: Lift Core Wall (LCW), Lateral Stiffness, Storey Drift, Torsional
irregularity, Static force method.

1. INTRODUCTION

The damages caused by an earthquake must be kept in mind before designing a building
because it has causedormous calamities in Asia and other contir{@datad & Gani,

2016. Lateral earthquake forces are greater in case of Reinforced Concretstonaiti
buildings, so they are desigd to resist these loads. A Shear wall is the best solution to
give structural stability tdigh rise buildinggSchodek, Subagdja, & Suryoatmono,
1999. Shear wall is a structural element which provides stiffness, strength and stability
against the lateral forces that are acting upon it. So, high rise buildindesageed as
framed structures with shear walls to resist the cracks or bending in order to ensure the
stability ofthe tall buildinggChandiwala, 2012 For architectural pposes and for the
convenience ofisers, a shear wall is replaced llgW, which provides the desired
strength and shality to the buildings anavith open sections it also accommodates an
elevator shaft or a staircaféonstantin & Beyer, 201Zoud & Pahwa, 20)6A LCW

must be provided at such a location where it provides maximum seismic resistivity
(Varna & Bhavana, 2034n this paper, we wilstudy the effect of locatioof a LCW

on the stiffness, lateral displacements and storey drift of the building.

2. RESEARCH METHODOLOGY

In this study, testorey commercial building was analydsdStatic Force Method. The
buildingwasassumed to bsituated in seismic Zone 3 of Pakistasing ETABS 2016.
Rectangular LCWwvas provided at 4 different locations and earthqudakeesin both
the xdirection and ydirection wereconsicered.
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2.1. Building Layout

The building considered had 5 bays #direction and 5 bays in-girection. Lengttof

each bay was 20 ft, so the totalaf the building was 1000 ft2. Centre to centre
height for each storey was 12 ft, so the total height of the building was 120 ft.

15 in x 18 in concrete beams, 18 in x 18 in columns, 7 in thick slab and 9 in thick
rectangular LCWof 10 ft x 7 ft with 4 ft x 7 ft openings in y direction was stbel for
analysis. Column supponigere assumed to be fixed.

2.2. Lift Core Wall Locations

LCW was provided at four different locations (Figjand the building was analysed
acording to UBG97. These locations were named as:

LoT Frame with no LCW

L1 7 First location of LCW (Corner)

L2T Second Location of LCW

L3 T Third Location of LCW

L41 Fourth Location of LCW (Centre)

> LCW
= =y
I 12
=R
L3 Ly

Figurel- LCW Locations
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2.3. Material Properties:
Tablel-Material Properties
Material Properties

Material Properties Consider Value
Concrete compressive 3000 psi
strength, fc
Concrete Modulus of 57000psiafc
Concrete Elasticity, Ec
Weight per unit volume 150 pcf
Poi ssonds Rat 0.2
Steel Type Grade 60, ASTM
A165
Reinforcement Yield 60 ksi
Steel Strengthfy
Tensile Strength, Fu 90 ksi
Specific Weight 490 pcf
Steel Modulus of Elasticity, 29,000 ksi
Est
Seismic Zone 3
Site Soil Type SD

2.4. Loads on the building:

Load for thestructure was considered as per UBL Selfweight of the structure was
considered as Dead load. 60 psf Live load was considered for typical floors, while for
the roof it was reduced to 40 psf. Similarly, 3 in thick marble and 1 in thick tiles were
consicered as Floor finish loads whose value was found to be 43.75 psf. This value was
considered for typical floors but for roof it was increased to 60 psf. For typical floors 9
in thick brick wall was considered with a height of 10.5 ft and its load was atddul

to be 1 k/ft while for roof 4.5 in thick brick wall was considered whose load was
calculated to b@.135 k/ft (Table2).

Table2- Different Loads

Load type Load Concentration
Typical Floor Roof
Dead Load SelfWeight of the SeltWeight ofthe
structure structure
Live Load 60 psf 40 psf
Partition Walls Load 21 psf 21 psf
Floor Finish 43.75 psf 60 psf

(Mortar+Tile)

Wall Load on beams 1 Kip/ft 0.135 kip/ft
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3. RESULTS AND DISCUSSIONS:

3.1. Maximum Storey Displacement:

The maximum storey displacememt&re decreased by incorporating LCW in the
building (Fig2). In both x and y direction, the maximum storey displacements were
effectively reduced by the incorporation of LCW at L4. tdisection, the second best
location was L1 (FigRa) while in ydirection; the second best location was L3 ¢Fig
2b).

Maximum Storey Displacement Maximum Storey Displacement
(X-Direction) (Y-Direction)
g 200 LO & 200 —o—L0
= 100 L1 = 100 » L1
" aad
£ 0 L2 © o & L2
> 0 10 L3 > 0 10 L3
S Displacement (inch) S Displacement (inch)
) —o—4 o —o—L4
a b.

Figure2-Maximum Storey Displacement

The maximum displacements in y direction aahd Ls were almost the same because
the LCW at both the locations is located at the centre of the building corresponding to
earthquake.

3.2. Storey Drift

The storey drift was reduced by incorporating LCW in the building-8Fid\t L4, the
storey drift was minimum in both x and y directions. However, at locations other than
L4, the results were different in x and y direction because of the different distribution
of forces in both directions. For example, L1 had second minimum vatrétan x-
direction (Fig3a) but it also had the largest drift value irdiyection (Fig3b).

Storey Drift (X-Direction) Storey Drift (Y-Direction)

o 150 @ 150
= et —o—L0 = —o—L0
£ 100 : < 100 -y
2 a L1 @ : L1
T 50 50
> //g L2 9 v} L2
g ° 0 0.01 0.02 L3 5 0 -
2 : : 0 0.01 0.02

. ——14 —o—L4

Storey Drift Storey Drift
a) b)

Figure 3Storey Drift
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Similarly, L3 had second minimum drift value indyrection while maximum drift
value in xdirection.

3.3. Storey Stiffness

The storey stiffness iboth the x and y direction was found at(Eig-4). The stiffness

of the building in xdirection was more than that ofdyrection because of the-plane
behaviour of LCW. The LCW is provided for-plane forces. As the length of wall is
more in xdirection compared to the length of wall irdyrection, so it will take more
loads in xdirection and the stiffness of the building will be increased. At locations other
than L4, the maximum stiffness indirection was found at the corner of the building
(L1) and this value decreased as the LCW location was changed froonvards Is
(Fig-4a). While in ydirection, the stiffness value was minimum atdnd it was
increased as the LCW location was changed fremowards Lz (Fig-4b).

Maximum Storey Stiffness (X Maximum Storey Stiffness (Y
Direction) Direction)

= 150 = 150
L ° —o—L0 L —e—L0
£ 100 8% £ 100
2 L L1 = L1
= *, L2 ~ L2
2 0 e 0 L3
& 0 5000 10000 L3 & 0 2000 4000 6000

Storey Stiffness (Kip/in) ~—* L4 Storey Stiffness (Kip/in) —®— L4

a. b.

Figure4-Storey Stiffness

3.4. Torsional Irregularities:

When a building does not have the same centre of mass and centre of rigidity, torsional
irregularities are produced in the building. These torsional irregularities might cause
the failure of the structure. Dmax/Davgis a factaattls used to find the torsional
irregularities in buildings.

Building Irregularities (Rirection) Building Irregularities (Direction)
o 15 o 1.3
3 1.4 S 12
S 1 1.29 1.4 . gt
0 0.9
LO L1 L2 L3 L4 Lo .Ll L2 L3 _ L4
Lift Core Wall Location Lift Core Wall Location
a. b.

Figure5-Irregularities in building
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If this value is more than 1.4, the building will have extreme torsional irregularities, if
it is greater than 1.2, the building have modetatsional irregularities, while if it is
less than 1.2, the building does not have any torsional irregularities.

From Fig5, it can be seen thakt Lo and Ls there were no torsional irregularities in
building because of the same centre of mass and centre of rigitity, the building

had moderate torsional irregularities in botHdisection and ydirection.At L2 and Ls,

the building had extreme torsionatdgularities in xdirection, while there were no
torsional irregularities in yirection, because, there was more distance between the
centre of mass and centre of rigidity irdxection while in ydirection there was less
distance between them.

3.5. Base Slear

In static force method Natural time period is a function of height. As height of the
building is same so the natural time period T was also same (1.088 sec) for all the
locations of LCW. Other factors Cv, R, Importance factor and weight dfuhéing

was same for all the locations of LC¥b6 the Basel&ar for all the locations was also
almost the samgig. 6).

Base Shear

g 2000.0

= AN o (@) o
p— N "

§ 10000 |8 3 S S N
2 - o B B B
° 0.0

§ LO L1 L2 L3 L4

Lift Core Wall Location

Figure6-Base Shear
4. CONCLUSIONS

1) LCW reduces the displacement and storey drift and increases the lateral stiffness
of the building, so it is better to use LCW in buildings to resist earthquake
forces.

2) LCW must be provided at the center of the building because it gives maximum
stiffness, minimum displacement and minimum storey drift and produces no
torsional irregularities.

3) Building must be checked for torsional irregularities if LCW is to be provided
at different location other than the center of the building because LCW produces
torsional irregularities.
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Abstract

Seismic design of reinforced concrete structures is becoming more important in high seismic areas
of developing courtiers, because of increased seismic activity. &hreraimbenf well defined

design codes like Uniform Building Code (UBC) 1997, Fedena¢Ejency Management Agency
(FEMA), Washington, 1997, and International Business Code (IBC) 2000, etc. which are used in
developed countries for seismic design. Seismic design depends on the bag¥)shédne

building which acts on the building when a®ismic activity happens. UBC 1997 g\empirical
equations for calculation of 0\ depehdupontbeo e f f |
construction practices and design technique prevailing in the developed countries. Simgdarly t
code givat wo met hods for the calculation of fund
describes the influence of structurebés fund
Two different methods define by UBC 1997 have been used in the pamstinmate the
fundamental period of the structure. Based on the analytical findings, the research concludes the
ineffectiveness of method B for structures with large fundamental period in high seismic zones
Ta and Ts are discussed in detail along with taetors on which & Ts dependGraphs between

base shear coefficient (Vc) and period (T) are developed and discussed for all seismic zones.
Moreover, a regular high rise reinforced concrete building is analyzed, designed and compared for
both fundamentgperiods. Comparison shows an ample variation in the forces, design and civil
cost of same building for the two cases.

Keywords: Uniform building code, seismic design, fundamental period, building height,
reinforced concrete structures

1. INTRODUCTION

The frequency of occurrence of earthquake is increasing day by day. The buildings designed
according to prevailing codes are also damaged by these off & on jolts. Many lacunae in
construction as well as design have come to light while analyzing the $ailuesto earthquake.

In order to design a structure to withstand an earthquake, the forces on the structure must be
specified. The exact forces that will occur during the life of the structure cannot be known. When
any earthquake Htthe structure, seismiforces arise from the vibration of the mass of the
structure. The frequency of these vibrations and corresponding period play an important role in
response of the structure. The period can be determined from the equations defined in specified
building cales. It is therefore important that careful consideration should be given to the
fundamental period of a building in its planning and design stage.
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According to UBG1997, the world is divided into different seismic zones with respect to the
intensity ofseismic hazards. For a particular zone when a maximum intensity of earthquake jolts
any building, the code gives formulae to estimate maximum limit of base shear. Base shear
generates seismic forces which will act on a building. Base shierasly facor which make

the seismic design of the structure different from its gravity design. Base shear is the combination
of base shearoefficient(will be termed as Vcand building dead weighVc is multiplied by
buil dingdbs dead we iudehftBase Shedr. iThe doefficierit of BdseeShearig n i
dependent upon i) seismic zooeefficientZ, ii) soil profile coefficientCa & Cyv, iii) Building
response coefficieRwx & Rwz, iv) building importance factor 1, v) fundamental period T. All

of above nentioned parameters excluding fundamental period are constant, for any Intermediate
Moment Resisting Frame (IMRF) or Special Moment Resisting Frame (SMRF), in a particular
zone & soil profile except fundamental period. Code defines two methods for detieomiaf

period either & or Ts, and variation among both periods may be up to 30 % for zoned 4 and 40%
for rest of the zones. This variation generates a marginal difference in design forcesarehi
addressed in this study.

In this regards B N Pandyd)(has published a paper presenting a study carried out to compare the
fundamental natural period (FNP) obtained by free vibration analysis of reinforced concrete
buildings considering various configuration irregularities with the values of FNP obtained from
empirical formulae given by Indian Standard Code IS 1893 (Part 1): 2002, International Building
Code IBC 2000 and Federal Emergency Management Agency FEMA 368. It was found that
structural configuration irregularities tend to increase the FNP anchéhi® 11893 (Part 1): 2002
empirical formula gives FNP which is almost half the computed values. The IBC 2000 and FEMA
368 empirical formula gives FNP, which varies marginally from the computed values.

2. PERIOD AND STATIC LATERAL FORCE PROCEDURE

Theperod 6T6 of the structures is defined as A
of the structure in the direction under cons
UBC-1997 presents a stepwise procedure for determination of lateral forces.

The flow diagram to represethie calculation procedure for different seismic parameters is shown
here.The following equations represent the relationship of base shear with period.

CALCULATION FLOW
I A RA Zone ZA Soil Profile TypeA CvA TA WA VA CaA V(max)A
V(min) A FtA FxXA Vx A Mx A Drift A Reliability

V=C/IW/RT eq.(1) Vmax = 2.90/R eq. (2) Vmin =.130& eq. (3)
Where: V = Base shear, W = Total dead loadR = Response modification factor,
T = Time period.G= Acceleration based ground response coefficient, C
= Velocity based ground response coefficient, | = Importance factor,

In this paper combination of/Cl, R & T is considered as base shear coefficiegt (V

137



1 Conference on Susiainability in Civil Engineering, Augusi 01, 2019,

Capital University of Science and Technology, Klamabad, Pakisian.

2.1 Governing Parameters Of Period By Methodd A 6

In UBC 1997following formula is used fothe calculation of Fundamental periQig for
all the buildingd r om Met hod O0AOG.
T=G(Hn)% eq. (4)
Ci=.035 (.0853) for steel moment resisting frames.
Ci=.030 (.0731) for reinforced concrete moment resisting frames.
Ci= .02 (.0488) for all other buildings.
Hn= Height in feet (meters)

The value of Ct for structures with concrete or masonry shear walls may be takéAas .1/
(For SI: .0743Ac for Acin m?).

The value of Ashall be determined from the following formula

Ac=x of0.2 + (Da/Hn)z] eq.(5)
The value of [@hn use in formula shall not exceed 0.9.

Fundament al period cal cul aTaéeependsapom Met ho
height, so it remains constant for a particular buildingisGlependent upon type of
building, type of material and also upon construction methodology.

22Governing Parameters Of Period By Method 6

In UBC 1997 the calculation of Fundamnm t a | peri od ftermedras Jtaltulatedd o6 B
following the structural properties and deformational characteristics of the resisting elements in a
properly substantiated analysis. The valgeshall not exceed 30 percent greater than the value of

Ta obtained from Method A in Seismic Zone 4 and 40 percent in Seismic Zone 1, 2 and 3. The
fundamental time period may e computed by using the following formula.

T =aAQEWIiGU igi) E & eq. (6)
The v alrepeserasfanydaterbflor ce di stri but edishallbee el ast
calcul ated using tihe applied | ateral forces,

As Ts is dependent upon weight &eflection of the structure, so it is highly variable. Deflection
can be reduced by increasing stiffness of the structure and twsigliso variable due to
architectur al considerations or any other bu

Base shear calculated foTa is normally more than that calculated from. Rpparently, B

seems to be more realistic thands it considers many factors as shown in its equation. But codes
give freedom to use any one method, so importance of its use is of much interesbrbeferti

(either by method A, or by method B makes a marginal change in design) is made in this research.

The coefficients € R and | depends on the construction methodologies and construction
technigues. The construction techniques in developed courreesrery well defined and
followed. In developing countries these design sade applied in design but importance is not
given to construction techniques, whi ch mak
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level of safety againsarthquakes. Térefore it is vital requiraents to either strictly followhe
same level of construction methodologies or revise those coefficients against prevailing
construction practices in developing countries.

2.3 RELATIONSHIP BETWEEN BASE SHEAR COEFFICIENT AND PERIOD

The relationship between base sheaefficient& period is shown in eq. (1) to eq. (3). In these
equations all the parameters are fixed for a particular zone and soil profile except period will
depend upon the structure. Thus graph can be plfattetbtermination of base sheavefficient
against different values of period. Graphs are plotted against differens valeriod.

These graphs show the range of period for any building vary frotm TsO 1 .adnZone 1, 2A,

2B & 3, for zone 4 periodanges is X to TsO 1 . a3THese graphs are developed for all zones and
soil profiles but only graphs for soil profile E in all zones are presented here due to insufficiency
of space available for this pap#rthe building need to design against T

Another interesting thing presenting in these geaghsame base sheapefficientagainst two
differentperiods. As in zone 3d/is .00618 against period 1.6 ig is considered and 1.15 iixT

is considered. This shows that 20ligh RC frame building will have same:With Ts, as it is

for 129t high building with Ta.

139



1 Conference on Susiainability in Civil Engineering, Augusi 01, 2019,

Capital University of Science and Technology, Klamabad, Pakisian.

SP5 and Seismic Zes Zone 3 and & Zone 4
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3. CASE STUDY

Regular Structure selected for this research is (3B +G+ 16) 20 storey office building to see the
effect of fundamentgleriod on the structural design. Different structural elements of the building
have following properties.

i) Al basement beams are 120x270, i)
i) AL internal fl oor beamssementdo Z1l@0 aed 6 0 ,
480x480, Vv) odrtobirid oforomr® 420x42%floportedd) Col
floor are 360x36dJd"floovd1d"f | Corurmanse BOOM3IDBvViIii
floorto20"f | oor ar e RkhéssxdRild Cap/iRsi)s O, x) Thickne
Wal | i s 120. ifthigh. Renthouse heighgis 186 2 4 3

3.1 GENERAL PARAMETERS

Building is designed for basic five loads i) Seismic Load +di ii) Seismic Load in dir, iii)
DeadlLoad, iv) Live Load, v) Roof Live Load. Seismic and factored Load combinations are
determined from basic load combination 1612.2.1 of UBG7. Seismic parameters considered
are i) Rvx & Rwz= 8.5, ii) I=1, iii) Na & Nv= 1, iv) S=5,v) Z=.3 & .4. The scheatic views of
the building are shown in FH@2.
Pile foundation is provided as recommended by-Gech investigation report. Fig 02 (b) shows
the spring which are designed against piles stiffeagsulatedwith following formula using
values given in reqrt.

K (FY) = Pile Capacity/Settlement.
In material properties all main reinforcing steel is deformed bars with 60 ksi yield strength, where
as for secondary steel I sompreskive stnengif boncdete fok s 1 )
columns is 4ksi & 3 ksi for other structural members.

T 200.000f

150.000ft

(a) 3D View (b) Front View (c) Top View
Figure2: StaadPro Model of Structure
3.2 STRUCTURAL ANALYSIS

In structural analysis followingarameters are determined, which are used in calculation of design
forces for all structural elements.
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3.2.1 FUNDAMENTAL PERIOD

Time period provided for structural design is calculated against total height of building excluding
penthouse, shown as follows

T Ta 1.795in X & Z DIR. for Zone 3 & 4 (considering building height only)

1 Ts 2.34 (1.3 Rh) in X-DIR & Z-DIR for Zone 4,

f Te  2.34(1.37R)in X-DIR 2.513 (1.47F) in Z-DIR. For Zone 3

Comparison of both designs with time periodahd Ts is shownin terms of percentage reduction
in forces.

3.2.2 BASE SHEAR & DEFLECT ION

Base shear determined in both directions is tabuletethble (01) For a particular building

di spl acement of nodes make a consi derrefdrd e v a
values of maximum displacement are also noted for each model. Displacements are only noted
against factored loads with seismic force combination to make a comparison.

Table 1
BASE SHEAR (KIPS) DEFLECTION (INCHES)

SOIL
PROFILE Ta Te Ta Ts
606 EO X DIR Z DIR XDIR ZDIR XDIR ZDIR XDIR ZDIR
Zone 3 10248.44 10248.44 7861.51 7371.52 10.978 14.32 9.178 11.607
Zone 4 117125 117125 9003.83 9003.83 12.545 16.365 10.503 13.78

3.3 STRUCTURAL DESIGN
3.3.1 PILES / PILE CAP-RAFT

Piles design is nah the scope of this project, only forces acting on piles are shown. In building

in Zone 3 & 4, almost 70% piles have governing forces against gravity loads so design remains
same either A or TB is used. For 30% piles governing forces are against seisanc
combinations. Thus when pile designed withi§ compared with dthe reduction in axial forces

is 6% and in plane forces are al so ftleagthusc e d |
assumed to be sufficient for both designs.

Pilecap/rtwi t h 660 thickness i s pr offarahittlinginfZone r ed
3 with Ts is 8% & 16% for top moment in longitudinal & transverse direction, where as bottom
moment is reduced 13.5% & 58.7% for exterior & inner column strip in longalidFor
transverse direction it is 21% & 27% respectively. Area of steel is reduced in only on those
locations where flexural moment governs and reduction is almost in same percentage as moment
reduced. The reduction in design dft far a building in Dne 4 with & is 9% for top moment in
longitudinal & transverse direction, where as bottom moment is reduced 20% for exterior column
strip in longitudinal & transverse direction. Area of steel is reduced in only on those locations
where flexural moment gevns and reduction is almost in same percentage as moment reduced.
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120 thick retaining wall is provided all aro
does not govern and only minimum reinforcement against temperature and shrinkageledprovi
Results for columns and beams are tabulated below.

3.3.2 COLUMNS

Design of 20 storey columns is divided into 5 parts. Each 4 storey have ssegtofi and almost

they have similar results, so same design is used for 4 storey column. In genesthlloolumns

up to 16 storeys have minimum 1% area of steel. So there is no comparison. Whereas last four
storey column are designed against governing forces and area of steels varies marginally. Some
results are presented in Table (02) shown above.

Table 2
Typical Percentage reduction with  Percentage reduction with TB in
Column TB in Z=3 Z=4
Represents
P MX MY As P MX MY As
Exterior -
Column 1% - -3% -3% -1% -3% -3%
Inner Column 1% - -2% -3% -1% -2% -3%
3.3.3 BEAMS

Beamgesults also tabulated to represent the compags@m in Table (03)Where (Mive) & (M -
ive) represents bottom and top moments of beams. (T) represents torsion and (V) represents sheat
in beams.

Table 3
Averag Percentagereduction with Tg in Percentage reduction with Ein
e Beam Z=3 Z=4
R I B B
o Mae Mie TV PO Top Mue Mae TV PO Top
Storey Steel Steel Steel Steel
Level reg. reg. reg. reg.
15TTO 20 12 19 12
5TH 19% 25% % % 17% 26% 18% 24% % % 19% 26%
TH
510;1,_40 21% 28% %/‘:’ %/07 20% 29% 19% 25% %/f %/S 20%  26%
11TH
TO  18% 27% 3% Y 18% 29% 17% 24% 3% 1O  18%  28%
15™ & &
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16TH
TO 5% 506 2% 3% 4% 506 5% 506 2% 03 7% 8%
20TH A)

4. COST ANALYSIS

In both cases concrete outline of all structural members is kept same. Therefore comparison is only
possible among area of steel ratio of all structural elements of the structuracctimsulative
concrete quantity for both cases is 423,060 QNVhereas &0 steel required for case study in
Zone 3 is 5435 tons withaTand 16% reduction is found fosTSimilarly for case study in Zone

4, G60 steel required is 5877 ton fox With 12% eduction for B. Total civil cost for both cases

is 926million PKR with & & 846.8 million PKR with B for case study in Zone 3 and for case
study in Zone 4 total civil cost is 968 million PKR wit @&nd 904.5 million PKR with g. Thus

8.6% cost is redwd if building is designed withelas compare toAlin zone 3 & soil profile E,

where as 6.6% cost is reduced for same building in zone 4 & soil profile E. Cost is only reduced
due to steel, if concrete outline does not kept same there will be furthetioadn cost. This cost
analysis was done in 2009 and schedule of rates prevailing at that time in Pakistan were used.

5. CONCLUSIONS & RECOMMENDATIONS
The following conclusions have been made from this study.

1. The base sheaoefficientVc of the building with Intermediate moment resisting frame
(IMRF) designed with Tis 54.5% more than Special Moment Resisting Frame (SMRF)
system. Similarly if same building is designed with (L.4Ta) than \& will be 40%
reduced, giving the design nearSMRF design without any SMRF detailing.

2. The graphs in Fig (01) depicts that building with Time period 0.5 sec. to 2 sec. which
corresponds to 5 to 20 storey height buildings, there is marginal increase in base shear if
Ta is used as compared t@.T

3. Reinfaced concrete building with height 80or less has A & Ts equal to 0.6 se@s
shown in Fig 01(d & e). So the building ¥will remain same for zone 3 & 4 in soil profile
OE6. Thus five storey height buil.Bortheg wi |
two most critical zones in loose soil profile, our design will not ckarithis needs
reconsideration of factors for calculation\td.

4. The present study shows that if building is designed with larger pesitie Tesult shows
less deflection s=Table 1, and also more economical design as compared to design of
same building with higher deflection and lower period TThe other formula for
calculation of time period gfas shown in eq. (6) depends on displacement. So when the
lateral displacemestwill be increased then Time period will also be increased. This
contradicts to each other.

5. The height of the building used in Method
code says if penthouse area is less than 10% of the total areawifdivgtihan penthouse
height should not included in total height of building for calculation of time period with
Method A. The height of the building plays important role in calculation of base shear so
the percentage of penthouse are in relation to ao¢a of building should be reconsidered
to make the design more economical.
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6. Similarly if the building have a basement without seismic/expansion joints, we must
consider that height in total height of the building.

7. The variable involves in a calculation lbase share with eq. (1) to eq. (3) aee&Cy
shoul d al so be reconsidered especially fotl
different in these zones.

8. Construction material and techniques are different for all over the world. Thevafaose
of Cr may not be constant for all regions. It should be estimated for a particular area
according to prevailing practices.

9. For any value of period correspondingight of the building cabe determined using
following EQ.

H =*3(T/Ct) eq.(7)
Where H is in feet and T is in seconds. Thus for assisting quick design graph between V
& H can also be developed and can be presented in further studies.
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Abstract

The quality of construction projects can be enhanced by reducing the defects in the projects during
and after construction. Some defects in the construction projects are harmful for the durability and
structural stability and some of them are harmful @rihdoor air quality and building aesthetic.
Dampness is main defect that reduces the life of building as well as the comfort level for the
resident of the building. Bitumen coating has been used for number of years to control dampness.
But this techniqués not efficient and not good for the health as it prodhezardiougiasesvhich

are harmful for the human health. In this study synthetic polymers were used to control the
dampness bymprovingthe water proofing quality of the material. The effecth&f polymers on

the compressive strength of concrete was also checked by adding these polymers into concrete
during concrete mixing. Structural members like wall footing, concrete slab, concrete cubes and
septic tank were casted and tested to check tluegify of synthetic polymer against seepage or
leakage of water. The precast concrete slabs were also tested by using these polymers. The cracl
was produced along the length of the sewerage pipe and also tested for water leakage after applying
multiple caats of polymers. It was found that these polymers are equally efficient for water
proofing, crack filling and also improving the compressive strength of the concrete. The water
absorption of brick and concrete was also tested by applying multiple coatlorside of the

brick and concrete cube. These polymers reduced the water absorption of both bricks and concrete
to almost zero. So, these polymers are highly recommended to the construction industry to improve
the project life, durability, strength andsdhetic.

Key Words: Defects in concrete, Dampness, Water Absorption, Strength Improvement, Crack
Filling and Aesthetic.

1. INTRODUCTION

The development of any country highly depends upon the development of construction industry.
Construction industry comprises six to nine percent of the gross domestic products of developed
countries. Buildings are the most important part of the constngctimdustry. There are many
defects in buildings like structural and temperature cracks, dampness, settlement and failure. These
defects produce due to poor quality workmanship. A typical example is water infiltration through
some portion of the buildingrsicture that is called dampness, which may create an environment
for the growth of mold. Most common defect in buildings is the dampness. Dampness is the
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existence of unsolicited moisture idifferent membersof a building, either because of
interruption from outside or condensatioof water vaporsfrom within the structure. Many
techniques are there to control dampness. In this study new waterproofing techniques are
introduced using synthetic polymehs.order to control the dampnesisumencoatingis preferred

over polymers as some of the polymers arelgambd requireskilled labor Conventional
techniques of waterproofing are still usedlifferent developing countries. So, there is a need to
introduce the new technique to control the dampnessrihst be equally economical as well as
environment friendly. In this studyodern techniques of waterproofiage introduced by using
synthetic polymers like cracHler (PP 007), sealer, hyper coating, Concreie (lAP 500) and PP

50. The polymers areAcrylic Polymers, Super Absorbent Polymer (SAPs), Epoxy, Dr. Fixit,
Kembond K Fix 75, Polypropylene (PP), Polyvinyl Chloride (PVC) and Polystyrene (PS).
Structural defects are those which arises in the structural member of the bidldeugsehese

defects is due to poor design, use of poor materials and human errors these defects arise separatel
or may be some time in combination. Structural defects caused in members of building including
beams, columns, retaining wall and slab. Defects in brick wa@kypness in old structure and
defect in the plaster work are some type of-atvactural defects (Kofi Agyekum, 2013nother

study in Malaysia on seven hostel buildings identified some common defects in the buildings. That
are the leakages of waterpson in steel, penetration of rain water and other types of water in the
buildings, horizontal cracks in the interior and exterior walls. These all defects need proper
maintenance. Buildings need proper waterproofing to stop water gesratrationto stop he
damagesnd to protect the health of users of the building from harm (Wahab, Zlxakes are

caused in many construction materials because it is nature of construction materials to crake after
some time Contractionand expansiotake place due to viation in temperature during winter

and summer seasomaspectively. This contraction and expansion produce cracks in concrete
memberswhich allow the water to enter tis#ructural members through these cradks walls

cover the major area of buildindsat is why thermal cracks are more critical in walls. The cracks

in wall are produced due to over loading of wall, use of poor material and poor workmanship. The
other reason of wall cracks might be settlement of underneatiiNsoiil Nadia Omar Bakri,

2014).

Different studies exposed that the defects affect directlyusers of the building that is some of
defects create health ardonomicaproblem for users. So, these defects should have identified
first and then remedial measgieould useThese dfectsshould deal separatelyhe focus will

be on the dampness which is one of the most damaging defects in buildings (Ogunoh P. E., 2016).
Roof leakage accident arises many times due to poor and improper waterproofing system. As they
are using bituminoai membrane which causes a lot of problem for them because the bonding
between roof concrete and bitumen was piwe to these cracks appears. The water leakage
through those cracks produce dampness which damages the building and effects the health of the
users of the building (Suffian, 2013). Dampness sources are classified into four major types are,
Mounting dampness, Penetrating dampness, Condensation, Pipe leakages. Minor sources or cause
are, not proper drainage system at the building site. Poorairendf building, Flawed slope of

the roof (fat slab), Poor construction. Indications of dampness are dull spots on the building, paint
detaching, sometime plaster flaking, growth of Fungi etc. (Kofi Agyekum, 2013). Buildings should
be such that it prevésmany kind of water to penetrate through its element. A research was done
on six room residential building in which they use three different stages to investigate the
dampness. The first one is visual inspection on which they found from the resultéhat i&nd

exterior walls are damp the symptom they found is dirty spots, sweltering of paint and
efflorescence. The second stage is-destructive test for which they use moisture meter which
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give the result is that the dampness is very much noticéldigehird and final stage is destructive

test in which they found that the dampness in the kitchen and bathroom is due to the pipe leakages
and precipitation penetration. From this it is concluded that when there is not proper waterproofing
system to eachlement or where needed this problem will be damage the building and the health
of user also. In spatially in residential building if there is not a proper ventilation then the
condensation dampness will occur which disturb the health of users. (Agy2@i#), Results

from the walls test were carried out like on the double side cladding the frebrtesd by 75 %

andon thesingle sided cladding free twist restrained only by 13®4wrder to achievenore

rigorous demands from the end ugeere should be a better interaction betwieaberproducers

and contractorsf structures anduilding (Kliger, 2006) Paint was blistered due to the dampness;
plaster was damaged and surface efflorescence could be seen on most of the externaland inter
wall surfaces. Dampness could be seen on the walls having a height of approximately 1200mm in
the walls inside the apartment the dampness could easily be seen on the walls of the bedrooms.
Partition walls between the bedrooms and the washrooms wergnghserious symptoms of
Dampness (Kofi Agyekum, 2013Jhe effect of dampness and mold is increasing because the
bacteria are becoming stronger than previous many years and there is need to improve lifestyle
and stop dampness to cause such types of dis@ashe end the researcher suggested that indoor
dampness and mold problems constitute an important health hazard. And there is a need to prevent
dampness and molds production in workplaces and especially in homes to prevent dangerous
diseases of asthnaad allergy (Maritta S. Jaakkola, 2009).

Indoor dampness and mold problem are universal and major problems for health diseases and
structural members which affects the lives of people, their money and resources. The major
problem of dampness and mold igalth diseases like asthmEBhese types of issues are very
common in countries where temperature remains very low. insufficient maintenance, improper
construction work and construction of tight building to conserve energy by ventilation might be
the critical factors for the severity of these issues specially in the cold climatic areas and countries.
The dampness in residential buildings is significantly dangerous because it increases the chances
of asthma specially in the childr@dartin Sevilla, 2014)Polymer Modified Cement Impermeable
Coating Material: It is a type of sealing material used in construction and engineering work. When
the polymer emulsion and the cement mixed with powder are mixed and took on site and applied
to the base, the cement isdngted to form a seal coat. Polymer modified cement impervious
coatings are commonly used as reliable and safe impervious materials because they have the
guality of combining polymer flexibility, hardness and tackiness of cement and they do not require
theuse of an organic solvent or naked flame (Jack J. Fontana, 2005).

A special type of Ge®olymers has been produced which can be used to increase the strength of
structural members and also provide better waterproofing. With the increase in contachangle
GeoPolymer surface from 21to 22, the specimen will float in water causing low water
adsorption. This is called surface hydrophobic modification of material. These polymers will
improve the different properties of materials like short setting tengmificantly high flow rate,
improvement in compressive strength, high bond strength through interfacial bonding of particles
which can be shown through dense microstructure. These polymers can also repair concrete of
rigid pavement or it can also proeighrotective coatings for concrete for marine struct(fPesy

Duan, 2016)With the application of these polymers on samples, the reduction of water level
adsorption can be achieved around 0.5% within 28 days. These polymers repair the materials and
improve the properties like short setting time which is only 24 minutes, significant high flow rate
which is around 212 m, high early compressive strength of concrete and also high bond strength
of concretgA. Kamel, 2016).
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2. RESEARCH METHODOLOGY

The researh is based othe experimental study on the effect of synthetic polymers on strength
and dampness of concrete structuldsst effective polymers are, Acrylic modified polymers, and
epoxy modified polymers, PP 50, PP30 crack fillers, and crack s€aése polymers are equally

good for improving the strength as well as for improving the resistance against dampness. For
water proofing, saler is a Liquid synthetic polymer used as primary coating. The function of sealer
is to seal the pores on the surfateancrete and plastered surface. Crack filler is a solid synthetic
polymer made up witbement. It has property to make grout or slurry flexible throughout its life.

It is used to fill cracks, gaps between different structural members and expansion joints

It is manufactured in Pakistan by Pakistan Phthalates Ltd. Company. They are manufacturing and
selling it in market also as crack filler PP 007. Concrete mix is a liquid synthetic polymer
manufactured by PPL. It is used in concrete aslee#fling agehand for reducing water quantity

in concrete. It is also increasing the strength of concrete. Primer is also a liquid synthetic polymer
by PPL available in white color used to close pores in plastered surface while painting it. It can
also be manufacturedf different colors. Hyper is a liquid synthetic polymer by PRdve
transparent properties use after Crack filler to make the surface hard like glass and waterproof it.
This polymer is many times used in plumbing work in core filling in kitchen, washrooms and in
inlet/outlets of water.

Acrylic modified synthetic polymerare also available in liquid form. The use of these synthetic
polymers is to increase strength of mortar and concrete by 3 time of its compressive strength.
Epoxy modified synthetic polymers are manufactured in liquid form along with epoxy. These are
alsoused in concrete and cement mortar to increase the compressive strength of concrete by 6
times the compressive strength of concrete.

Seven samples are selected including Spread Footing of Wall, R.C.C Slab with R.C.C Parapet
Wall, R.C.C precast Slab withBrick Parapet Wall, Septic Tank (Bricks), P.C.C Blocks (for
strengthin Compressiojy P.C.C Blocks (Waterproofing) and Sewerage Pipe. First of all,
construction of 3 steps wal/l footing of 406x
compressivestrength of concretir that purpose 3 cubes were castedame W/C ratio and mix
design for each test and compare the strength of it.

In order to check the effect of three different polyntetal nine cubes were casted having three
cubes for AcrylicModified Polymersthree cubes for Epoxy modified polymersd three cubes
without edition of any polymers to compare the strength of polymers edition concrete with this
one.To check the effect of polymer in water proofing, a cube with normal water tenteatio

was casted and then polymer was applied at its all sides and put it in the pond for one month for
water absorption test. These polymers are good in filing the cracks in structures. For this purpose,
a major crack was produced in the asbestos gepipe and then that crack was filled with this
polymer to check its effect in crack filling. Water was pored in pipe and kept it for several days to
check the leakage of water from crack.

3. RESULTS AND DISCUSSION

After the preliminary tests on theaterials, concrete mixed design was carried out to prepare the
concrete samples. Samples were casted and cured in the pond for furth€héestsnples were

cured for prescribed 28 days before the application of polymers. Then the samples werg tested b
using ASTM method of concrete cubes testing procedure. The results are shown in the below table.
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The table undoubtedly directs that there is a substantial increase in the compressive strength of
concrete after the addition of polyméirmeans that thegeolymers areequally good for water
proofing and strength improvementhe polymer almost doubled the compressive strength of
concrete.

Table4. Compressive Load Capacity of Cubes

S/N Normal Acrylic Modify Epoxy Modify
concrete Polymers Polymers
KN KN KN

1 362 659 860.1

2 349.59 665.78 871

3 342.98 658.35 867.8

Avg. 351.52 661.04 866.3

Load

The sample of the cube which was simple of concrete had the compressive strength of maximum
load 362 KN, other went to 349 KN and the last weat downon 342 KN. Now when the acrylic
modified cubes were tested a big difference was seen in load beattegfiast sample took load

up to 659 KN second one took 665 KN load and the last one took 658 KN. Now the last three
cubes of epoxy modified cubes were tested and major difference in load bearing could be seen.

1000
900 860.1 871 867.8

800
700

659

600
500
400 362 349.5 342.9
300
200
100

0

1 2 3

m Normal concrete KN m Acrylic Modify Polymers KN = Epoxy Modify Polymers KN

665.78 658.35

Load (KN)

Figurel: Load Carrying Capacity dtoncrete Cubes

Compressive strength of concrete expressed in Psi (pound per square inches), KN/sq.m (kilo
newton per mete square) and different other units. As polymeldarsevaterproofinghave dual
performance waterproofing as well as strength enhameerResults shows that acrylic modified
polymers and Epoxy modified polymers increase the strength of conicaibte.2 shows that with

the help of synthetic polymers compressive strength will increase.
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Table5: Compressive strgith of Cubes with polymers

S/IN Normal Acrylic Epoxy Area  KN-lb. Normal Acrylic Epoxy
concrete  Modify Modify factor  concrete Modify Modify
Polymer Polymer Polymer Polymer
KN KN KN Sg.in - Psi Psi Psi
1 362 659 860.1 36 224.82 2260.78 4115.62 5371.54
2 349.59 665.78 871 36 224.82 2183.28 4157.96 5439.61
3 342.98 658.35 867.8 36 224.82 2141.99 4111.56 5419.63
Avg. 351.52 661.04 866.3 Avg. Strength 2195.35 4128.38 5410.26
3 3 2 N
— o) o o
8 g 3 5
OLDO Lo [Te] [Te)

4157.96
4111.56
4128.38

2260.78
2183.28
2141.99
2195.35

N
©
Lo
—
—
<

. . . . 4 .
[ ] Norma:lll concrete Psi lAcryhzc Modify Polymers P3|3 Epoxy Modify Polymers Psi

Compressive Strength (Psi)

Figure2: Compressive strength of Cubes with polymers

The compressive strengts well as other properties of the structural members highly depends
upon the water absorption power of those membar®ngst all construction material brick have
maximum tendency to absorb water. An attempt was made to check the same property of brick bu
after applying the polymer the water absorption power of brick was significantly reduced to almost
zero. After polymers coating bricks do not absorb more waRasults are clear that before
polymers coating bricks absorb water more than 35% water tamghafymers coating same bricks
absorb only 1% water on avg.

Below figure indicated that these polymers are really good in reducing the water absorption of
concrete as well as in bricks. These polymers reduced the pores in concrete and bricks that is why
water cannot seep through those pores and hence water absorption of material is reduced.
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Figure3: Water absorption of bricks and concrete with and without Polymer

Similarly, visual inspection was carried out by apply polymers on cast on site coslaizte
asbestos cement pipe and on wall footing. After a month of visual inspection, it was observed that
water was not penetrated through the layer of polymer and not a single dampness spot as observec
on the surface of these structural members.

4. CONCLUSIONS

From the results discussiahis concluded thahe synthetic polymers are the good waterproofing
agent that control the seepage and leakage of the water. These synthetic polymers are equally gooc
for the improvement of the compressive strermjttoncrete as these polymers almost doubled the
compressive strength. The water absorption of the material defines its strength. So, the water
absorption of structural members can be reduced by using these synthetic polymers. The efficiency
of these polyrars is equally good for the sewerage pipe where the leakage effects the durability of
the pipes. The damp proof course can be improved by applying some coating of synthetic polymers
at DPC level.

5. RECOMMENDATIONS

From the results and conclusigtise recommendations are made faliymers are recommended

for the thin walled structures like warehouses and other types of shells because they are prone to
cracks sothe use of polymer will improve the strength of these members and also control the
cracks. Footing pads is required for the heavy machineries used in any inddstmpness in the

footing pads will cause the rusting of the machine parts. So, application of the polymers will reduce
the chance of rusting by improving the waterproofing.tRerfuture studies, the existing building

can be used to improve the waterproofing by applying these polymers on the defective areas
Future studied can be done by using other types of polymers like polymer for the insulation

The other properties of corate can be studied like durability, weathering and soundness.
Polymers should be applied outside where there is direct sun rays or heat so that it should take less
time to dry and to complete the desired project on time and to see the full results on the time or
schedule. Proper coating should be done there should bach space remaining on the surface
where polymers should be applied if space is remaining it would cause the seepage or dampness
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which will fail the desired project. Strength will be lesser if dampness is caused as polymers
increase the strength alatich can be seen in the testing of the polymers on the concrete and the
bricks. If the project or samples are made inside the building or any room having stoke or heater
type instrument could be used to dry them as would not increase much cost ofébe Qagt
doesndét very much in using polymers instead
seepage. Polymers work 100 % if they are used in the initial stage of the project or construction of
any building.
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Abstract

This research aims to compare the seismic response parameters of gravity designed model testec
by Rizwan et. al (2018) by introducing novel haunch retrofit technique in aldeaagged exterior
reinforced concrete connection. The model tested by Rizwan et. al Wascald bay 2 story RC

frame with deficient connection design. Scaled testing was performed on sigtiasassembly
installed at Earthquake Engineering Centr&Q, UET PeshawarDissipating haunches were
installed by first removing damaged concrete from the joints. Afterwards, damaged portion was
replaced with rich concrete and haunches were anchored in them to reduce demand-on beam
column joints. The Quasi statcyclic load was applied to damaged beamtumn assembly by
deforming the structure from elastic to inelastic state under displacement control condition. The
ACI ITG-5.1-07 protocols were used as loading history, in which different target roof
displacemats equivalent to target drifts were applied. The structure force deformation capacity
curve was derived, for the computation of Response Modification Factor (R) and global structure
ductility (). The comparison of the retrofitted andmaslt model showshat the retrofitted model

not just regained its capacity but increased its stiffness, ductility, strength and response
modification factor by 70%, 20%, 40% and 70% respectively.

Keywords: beamcolumn joint, haunch retrofit technique, response modifingactor, quasi
static.

1. INTRODUCTION:

Severe deficiencies have been found in moment resisting frames (MRF) built before 1970s owing
to inadequate shear resistance of their bealmmn connections. In many developing countries,

the RC structures are still constructed without considering thgndgsidelines for bearaolumn

joints provided by their respective building codes. This is primarily due to the unfamiliarity, lack
of skill workmanship and cost insinuation as showRigure 1 and2. The gravity load designed
structures are not designéat lateral actions due to earthquakes and also there is no such load
transfer mechanism available in these structures to resist the lateral actions.
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Figure 1: Manual baching and mixing Figure 2: BehReinforcement and Nen
SeismicHooks
2. EXPERIMENTAL PROCEDURES:

2.1 Test Specimen

Rizwan et. al (2018) tested five scaled RC portal frames amongst which only one was code
compliant RC portal frame, designed according to the-B€R2007. Thether four frames were
incorporated with some deficiencies in reinforcement detailing and material strength. For the
purpose of this research, the model designed for gravity loads was considered for retrofitting.

2.2 Retrofitting of Model:

The retrofitthg process of damaged RC portal frame consists of four steps i.e. removal of concrete,
model repositioning, concrete replacement and haunch installation. Initially the model was
supported by applying jacks to both the floors and lateral support was prdeideroid the
collapse of model during retrofitting process as shown in Figfade The damaged concrete from

the joint region, columns and adjacent beams was removem2ipmes the depth of the joining
members as shown in Figuséh) and3(c). Repodioning was performed with the help of belts to
remove the out of plane tilt from the model. Joint concrete was replaced with rich concrete (34.5
MPa) in order to increase the jointdés shear
element byjoining members Figurg(d) and3(e).

--ulwl 3

=1 Bl |

a,\.lll‘L

Figure3: (a) Damaged Frame, (b)Damaged concrete removed from jéihts, (c) Joint after concrete
removal
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(d) Formwork for concretingg) Joint after eplacirTgi damaged concrete
2.3 Haunch Design:

Design of energy dissipating haunch used in this research work was based on the design procedure
specified in the research work of Genesio (2012). The idea of haunch retrofit technique revolves
araund relocation of the plastic hinge from the joint region. Application of haunch to the joint
region will reduce the flexural moment at the beastumn interface with the goal of reducing the

shear stress in the joint region. Considering the structurarahdectural requirement, the length

of the haunch element is kept in range of 0.1 to 0.2 times the length of the beam (Sharma et al,
2012).In design of haunch element, certain geometric parameters of trial haunch member are
considered i.e. projecteddegt h (L' ) , angle of hadifhehbtrengtt) ar
hierarchy of the mechanisms involved in beamtumn joints are given from least severe to most
severe on the structure: Vc, beaim n g eVc,@olumrh i ngevVecQ Aj oi ntVc,shear
columns h e a mVc, ®eamshear.Haunch element consists of a dogne specimen which is
enclosed in a steel cylinder which is then filed with rich mortar to resist buckling during
compression of the haunch element subjected to lateral loading. Biglmavs the designed

haunch element diagrantdaunches were placed both at top and bottom of the beam in order to
get a better performance in resisting the lateral loads Fagglrews the haunch placement scheme.

The type of anchorage used in this researd¢hrsugh anchorage. It consists of 6 bolts passing
through steel plates at both sides of the column and beam Bigure

Table 1: Haunch element details
Haunch Parameters Anchorage di Anchor
det ai |
Haunch Diagonal (LAnchoragértwyFc' = 3
Anchors

Projected Length oNumber of arFy= 41
250mm MP a
HaunchUOangd e ( Anchors gomar
mm
Es= 200GPa
Cross sectional ar
m nf
Haunch Stiffness (
KN/ mm
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Figure5: Placement scheme Figure6: Through Anchorage in beam and columns

2.4 Test Setup and Loading Protocols

Quasi static lateratyclic load was applied to the test model with the help of displacement
controlled hydraulic actuator. The actuator consists of a ram and load cell having capacity of 50
tons and having + 6in (150 mm) displacement capacity of the shaft. The hydraulioragtua
connected to the vertical distribution beam at%i$pan from the top end, to apply lateral loads
simulating triangular lateral force distribution. The test setup of the retrofitted specimen is shown
in Figure?.

The loading history consists of 8&3 of three cycles at increasing level of target roof drift (0.4%,
0.5%, 0.7%, 1%, 1.5%, 2%, 2.5%) prepared as per ACI3TI®D7 protocols (Figur8). To record

the inplane lateral displacement, two displacement transducers were attached to eawhifoor,

one displacement transducer was attached to the base pad of the structure in order to record any
sliding in the structure. The applied load was recorded by the load cell attached to the hydraulic
actuator.
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Target Roof Displacement (mm)
o

8 8 &

Figre?: Test Setup » Figure8: Loading History
3. RESULTS:
3.1 Damage Behaviour:

Damaged behaviour was observed in relation to story drift. At 0.4 % drifexpgang cracks
reopened in columns. Further increase in drift% led to development of shear cracks in joint
region. At 1.5% drift, haunch fractured at ground storey while further increase to 2% led to further
widening of shear cracks in column base and joint. Widening of flexural and shear cracks
continued at 2.5%rift accompanied by severe damage to column base.

3.2 Comparison of AsBuilt and Retrofitted Structure:

The asbuilt structure of Rizwan et al (2018) was not designed for any kind of lateral loading so it
withstood 50% of intensity of Northridge accele@m and showed very lower stiffness and severe
joint panel damage due to lateral loading conditions. Due to the use of lower strength concrete and
the lack of stirrups in the joint region, it has very less tensile strength resulting in a brittle failure
mechanism in the form of joint shear cracking which ultimately led to lower overall lateral load
capacity of the structure.

Table2: Structural Properties

Structural Properties As Built Model DH Model % Increase
Stiffness (N/mm) 817.51 1399.87 71.24
Ductility (p) 1.65 1.99 20.46
Ductility Factor (Rp) 1.65 1.99 20.46
Overstrength Factor (Rs) 1.73 2.46 42.15
Response Modification Factor (F 2.86 4.89 71.24
Strength (KN) 90.85 129.18 42.15

In the retrofitted structure with rich concrete and haunch retrofit technique, slight shear cracks
were observed in joint region. The observed ultimate mechanism was hinging and the core concrete
crushing at the base of the columns under large laterdhdespent cycles. The haunch retrofit
technique significantly improved the seismic performance of a damaged reinforced concrete
gravity designed structure.
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3.3 ForceDeformation Capacity Curve

The forcedeformation capacity curveas developed from the recorded data of the gsiagtic
testing of the retrofitted frame. The capacity curve shows that severe pinchindffjact 10)
reduced the energlissipation

140 140

o =
= & 3

Base Shear Force (kN)
s B

— s Bilt Model

e D Ml

150 200 250
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300
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Figure9(a): RoofDisplacement, (b) Comparison with Rizwan et &

Lateral Load (kN)

Roof Dirift (%) 2

Figure10: Hysteretic Curve

n in the structure. Both the positive and negative lateral roof displacement and lateral loads were
plotted and then averaged to obtain the mean capacity curve famotogype structure shown in
Figure9(a). The retrofitted structure shows substantial increase in the lateral load carrying capacity
as compared to the -hsiilt structure In order to compute the structural response parameters,
bilinear idealization of the capacity curves was performed usind acpaprinciple. Figur8(b)
compares the bilinear idealized curves febast and retrofitted structure.

4. CONCLUSIONS:

The following conclusions are derived from this research work:

1 The retrofitting technique substantially improved the strength stifthess of the
retrofitted structure by approximately 42% and 71% respectively as compared te the as
built structure.

1 The retrofitting technique increased the overall response modification factor (R) of the
structure by 70%.

1 The proper anchorage desigmade the retrofit technigue more effective. Through
anchorage was provided in this research. The drilling through the members is risky, if not
done properly can weaken the members internally by introducirggrdamages and is
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ultimately the failure othe retrofit technique.
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Abstract

A 1/3%reduced scale two story reinforced concrete frame tested on shake table was repaired and
retrofitted using steel haunches, to check the efficiency of haunch retrofitting in restoring seismic
capacity. Repairing was done by removal of damaged concretettimjoints and replacement

with rich concrete. Haunches were installed at each joint to change the hierarchy of strength from
brittle shear damage in joints to ductile flexure damage in the beam. Testing was performed using
guaststatic cyclic loading sap. From the comparison of the tests it was observed that the repaired
and retrofitted frame showed a ductile failure mechanism of beam flexure cracking as campaired
to joint shear cracking in dawuilt frame. Also a substantial increase in the seismicoresp
parameters of the retrofitted frame was noted showing the effectiveness of the repair and haunch
retrofitting technique.

Keywords: Haunch retrofit techniqyguaststatic cyclic loadingseismic response parameters
1. INTRODUCTION :

Due to earthqualseevery year a large stock of buildings is damaged in addition to the loss of many
human lives. The risk of damage to the buildings and lives is increased furthessiéisoncally
designed or some type of construction deficiency is found in it, whitteisase of a huge stock

of buildings in developing countries. Mostly attributable to-sersmic design and construction
deficiencies, the Kashmir 2005 earthquake killed more than 73,000 people in addition to severely
injuring 70,000 people, while makir&g8 million people homeless. According to an estimate some
US$5.2 billionloss to the economy was attributed to the Kashmir earthdédaken Development

Bank and the World Bank, (2005))

The study in this work will consider such deficient structures Wwa&hmcolumn(BC) joints in
focus, as in past beaoolumn joints were assumed as to behave in an elastic nature during an
earthquake event, that assumption proved to be wrong as when the joints were observed to be one
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of the most vulnerable part of a strugtland become the reason for brittle failure of many
structures, either designed as per old colds with improper seismic provision, or with construction
deficiencies(Pampanin et al. 2006Fither by increasing the seismic capacity or decreasing the
demandbon BC joints its brittle failure mechanism in the form of shear cracking can be prevented.
To prevent the shear failure of joints many techniques were developed, the applicability of which
depends ommaterials, expertise, cost considerations, architecaurdlaesthetics requirements.
Haunch technique due to ik8ss expensiveess less invasiveess and easily applicabilityas
proposed by Pampanin et al. (20@&) reinforced concrete(RC) BC joints, whiler the haunch
technique to be faster, easier aesigr invasive posinstalled anchors were used for fastening of
the diagonal haunch with theam and column by Genesiao, (3012).

2. EXPERIMENTAL PROCEDURES:
2.1 Introduction:

For the purpose of investigating the effectivenessanfnch retrofitechnique in resting seismic

capacity of adeficient structure and already damaged during shaking table test performed by
Rizwan et al (2018pn the asbuilt model to be repaired and retrofitted, was tested under-quasi
static cyclic loading conditionsnladdition to a two story control frame designed according to
Seismic Provision of BGISP (2007)y Rizwan et al (2018jour other frames were constructed
considering the deficiencies found in field practices. The model frame considered in this study was
the one with reinforcement detailsF i g uas ef thd gontrol frame with concrete strength of
2000psi as campaired to the design strength of 3000psi. The frame constructed and tested, were
1/39reduced scale simple model idealized.

2.2 Model Repairing:

The damaged frame was repaired by firstly repositioning the frame from the induced tilting due to
testing, then the remov&l F i g wf damagel concrete from joint and tdjacent beams and
column region which was replaced F i g uwitte rict8 goncrete of 5000psi of compressive
strength. Concrete of higher strength was used in the joints to increase its shear strength, and in
the adjacent parts of the beams and columns for better anchorage of the haunches to the beam an
column.
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2.3 HaunchDesignand Application:

The haunch design performed in this study was based on the procetllhe falstened haunch
retrofit solution (FFHRS)ntroduced byGenesip G. (2012) that intern is an extension to the
procedure used dyampanin et al (2006) he effectiveness of the haunches in diverting the shear
demand from the joint towards the beam dep@mdength, the angle it makes with the beam and
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stiffness of the haunch elementhere the stiffness of the haunch element depends on its
dimensions, m@rial andalso anchorstiffness The dimensions, geometry, amaterial properties

of members that connects witie jointin addition to the trial haunch element atiffness of the
anchorswere the parameters used for designing oFfAdRS The hauches were connected to

the beam and column by drilling of holes, where the anchors passing through the haunches base
plates are bonded to the concrete using epoxy.

Tablel: Details of the haunches used for retrofitting.

Haunch Parameters Anchorage details Anchorage details
Haunch Diagonal Anchorage type=Bonded Fc'=34MPa
(Lh)=353mm anchors
Projected Length of Haunch  Number of anchors(n)=6 Fy=414MPa
(LY=250mm
Haunch angl Anchors effective
depth(hef)=60mm
Es=200GPa Anchors

diameter(dnom)=8mm
Cross sectional area of
Haunch(Ad)=1080mm~2
Haunch Stiffness
(Es.Ad/Lh)=612KN/mm

2.4 Test methodology, setup and Loading Protocol

Tests on the repaired and retrofitted frames were conducted by applyingtatiasiyclic loading
through a hydrauli@ctuator of 5@ons of load and 12 inches (300mm) of displacement capacity
(Figure 4).Two pin connections were provided with the actuator assembly for avoiding any
accidental eccentricity that can be induced due to loading.

Reference Frame

Figure 4:Test setup and instrumentation plan.

The actuator was attached at'df&ight from the top to a distribution girder attached to the top of
first and second stories, so as to create loading conditions equalling to that of code linear triangular
load distibution between the floors. Loading history asA€i ITG-5.1-07 protocolsvas applied,
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where 0.4, 0.5, 0.7, 1.0, 1.5. 2.0, 2.5% of roof drift cycles were applied with each drift cycle
repeated three times. Based on the code allowed maximum inter $fiofigr dow rise structures,

a maximum to be applied roof drift was selected. Load cell to the actuator was attached for
recording load, while displacement transducers were attached to the floors for recording
displacements. Also to record any horizonkalisg of the retrofitted frame another displacement
transducer was attached to its base pad.

3. RESULTS
3.1 Damage behaviar

By starting with the application of 0.4% of roof drift and increasing to 2.5% a&QieliTG-5.1-

07 protocol, the damage started with hair line cracking in the beam at the end of haunch plates that
widened significantly in the subsequent driftsta®.5%. Also some hair line shear cracking in

the joints and shear cracking in the columhgmund story at the end of haunch plates was
observed during the application of the last drift cycle, which can be attributed to the detachment
of the haunches through concrete-put that further weakens the substrate member. Also some
pinching behavipin the loaddeformation response (figure 5) of the frame was observed that can
be attributed to theopening and closing of already existing crackshich can be
controlled/minimized by injecting epoxy.

320
280
240 g =
200 '
160
=120
Z 80
< 40

-360 5 B

L Roof Drift (%) - ‘ 3
Figure 5 Forcedisplacement hysteretic response of prototypewbfittedtest frame

3.2 Comparison betweerRetrofitted and As-Built RC Frames:

In case of the abuilt frame tested bRRizwan et al (2018hrough a shaking table, that was built
using low strength concrete, had lower load resistance and higher deformation under same loading
conditions. This frame has also lower lateral load capacity due to early joint shearfajluees)

due to the usef low strength concrete. The frame when then repaired using higher strength
concrete and with haunches installed showed much higher stiffness and lateral load capacity. This
can be attributed to the higher joint shear strength due to the use of riceteamd also due to

the shear transfer mechanism produced by the haunches installed-aoh@amjoints, from joint

to the beam. That resulted into flexure plastic hifFggire 7)formation in beam as opposed to joint
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shear damage mechanism inbaslt frame.

Figure 6: Daage in joint of amilt frame Figur 7:Flexure cracking in beam of retrofitted
frame.
3.3 Seismic Response Parameters:

The capacity curves were generated from the hysteretic behaviour of the frames and then this
capacity carves were-bnearly idealized using equal energy principal. Fromidealized Elastic

Plastic Capacity Curveke differentSeismic responggarameters were calculatas per procedure
followed by Rizwan et al (201850 as to have quantitative comparison between the seismic
response of the dsuilt and repaired plus retrofitted frame. From this comparison it was found that
the repair and retfitting not just restored bumcreased stiffness, strength, ductility and response
modification factor®f the deficient and damaged fratme75%, 52%, 15% and 75% respectively.

4. CONCLUSIONS:

The objective of transferring damage from brittle sheacking inthe joint was achieved in the

form of ductile flexure cracking in the beam. Due to which a reasonable increase in structure
stiffness, strength, ductility and response modification factor was observed. It was observed that
the attachment of fullfjastened haunches to beam and column, which isghirilling of holes

can further weaken it and in case of earlier detachment of anchagthooncrete prput can

further weaken the beam or colunasecially and can lead to its shear failure. AEsopinching
behaviour in the hysteretic response of the structure was observed due to opening and closing of
alreadyexisting cracks, epoxy injang is recommend. Additionally to avoid anchors failarel
weakening of beam and column due to drillidgne for anchors attachmenattachment of
haunches through external anchors is recommended.
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Abstract

Recent disastrous earthquakes reveal the vulnerabilitlyeoéxisting reinforced concrete (RC)
buildings in Pakistan. The increased level of awareness about possible seismic hazard raises
serious concerns about the structural performance of RC buildings. Most of the RC buildings in
Pakistan are not in compliamavith the prevalent stringent seismic requirements. In the current
study, a 13&story RC shear wall building, located in the capital city of Pakistan, is considered as
case study to evaluate the structural performance of existing buildings. The casrigtlioly is
categorizedamid-rise RC building. Nonlinear response history analysis (NLRHA), as per ASCE
41-06, is used to evaluate the seismic performance of the case study building. The result shows
that the case study building will be severely damdgetthe case of an event of an earthquake.

This study concluded that more studies are needed to access the seismic performance of the
existing RC buildings in Pakistan so that suitable retrofitting measures can be devised.

Keywords: Seismic Evaluation, NLRHA procedure, RC Shear walls
1. INTRODUCTION

Natural disasters have always been threatening to human civilization. Earthquake is one of the
most devastating natural hazards. Pakistan geographically situated in a region of vigorous seismic
activities.Pakistan has a long history of seismic events essentially because of the interaction of the
plates in the Karakoram Range. In recent times Pakistan has faced many major earthquakes, 80,00(
people died in Kashmir earthquake 2005 and nearly 2000 causattieseported in Peshawar
earthquake in 2014. These events of ground shaking is related with complex plate boundary
conditions, which encompasses Pakistan. Indian plate and Eurasian plate are moving towards each
other at 3cm and 1.3cm per year respectivBhys opposite movement of plates has cracked Indian
plate into many slices.

In a developing country like Pakistan, we are lacking far behind in technical skills and expertise
to understand the seismic activities and accordingly designed safer strub&sigationis much

worse than we thought. Recent earthquake raised serious concerns about the structural
performance of reinforced concrete (RC) building in Pakistan.

After the Kashmir earthquake in October 2005, Government of Pakistan directedalnation
engineering services of Pakistan (NESPAK) to develop new seismic codes for the country to save
the buildings during earthquakes. Due to the delay in the process of developing the new codes,
Earthquake Reconstruction and Rehabilitation Authority (ERR#&}ed using Uniform building
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codes(UBC-97, 1997) Later on, building codes of PakisttBCP, 2007)was published in 2007.
Although this buildingcode nameds Building code of Pakistadue tolack of ground motion

filed data and experimental lab data, it is almost similar to the UBC 1997.

Recent earthquake raised serious concerns about the structural performance of reinforced concrete
(RC) building in Pakistan. Severe damage was reported inntleerise buildings in
Rawalpindi/lslamabad region. The incident of margalla tower collapse in prominent. So, there is

a serious need for assessment of existing RC buildings in Pakistan.

2. BUILDING INFORMATION

AWT plaza is a thirteen story building, arids located on the Mall road in Rawalpindi. The
building was built in the 1980%he building consists of two parts separated-ych wide seismic

joint. One part of the building is thirteestory, while the other part is a single story. The thirteen
story part of the building has a footprint o
floor after the fifth level, making it an irregular structure in planar, as well as, vertical sense. The
total height of the building is about 156ft (8ih); its story height is 12 ft. (3.66m), and columns

of the building are spaced at 20 ft. (6m) for the selected floor plan. Reinforced concrete walls have
been employed in the building to caterthe strength and stiffness requirement of the structure
aganst lateral loads. The building has reinforced concrete frames which enables it to transfer
gravity loads from floors to the foundation. The floor system consists of reinforced concrete beams
between columns and, predominantly, six inches thick reinfaoedrete slab; the foundation of

the building mainly consists of 53 inches thick mat for 13 story part.

3.COLLECTION OF BUILDI NG DATA

The data regarding the structural system and sizes of structural members are taken from structural
drawings. A visuainspection of the building was also made, and the size of shear walls, columns,
and spacing between columns was verified with structural drawiihgsstrength of rebar is also

taken from the structural drawings. The strength of concrete for differeatisal members is not
mentioned in the structural drawings, only the class of concrete is mentioned, without reference to
any structural member. The strength of concrete for foundation, beams, and slabs was assumed,
while the strength of columns and sheaitls was taken from the results of rdestructive tests.

3.1 Crosssection of columns

The size of columns has been taken from structural drawings and was confirmed with
measurements while doing a visual inspection of the building. The detail of reimknt of the
column at a particular location could not be determined from structural drawings because of non
availability of the column layout plan. The reinforcement of a column at a particular location was
assumed with the help of results of the ETABSIsi@f the building and the data of column cross
sections on structural drawings. Table 1 shows the-s@sson of columns.

3.2Crosssection of Shear Walls
All shear walls in the building are 8 inches thick and have the same amount of flexural and shear

reinforcement. Table 2 shows the detail of transverse and longitudinal reinforcement of the walls.
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Table 1: Reinforcement detail of columns

Column Size Longitudinal Transverse reinforcement

ID (inches) reinforcement (in2)

C1 24 x 24 6 at all levels #3@® 6 «c/ c ; 0.33 inj

C2 24 x 24 6 (1-3 levels); #3 @866 c/c ; 0.33 i
7 (remaining levels)

C3 24 x 24 12.64 (13 levels); #3@8606 c¢c/c ; 0.33 i
7 (remaining levels)

C4 40x 8 13 (F'level) #3@8606 c/c ; 0.22 i
5.5 (remaining levels) direction

0.44 in2 parallel to long direction
C5 Triangular 22 at all levels #3 @866 c¢c/ c ; 0. 44
39 x 31 x47
C6 24 x 24 26.6 (X2 levels) #3@80606 c/c ; 0.11 x

12.6 (3 level)
6 (remainindevels)

Table 2: Reinforcement detail in shear walls

Member Concrete, f6 ¢ Main bars, fy
(ksi) (Ksi)

Slab 3 60

Beams 3 60

Columns 4 60

Shear Walls 4.5 60

Foundation 3 60

Table 3: Materiaktrengths

Level Longitudinal  Transverse thickness
reinforcement reinforcement

1-2 #5 @ 8inc/lc #12@ 8inc/c 8in
34 #4 @ 8inc/lc #3 @8inc/lc 8in

5til #3 @ 8inc/lc #3 @ 8inc/lc 8in
end
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4. NONLINEAR SEISMIC EV ALUATION
4.1 PerformanceObijective

The main objective is to evaluate the structural performance of the existing building under gravity
and seismic loadings. For seismic loading, the building shall be checked to satisfy Basic Safety
Objectives, with a goal to provide a low risKife safety for any seismic event likely to affect the
buil ding. ALIi fe Safetyo perf or ayean etarn peeod e |
earthquake the earthquake that has a 10% probability of exceedance in 50 years, also Known as
Design basisearhquake ( DBE) , and ACol |l apse Prevent.
against the 247§ear return period earthquake the earthquake that has a 2% probability of
exceedance, also known as Maximum considered earthquake (MCE).

4.2 Seismic Loads

Uniform Hazard spectra used in the Pakistan Building &/ (BCP, 2007 yesulting from a
probabilistic seismic hazard is used in this evaluation. Effective viscous damping of 5% of critical
damping in considered in both 4yBar (DBE) and 24 7gyear (MCE) return period earthquakes.

4.3 Expected Seismic Hazard and ground motion Selection

As requirel by the Building CoddTBI-2010, 2010) seven accelerogram sets were used for
Nonlinear Regonse History Analysis (NLRHA). Keeping in mind this, deaggregation analysis is
performed to identify the sources of the expected seismic hazard. This will help to select the
suitable ground motion for AWT building. Results of deaggregation analysi)@awa ¢ Figure

1 and Figure 2. The result of geographic deaggregated seismic hazard map for AWT Plaza shows
that the 0Km seismic source dominates the seismic hazard (M6.60 at a distance of 14 km) and
the Main Boundary Thrust is the single fault whidtows a little bit contribution (M7.78 at a
distance of 13 km). Based upon these results following ground motions were selected from the
PEER NGA data base, Table 4.

Figure 2: Deaggregation
analysis for the earthquake witt
2% probability of exceedande
50 years

Figure 1: Deaggregation analysis for the earthquak
with a 10% probability of exceedance in 50 year
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Table 4: Selected ground motions

No Earthquake Event  Year Mw PGA (9) Duration (sec)
1 Loma Prieta 1989 6.93 0.14 60

2 Loma Prieta 1989 6.93 0.21 59.88

3 Chi-Chi_ Taiwan 1999 7.62 0.27 80

4 Chi-Chi_ Taiwan 1999 7.62 0.15 70

5 Chi-Chi_ Taiwan 1992 7.62 0.13 70

6 Cape Mendocino 1999 7.01 0.33 28

7 Iwate Japan 2008 6.9 0.35 47

4.3 Acceptance Criteria
4.3.1Adequacy of Componentsagainst seismic + gravity loads

The response of the components is checked based on the type of action, namely force control, and
deformation control. For force control actions, the expected strength of the component should be
less than the demand duagravity and seismic forces. The expected strength of the component is
calculated according to the procedures of BAC8. The response of components is checked against
ALIi fe Safetyo perferemancreetluewnelpeundar ed®d h
Preventiond perfor mance ‘yeavretdrn period darthduekescThe c k
axial strain in shear walls is compared against the maximum allowed to check their adequacy
against flexurademand.

4.3.2 Story drift

Story drifts shall not exceed the following limastable 112 in (ATC-40, 1996)

Load Case Story Drift Limit
DBE Seismic (10%/50 yr) 2%
o W TWOo T8y
MCE Seismic (2%/50 yr) o) %— ﬁ -

5.NONLINEAR MODELING O F THE AWT BUILDING

A nonlinear model of the AWT building is created to Perform 3D version 5.0 (Perform3D, CSI).
Each structural wall is modeled by nonlinear fiber elements over the entire height since flexural
cracking and yielding may occur at any location. The wall is divided into many horizontal layers,
where each layer is modeled by a newly developed fiber model called Multi Vertical Line Element
Model (MVLEM) (Orakcal & Wallace, 2012)This model is made of a large number of vertical
concrete and steel fiber elements to simulate the combined axial and flexural behavior of the wall.
It also has a horizontal slespring to simulate the elastic shear response. A bilinear hysteretic
model of nordegrading type is used for the steel fibers. The-pie#d stiffness is setto 1.2 percent

of the elastic stiffness. Il n madstram@landeo,n c r e
Priestley, & Park, 2008nodel for either confined or unconfinednooete is approximated by a

173



1 Conference on Susiainability in Civil Engineering, Augusi 01, 2019,

Capital University of Science and Technology, Klamabad, Pakisian.

tri-linear envelope. Each RC column is modeled by a combination of a linear elasticddaam
element with nonlinear plastic zones at its two ends. Therarked flexural rigidity is assigned

to the linear element. The plasiones are assumed to have a length of 0.5D, where D is the lesser
crosssectional dimension of the column. They are modeled by concrete and steel fibers in a similar
manner to RC walls. By this way, the-aracked (linear elastic), cracked, yielded, postyielded

states of the column can be fully simulgtéaiam & Warnitchai, 2018)

RC beam is modeled by a combination of a linear elastic {oedumn element with nonlinear
plastic zones at its two ends. Thearacled flexural rigidity is assigned to the linear element. For
nonlinear plastic hinge zone on both ends of beams, moment rotations relationships were
developed using available construction déisjam, Warnitchai, Qureshi, & Mehmood, 2018)

The concrete slabs are assumed to remain elastic and are modeled by using rigid diaphragm floor
constrains command. The mat foundation is treated as a rigid boundary, which is displaced
horizontally by the inpuground motion.

5. RESULTS OF NONLINEAR SEISMIC EVALUATION
5.1 Story Shears

Figure 3 presents the comparison of story shears obtained from the NLRHA procedure and from
the code based Equivalent Lateral Static Force procedure. This comparison clearly indicates that
there is significant shear amplification due to the negligencégbeh mode contribution in the
design procedure. Approximately a shear amplification factor of 2.8 and 3.6 was observed at the
base of the structure. Usually, a shear amplification factor of 1.3 to 1.5 is anticipated to strength
reduction factors and strahardening. This shows that no shear amplification due to irregularities

of the buildings are included in the design procedure.

6.2 Story drift

Story drift ratios are checked for MCE level ground shaking and found to be within the specified
limit. Reaults are presented in Figure 4. Story drift ratios are lesser in-#xésxwhich is
obviously due to higher lateral stiffness contribution from RC walls in#wesdirection.

6.3 Component responses
6.3.1 RC shear walls

Shear strength of RC walis checked against the seismic shear demand obtained from both MCE
and DBE level ground shaking. Results are presented in Figure 3. Five walls are estimated to fall
in the shear mode of failure at several levels at MCE level seismic hazard, whiles3axeall
estimated to fail in shear at DBE level seismic hazard.

The axial strain is an important seismic performance response parameter to assess the deformatior
related damage to a structure in an event of an earthquake. To avoid the crushing of RC shear
walls, compression strain should be within the specified limit by-2I&, which is 0.003.

6.3.2 RC Columns

Shear strength of columns is calculated based on348I(ACI-31814, n.d.)equation and
compared with the seismic shear demand obtained from both DBE and MCE level ground shaking.
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It was observed one of the RC columns, shown in the red in Figure 6, is expected to fail in the
shear mode of failure under both MCE and DBE level atrsé\floor levels. All other columns
possess sufficient reserve capacity against the expected level of seismic hazard. Average demanc
to capacity ratio (D/C) is approximately 0.5. Flexural yielding occurs only in few columns at upper
floor levels due to amcrease in inter story drift ratios.
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Figure 3: Story shear (a)-2xis (b) Y-axis
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Figure 4: Interstory drift ratio at MCE (a) »axis (b) Y-axis
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Figure 6: Shear failure in RC columns at MCE and DBE level

7. CONCLUSIONS

Following conclusions can be made based on the result of the nonlinear seismic evaluation.

9 Structural wallsare expected to fail in shear against MCE, as well as DBE, level seismic
hazard.

1 Structural walls are expected to behave favourably in flexure against both levels of seismic
hazard.

1 Beams should respond, to both levels of seismic hazards, favourablyt aigaoes
controlled, as deformation controlled, actions.

1 One column is expected to fail in shear, as well as flexure, against both levels of seismic
hazards. All other columns should respond favourably.

1 The diaphragm is found to be adequate in transfemiegial forces to vertical members
of the structure.

1 The building should not be in serviceable condition after experiencing both levels of
seismic hazards.

1 The building poses a life safety hazard in the event of DBE level earthquake due to shear
and flexual failure of one column; the failure of that column can lead to the patrtial collapse
in that part of the building. The column is highlighted by an oval in figure 6.
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1 The building should not collapse under MCE level seismic forces as the drift ratieeis und

control, compression strains are within allowable limits and the bare frame can take at least
50% of the seismic force in both directions.

8. RECOMMENDATIONS

1 Itis recommended that the column, discussed in the previous section, be retrofitted to avoid
a possible partial collapse in that part of the building.

1 Pakistan building codes need to be developed and implemented efficiently and more
studies are needed to assess the seismic performance of existing RC buildings in Pakistan
So that suitable retrofittg measurements can be devised.
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Abstract

In order to evaluate the present status of aging structures, destructive atebtrantive testing

(NDT) techniques are employed. Visual testing, as one of the oldest methods for NDT, plays a
great role in the inspection of civil infrastture. As NDT has evolved, more quantitative
technigues have emerged, such as vibration analysis. New computer vision techniques for
analyzing the small motions in the videos have been recently developed, allowing quantitative
measurement of the vibratidoehavior of structures from videos. Video cameras offer the benefit

of long-range measurement and can collect a large amount of data at once because each pixel is
effectively a sensor. This work presents a video caibasad vibration measurement
methoddogy for civil infrastructure. By projecting the vibrations of objects, we offer cameras as
low-cost vibration sensors. The work includes the estimation of material properties for a variety
of rods with known geometry by passively observing their motica iegular frame rate video.
Centering on the case where geometry is known or prepared, we indicate how information about
an objectbés mode of oscillation can be exce
material properties.

Keywords: Visual Vibrometry, Material properties, Vibration analysis; Image processing
1. INTRODUCTION:

In the last century, there has been an unprecedented growth in infrastructure. With the passage of
time, physical conditions and properties of structures change due to aging and environmental
effects. Therefore, there is a need to assess the residugiistesm stiffness of the existing
infrastructure. Performance evaluation of the existing infrastructure is crucial to assess the
strength/stiffness degradation of the structures to anticipate their performance under future extreme
events. This identifiede structures under risk of major harm and even collapse in the aftermath
of future extreme events which may result in loss of lives and damage to pr&pertyural health
monitoring (SHM) field has therefore been developed in the past to come upfisitive
techniques to predict the performance of existing structures against extreme Biféarent
techniques developed for the SHM consist of both destructive andastructive testing (NDT)
methods. NDT is the process of inspecting, testing, atuating materials, components or
assemblies for discontinuities, or deviations in characteristics without destroying the serviceability
178


mailto:irshad.qureshi@uettaxila.edu.pk

1 Conference on Susiainability in Civil Engineering, Augusi 01, 2019,

Capital University of Science and Technology, Klamabad, Pakisian.

of the component or system. NDT includes rebound hammer test, ultrasonic pulse velocity test,
half-cell Penetrometer ¢ carbonation test, etc. These tests usually predict the residual
compressive strength, stiffness and durability properties of structures. However, the results usually
provide an assessment of local properties of different members while an explictresses the

global behavior of structures is limited. Degradation of the stiffness of existing structures will
result in an increase in the natural time periods and change of mode shapes which may result in an
increase or decrease in the force and digplsnt demands against seismic and wind actions
depending upon the seismic characteristics and soil conditions of the area, manifested by the design
response spectra. Certain methods have been developed in the past which relies on the calculatior
of naturaltime periods and mode shapes of existing structures to relate it to the health of the
structure (Carden et al. 2016 and Doebling et al. 1996). It is well recognized that structures vibrate
at preferred frequencies and mode shapes. The frequencies amsdofotinese modes mainly
depend on the type of structure, material properties, mass, and boundary conditions. Field testing
with the help of sensors placed at predetermined locations to record the vibrations is required to
estimate the properties of thesendnant vibration modes through vibration analysis. Different
sensors with different arrangements have been utilized in the past for this purpose (Lynch JP.
2006). However, these sensors are usually limited in number, giving limited data and their cost
and availability, especially in developing countries, may limit their use. In the recent past,
ambitious works have been performed in the area of image and video processing where the video
of a vibrating object has been used to get the natural frequencis @Dal. 2015). Use of such
techniques is mostly limited in structural engineering, but it has huge potential as an alternative to
traditional structural health monitoring of existing structures using sensors. Image processing has
been used in the pasbvks to measure deflection and crack width in civil engineering structures.
However, use of video processing to calculate modal properties of structures is quite limited. The
current work aims to explore the possibilities of using visual vibrometry tasésiq predicting

the natural frequencies of vibrating structures and ultimately assessing their material properties,
resulting in a coseéffective and more detailed health monitoring of existing infrastructure.

2. METHODOLOGY:
2.1Scheme of the experimetal setup:

The experimental setup is presentedlimthis experiment, three rods of different materials were
used with boundary condition at the basefiasd and free end at the top mounted with an
accelerometer at the tip of the rod, which assist the two roles: firstly it works like a lumped mass
in order to get the rod to vibrate in the first mode and second to record acceleration data. A small
video @amera of 60 frames per second (fps) was clamped with the aid of a stand such that the
camera was perpendicular with respect to the rod. A black dot target was attached at the tip of the
rod. The background was made clear in order to get our target mibte.\ismproper setup could
compromise the accuracy of the results, therefore, the apparatus chosen and setup established wa
considered to avoid any error. The oscillations were induced in the rod by using a sound amplifier
and by hand.
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Figurel: Experimental Setup
2.2 Material of the rod and dimension:

Three rods of different material, i.e. Steel, aluminium, and brass were used in the experiments. The
length and diameter of all the rods were 533.4 mm and 6.35 mm, respectively.

2.3Experimental Procedure:

In the first experiment, vibrations were induced in the rod by giving it an initial deformation and
then letting it go. At the same time, the accelerometer was switched on to record acceleration data.
By using a stopwatch, the time span betweefoff of the accelerometer was noticed. In th 2
experiment, vibrations were induced by using the sound of frequency starting from 32 to 2000 Hz
by using a sound amplifier. The accelerometer recorded the acceleration in rods due to these
vibrations. Sara experiments were done on all three types of rods.

2.4 Calculation of Natural frequency of rod:

Natural frequency or time period is an inherent property of a structure as it depends upon the
stiffness of the structure which is a function of material gewimetric properties of the structure.

If the mass, geometry and boundary condition of a structure are known, its natural frequencies can
be used to calculate its material properties/stiffness. For this purpose, three procedures were
employed. In the fitsprocedure, the video of the vibrating rod was analyzed manually to calculate
the time required for a complete cycle of vibration. In the second approach, shaking in the rod was
induced by using a sound amplifier and accelerometer data was used totfihd dominant
frequencies by using Fast Fourier Transform. In thagroach, the video of the rod was analyzed

by using a code in MATLAB developed by Kashif (2014). The Graphical Use Interface (GUI) of
the MATLAB code is shown irFigure The MATLAB code first divides a video into several
images depending on the fps rate of the video. These images are then analyzed to find out the
displacement of the tget.
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Figure2: Digital Image Correlation Software Interface

2.5Estimation of modulus of elasticity

After calculating the fundamental natural frequency and using fixed geometric parameters of the
rods i.e. Length andiameter, the following formulas were used to calculate the modulus of
elasticity of the rod.

Bending frequencies of beams, rods, and pipes (Irvine et al. 2012) is given by:

. p 08 G
Q — —— 1
¢ T CJw a v @

Where™Qis the fundamental frequenay, is the modulus of elasticity(ls the area moment of
inertia,0 is the unsupported length,is the mass density (mass/length) ané the mass of the
attached objects.

Another formula for calculating natural frequencies introduced by (Shabdn@haana. 1991)
is as follows:

o0

1 08)pucp66— (2)

o}
Where] i s the angul ar fisthemodulus of elastgityCasithearea 2 ° f
moment of inertiagiis the length and is the mass of the rod.

3.RESULTS AND DISCUSSION:

The results from both the Eq (1) and Eq (2) are quite close, but Eq (1) gives more accurate results
due to the involvement of additional important parameters like it consider the mass of the object
(rod) and the end mass which is attached at the end objiet (rod) while these parameters are
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not considered in Eq (2). Thus, these two main equations are applied to obtain the material
properties of the targets.

Different materials have different strength properties. Rods made of steel, aluminium, and brass
used in the present study have material properties shotablan 1 After going through certain
experiments and by adopting different methodologies as explained in the methodology section,
results were obtained from the accelerometer and form processing the video of the vibrating object.
Modulus of elasticity calculateloly using accelerometer results is shown in Table 1, which shows

a reasonable accuracy level with aluminium results showing minimum error while brass showing
more than 20% error.

Table 1: Comparison between Results from Accelerometer and Actual values

Material Experimental E (GPa) Actual E (GPa) % Error
Steel 164.5 193 14.77%
Brass 127.93 105 21.84%

Aluminium 72.13 69 4.54%

The MATLAB code used is not able to capture the video of vibration of the objects against sound
vibrations generated by a souawhplifier. So, the vibrations of the bars were processed by using
the video in which an initial displacement was given to the bar top by hand. The MATLAB code
provided the displacement time history of the top end of the bars. Figure 3 shows the displacemen
time history of aluminium and steel bars. Once the displacement time history is known, it is easy
to find out the fundamental time period/frequency of the bar, which is then used to calculate the
modulus of elasticity using EQ 1 as shown in Table 2.

The results exhibit a reasonable accuracy with the percentage of error for modulus of elasticity
ranging from 3% to 20% for different material types. The results can be further refined by
minimizing the impact of different sources of errors. Like the usehiglaspeed camera capable

of recording largest possible frequencies along with a more sophisticated testing apparatus.
Furthermore, future studies can be focused on simple multi degree of freedom structures to find
out natural frequencies as well as thedmshapes.
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Figure 3: Displacement time history of a. Aluminium and b. Steel
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Table 2: Comparison between Results from MATLAB and Actual values

Material Experimental E (GPa) Actual E (GPa) % Error
Steel 163.247 193 15.42%
Brass 125.9 105 19.90%
Aluminium 71.23 69 3.23%

A comparison of % error in both the cases is shown in the form of a histogram as skaoyumen
4.

30.00%
21.840/(19.90%

20.00% 14 .77945.42%
10.00%
0.00% B e

Steel Brass Aluminum

% Error

m Comparison between Results from Accelerometer and Actual values
m Comparison between Result from Matlab and Actual values

Figure4: Comparison of error in two methods

Visual vibrometry has several applications for civil engineering works including the health
monitoring of buildings, bridges, flexibkructures, billboards etc. A lot of work has been done

in the past to find out the deformation of structures using target or-tasgedpproach with the
algorithms being developed for target tracking. The current work aims to monitor and record this
deflection in time domain, which may then be used to find out natural time period of structures.
Also, such techniques can be extended to even calculate the strains in concrete using high speec
video cameras. Currently, this work is underway in our reseampdor calculation of axial

strain in concrete cylinders and the initial results are showing promising results.

4. CONCLUSIONS:

In the current study, the use of visual vibrometry to calculate the material properties of single
degree of freedom structures is discussed. The results show thabasksbevaluation of natural
frequency gives comparable results to that of the acceddennilhe results for three different
materials show a percentage error of 5% to 20%. However, the current code is able to analyze the
vibrations where displacement is relatively high and visible through the naked eye. Future works
should explore the effiency of this technique for relatively smaller displacement values usually
expected in building structures.
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Abstract

During the 1960s half joints werecommonly used in thdesign of concretbridges.Due to the

age and condition of such structures, it was necessary to carry out assessments of structural
resistance of the half joint structures. The most commonly used method of assessment for half joint
structures is the Strut &Tie Method (STM). Howewgmany cases a simple application of the

STM without further iteration can result in an underestimate of the structural resistance. For this
reason, other analysis methods were developed over the period. Alternative methods include the
upper bound collagsmechanism approach (CMA) and the development of the yield assumption
method (YAM) as described in this paper. Experimental work was carried @edmnerck et. al
20160n a series of half joint beams. The aim of this paper is to compare the experresiitsl

with analytical methods and to ascertain the efficiency of recently developed assessment method
YAM. The reinforcement layout and details are taken from the experimental work and analysed
using STM and YAM. It was found that the resistance obtaiimech YAM matches the
experimental work within an error of 7%.

Keywords: Half joint, strut and tie method, yieabsumptiommethod.

1. INTRODUCTION :

The half joint form of structure was commonly used in bridges during the 1960s (Northing 2015).
This cortept enabled efficient installation of a centrally supported deck, and allowed a reduced
construction depth by recessing the supporting corbels into the depth of the beams supported.
(Mattock 1979). The other benefits of h@int structures include thebdity to standardise the

design of the supported span, enabling a modular design approach to be used for a series of bridges
However, there are some disadvantages associated with this form of construction. The most
prominent is related to the lack of t&a tightness of the joint itself resulting in deterioration
(Desnerck et. al 2017). Seepage of chleddataminated water can accumulate in the lower half
joint, resulting in corrosion of steel reinforcement. Due to access issuejiglican be diftult

to inspect as easily as other structures and therefore there can be uncertainty about the condition
of reinforcement. Limited guidance is available for the assessment of concrgtartiglfin the

UK, the DMRB standards and advice noté348, BA39,BA51, and IAN 53 give some guidance

about the consideration of section loss of reinforcement and method of assessment for half joint.
These documents are very useful but are based on limited data and do not give specific guidance
on the combined effect oéinforcement deterioration, concrete spalling and improper detailing at

the same time.
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In the practical assessment of half joint structures various analytical methods have been proposed.
These include: strut and tie method (STM); collapse mechanisnoagtp{CMA); and yield
analysis method (YAM). STM is a wedthown method, most commonly used for design of new
structures as set out in EN19%41, and is based on the lower bound theorem of limit analysis, so

it generally provides conservative estimatesesistance. CMA is an implementation of the upper
bound theorem of limit analysis, therefore it can give unsafe estimates of resistance unless fully
optimised. Nevertheless it has been proposed in the assessment of sgmetbaé a departure

from the standards. The third method YAM is presented in this paper, and is a development of
STM that enables the conservative estimates from STM to be improved, whilst still giving a safe
estimate of resistance. The brief procedures of these three methodsided desection 2.
Experimental work carried out by Desnerck ef(28116 & 2018 consideredour large scale half

joint details with different reinforcement arrangements. The size of specimen and reinforcement
details have been taken from the expentabwork by Desnerck et. 2016 & 2018 for this

study. The outcome of the experimental work by Desnerck et. al (including failure load and failure
mode) have been theoretically analysed usingSti®l and YAM methods. The reinforcement
details and layaiconsidered fothese twanethods are shown in Figure 1. Comparison was carried
out with the experimental output and the efficacy of each method is disclisgedim of this

paper is to compare the experimental results with analytical methods andtaiasice efficiency

of the recently developed assessment method YAM.
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A

Figure 1: Reinforcement layo([Desnerck et al 2016)

2.METHODOLGY

2.1 Assessment of half joint structure in accordance with STMuging the default models in
BD 44/15)

According to BD 44/15, assessment of half joint structures should be done using taa&Tret
Method (STM). This method comprises idealising the forces in thgduatfusing concrete struts,
reinforcement ties and connecting nodes. STM is a lowendomethod which requires that the
equilibrium and yield criteria to be satisfied.

BD 44/15 permits two simple strut and tie models (orthogonal and inclined) to be analysed. The
load carrying capacities of the hgtint structure is obtained by taking thesults of the two
models. Based on the reinforcement layout of Figure 1, the models, as shown in the Figure 2, are
used for assessing the capacity of half joint in accordance with BD 44/15.

It is recognised that the STM can also be carried out usiegative arrangements of struts and
ties, which might give a better result. However, in this study the results for the STM method are
based on an assumption that the simple models of BD44/15 are applied directly without further
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iteration. This is a commanterpretation of the BD44/15 content by practising engineesisolild

be noted that a length of horizontal reinforcement was assumed as it was not indicated in the study
by Desnerck et. al 2016. The assumed length will provide a full anchorage cofolitithe
horizontal tie at the node in the orthogonal model. Hence, this may overestimate the load carrying
capacity of thestructure. The same assumption has been adopted for the Yield Assumption Method
(YAM).

2490

‘ 210.0
358.5

560.0

a) Orthogonal Model - - - - Strut Members by Inclined Model
Tie Members

Figure2: Strutandtie models in accordance with BD 44/15
2.2 Assessment of half joint structure in accordance ith YAM (D AS ID:80895)

The existing STM (BD 44/15) has been adopted due to the simplicity of this approach and the
capacity of the structure can balculated by hand. Nowadays, a complex sangtie model can

be proposed and analysed with the help of computer aids (e.g. MIDAS Civil 2018 v2.1). The Yield
Assumption Method (YAM) proposes a combined stmditie system to estimate the capacity of

the halfjoint structure. In the system, the tie members that are fully anchored can yield one by one
starting with the most critical member. Once a tie member reaches its yield condition, this tie, will
be replaced with a force equal to the yield capadith@reinforcement and applied to the relevant
nodes to represent the tie in the system. Figure 3 shows the combinemhdtiatsystem which

is used to calculate the capacity of the failfit structure.
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Figure3: Proposed YAM model

3. RESULTS AND DISCUSSION

Table 1 details theesults from the three methods of half joint assessment as explained in section
2. It should be noted that all the partial safety factors have been set to 1.0 for the evaluation
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purpose. It can be observedtt#ference of STM and YAM are 36%, and 7%, respectively, as
compared to the experimental work. The results demonstrated that the capacity obtained from the
YAM are matching with the experimental results within an error of 7%. It should be noted that
STM is underestimating the capacity of the hadint structure whereas the YAM is slightly over
estimated the capacity of the h@int structure. This may be due to the assumption made for
length of the horizontal reinforcement. However, once includingotlrdal safety factors and
design strength of the materials, the STM will well underestimate the capacity of theirftalf
structure.

Failure mode for each method and experimental work are also presented in the Table 1 and Figure
4. It can be observed ah the failure mode determined by the YAM is comparable to the
experimental work. It should be noted that failure cannot be determined by STM. In both cases,
horizontal and inclined reinforcement reached to its limit and resulted in the failure of the half
joint. This has developed further confidence in utilising the YAM for the assessment of half joint
structures.

Table 1: Half Joint Assessment Results

Method Maximum Ratio Failure Mode
Half Joint (Analytical /
Capacity Experimental)
(kN) %
STM 256.7 64 Yielding of theinclined bars and the 1st vertic
link.
YAM 431.9 107 The top 2 elongated reinforcement are

horizontal reinforcement and the inclined b
based on the strain analysis.

EXP 402.3 - Due to the rupture of inclined bars and 1
horizontal reinforcement.

Critical Member at Faikire
Yield Ties -

—b
S A
\
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! !
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' I '
] 1]
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Figure4: Comparison of Failure Mode (Experimental vs YAM)
5. CONCLUSION

The outcome of the experimental work by Desnerck et. al which include failure load and failure
mode were taken in this study and theoretically analysed using STM and YAM methods. The
conclusions are as follows:

1. The difference of failure load for the hadfint from STM and YAM are 36% and 7%,
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respectively, as compared to the experimental work.
2. The capacity obtained from YAM is matching with the experimental work within an error
of 7% difference.
3. Once including the partial safety factors and design stiesfghe materials, the STM will
well underestimate the capacity of the Kalft structure.
4. Failure mode was observed by the YAM is comparable to the observation in the
experimental work.
This study has suggested that YAM is more suitable method foasdessment of half joint
structures than STM. However, only one experimental result has been assessed in this study,
therefore, it is recommended to carry out further checks with other experimental results to confirm
the adequacy of YAM.
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Abstract
This paper presents a simplified seismic degigrcedure for the seismic analysis aesign of
HDRB isolation for reinforced concrete (RC) bridges. Redismade HDRBs were locally
fabricated in Pakistan, which were investigated through sketde tests at the Earthquake
Engineering Center of UET Heswvar. A naturabcceleration timénistory of 1994 Northridge
earthquake was used for mtlktivels excitations from 0.10g to 1.0g. The essential mechanical
properties of HDRB werebtained; including shear moduli, shear stigsain relationship and
hysteaetic response curves. A simplified Binear hysteretic model wasalibrated which was
incorporatedwithin the fiberbased nonlinear finite element numerical modetepiresentative
bridge, for nonlinear time history agals. Anexamplebridge studiedor seismic isolation design
is presented, which wagrified through nonlinear timeistory analysis procedure using design
spectrum comgible natural acceleration timastories. This preliminary research have shown
promising behavior of the locallabricated HDRBs in limiting chord rotation demand on bridge
piers, essential fazontrollingdamage, under representative design basis earthquakes.

Keywords: Seismic isolation, reinforced concrete bridges, HDRBs, risk mitigation

1. INTRODUCTION :

Bridgesare very critical structures and should be designed with great care, which otherwise could
result in catastrophic failure, causing human and economic losses. It is not only common to
developing countries, but countries with cutting edge technology andrchsm the field of
structural and earthquke engineering are continuously suffering from the damaging earthquakes.
For example, the 1989 Loma Prieta, 1971 San Fernando and 1994 Northridge easthdu&ke
and 1995 Kobe earthquake in Japan, among othbese number of important bridges collapsed,
or severely damaged, and resulted in huge economic losses (Figure 1). The structural collapse
mechanisms of such bridges included; fall of deck, pounding, flexure or shear failure of bridge
piers, foundatonos oi | f ai l ure and failure of abut ment
collapse of bridge in any earthquake, thus, design and construction procedures were stipulated over
the course of time to safeguard bridges against typical modes of collapsiendrstructural
damages under seismic actions, through establishment of desired strength hierarchy in the bridge
to ensure damage occur where designer intends (Priestley et al., 1996). Further, the bridge should
sustain functionality for emergency triafind repair must be easy, in case a bridge incurs damages
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duirng an earthquake. In response to this, bridge piers were considered appropriate with the
emphasize to design these for adequate inelastic deformation and seismic energy dissipation. Such
ductile behavior of bridge piers can be promising in moderate todeigmicityregion, however,
alternative techniques will be needed to avoid or at least control damages in piers. Recent studies
have focused on the development of design procedures antbisdiatices, and their verification
through experimental testing (Priestley et al., 1996; Christopoulos and Filiatrault, 2006;
Kawashima, 2004; Skinner et al., 1994; Constantinou et al., 2007), which have shown excellent
seismic performance in limiting ashs on bridge components. Unfortunately, majority of
reinforced concrete bridges and flyovers in Pakistan have been provided witeisomic
elastomeric bearings without proper desi§urther, the installtion of such bearings is also
carriedout withouproper care i.e. bridge girders are directly placed on bridge pads without proper
connection between pagler or bent beam and dagirder. Shear keys are provided with marginal
clearance between girder and keys, that prevent transverse movement oftigusletsansfer

lateral seismic force to bridge piers. The present research focuses on the investigatierost low
seismic isolation using high damping rubber bearings (HDRBS), locally produced in Pakistan.
These HDRBs have been recently installed algButpur Hydropower Project in District Kotli,

Azad Jammu Kashmir, which is an area of high seismicity. The present pilot research focus on
shake table testing of these HDRBs for seismic qualification and to obtain the essential mechanical
properties of lowcost indigenous HDRBs, which can facilaite design of seismic isoaltion for
structures.
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Figure 1:Critical damages observed in some important bridges in past earthquakes.
2. PILOT RESEARCH BACKGROUND AND SCOPE

@-1 n

The deck inertial forces generated during transverse seismic excitation are fully transferred to the
bridge piers and abutments through structural connections, achieved through monolithic
connections or bearings supplemented with shear keprideng on the type of bridge (e.g. steel

or concrete) and expected loads, the engineer can select among various types of bearings like
elastomeric, pot, line rocker and spherical bearings. In case of reinforced concrete bridges and
flyovers, to provide cmfort to the passing vehicle, elastomeric bearings made of natural or
synthetic rubbers are widely used in Pakistan. These bearings are placed between pier and girders
to allow translation and rotation movements in the longitudinal direction, however kslysare
provided between bearings and girders, with a marginal separation, to restrain horizontal
translation in the transverse direction but permitting rotation. Depending on the vertical load, the
elastomeric bearings may be provided also with theelsshim plates to avoid bulging of
elastomers. Such bearings are ideally used for short span bridges located in low seismicity regions.
As the conventional constructions of bridges involving bearings transmit the total inertial force to
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the supporting coponents: abutments and piers, which can incur severe damages under extreme
seismic actions. This can be catastrophic in case of deficietgels where low quality
constrietion materials (low strength concrete and low qualitpaes) are coupled with poor
quality of reinforcement detailing, as commonly observed in the existing bridge stock of Pakistan
(Ali, 2009). Alternatively, this seismic action on supporting components can be reduced by
permitting horizontal translation of bridge deck, yet, within alewable deformation limit. An
economical solution is to modify the design and materials of existing laminated rubber bearings;
by altering the geometry, selected based on appropriate design for seismic loads, and using high
damping rubber bearing (HDRB)aterials instead of ordinary elastomers. Elastomers exhibiting
damping in excess of 6 precent can be regarded as HDRBs (EN 15129). In this regard, the Rainbow
Rubber Industry in Karachi was contacted to produce indigenous high damping rubber bearings,
which were tested at the Earthquake Engineering Center of UET Peshawar, in order to retrieve
their essential mechanical properties for facilitating seismic analysis and design of bearing
isolations for bridges. The following sections describe the initialifg®lfrom this pilot research
conducted on the indigenously produced HDRBs

3.SHAKE TABLE TESTS ON INDIGENOUS HDRBs:
3.1 Test nodel, instrumentation and loading protocols:

The test model comprised of a wideep beam with a superimposed load of 1.20 tonne, resulting

in a total weight of 3.66 tonne, which was acting as a simply supported beam (Figure 2). Bearings
of crosssectional area 135 mm x 135 mm and height 90 mm wexéded at both the ends. These
bearings were resisting a vertical stress of about 2.00 MPa, considering the limit state
displacement, which can be experienced in sfgah bridges subjected to lower gravity loads.

The bearings were provided with 30 tebeel shim plates (1 mm), dividing the total bearing height
into 31 | ayers of rubber of about 2.00 mm th
16. The bearings were provided with steel plates both at the top and bottom to facilitate
connedivity. For testing, the bearings were mounted on the statde and fully secured through
anchor bolts. The beam was also attached to the bearing through anchor bolts. The test model was
instrumented with displacement transducers and accelerometeratlibthtop and bottom, in

order to record the seismic input and model response under each test run. The test model was
subjected to acceleration time history of 1994 Northridge earthquake, scaled tteweldtiof
excitation from 0.10g to 1.0g in orderretrieve the full response of bearings. The data obtained
under each test run was processed for the required baseline correction and filtering, in order to
derive lateral forcalisplacement hysteretic response of bearings under seismic excitations.
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Figure 2: Experimental test model.

3.20bservedbehavior and seismic esponse

The bearings under low intensity shakiwgre not observed with any apprecial deformation.
However, the bearing exhibited signficant lateral deformation, and even rocking, under extreme
shaking. Rocking of bearing was experienced due to thevéotical stress, nevertheless, the
bearings avoided ovenning and were still able to recover their lateral deformation. Figure 3
shows the displacement response and fdisglacement hysteretic response of the tested model
under extreme level shaking (1.0g). Despite the extreme level shaking, the beariuigemas

control lateral displacement demand, which was due to the high damping exhbited by the bearings.
This can be evidenced also from the fedigplacement response of the test model (Figure 3b).
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Figure 3: Response of bearings under stiak&e test with extreme shaking 1.0g.
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4.VERIFICATION OF HDRBs ISOLATION FOR RC BRIDGE :
4.1 Nonlinear nodelling of HDRBs

The BtLinear hysteretic model available in SeismoStructadapted, which was calibrated with

the observed experimental data. The calibration involved calculating the yield force, yield stiffness
and postyield stiffness of the numerical hysteretic model. These parameters were obtained through
regression analysiperformed on data obtained experimentally. The calibrated numerical
hysteretic model was tested against each run, which has shown excellent performance in predicting
the displacement time history response of test model (Figure 4).
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Figure 4. Comparison of numerically predictiedexperimental displacement response

4.2 Selection, Scaling and Matching of Accelerograms:

A suite of 07 acceleration time histories, compatible withrédggonal tectonics, were obtained

from the PEER strong ground motions data base. These accelerograms were scaled and matche
to the seismic design spectrum specified in the Building Code of Pakistan§B@R07) for

highest seismic zone i.e. Zone 4, fprgpe D A Sti ff Soi | o0fSeiS®%ok mo Ma
(2016) was used for scaling and matching of accelerograms. The matched accelerograms,
simulating the design basis earthquakes, were used for the nonlinear time history analysis of an
example bridge.

4.3 Pier Chord Rotation under Design Basis Earthquakes:

An example bridge with single cantilever pmr4 m height and diameter 1.50 sypporting
superstructurevith total weight of 190 kN/mwas considereébr seismic analysis in transverse
direction(Figure 5a). The pier is considered with longitudinal reinforcement of 1%, which gives
lateral yield strength of pieryE 1715 kN. The initial yield stiffness of pier is 967 kN/cm, resulting

in the initial time period of 0.56 sec for bridge pier in trarse direction. The bridge was analysed
through nonlinear time history analysis procedure, using accelerogram of 1971 San Fernando
earthquake, scaled and matched to seismic design spectrum. Figure 5b shows the pier chord
rotation demand, with a maximum @bvged chord rotation of 2.40% and ductility (ratio of
maximum displacement demand to yield displacement capacity) of 5.40. This chord rotation
demand is clearly a larger demand for bridge pier having construction deficiencies.

Initial design of HDRBs wasgarried out for target period of 3.0 sec, to obtain the geometric
dimensions (length, width and height) of required bearings. A total of four bearings were
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