FOREWORD

Wel come to the CSCE 2020, 2nd Conf erencisgomgn Sus
to beheld by Department of Civil Engineering, Capital University of Science and Technology, Islamabad,
Pakistan. The mai rigHlightcsuswinability realatedCt& theXield off csvil engineering.

It aims to providea platform for civil enginers from academia as well as industry to share their practical
experiences and different research findings in their relevant specializaiienisope all the participants
expeience a remarkable opportunity for the academic and industrial communities tesaddew
challenges, share solutions and discuss future researchatisecfhe conference accommodategeral

parallel sessions of diffemé specialties, where the resgagrs and engineers interact and enhance their
understanding of sustainability ing civil engineering dynamics.

This year, we haveonderful andenowned keynote speakers fiois edition of CSCE. We have received
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S GNI FI CORINECORPORATSTNEGEI BEARND
POLYVI NAMLLCOHOCHI BEIRCEMENBASED
COMPOSI TURSERTATIANDDYNAMILOAD

aMehran Khan? Mingli Cao
a: School of Civil Engineering, Dian University of Technology, Dalian, Liaoning, Chilimehrankhan@mail.dlut.edu.cn
b: School of Civil Engineering, Dalian University of Technology, Daliamohing, Chinaminglic@dlut.edu.cn

Abstract The single fiber reinforced concrete had improved mechanical properties
than plain concrete. However, the addition of different filiegether resulted in
better crack arresting performance at ddéfeé scale that of individual fibers.
Therefore, the steel fibers and polyvinyl alcohol (PVA) fibers are blended together
to achieve the fiber bridging performance at multi scale. The includithese two
fibers will contribute together at their partiaullevel and will contribute in the
improvement of mechanical and dynamic properties. In this paper, the properties of
steel fibers and polyvinyl alcohol fibers are studied with differenttleagd contents

to study the static and dynamic behavior of cefiieus composites. For static
properties, compressive strength and peak micro strain are determined; and to
evaluate the dynamic behavior the curves of column top acceletationare
consdered. The addition of mulicale fibers resulted in enhanceshk micro strain

and showed longer time period under dynamic load. This irelitet positive
synergy of steel and PVA fibers blend designed for improved static and dynamic
properties of cemditious composites.

Keywords Crack arresting performance, Stébers, Polyvinyl alcohol fibers, Static properties, Dynamic properties.

1 INTRODUCTION

The performance of fiber reinforced cementitious composites (FRCC) are influenced by many factasdikeatrix
characteristics, fibre size, length and mix proportj@-3]. FRCC are developed to reduce the brittleness of plain
composites and improves its crack resistance performdhc@&he dynamic behavior of cementitious composites are
necesary parameter to assess the safety perfornjgdhcehe FRCC showed improved performance in earthquake resistant
structures as compared to that of plammposites (PC)6]. Steel fibes are generally used as a basic material for
improvement in toughness of FRQC, 8]. Also, the P\ fiber are used in FRCC because of its high strength, large
elongation, higbr elastic modulus anblord strength[6, 9]. The improvement in toughnesswasll as crack arresting
mechanism of composites is observed with use of PVA fé}em he fiber composite should be design for enbdrenergy
absorption capability under dynamic logld. The addition of hybrid fibers result in reducing the crack propagation and
delay the crack growth in cementitious composites.sTthe combination of steel and PVA fibers may reduce the crack
growth by controlling the displacemenhd acceleration of composites under dynamic load. During service life of
composites structure it experiences a lot of dynamic loads like seismicHgddydynamic pressure and wind |ddd,

11]. It was found that the behawioof composite suctureunder dynamic load are relatively changed than under static
loadng [12]. The strong dynamic load due to earthquake can damage the structures and cause a huge loss in earthquake
prone areas. The PC are susceptible to failure thdetynamic load due to its brittle behavii@]. Hence, it is essential

to make a FRCC with superior characteristic to resist dyniaaitthat may be suitable for area susceptiblearthquake.

Hybrid fiber reinforced composite is a compound material and many parameters effect its cracking mdikkamigimg

regime, mix composition and basic raw material[@]. There are three basic stages during crack processment
basedmaterial, i.e. initihcracking stage, crack extension stage andlfstage when crack open. It is obvious that there

are always some piexisting crack available in cementitious composites. When the load is applied, the existence of these
cracks will cause the stress redisttion in cementitious composites and wikudt in development of cracks in CSH and
cement paste layer. By further increment in applied load, the crack will start to extend and step into crack extension stage
in cement based material. At this stage, BV fiber will come across the crack and pid®/ the bridging law in fiber
composites. The bridging law of PVA fiber will result in fiber pull out or fiber fracture ultimately consume more energy.

1
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In the meanwhile, further addition of load will expand thack and at the same time, the steel filhert $0 act as bridge
between the cracks and does not allow the crack to propagate in cementitious material. This bridging law will delay the
crack growth and increase the crack propagation pathway eventesllif in improved performance of hybrid fiber
cementitious composites under dynamic load. The addition of single type fiber in composites will provide crack resistance
at one scale, but the inclusion of hybrid fibers will provide the bridging law at eliffacale as per their size limitations.
Therdore, to achieve the better performance under static and dynamic load the use of hybrid fiber are more effective than
that of single fiber in cement based composites.

To the best of astutdyhsoepdrted ok dyoamic metigaricalrpropsof single degree of freedom
specimen prepared tsteel fiberPVA fiber reinforced composites under hydraulic shaking table. However, researchers
focused the dynamic behavior of hybrid fiber reinforceshposites with steel bars; but this study idratiative to study

the behavior of hybrid fiber reinforced composites without steel bars. Therefore, this study explore the effectiveness of
dynamic responsaf single degree of freedom steel fileVA fiberreinforced composites. The cube compressirength

and peak strain aevaluatedor staticparametersand for dynamic behavipthecolumn topaccelerationime curves are
recorded.

2 EXPERIMENTAL PROCEDURES

The cement, quartz sand, super plasticizeeldiber and PVA fiber are used. The physijsatameters of quartz sand,

steel fiber and PVA fiber are presented in Table 1.A total of four mix proportion was considered and named as 2SF/13mm,
1.5SF/13mm + 0.5PVA/6mm, 2SF/35mm and 1.5SF/35mm + 0.5PVA/1ZthenSF and PVA represents the steel and

PVA fiber, respectively; and 2, 1.5 and 0.5 denotes the percentage af flileer shorsteel fibers (18im), shortPVA
fibers(6mm), long steel fibers (3m) and long PVA fiberg12 mmn) wereused. The mixing procede is shown in Figure

1, respectively. Afteuniform mixing, the moulds of cubes and columns with fresh matrix were filled and vibrating table
was used focompaction. Finally, the cubes andwois were demouldezhdkept at 2@ for 28 days.

Table 1- Physical parameters of raw materials

Rawmaterials Density (g / cn¥) Physical Parameters Mechanical Properties
Quartz sand 2.65 Fineness modulus (2.51) Moh's hardness = 7.0
Steel fiber 7.8 Length (13 mm and 35 mm) Tensilestregt h O 2
PVA fiber 1.29 Length (6 and 12 mm) Tensilest r engt h (
Wateaemrd PVA St e
Super pl Fi b¢g Fibe
m
I X1 n i i
Whi s M Mi i Mat r

Figure 1: Mixing procedure

3 RESEARCH M ETHODOLOGY

The WAW / 600D universal testing machifi¢TM) was used to test the FRCC cube specimen under for compressive load
as per ASTMstandard C3914]. The single degree of freedom SSW0 hydraulic shaker as shown in Figure 2 (a) was
used to evaluate the dynamic behavior of FRT®& dynamic sighal acquisition system was used talz&the dynamic
signal measurement and analy§ike maximum force andcceleration was 100 KN and 1 g, respectively. The size of

2
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shaking table was 2000 mm x 2000 mm x 200 rihe real time test data was determined, which include column top
acceleratiorobtained from acceleration sensor as shown in Figure 2 (b).

4 RESULTS AND DISCUSSION

4.1 Static properties

The compressive strength and strain at peak are shown in Figure 3. The compressive strength for short length fiber
composites o6F/13mmand1.5SF/13mnwere 81.75 MPa and 62.15 MPa, respectively. However, the enggH fiber

addition in composites of 2&5mm and 1.5SF/35mm + 0.5PVA/12nwere 79.55 MPa and 70.70 MPa, respectively.

The incorporation of PVA fibers resulted in decrease trend for both groeipshort length fibers composites and long
length fiber conposites. It is obvious that addition of fibers may reduce the compressive strength but it result in increased
strain capacity of composites as evident from Figure 3 (b). The peak strain offihdmsccomposites was increased with
addition of steel an@®VA fibers together than that of single length steel fiber. However, the better improvement was
observed in peak strain with addition of long hybrid fibers as compared to that of short lengdhfibgbs. The higher
stiffness and higher modulus of stéiblers with 2% content resulted in greater compressive strength. On the other hand,
the hybrid fiber composites with steel and PVA fibers resulted in low compressive strength. This is beazsiea wicl

PVA fibers in composites produced new interfacdsictv are the basis for low compressive strength. Similar results are
also stated bZao, et al. [15]In addition, the blend of steel and PVA fibers together showed positive synergy and increased
the peak micro strain of hybrid fiber composites that éiaingle fiber composites.
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4.2 Dynamic properties

Figure 4 illustrates theurves ofcolumn topacceleration versus tinfer all composites. TheSF/13mm and 1.5SF/13mm

+ 0.5PVA/6mm had presented better acceleration than those of 2SF/35mm and 1.5SF/35mm + 0.5PVA/12mm
cemantitious compositesin case of sbrt-steel PVA fiber, the partial substitution of PVA lead in reduced top
acceleration time curve of cementitious composite. However, the substitution of long PVA fideBESKFI35mm +
0.5PVA/12mmcementitious composi@most showed the stable performa. This short length of PVA fibers caused the
reduction in acceleration due to shorter development length ultimately had low bond strength with cementious composites.
In addition, the inclusion of PVA fibers produce nieterfaces in composites that cduésult in low strength performance.

Same conclusion is also reported in the literafdf. In contrast, the long PVA fiber replacementlisSF/35mm +
0.5PVA/12mm composite had proper development length and showed proper bond. This resulted in increased acceleration
by fiber bridging and eventually regted the crack growth in compositéhe steel fiber and PVA fiber will result in

fiber pull out or fiber fracture ultimately consume more energy and improved the performance under dynamiekmd.
fibersdoes not allow the crack to propagate andchadiridge between the cracks in composites.
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CONCLUSION

The current study preserthe compessive and dynamic response of hybrid fibers (steel and PVA fiber) in cementitious
composites. The compressive strength and peak strain are determined underdtafitedynamic test is performed on
hydraulic shakewith single degree of freedoaondtion and theurvesof column topacceleration verses tinage studied

The following conclusions are made:

1 The degree oflecrement in compressive strengghmore i short length hybrid fibers cementitious composites
than those of long length hybrid fibeementitious composites.

1 The addition of long length hybrid fibers in composites improved the peak micro strain than that of short length
hybrid fiber reinforced ementitious composites.

1 The long PVA fiber replacement ih.5SF/35mm + 0.5PVA/12mm comptesiindicated better acceleration
performance because of fiber bridgithgit providesrack arrestingnechanism.

1 The steefibersand PVA fiberoffers theresistancagainst crackingy bridging across it at their particular scale
ultimately causd the impgovement in static and dynamic properties of hybrid fiber reinforced cementitious
composites.

Further study is necessary with different lengths, contents, typeszasdof hybrid fiber in cementitious composites for
enhanced performance under dynaméxiog. Future work is to perform the SEM and XRD analysis for understanding
the mechanism of hybrid fibers with matrix under dynamic load.
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Abstract Therole of the bondbetween fiberreinforced polymer (FRP) interface and
concrete carries key role for annterfaceconcrete composite structurgarious
researches are conducted to study the effectiveness of different techniques for
improving the bond between the FBiApsand concrete. The current study evaluates
the effectiveness of the new type ofstlaped GFRP shekey on the bond between

the GFRP plate and concrete. Specifically, dodble shear tests are conducted on
specimens with GFRP shear key bonded GFRP plates to evaluaipttiie modes,

the extremeload, thestiffness ofinterfae (interfacial) andcurves with load on the
y-axis and slip on the »axis for static loadingThe tests are conducted on the double

lap shear specimens sized 514 mm x 100 mm x 100 mm. The bond length (222.5
mm) of the GFRP plates is kept higher than that of the effective-leowgth bonded

with Type A epoxyresin. C60 concrete having 184 kg, 392 kg, 660 kg, 1214 kg, and
2.94 kg of water, cement, sand, aggregates, and water reducer, respectively per 1m
of the mix is used. The influence of the shear key and its position variaid0

mm and 160 mm from thloading end is evaluated in comparison to the GFRP
concrete doubkap shear specimen without a shear key. The use of shear keys along
with the interface imparts significant enhancement in the bond betiweeoncrete

and G-RP plate. Shear key located8& mm from loaded end performed well as
compared to that at 160 mm in increasing bond strevejthieen concrete al@-RP

plate. It can be concluded that thapbetweenthe shear kewandloadingendalso

has a considerabléfect in increasing the borlaetween concrete ar@FRP plate.

Keywords GFRP SheaKey, Interfacial BondGFRPPIate, Concrete

1 INTRODUCTION

Fibre Reinforced Polymer (FRP) has noticeable benefits sudhighs resistance taorrosion, fatigue, lightweight
resistance, anttugestrength.Being a structural materialf can be the best choice as an alternativsteel.One of the
effectivewaysto get rid ofissues due to corrosion of stéela severeenvironments to use FRRP1]. Advantages of the
FRRconcrée composite structure encongsa higher level ofindustrialization lightweights,elevatedstrength,design
versatility, andzero corrosioras compared with structures of the traditional material.[Zherefore, the application and
development of FRIfaterials with ultrehigh durdility and reinforced concrete composite structures are getting more
attention.

Interface bonding betweeasoncrete and the FRP plate has the rola ofedium for load transmission from concrete to

FRP plate. Therefore, inteda bonding has a key role increasing the strength of concrete by the FRP plate. Studies
showed that the interface was prone to interfacial peeling and slippage during the application of load, which affected the
shear resistance of the interface of thmposite structure, resultimg premature separation of FRP materials and concrete

and not able to fully exercise their full mechanical strengthg.[5

Numerous researches are conducted sadfated to themechanicalcharacteristicoof the FRPconcretecomposite
interface.Theshear mechanical and shear properties of Bigconcrete interfaceere investigated for the three types (i.
bolted,ii. Hybrid, andglued of connections [8]The best shear resistans@as noticed for the hyld connectioralong

with an increase iextremeload capacity with an increase in the number of bolts. The use of a shear key (SK) with an

7


mailto:huyi@gs.zzu.edu.cn
mailto:asadzia005@gs.zzu.edu.cn
mailto:zhpu@zzu.edu.cn

2d Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)
5 Department of Civil Engineering
\F/ Capital University of Science and Techogy, IslamabadPakistan

interface of FRRandconcretewasalsonoticed to bean adequatenterfacetype of combinatian for improving the bod
strength betweeronicrete and FRP plate [9]. But the reported studies are limited to the dry bond interface only.

Consequently, ithe currenstudy, doubldap shear tests aperformedon specimens with GFRP shear key bonded GFRP
plates. The outcomeseareportedn the nodes of failurethe ultimate capacityf load, the interfacial stiffness, and the
curvesof loadvs slip for thestatic loadhg.

2 EXPERIMENTAL PROGRAM

A. Materials

P.0.42.5 anOrdinary Portland cement [10] is used. The maximum size okgend river sandsi20 mm and 0.5 mm,
respectively Glassfiber reinforced polymer (GFRP) platésiving unidirectional fibers wittransverse surface mats are
used. The nominal thickness and width of the GFRP plate are 4 mm and 50 mm, correspondiriglysilEhstrength,
Young's modulus, and Limit elongation of GFRP plates measag¢eithe appropriatstandards of Chinfl1] are 516

MPa, 33 GPa, 1.60 %, respectively. Thsthaped GFRP shear keys are used having a size of 55 mm x 45 mmx 27 mm x
4 mm.Fig. 1 presents GFRplates, locations of shear keys on piates of GFRP, size of the shear key, asdhematic

view of an interfacéor each type of specimeRor increasing the force of anchoring, the area of contact between the plates
of GFRP and shedeys isroughened ad thenepoxy resin is used for pastitige shear keyon the exact locations of the
GFRP plateThe adhesive bond betwe&¥RP shear keyand GFRP plates is increased by keepisteal block on the

top of GFRP shear keysr 7 days. The Tensile strengiMpdulusof elasticity and Limit elongation of epoxy resin named

as Type A measuremk petthe appropriatstandards of Chinfl2] are 34.7 MPa, 2.42 GPa, and 2.71%, correspotyding

- 45
‘ 4
85 80 80 85 a5

FRP plate Epoxy resin
-

el z LT 7-‘_‘,__37-" <~ Conerete
o 160 ; !? _ GC Specimen
H_ N FRP plate o) o key Egpxy resin
N ! ,
AN y b |Conerete
- ‘ G8 & G16specimens
(a) (b) (©) (d)
Fig.1 (a) GFRP plates(b) locations of the shear keys on tBERP plates, (cphear keysize and (d) schematic view tfe
interface

B. Casting and testing procedure

A typical preparation procedurgshown in Fig 2. The specimens aired in thestandard roonof curingby following
theconcernedtandard of Chinfl3]. Curing is carried out fo28 days. The average compressive strength of C60 concrete
measurea@s petthe relevanstandard ofChina[14] is 72.0 MPa.

(a) Preparation of WB (b) Prepaation of SK
interface specimens interface specimens
Fig. 2 Preparation procedure of test specimens

(c) Concrete casting (d) Concrete curing
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C. Nomenclature of specimens and loading scheme

Three samples are tested for each type of specimen. An average of three resdisas takorresponding property for

each type of specimen. The control specimen without a shear key is named GC while the specimen with the shear key at
80 mm from the loding end is named as-&while that of other with 160 mm distance from the loadingismé&med as

G-16. Total 9 number of samplddniversal testing machingith 100 kN capacity is used f@oublelap shear test as

revealed in Fig. 3.

joint
Anchorage steel
plate
Bolt
PI type displacement
sensor

FRP plate

Fig.3 Graphicillustration of the loading device

3 TEST RESULTS AND ANALYSIS

A. Modes of failure

Threedifferent modef ruptureare observetbr the specimengl) Detachbetweerthe layer of theepoxy resirandthe
coatingof concrete as a result of the deficient unadithe interfaceof epoxy resimmndconcrete, (2Pull-out of geel bolt
happened fothe reason that therce offastenimg between concretandthe steel bolt wakess in comparison to that of
the bearing strength of theterfacial, and (3Jailure dueto wedgesplit of concretebetween the wooden partitioand
shear keythe possiblegason may bemallerconcret® tensile strengtlas compared tthe interfacial bearingtrength
attributable to thdigh concentration of thetress between woodeartition at the loaidg endandGFRP shear key. The
same observations were reported ireottesearch studies [7,15].

Figure 4a displays theipturemodenoticed for theCG specimen, which was categorized by interfacial peeling amid the
FRP plate and epgxesin. It shows that full transfer of the load between the concrete and GFRP plagrcisien#d due

to premature peeling of the GFRP plate. Shear key fail failure for one sampiteakblt pull-out failure for two samples
accompanied by the wedgelit of the concrete are observed for G8 specimens (withhiber &keyat 80 mm from the

loaded end) as shown in Figure 4b. This supports the role of the shear key in utilizing the greater strength of the GFRP
plate in supporting the applied loads andmmeats in addition to concrete without debonding. Tinguremode of the
specimen (G16having shear key distancat 160 mm is thdailure of due to putbut of steel bolt withouiny damage to

the shear key as shown in Figure Rall-out of steel boltis noticed which could be described that theece offastening

between concretendsteel Iolt was feebleas compared to thaterfacial bearing capacity. And theedgesplit breaking

of the concrete betwedhe wooden partitioandthe shear key happened



2"d Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)
Department of Civil Engineering
Capital University of Science and Techogy, Islamaba@aklstan

Steel bolt
pull-out
failure

Debonding between
concrete and epoxy resin

Concrete
wedge-shaped
splitting

(a) CG (b G8 (c G16
Fig. 4 Interface failure modes of four interface of GFRP plate specimens

B. Loadslip curves

The loadvs slip curves of each test specimen are given in Figure 5(a). The interfastipastiffness can be judged and
compared by the slope ofélinitial elastic phase of the loatlp curve. The lowest slip of 0.8 mm is noticed for the epoxy
resin GC specimehaving GFRP plates without any shear key. While the slip for the G8 and G16 specimens having GFRP
platescontainingresin of epoxyon the londed interface with the shear key is 0.98 mm and 1.32 mm, respectively. By
equating the loadarrying capacities, G8utperformed the companions in increasing the keatying caphility of the
specimen. The peak load of the G8 is 28.8 kN and 13.8 ki than that of the GC and G16, respectively, as shown in
Figure 5(a). The percentage comparison of the slip at paakdre shown in Figure 5(b). The slip at peak load of G8 and
G16 is 23% and 65%, respectively greater than that of the GC.

GC specimesiprovided a satisfactory level of composite action. For G8 and G16, theolhtimeFRP plate and shear key
canbe mordragileas compared to that exists between concretéran@RP plate, which leatb a decline in the interfacial
stiffness Conclusively the rate of slip increased for the shear key specimen with a low gradient of the primary elastic
phase of the loadip curve in comparison to that of the GC specimen. A variation ipdisitions of theshear key has

tiny influenceoverthe interfacial 8ffness of the elastiphase But the larger effect in the peslastic region of the curve.

It can be explicated #ta smaller distance from theadng end was expected fmoducea hugeconcentration ostress
betweertheloaded end anghear key, andt a larger distandeom the loaihg enddo noteffectively limit the interfacial
detachment

7 \ 180 1 Slip at peak load 165
79.1 = —
v\ S —
60 = \ < 123 —
. )v)')')' 65.3 2120 - - —
g v @ 100, ——
§ 40 > Q —
S 60 | \ =
204 —=—GC g —
——G8 —
v G16 o \\ —
O T T T T 1 O \ L] L) = 1
0.0 0.4 0.8 1.2 1.6
Slip (mm) GC G8 G16
(a) (b)

Fig. 5(a) Loadslip curves, (b) Percentage comparison of slip at peak load

C. Extremedoad capacity

Figure 6(a) displays thextremeload capacityof the specimens. Thextremeload of 47.27 kN, 77.57 kN, and 60.17 kN
are observed for GC, G8, and G16, respegtivEheextremeload of the G8 is 30.3 kN and 17.4 kN larger than that of the
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GC and G16, respectively. It is observed that the shear kepegththeextremeload capacity significantly as compared
to that of the specimen without a shear key.

©
. S )
90 - Ultimate load 3180 - Ulth%tg load
77.57 %
< 60.17 £ 2
60 - = 5120 - —
® 47.27 — %’,E’\i 108 —
o w — IS \ —
9 — c —
30 \ = S 60 | \ -
35 — o —
0 & : — 0 N : ——
GC G8 G16 GC G8 G16
@ (b)

Fig. 6 Ultimate loads (agxtremeload capacity (b) Percentage comparisoaxtfemeload capacity
Most importantly tle shear key gafstom the loadng end also affected the loaarrying capacity. It can be observed that
theextremedoad capacityof the GC and G1& considerablyesseras compared tthat of the specimen (G8) with a shear
key located at 80 mnfrom theend ofloading The pecentage comparison between ehremeload of the specimens is
demonstrated in Figure 6(b). Teatremeload-carrying capacity of the G8 and G16 is 64% and 27% greater than that of
the GC. Variation in the shear key location showed a significant impaheentremeload capaity of the specimen. An
increase in thgapof the shear key from the loagy endnegatively affected thextremeload capacity of the specimen,
indicating a decrease in the bond strength. This confirms that the distance of tHeegHean the loaded end also needs
to be considered to ensure better bonding between the interfaceF®fel plates for attaining the required increase in
strength. As per the considered case giiyeof the shear key from the loading end is inversely priognal to the bond
strength between concreaadthe GFRP pla

4 CONCLUSIONS

Subsequent conclusionseamade from the present experimental results:

1 Interfacial peeling (premature @ehment between the GFRP plate and epoxy resin is noticed for tharsgeci
without GFRP shear key while the introduction of shear key helped in utilizing the full strenthih GFRP
plates without any interfacial peeling and interface failure.

1 At the peak loads, the slip of 0.8 mm, 0.98 mm and 1.32 mm are noticed for tiBFRRP plates reinforced
specimen without shear key), G8 (GFRP plates reinforced specimen with thkeshae80 mm from the loaded
end), and G16 (GFRP plates reinforced specimen with the shear key at 160 mm from ithgp dad)l
respectively.

1 Theextreneload-capacity of G8 and G16 is 64% and 27% greater than that of the GC

The experimental outcomes sheahsignificant improvement due to the use of GFRP shear keys along with the interface
of GFRP plates in thextremeload capacity andapacity othepeak load of the doublap shear specimen. Besides,-pre
mature debonding of GFRP plates is also prevemye@FRP shear keys. Conclusively, the shear keys improved the bond
betweenconcrete andhe GFRP plate. Further investigations are required to evahmptimized location and size of
the GFRP shear keys for attaining the maximum possible strengthoemhent.
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Abstract Bricks are gnificant construction material due to their cost and excellent
properties such as durability and compressive strength. With the increasing demand
in construction, scarcity of natural material is nowadays a major problem. To counter
this, wasé foundry sad has been utilized in fired clay pressed bricks in different
proportions by replacing clay. Compressive strength and durability were studied as
main properties. It was observed that replacing clay with 10% waste foundry sand
increases comprsiwe strendt. Incorporation of 10% waste foundry sand in bricks
resists acid attack and minimum weight loss was observed. Scanning electron
microscope analysis suggested the crystallization of bricks by incorporation of waste
foundry sand. It is recommeed that wast foundry sand can be effectively used in
bricks to enhance its properties.

Keywords Acid Attack, Brick, Durability, Foundry Sand, Scanning Electron Microscope (SEM)

1 INTRODUCTION

Soil has been used in different forms as the construction rakter centiries. In developing countries, with the least
demand for natural resources, earth construction is considered as the most efficient and economic. However, with
increasing demand in construction material as well challenges with waste dispdbatiebelopd and developing
countries are oamission to impedscarcity of natural resources [1].

Construction industry is one of the major industries to use waste in construction material promising to alter and enhance
material properties. Investoisuilders andstack holders are grueling to use alternates materials that provide the same or
enhanced properties with low cost and ecofriendly. To counter this problem, researchers around the globe are using waste
products in engineering materials with prising costand superior properties than existing. For instance, concrete has
been incorporated with fly ash, ground granulated blast furnace slag (GGBS), glass powder, marble powder, bentonite,
waste foundry sand with multiple goals to enhance the prepat concete as welltilization of discarded materia)2-

6].

Brick is the oldest, economic and commonly used matevas first used 6000 years ago Biicks are significant material

in construction due to its cost and outstanding properties suith @mpresive strength and great durability. According

to a report, its worldwide production is about 1.3 trillion units per year and incre@ingakistan ranks third in
contribution to the worldwide production of fired clay bricks which is ab&ub#ion units per year. With this huge
consumption of bricks, the diminishing of natural resources is a major problem. In recent decades, mainly in developing
countries, researchers have been using waste materials in bricks by replacing fully oclpgrtrafr hstance, the use of
granulated blast furnace slag, rubber, waste processed tea, cotton waste, rice husk ash, industrial wastewater, limestone
dust, sawdust, fly ash, cigarette butts, plastics waste and waste papers. All these reseanddestai@ enhanced

properties of brick which are mainly compressive strength, water absorption and durability. The brick properties along
with material also depend upon the method ohufiacturing, drying and firing [14].

Foundry sand is a byproduct foundry andmetal casting industries. Million tons of foundry sand is discarded from
industries each year. According to a report, 104.12 million tons of both ferrous and nonferrous casting is carried out each
year. Casting done with cast iron and steekatied ferous industries while casting with aluminum, brass and bronze are
termed as noffierrous. Silica is the main constituent of foundry sand which i85. Other constituents such as iron

oxide, alumina, calcium are also present but in very htt@unt. Afte casting, the foundry sand is discarded and dumped
which creates landfilling and environmental pollution. Foundry sand has been used before in construction material such
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as concrete whiclmay enharme the properties at low cost [6,15].The fdonsand habeen also utilized in making fired
clay bricks which resulted in significant properties compared to commercial bricks [16].

In this research, an attempt has been made to incorporate Waste Found(WE8&hih fired clay bricks by replacing

clay in different proportions. The machine pressing method was used for manufacturing brick and firing in a traditional
tunnel oven.Compressive strength and durability tests were conducted. Scanning Electron Microscope (SEM) was used
to study the microstature of breks.

2 EXPERIMENTAL PROCEDURES

In this research, bricks were manufactured ftbenmixture of fired clay and Waste Foundgn8(WFS). The WFSvas
collected from Heavy Mechanical Complex (HMC) Taxila, Pakistan at their dumping site. The large lumps of sand
(bounded by chemicals) were separated at the site and clean sand was taken into bags. The sand was theaheaken into
lab for initial testirg such as sieving, water absorption, and specific gravity. The physical propeiMi#&sSos given in

Table 1. Thesieve analysis of foundry sand is given in figure 2, indicating more fine particles than natural sand. The
elemental composition of th&/FS has been analyzed through Energy DispersiveayX (EDX) technique in Central
Resource Laboratories (CRL), UniversitiyPeshawar, Pakistan. The peaks generated by thesponding elements are
shown in kgure 1.

Table  Physical Properties of WFS aficed clay

Material Specific Absorption Fineness Moisture OoMC Plastic
Gravity (%) Modulus content (%) Limit
WFS 2.68 0.89 211 2.67 _ Non plastic
Fired clay 2.64 - - - 8.62 34
= WFS =g Fired Clay
]
Fe
Q
Ti
. & Ca Fe
-|] M
i Fe X A . Fe
r J\_Fe HINE] L ke Ti Fe
TIT T T T T T[T T[T rrrrrrrr | ey TrrrrprororrT Trrrrrror TTrrrrrrrr TTTrop oo TrroTT
] 2 4 & 8 1 0 2 4 & & 1
Full Scale 902 cts Cursor: 200194 ke’ (0 cts) Full Scale 1553 cts Cursor: 20194 ke (0 ctz)

Figure 1: EDX analysis of WFS affided clay

The fired clay was collected from Standard Ceramics, Hattar, Pakistan. The clay was subjected to some initial physical
tests. The physat properties of clay are given in Table 1. The elemental composition of the clay was found through Energy
Dispersive Xray (EDX) technique in Central Resource Laboratories (CRL), University of Peshawar, Pakistan indicating
less silica then WFS as shownFigure 2.

The mixing, casting, drying and firing of bricks were done in the industry named StandarddSetdattar Pakistan.
Total of six mixes of bricks were prepared by replacing clay with WFS. The replacement level of WFS was 10%, 20%,
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30%, 40%, 58 and 60% for each set of bricks. Each brick was designated by the level of replacement of clay with WFS.
For instance, FB1 brick shows fAFired Clay Brick with 10

100

80

% passing

4 10 16 30 40 50

Figure 2: Sieve analysis of WFS

After mixing of raw materials, & water by the weight of material is added to each mix. it may be worth noting that
machine pressed bricke tequire less water than traditional hand mix bricks. After that, the mixture was taken to a
hydraulic pressing machine. The pressing machineetdréd driven which presses the raw material with 20.6 MPa force
and mold the raw material into standardcbki si ze (90 x 4.50x 30). After remov
carefully stacked for drying in sun. After&days, the unfired bricksewe loaded into conveyer for firing. The firing was
carried out in a traditional tunnel oven which operatesiatural gas. The length of the oven was measured 262 feet and
its diameter was about 5 feet. The firing process is subdivided into three stipesfitst step, the bricks are loaded on an
auto electric conveyer belt which moves with certain fixe@dpeto the oven. In this step, the further drying of the bricks
occurs which eliminates the free water present in bricks. The temperature teghisrges from 108C to 450°C. In the
second step, the crystallization process takes place and thetléghpsrature noted in this step was H0D°C. In this

step, the bricks are burnt completely and moved to third step.

The third step is linked wh exit side of the tunnel in which cooling of the bricks process initiates. At the exit, the
temperature ofhe brick was noted & °C. The firing process is completed in five days. After removal from tunnel; the
bricks are left for cooling for few houréfter complete cooling, the bricks were collected and taken into a laboratory for
compressive strength tesvater absorption and durability. The whole process is demonstrate in Figure 3.

Before the compressive strength test, the bricks were made lératedoth sides so that the force applied may remain
constant throughout testing. The compressive strerajties were noted for three set of bricks for each mix. For durability
test, the bricks were immersed in 10% sulphuric acid (H2S04) concentratedfera28 days. Before immersing, the
bricks were carefully weighed and noted. After 28 days, the bricks weighed again and then taken into compression
testing machine. The method of sampling, stacking and testing was in accordans8TWHC67 / C67M20[17].
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Figure 3 Process of tick making from mixing, pressinglrying,firing and final brick

3 RESULTS AND DISCUSSION

3.1 Compressive strength

All the bricks were tested in compression testing machine. For each mix, threelsetksofvere tested and values were
noted. It was observed that the highest strength was noted for FB1 brick (incorporated with 10% WFS), which was 18.97
MPa. The controspecimen having designated as FBO (having no WFS) shows the strength of 18.20 MPayash

lower than FB1 by 4.24%. The lowest strength was noted for FB6 brick (incorporated with 60% WFS), which was 10.81
MPa lower than control mix by 41.70%. The briék82 and FB3 showed almost similar strength to control mix as shown

in the figure.

The increase in strength is attributed to the fine size of WFS which fills the pore of the mixes. As a result, a compact dense
structure is formed whicbompletely crystallizes during sintering process at 1200 OC in oven. The slow and steady firing
also taks a share in high strength. It may be noted that due to the high content of silica in WFS, the bricks were showing
brittle behavior during testing i,esudden failure with large cracks. However, small cracks were observed for CM, FB1
specimens compared bther bricks. The lowest strength, as indicated was noted for FB6 specimens, which may be due to
the abundance of WFS particles. All the particlesawmt able to fill the pores and as a result-agstallization of bricks

occurred which results in\eer strength.

3.2 Durability

The bricks were immersed in 10% H2S04 concentrated water for 28 days. After removal, the brick was weighed and tested
for compession test. It was observed that no significant weight loss was observed for mixes except FB5 diheé FB6.
weight loss for control mix was 3.31%. Mixes incorporated with WFS showed higher weight loss than control mix. For
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instance, FB1 specimen showedigie loss of 4.71% greater than control mix. The highest weight loss was found for
specimens FB5 and FBghich was 10.5% and 10.9% respectively as shown in Figure 5.

20 6
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Figure 4: Compressive strength Vs Bricks Specimens Figure 5: Weight loss variatioregter acid attack

The bricks were also tested for compression strength after immersion in acid catedentter. It was observed that the

same trend was followed in strength after removal from acid. The strength of control specimen, FB1 and FB2 showed
almost same strength. For instance, FB1 showed a little higher strength than control by 4.08% wiR2esbasved little

lower strength than control specimen by 4.8%. it was observed that FB5 and FB6 specimens affected more due to the acid
attack. The ream for strength reduction is the more permeability of FB2 bricks. The strength of FB5 and FB6 specimen
was lower than control specimen by 41.9% and 50.4% respectively as shown in Figure 4.

3.3 Scanning Electron Microscope (SEM)

This test is used to study thepography of the material as well composition at various intensity and magnification. The
statement otompressive strength for FB1 specimens can be verified through SEM. It was observed that the pores are
filled well by WES particles, which makes itdirand dense structure. The bridging effect is quite visible, which offers
tremendous resistance agaimgtds as shown in Figure 5.

On the other hand, control specimen shows quite same micro properties as for FB1 specimen except that few pores are still
left unfilled. It was observed from compressive strength test and durability that FB6 specimen affeetas compared

to other specimens. Cracks are visible in FB6 specimen in SEM images. Moreover, there are unfilled pores present in
greater density congped to other samples which make it a week and unable to sustain loads as shown in Figure 5.
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Figure 5: SEM FB1(a, b) ; CM (c, d); FB6 (e, f)

4 CONCLUSION
In thisstudy, Waste Foundrya®d(WFS)has been utilized in bricks to study its properties. Following are the conclusion

drawn from the study:

The Energy Dispersive-Ray techniqe shows that silica is the main and abundant element in WFS.
Incorporation of 10% WS in bricks gives maximum compressive strength. Beyond this replacement, the strength
tends to decrease.

1 Acid resistance was found maximum for brick specimens havingia®8tporation of WFS by replacing clay.
Specimens having 60% WFS incorporated afféehost against acid attack.

1 It was observed that weight loss against acid is not significant in specimens except for bricks incorporated with
60% WFS.

1 The scanning Elemin Microscope analysis shows that bricks incorporated with 10% WFS crystallizételgnp

during sintering temperature.
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Abstract - A practice of constructing RGrame structures withunreinforced
masonry infill walls is being followed all over the world from the past few years. In
the start, these masonrieen considered as the netructural elements of the
building, but recenresearches and studies have shown that the presetioesef

infill masonries greatly influence the seismic performance of RC structures. This
research aims at the evaluation of seisperformance of bare frame, brick masonry
infilled frame and low stmegth concrete block masonry infilled frame RC structures.
For this, a six storeyG +5) commercial building being located in Abbottabad was
selected for thanalysis Three models ofhis building namely bare frame, brick
masonry infilled frame and low singth concrete block masonry infilled frame were
preparedin ETABS 2015. These models were then analyzed by linear dynamic
method of seismic analysis i.e. response spectrum anallisi€omparison between
seismic performancef thesemodelsof the given hilding was made on the basis of
maximum storey displacement, maximum storey drift ratio, base shear, time period
and overall stiffness of the structure. From the results of the cbséawvas observed

that when the effect of infill masonries was congidein the analysjsthe
performanceof the buildingwas observed to be greatly improved. Analyzing the
results, it was concluded that presence of infill masonries greatly enhances the
overall seismic performance of RC structibg increasingheir strendh, stiffness

and ability ofresisting the lateral loadkiring seismic events. It was also concluded
that brick masonry has a greater effect on the seismic performance of a RGestructu
as compared to that of low strength concrete block masonry becaiise@fater
strength and stiffness properties.

Keywords Reinforced Concrete (RC), Infill Masonries, Seismic Performance, Response Spectrum Analysis (RSA).

1 INTRODUCTION

From the pastew years, a practice of constructing reinforced concrete {R@)e structuress being followed all over
the world[1] especially in thé\sian subcontinent, due to their functional efficiency and easeoimstruction. During the
constructionprocess, the frame elements (beamsand columnpare constructed first and independently without any
provision of infill walls. The open space left between the frame elements is then filled up with unreinfamasbnry
that generally consists of eithéwre brick masonry or low strength concrete block masofmythe past, these infill
masonriesvere considered as the natructural elements of thaitiding [1] (elements that do not contribute towards the
load resisting ability of the structurehere heywere supposed to fulfill two basfanctions, first, to act as a divider for
the division of inteior spaces and second, as a protective shigdéhsthe effects of external environment i.e. snow, rain,
wind, noise etcBut this is not the case now therecent researches and studiegehshown that they are no more thenon
structural elements buteptly influence the overall performanceRE structuresluring the seismic activitiefn the bare
frame idealization of a RC structuiiejs considered thanfill masonriesdo not take pa in load bearing processhich
may lead towards the overdesigfithe structure athe presence of infilnasonriesn between the frame elements largely
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increases strength, stiffness and energy dissipabdity of RC structuresluring the seismic ewgs. If theeffectof infill
masonriess incorporated into theeismicanalysisof RC structurs, it will lead to the design efficiency whichay result
in reducing the overall cost of theructuresas they are already present in 8teuctureand therewill be no need to
construct them separately like shear wallsolvtare constructed in addition to the norstalicturalelements.

Similar works have also been made earlier to investigate the effect of infill masonries on the overall seismic performance
of RC frame structures Hr, Chidananda., Raghu, K., and Narayana,[8].after analyzing a fifteen storey (G +14)
residential building had found out that maximum storey displacement and fundamental time pBR@strofcture were

redwed by 51% and 46%spectively when the effect of infill masonry was considered in the seismic analysis of the given
building. Strength and stiffness of an infilled frame RC structuesefound to beb.2 and B9 times greater thathat of

bare frameRC structures respectivglin a research made aldar, P., and Singh, Y3]. Yousuf Dinar et. al[4] as a

result of a research on the seismic performance of bare frame and infilled frame RC structures had found out that increasing
the percentage of infill increases the overall performané®Costructures against seismictiities. Raza, Sand Khan,

M. K. I. [5] had found out that brick masonries are the best in the busingsg seismic actities, then comes the hollow
concrete block masonries and solid concrete block masonries. Considering the work done by previous researchers and their
future work recommendations, this research aintb@atetailedevaluation and compigon of seismic perfanance of

bare framegBF), brick masonry infilled fram¢BMIF) and low strength concrete block masonry infilled fraf@BMIF)

RC structuresPrime objective of this research is to compare the seismic performance parameteexiikemstorey
displacementnaximum storey drift ratio, base shear, time period and overall stiffrieke BF, BMIF and CBMIF RC
structures.

2 RESEARCH METHODOLOGY

For thisresearcha six storey(G +5) commercial building being located in Abbottabad was seteébr theseismic
evaluationas shown in Figure 1 (a) and (B)ree models of th building namelyBF, BMIF and CBMIFwereprepared
in ETABS 2015.This modeling of the building involves two steps; first, the modeling of frame structure and second, the
modeling of infill walls. A general modeling procedure was used for the modeling of frame staubeneashe modeling

of infill walls was done according to the standard pr o
7.5.2.1 of FEM\ 356 [6]. According to this section of FEMA 3596], masonry infillwalls should be replaced by a pin
jointed equivalent diagonal strut of width faodssardei ng
elasticmodulus ofwhich will be the same as that of infiall whereas the length of it will be equal teetlength of
diagonal between the compression corners. According to FEMAB35the width oftiss t r ut fad i s gi ven
— 8 z
a=—" "3 1)
z z 8
al: z z z (2)
d =ttan ©)

The strength and stiffness of a perforated p#nabt the same as that of treempletely infilled panel but varies in
proportion with the percentage of openings. This change in strength and stiffagesfofated panekiincorporated into
the modeling aareduction factor for percentage of openings (i.8. RI-Chaar[7] has explained this reduction factor
detal in his study. According to him, the reduced width of the Stawquce® is given by:

AReduced™ a * Ry 4)

R1=0.6* —_— pa)Z +1 (5)

In (1), (2), (3), (4) and (5), ADoO is the |l ength of di
betweencet er Il i ne of beams, fAho is clear heighh of omfisll,
moment of inedtia ahgtel omn] nidl A Moatiisoneloafs tsitcr umagodwil suhs b
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The modeling of infill walls as an equivalent diagonal strut was done in such a way that it was provided amteg@in |
zero weight or mass element between the two compression corners of theajivenf the given building. The effect of
inertial mass of infill wall was incorporated into the analysis by assigning the whole mass of infélsvaalliniformly
distributed load to the entire length of the beam upon which it was supposed to be resting.
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Figure 1:(a) Plan of Given Building, (b) Extruded BF 3D view of Building
Tablel: Buildingd Material Properties
Material Type E 3 Unit Weight Design Strengths
(psi) (pcf) (ksi)
Concrete 3604997 0.20 150 f'e=4
Rebar/Steel 29000000 0.30 490 F,=60; =90
Bricks Masonry 410000 0.2383 120 f'm=0.79
Concrete Block Masonry 250000 0.3127 120 f'm=0.40

After the modéng, all the three models of given building were analyzed by linear dynamic method of seismic analysis i.e.
RSA to get an insight into the dynamic behavior of the building. The seismic performance of all these models was then
evaluated andampared on thbasis oimaximum storey displacement, maximum storey drift ratio, base shear, time period
and overall stiffness of the structure.

Table2: Buildingd Section Properties

Section Type Size Material Shape
(in)

Beam 126 X180 Reinforced Concrete| Rectangular
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Column 180X 180 Reinforced Concretg  Rectangular
Slab 7 0 T h| Reinforced Concrete Shell Thin

Table3: Summary of Loads on the Building

Load Type Load Concentration Description
Storey 1- Storey5 Storey 6
Dead Load - - SelfWeight
Live Load 60 psf 40 psf -
Superimposed Dead Load 43.75psf 60 psf Mortar (3") + Tiles (1")
Masonry Load 1 K/t 0.15 K/ft Main walls Loadon Beam
Masonry Load 21 psf 21 psf Partition Walls loadn Slab
Earthquakd.oad BCP 2007 BCP 2007 -

3 RESULTS

After analyzing all the three models of given building, their performance was evaluated on the basis of five parameters i.e.
maximum storey displacement, maximum storey drift ratio, base,searperiod and overalkiffness of the structure.

The compason was made on the basis of maximum response of the building against each of these parameters. A brief
overview of the results obtained from RSA of the given building is given as under:

3.1 Maximum Storey Displacement

Displacement is an important factor to be considered, valstructuregets hit by a seismic evert mainly depends on

the stiffness of the structure, greater the stiffness lesser will be the displageoémtedn the buildingand vice versa.

From theresults obtained by RSA, maximum storey displacement was observed to be reduced by 69% in case of CBMIF
whereas 79% in case of BMIFhis greater reduction afisplacement in case of brick masonry waservedue to its

greater stiffnesas compared tdatCBMIF.

" Maxim Storey Displacement
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Figure 2: Comparison of Maximum Storey Displacement

3.2 Maximum Storey Drift Ratio

Storey drift ratio is the ratio of relative displacement between the adjacent stories to the storey height. It measures the
displacement changing characteristi€aduilding; gradual changing characteristics ensure structural stability, uniform
stiffness and less probability sfructuregetting damaged=rom the results obtained by RSA, maximum stonéy ichtio



1 NG 2nd Conference on Sustainabilityn Civil Engineering( CSCE 6 2 0)
_% Ak . . . Depqrtment of Civil Engineering .
F/ Capital University of Science aficechnology, Islamabad Pakistan

was observed to be reduced 886 in case of CBMIRvhereas38% in case of BMIF. This greater reductionstbrey
drift ratio in case of brick masonry was observed due to its greater stiffness as comparedftG B

Maximum Storey Drift Ratio
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Figure 3: Comparison of Maximum storey Drift Ratio

3.3 Stiffness

Stiffness refers tohterigidity of a structure which means extent to which it can resist deformation under the application of
a lateral load.Stiffness of a RC frame structure depends on the stiffness of individual structural e)etineints
concentration and orientation inetstructure Stiffness of individual elements on the other hand depends onrtatgrial

and geometric properties i.e. modulus of elasticity and moment of in@réater the elastic modulus or moment of inertia

of an element, greater will be its stiffn@ssulting in increase of overall stiffness of the structtrem the results obtained

by RSA,overall stiffness of the structureas observed to iacreasedy 238% in case of CBMIF whereakl 36 in case

of BMIF. This greater increase of overall stiffsés case of BMIFwasobserveddue to its greateelastic moduluss
compared to that cEBMIF.

Storey Stiffness
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CBMIF
—e—BMIF
30
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Figure 4: Comparison of Storey Stiffness

3.4 Base Shear

Base sheds an estimate of maximum anticipated sideways forces at the base of the structure asfarssiginic event.
Base shear generally depemtewneight of the structure, stiffness of the structure and site characteristics of the structure.
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For the struaires having equal weight and similar site characteristics, stiffness is the ulpanateetethat base shear

depends orflexible structures usually have lesser base shear as compared to stiffer ones. Base shear of all the three models
considered in theesearch was found to be approximately the same because the analysis was terminatedaisation te

condition i.e. when dynamic base shear becomes greater than or equal to 85% of the static base shear. Therefore, bas
shear was expressed in terms sfsitale factor for the sake of making comparison. Greater scale factor represents lesser
baseshearFrom the results obtained by R3#gse sheawas observed to be increasedd3yo in case of CBMIF whereas

53% in case of BMIF. This greater increasebafe sheain case of BMIF was observed due to its greaténessas

compared to that of CBMLF

Base Shear in terms of Scale Factor

Structure Type
EBF mCBMIF mBMIF

120

100
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N (o)) (o)
o o o

N
o
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Figure 6: Comparison of Base Shear in terms of Scale Factor

3.5 Time Period

Time period of a structure is the time that it takes for each complete cycle ddtamtiwhenhit by a seismic event. It is
the inherent property of the structure that geneddigends on massd stiffness of the structurgor the structures of
equalmass, stiffness is the only parameter determining the fundamental time periodtofithere. Greater the stiffness
of the structurgesser will be its time period and vice sa-rom the results obtained by RS#ne periodof the structure
was observed to reduceddy 39% in case of CBMIF where&i% in case of BMIF. This greategductionof time period

in case of BMIF was observed due to its grestiéinessas compareditthat of CBMIF.

Maximum Structural Time Period

Structure Type
mBF mCBMIF mBMIF

d (Sec)
L
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Figure 7: Comparison of Maximum Structural Time Period (Computational Model)
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Building code of Pakistan (BCP 2007 [8]) also provides empirical relationships for the determination of fundamental time
period of the building. According to®° 2007 [8] time period of a building can be calculated by UShgvhere H is the

height, Gis a coefficient (0.03 for bare frame and 0.02 for all other RC frame structures) and T is the fundamental time
period of the buildingFrom the results obtaideby empirical formulagtime period of the structure was observed to be
reduced by33% when theeffect of infill masonries was incorporated into the analysis. A comparison between the time
period obtained from computational model and empirical formulaksésmade in table 4.

T= Q * H0.75 (6)

Maximum Structural Time Period

Time Period (Seconds)
© 0 090 9o 9o o O
P N W b~ 00O N ©

0
Structure Type
= BF = CBMIF m BMIF
Figure 8: Comparison of Maximum Structural Time Period (Empirical Formulae)
Table4: Comparison of Time Period Obtained from Computational Model and Empltarahulae
Time Period
Structure Type Empirical Formulae Computational Model Increase % Increase
(Sec) (Sec) (Sec)

BF 0.742 1.698 0.956 128.8409704
CBMIF 0.494 1.033 0.539 109.1093117
BMIF 0.494 0.827 0.333 67.40890688

4 CONCLUSION
From the firdings of this research, following conclusions carizavn:

1 Presence of infill masonries greatijmprovesthe overall seismic performanad RC frame structure by
increasingheir strength, stiffness and ability ofsisting the lateral loadhiring seisnt events

1 Maximum storey displacementjaximum storey drift ratio and time period can be reduced whereas base shear
and overall stiffness can be increased significantly by considering the effect of masonry infill walls in the seismic
analysis of RC framstructures.

1 Incorporaing the effect omasonry infill wallsinto the seismic analysis of Rtamestructures lead to the design
efficiency which may result in reducing the overall cost of the structures

1 Brick masonry can be considered as the best ibubimess among the two masonry typessi®ered in the study

during seismic events due to its greater strength and stiffness properties.
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S

On the basis results of this research, future works are recommended on this topic in order to develop detailed guidelin
for the analysis and design of RCrfra structures with infill masonries.
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Abstract This researclis conducted to assess the compressive strength of one part
geopolyner mortar containing rice husk afRHA) and metakaolifMK) . Sodium
Silicate in powder fornis used as activator for the geopolyméfater to binder ratio

is kept constant at 0.5 for eacin®ple. Two percentsuper plasticizer by weight of
binderis addedn mortar mix. The strengths of GM samples with different RHA/MK
mass ratiosiretested on 7, 14, and 28 dayitie casted samples are placed in oven
at 70C for first 24 hours and then at hmant temperature of 19°C for rest of the
time, till testing Compessive strength of RHA/MK mass ratio D90 is highest
among all mixesilt is found that increasing the RHA more than 10 percent, results
in reduced compressive strength.

Keywords Geopdymer Mortar (GM), Metakaolin (MK)One Part GeopolymeRice HuskAsh (RHA)

1 INTRODUCTION

Concrete is the second largest used material in world after water. Its constituents such as cement requires higher amount
of energy to be prepared, this energy isaoted by burning fossil fuels. Along this, the hydration reaaforement with

water during preparation of concrete is an exothermic process and it releases energy in form of heat into the environment
while forming bonds [1]. These two are the main reasilat contribute towards a great carbon footprint of concrete.
About 9 percent of carbon dioxide in environment is due to manufacturing or use of concrete and its constit8ents [2].
attempts are being made to produce greener concrete with lowest éaohwint and highest strength and sustainability.

One of thesattempts is to make green concrete using geopolymer (GP) materials available abundantly throughout the
globe. Mainly the materials having properties same as cement are used for this patfgassypplementary cementitious
materials (SCMs). The SCMs inde RHA, Ground Granulated Blast Furnace Slag (GGBFS), Fly Ash (FA), Condensed
Silica Fumes (CSF) and various other industrial and agricultural wastes that are rich in silica and alumina [3]

While Pakistan is an agricultural country and produces tongrafudtural wastes annually, the use of these agricultural
wastes by incorporating them in concrete can be taken into consideration. Pakistan produces 6.7 million tons of rice husks
(RH) evey year, as of year 2017, as rice is one of its major consumechaharops [4]. These RH are used as a fuel for
boiling rice paddy in rice mills. The ash obtained from burning RH, known as rice husk ash (RHA), is then discarded into
open environment aivers which causes ground, air and water pollution. RHA is otteedbCMs that contains more than

90 percent silica. RHA when mixed with other materials such as GGBFS, FA in the presence of alkaline activators yields
strength higher than that of normaPO [5],[6]. RHA, containing silica, alone cannot replicate thg@ertes of cement so

an alumina source is also needed. Metakaolin (MK) contains considerable amount of alumina [7]. When inert Kaolin (KN)
is calcined at elevated temperature then reactetakaolin is formed. Several researches have been conductechatéch

shown that metakaolin can be used effectively with a silica source to replicate the properties of cement by the process of
geopolymerization [8].

In this study RHA is used with MK to sthesize one part GP and then its strength is assessed. Th&isbasfed mortar

utilizes the wastes of agricultural industry and consumes less energy as compared to the preparation of OPC. It results in
reducing the depletion of natural resources thatused in manufacturing of OPC, as well as environmental palligio

also reduced which is caused by dumping RHA openly and a sustainable environment is created due to lesser emission of
carbon dioxide.
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2 EXPERIMENTAL DETAILS AND RESEARCH METHODOLOGY

2.1 Raw Materials

For research purposes, the raw materials are colleated fearby markets. RH (Figure 1a) are easily available on hay
stocks that spread throughout the Hazara Region. KN (Figure 1b) is available in different qualities in small industrial area
of Mansehra namely, single washed KN and double washed KN. SindledvE®l contains more impurities than double
washed KN, so double washed KN is acquired. This KN is calcined to obtain MK. MK along with RHA is used for making
GP mortar. Since this researishfocused on onpart GP, so sodium silicate is obtained in powfdem from a vendor.

Sand used in this research is obtained from Havelian sand quarry.

2.2 Raw Materials Processing

Rice Husks are first burnt in an uncontrolled environment. It helpethrinking down the mass of RH. But the RHA
obtained from uncontrolleburning is black in colour. The RHA obtained from uncontrolled burning is burnt under
controlled temperatures in muffle furnace at 75€r 3 hours for elimination of carbon. The resudfiRHA is white in

colour. The larger chunks of white KN are first broken into smaller pieces with hammer and then calcined in muffle furnace
at 750 for 6 hours (Figure 2a). The resulting MK is light tmo in color. The RHA (Figure 2b) and MK are then
separately grinded in roller jar mill. Then the grinded materials are passed through ASTM sieve number 200 and stored in
air-tight bags, to prevent the materials from absorbing any moisture from atmosphere.

Figure 2: Raw materials, a. rice husks and b. kaolin
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Figure 2: Raw materials processing, a. kaolin being calcined agdifded RHA

2.3 Mixing, Casting and Testing

After acquiring the desired materials for GP, a mix desigmecessary to prepare the GP mortar. As both MK and RHA
are high water absorbing materials so the water to binderisatsd by hit and trial nthod. Mass batchinig selected as

the suitable batching technique for this research. After that, the mdssrafx is determined for makingpreeGP cubes

in 5.08x5.08x5.0&m mold. Itis found out that a dry mass of 800 graswuffice for preparingig mortar cubes for the
aforementioned mold sizeThe binder to sand ratio is kept constant as 1:1. Tabkpfesents only the 50 percent
constituents of GP mortar, that is, binder only. The rest of 50 percent isRldAdMK, Sodium Silicate and Sarale

added and mixed in dry form with the help of cobalt mixture for 5 minutes on low speed. Theiswpatikled slowly

on the mix while mixture kept rotating. Super plasticiseadded after water and mixture spégdet at high for another

two minutes. A homogenous GP mortigrobtained. Moulds are lubricated with oil and assembled. Then the GP mortar is
added in moulds in three layers with 25 blows on each layer with a pastel. The surfaces of cubes are made even with a
cutter. The moulds are kept aven for 24 hours af0°C. Then the mortar cubes are demolded and kept at ambient
temperature of 19°C for 7,1dnd 28 days till testingThe compressive strength of cubes is tested by universal testing
machine according to ASTM C109. A total of 9 cubespmepared for each GP mortar sample (3 cubes are tested for each
curing age, for example, for determining thelays compressive strength of R10M90, 3 cubes are tested by universal
testing machine and their average is taken). So, for 3 samples a tatabBfraortar cubes are prepared. And for Ordinary
Portland Cement (OPC), 9 cubes are prepared separately.

Table5- Mix design of GP mortar

RHA (% of MK (% of OPC (% of Super-
Water to .
Sample ID massof massof mass of Binder Ratio plasticizer (% of
binder) binder) binder) massof binder)
R10M90 10 90 0 0.5 2
R20M80 20 80 0 0.5 2
R90M10 90 10 0 0.5 2
OPC 0 0 100 0.5 -
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3 RESULTS

The results of compressive strength on different curing age are shown in table 2. For each curing egeetheze tested.

The average of three compressive strengths is calculated and presentaamptkssive strength of that single day. The

table shows vigorous increase of compressive strength till 7 days and then the compressive strength keigs increas
gradually till 28 days. The #8day strength is the maximum of all. The results show that R10M90 imparts greatest
compressive strength of all mixes. However, by increasing the amount of RHA to 20 percent, the compressive strength is
reduced as compatdéo R10M90. If quantity of RHA isnicreased to 90 percent, the compressive strength gets affected
much adversely. It can be seen in the table below that 7, 14 and 28 days compressive strength of R10M90 is 48,53 and 64
percent, respectively, more than tb&tOPC sample. The highest compressstrength is also shown by R10M90 at 28

days, that is 21.05 MPa. The main reason for increase in compressive strength is due to bonds present between Silica of
RHA and Alumina of MK, which represent the propertiegebpolymers.

Table 2 Difference incompressive strength as compared to OPC

Compressive grength at different curing ages (MPa)

Difference in Difference in Difference in Standard
Sample 1D compressive compressive o8 compressive | Deviation (For

P 7 Days | strengthas | 14 Days| strength as strength as three GP

Days
compared to compared to compared to mortar

OPC (%) OPC (%) OPC (%) samples)
R10M90 17.56 48.18 19.26 53.34 21.05 64.45 7.19 (28 days)
R20M80 15.25 28.70 16.86 34.23 17.65 37.89 6.67 (14 days)
R90M10 04.82 -59.32 06.70 -46.65 07.25 -43.35 6.78 (7 days)

OPC 11.85 - 12.56 - 12.80 - -

Table 2 represents the difference of compressive strengths between GP mortars and OPC mortar. It can be noted that twe
GP mortar samples R10M90 and R20M90 have greatangth than OPC mortar at ¥4 and 28 days. While R90M10

GP mortar sample has less strength than that of OPC at all days. The negatiye@id®O0M10 in strength difference

columns represents that this GP mortar has strength less than that of OPC.

4 CONCLUSION

Following conclusions can be drawn from the conducted study:

1 One part geopolymers can be made successfully by incorporating RHA and metakaolin.
1 Maximum compressive strength can be achieved by using 10 percent RHA and 90 percent metakaolartin one p
geopolymers.

1 RHA guantities more than 10 percent results in decrease in compressive strength, when used with metakaolin.

The above outcome is favorable indicating the one part GPs can be synthesized successfully in Pakistan. The next step
should be tanake concrete frorthis one part GP, having higher compressive strength and higher durability. The chemical
activator source should be replaced with the one found in nature.
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Abstract The microscope habeen aversatiletool in the study of cemeitibus
compositessince the development of these materials. The scanning electron
microscope (SEM) is one of the maltvelopmentainstuments available for the
analysis and examination oforphologicalcharacteristics dfibre and its matrixes
This paper givesa brief review of theaccuracyof scanning electron microscopy
methodfor understanding performancefidre reinforcedcomposites andprediction

of behavior of fibrous concrete.dtso focuses othe scope of the scanning electron
microscopy(SEM) methodin the near future iffields fibre reinforced concrete
research workSelectedesearches of SEM usage in FR&e also been digssed.
The electron microscegds used asminvestigatiorinstrumentin understanding the
potential of thevarying behaviorof different fibrous campositesat different
conditions, a investigationmechanismin makingsuitable matrixand a diagnosis
equipment on problems like craékg. The paper alsoinvestigated how
microstructural analysisevealthe expected mechanical behavi

Keywords FRC, Performancef Fibrous Composite§canning Electron Microscgp

1 INTRODUCTION

The use ofSEM studies in recent years has become increasingly popular in concrete studies, similarly this approach
remains important in the study of fibrousneposites for mangivil engineers Theimportanceof the versatilenethod is

further incorporatedas an actron microscopy [1]. An electron microscope equipped with aayXspectrometer for
diffusion energy can entertain very useful interpretationgsalyaing concrete problems with high resolution images such

as alkaliaggregate reactions in aggregates e performance of higperformance concrete cannot be adequately
evaluated without examining the features déifacial miciolevel analysis of lgh-performance concrete, as seen under
SEM [3]. As the use of electronic microscopy is becoming more exertisere is a chance that the process will be widely
used and understood [4]. This understanding of the underlying mechanism, the opportpniiedds for understanding

the behavior of fibrous composites and analyzing integrated fiber problenstrigad for aecommendedpportuniy in
experimental programshereintensive studiesan make goodutput fromSEM.

Microscale surface morphologyalysis of the tested FRC samples can be easily revealed by SEM observations. To have
reliable informatiorabout the mimstructurea large number of images were collected and analyzed for various microscale
studies using a scanning microscope of mixbdofis concrete containing fly ash and bottom ash [5]. It was concluded
from the SEM experiment that whenximg the concrete, this light,-&-H gel, covered the top surface of the concrete.
This confirms that the G-H gel acts as a major handle on thearete core to achieve the required strengttich is in
consistent with the results in previous studjék The morphological analysis such as interfacial bonding, dilation of the
matix, fibre pulling or fracture between thi#ore and matrix in treated and pretreated condition was studies in the
composites are examined and anatyzsing SEM analysig7]. The investigation of thermadroperties hybrid fibrous
composites and its effects of chemical treatment was found using Thermogravimetric analysis (TGA), Dynamic
Mechanical Analysis (DMA and differential scanning calorimetry (DSC) and the correlation of change in fibre
morphology wawverified by SEM analysif8].

In early 80s, SEM imaganalysis was used to study the surface morphotogl/fracture pattern during cracking. The
separation of cracks, branching atid debondingof interface provide energyabsorbing capacity of thsteel fibre
composite. TIs energy absorption was verified as additional effect to fibre pulPpUBEM analysis of broken specimens

of shear and compression shows a considedifference in thdibre-cement transition. For vaged fibrous composites,

the transition zone arod thefibres was open and having gaps and microcracks, and this was accompanied by a greater
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fibre pull out in contrast tdibre exposed to natural aging@narbonation[10]. SEM aralysis of Chemically Treated and
untreated coifibre micromorphology have shown different characteristics i.e. the former has partially split unit cells due
to removal of wax and larger pits and the latter have uniform unit cell and shallow cavities liymnt and fatty
substances. and mechanical results are verified by the evidence of SEM obserjdfjofsrbon nandibre and nano
materials significantly increase the mechanical peréoroe of conrete [12] observation of cracked surface in gléibse
reinforced cement revealed the effect of aging on the pull diltreffrom the matric during fraares. The images obtained
showed how the surface were modified and increased pull dilirefrom the matrix[13] The plain-strain fracture test

was conductedby applying load onthe composite specimean the yaxisin the direction of loadingnd causing the
propagation of the crack and tB¥ plane Carbon fibers are likely to be attacked along the beadmgidirectionbecause

of its behavioral characteristicEherefore, in perpendicular samples, the associated fibers may not contnitwitéonthe
stiffness. Because of this, the intezad contributed negligently to the cracking conditions. In contrast, where the beads
are aligned with the fracture plane angidaontributed to the fracture elasticity. The fibers within the conventieedap

size should provide surface resistance So, a large amount afeffigancend uneven topography are expected from the
surface of the perpendicular beam fracturethéncase of 45 oblique samples, both cracks contributed equally to the crack
processduring load applicatiorfil4]. SEM analysis is crudian fibre reinforced composites and to the best of author
knowledge no research is done on revealing FRC behavior using SEM method. A systematic literature review of SEM
analyss on durability of natural, synthetic and steel fibre will be helpful in h@ieation of the fibres.

2 SCANNING ELECTRON MICROSCOPY

The SEM is constructed of high-resolution image with aelectron optical strand that produces and concentrates the
eledron beam above the visible surface. An evenly sized plate eliminates thg ehtitg electrons that strike through a

series of certain scattering events. In cement and concrete attachments this volume®anidsers in depth and width

[15]. Scannindow-power electron from the upper parts of thember are reflected on thefsige layer of the specimen

The complex comes from the applied industry and is a subtle signal that can be detected such as baclsetectdang,
electrons and Xays. Theunchanged electrarhave high potential as they are dispersed in the procgdls ded are
measured by detectors and converted into high resolution images. Comparison of concentrated electronics is very efficient
in detecting basic differences, often interéal that is distorted, and topographical distortion can still be seen if the
difference in the standard range is large [1]. The basic comparisons, in the casgotied, are equal to the atomic

number of substituted elements depending on theirvelaghavior16].

2.1 Sample preparation

Optimizing the SEM view set in a separated and soft spot is easy by comparison. f&sbeginning of 2 hours can be
optimized for SEM observation [17]. High restitun images withoupolishingallow the examination and identification

of crystals in cracked, aggregated surfaces that can be composed of polished plates [18]. Backsezttiendchabes in

the molded area were particularly sensitive to unwanted chamgige sample in preparation. The sample structure can be
stabilized by adding a low viscosity epoxy due to the Vacuum installation method, which is why the unwanted change ca
be reduced [19]. Some investigators consider that the invisible and openinsirés of both scattered electrons and
scatteredbackelectrons give sufficient results when compared to embedded and polished epoxy samples [20]). For the
preparation of bdét compacted and molded samples for SEM testing includingeptesuspensionhis procedure may

alter the microlevel coating surface and resinltsmaller cracks

2.2 Image analysis

Backscattered electron Images make provision of examining the specifibegraf/different phases at microlevel analysis
directly. The characteristia hitting of electrons scattered from a specimen locality on the sample surface solely depends
on the structure and atomic/compound number of the material at that positi@s. éstablished to possibly categorized

four stages: grains of dmydrated cenmat takes shape as bright, pores black, other hydrated compounds darker grey and
calcium hydroxide light grey19]. The Ba&scattered electron Images examination process is developing and is mostly
usedtogether with other imaging investigation tools. SEM method has made elaboration to the systematic analysis of the
different stages in cement composites with expanding reén&nf21l]. Voids in fibrous cement composites can be
distinguished, with the help of higlesolution images in software analysis, witeect to absorption and porosity, grain
sizes, distribution and their inter connectivis]. Now, thee is important progress on the hardware side, particularly in
the environmental scanning electron microscope. Optimistichll/wtill mitigate the issues related to damages in sample
during electron microscopy observatid28].

2.3 Usage of SEM

SEM have been used by many researchethénfield of concrete and cement composites, the detailed literature of the
various applications is given below.
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a. The aggregatefste interface

The twedimensional system of adhesion and bonding to concrete can be better understooddisuctierestudiesusing

SEM. The model for the relationship of psity and tensile strength was also considered as a system for both coating and
bonded surfaces [6]. The delicate center of the joint and the adhesive shown by its magnitude, have been considered as ¢
weak oncrete phase for some time. This is a sensitive, compbonded, repeatable &H film [23]). The SEM studies

of this crucial bondingin concrete are eéyg undersood using high resolution imagebhe space between the adhesive
particles in the concrets almost up tol00 microns, while the average compaction area and the adhesive are about 50
microns. A thorough examination dfiis guide and how it can be modified or installed has greatly assisted in the
construction of the concrete for the strengtt dasirable propertiefs].

b. Effects of various Admixtures on the microstrucamd properties

The installation of various admixturbas alwayplayedcritical role in the manufacting of desirable concretthese days

to enhancaéts efficiency, strength, durability, decrease in dampaeskscrackingUpgraded and new admixtures atil

required for desirable properties. Mineralogical admixtures such as fly ash and silica fume, are widely used in advanced
and local concrete. The small effects of the admixtures structure cannot be ignored in different studies [16]. The

incorporationof various mineral admixtures alters the properties of the surfaces through immersion pores and grains [24]

.A convincing conalsion was drawn from research on the related effect of silica fume on concrete and adhesive, the

supplement did not improve tlaelhesion strength, but the synthetic concrete was stronger than the aftigsive

c. Many sitegpractice

Higherelevatedemperatures due to cement delivery, materials use, different handling or concrete than curing and concrete
vibration technigues have an impact on concrete properties. [25] Redon and jean used SEM and other analyzes to determine
the effect of the therapeutic regime on the concrete microstructure. It was confirmed theapnent of the joints with
cementlubricantor sliding off of the fume reduced the absorption and durability of the adhesive and adhesive linings.
Many studies ave shown the improvement of thaste/aggregawurface by preeatment of concrete constituent.

2.4 Concrete durability

Variousinvestigatos have studied the contribution and effects of other factors on the performance and durability of
concrete, through & testing. This includes cracking results similar to those found in concretsted@htreatment [26].
Tightering the bonding and its stingth at paste/aggregate zoning, and the importance of pastaffjregate interface
instead of paste and coarse ia@g@Rte27].

2.5 Output of SEM

SEM is important for developing odearningof theinner prgertiesof concrete. @menthydratel products are not only
complex but alsdhave structuralimportance[26]. Structurally, the paste contains crystalline, quasiphous and
amorphous phases. In terms of particle size, the ratio is about the size obmetec. The particle assembly to form an
adhesive micostorganist, on a migrmrphological scale, it the tens or hundreds of micrometers. SEM has good
solutions to these calculations and has been widely used in systematic studies. There was ag inteeasti in concrete
research in the 1970s. Cement concrete studies under SEM revealed "intethalt"pfcement hydration by the
incorporation of water molecules into a waterproof concrete), and "external product” (made from finishing and burning
without concretj28].

3 SCANNING ELECTRON MICROSCOPY IN FRC

Themultidirectionaldividedandobliquecracks werénitially studiedin Steelffibre reinforced cement in SElbservation

The acetone and trichloethane fibers of a smooth and clean surface were inspected under SEM chamber prior to loading
[9]. The cracking pattern was also observed after the loading of the prefenaddveof the reaction coupled with the
extreme adhesion of the cement paste to solid and solid steel. Internal recognition of the interface at thué thattom
frame indicates that the fracture mechanism in the matrix around the fiber is catastrapimenany cases, characterized

by branches, sometimes terminated by the formation of small microcracks around theotergéhe effects of the
chemicaltreatmenbn surface polypropylene fibers (PP&)dthe relative strength of PPF reinforced concreteehbeen
investigatedy N. loavat et al. There were three treatment groups in this study, all containing polypropylene fibers, and a
control group. Theifst and second treatments were performed by adding PPF to a solution of mild aleic acid and an
alkaline solution of the B group respectively. Some failed samples were randomly selected and examined using the
Scanning Electron Microscopy (SEM) method.sTtvas used to investigate the characteristics of the optical interface
between the concrete tray ahe fiber surface. The polypropylene fibers failed to be deposited and gold was synthesized
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prior to SEM examination. Acid carbon atoms are attachedetsurface of the PPF, forming an incomplete bond. This
will render the earth inactive and in the swumding matrix of the cement and consequently allow crystalline growth of
hydraedmaterialsn the form of GrbonHydrogencrystals on théibre surface29].

The effect of microstructures and the interfacecementitiougmaterials madavith steel slag were studied by yue et al.
cottonbased resin and cottdarmaldehyde resin were added with iron slag and cement at 2:; 3: 5. The stileriytitity
anddurablity was assessed after being immersed in a mixing water for 24 hourssbtipiccomposition of the hydration
products was observed with SEM. The analyzed images show that the insoluble fiber surface was smooth and the
formaldehydecoatedsurfacewas wdl integrated with a gel that sealed the gaps in the matrix, tlelhanéalstrength
increased by 18%, and the water resistance significantly improved, that is well in line with the physical characteristics of
the microstructuresand the study resudt showthat urea formaldehyde resin and fiber treated have good adhesion
propertief30]. Attempts were made by [31] geng and leon to connect the extractingpénerébm the maix to the
microstructure of thematerialand the matrixinterface. The mimstructural characteristics of fiber (steel, nylon and
polypropylene) matrix interfacevere examined during the fibpull outanddebondingorocess. Because tfiber output

was found to be weak for subsequent compressidrplevelstudies were performed on the frictional frames and lateral
compression. SEM and enerdispersive Xray (EDX) analysis was performed in four different phases: (a) before
debonding (b) immediately after deonding (c) smaller sliding distangend (d) the greatatiding distancelt was found

that the molding areaas placed under tension, while gteelsurface was placed under plasteformation As discussed

in the SEM study, Wwen aplying lateral pressure to thenortar during pullout of fiber, the effect of abrasion has been
much greater on th&teelfibers

Lu Shang et al [32] studied glass fiber reinforced cementpositefGFRCC) with Portland cement and high fly ash
content asa matrix. AR glass fiber 12 mm long with 2% volume content was used as reinforcement. The effect of ash
content, treatment duration, and accektatgingpn GFRCC were investigated. The addition of fly ash reduced the initial
capacityin term of ealy strengthof the GFRCC. The higher the fly ash content, the greateethestion in strengtfrom

7 to 28 days, flenral strength improved again, and continued to increase after 28Adagsy poorly damaged AR glass

fiber in the Portland cement matrwthout being filled with ash after 1 day of rapid acceleration in 80xa€ observed

using SEM Glass fibers from a matrix containing 60% ash sbdmore smooth ARjlassafter 1 day of rapid aging. D.A.

Silva [33] investigatd the durability of reusabIBPET fibers with the materidlaving properties ashown in Table No.,1

that were embedded Portland cement materials. Two separate testinthodswvere approved tstudythe degradation

of fibers in cementatrix. For the fist time, the fragments weobservedy infrared spectroscopy and scanning electron
microscopy (SEM) after their exposure to solutiohalkaline substancén the second process, a filreinforcedmortar

model was created and tested to find other méchbproperties. Fibers ammersed in Ca (OH) saturated solution with

a Lawrence solution for 150 days at 5, 25, and 50 C and then performed microscopy, revealing details on the materials
used to produce the mud. Mud samples were molded and storedeinvliter fortwo weeksprior to the laboratory
description and at 42, 104, and 164 days of age, mortar indicators were evaluated for compressiwil@sttength.

The thicknesses of theatrix fragments obtained from tlsplit tensile testvereobservedy scanning electron micsoopy

(SEM), in order to detect any evidencedeformation in the cemepfaste the resultsverein line with previous findings

on cement materials that uskedv volumePET fiber in cemenitious compositesFigure 1 shows the iriographinside

the mix after 164 days. As can be seen, the surface of the fibers appears to be very hard, indicating that the fibers are
attacked by something from the cement paste matrix. SEM micrographs allowéttetipeetationsof the rate of
degradéon of fibers within the rembranes after 164 days. All the analyzed fibers showed some apparent corrosion. In
some regions, complete destruction of the piesfeBber may occur.The adaptive performance of cement mixtures
involving low frequencycold plasma treategholypropylene PP) was investigated in this studiyhe Potential physical
changesn surfacelayersof the fiber were detected by scanning electron microscope (SEM) on micrometer Hoales
experimental results have shown that normal plasesment conditions lead improvemenbf toughness of PP fibres

in the compositeszrom the SEMbbservationand measurements wettability, it was argued that the main mechanism

for improving performance was the result of an increase in adhesiondmetive PP and the matrix[34]. A. A.
Ramezanianpouet all studied the effect of polypropylene fibers on permeability in condltar penetration, ultrasonic,

and sorptivity tests were performed in order to signify the effects of PPF on durability. The stuidyosfroctures and
interfadal transition zone reveal that PPF can possible minimize permeability and porosity by pore blocking [35]

36



2nd Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)
Department of Civil Engineering
\F/ Capital Universiy of Science and Technology, Islamabad Pakistan

(a) (b)

fp0t Nagn Dl WD b——
5O 1000x SE 108 Luw- 5D

Figure 3. Micrographs showing the aspect of the PET fibres after 150 days of immersion in Ca(OH)2 solution at (a2%C, byl
(c) 50C, and irLawrence solution at (d) 5C, (e) 25C, and (f) 53].

F. Elgabas et alexperimentdy studed that the physical, mechanical, and durability characteristics of basalt fiber
reinforcedpolymer (BFRP) barsThree types of BFRP bars were investigaad Analyzedresultspostulatecthat the

BFRP bas were ofkatisfactoryperformanceind @nbe classified in the sangeneral clasas grade Il and gradd GFRP
(according tanodulus of elaticity). The results confirm that the basalt fibers and resins used in this study were not affected
by this condiion. The deterioration of the strength seen in the BFRP bars was included in tledthgr which confirmed

the poor bond between the mesind basalt fibers, as confirmed by SE34].

Table Nol. Characteristics of PEfibreg33]

Physical properties Melting (C) 252.8

determined by DSC Crystallization (C) 95

Mechanical properties Strength (MPa) 323.5
Elongation (%) 70.7
Yield stress (MPa) 196
Elongation (%) 7.18
E (MPa) 41.0
Toughness (MPa) 17279.0

Analysis of themorphological features before and afsplitting tensile teswas studied using scanning electron
microscopy (SEM) technique to follow tHailure examinationin carbonfibre reinforced polymer(CFRP) and epoxy
resins.SEM Micrograph analysis of the CFRBate prior to thesplit test shows the presence of somanufacturing
complexity and faults which canalter the properties of the matesaMicrograph analysis after rigorous examination

shows that the propagation of the crack begins iretimes nearest to productidefects, which results in thmuillout of

carbon fiber rather than fracture. Thus, cracks propagate through the contaasstivéacaffect the strength of the
interaction between the matrix and the carbon fiber. For epoxy materials, microscopy experiments show that even though
epoxies adhere to phase separation prior to complex experiments, the failure zone is definedraguiae garticles

attached to the matrix, and the material fails aggressively when the force exceeds these bonds. The mechanism of failure
of each element related to mechanical properties and the behavioral characteristicsatrix was understood IBEM
observatior{37]. The cross section betwe&RP and substrate is reported to be the weakest link to other FRP reinforced
systems, such as FR#®ncrete and FRP steel system. Compared to thecBRétete and FRBtee| these findings
confirmed that the wood substrate is a more sensitive surfacththamterface of the FRP wood system. The wadjdcent

of the composite material deteriorated faster than the existing connection with heat exposure. Such information can
advance understanding of the fire behavior of FRP and wood, and provide the tamlsiofiéber design, attachments or
materials for combating firewood with better fire resistg®8k M. Usman investigated the effect of natural weatiy

on prestressed concrete girder made with steel fibre reinforced concrete and polypropylene fibre reinforced concrete. The
specimens were exposed to natural environment for 36 months. The durability properties were investigated, and SEM
analysis was@he. SEM microgram of steel fibres in confined environment are shown in figure 2(a), since the fibre were
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not exposed to natural environment and thus fibre are in normal condition and has no effect of rusting-rélselhigin

SEM micrograph of the filmus concrete exposed to natural environmental conditions are shown in figure 2(a) and figure
2(b). The effect of natural weather was examined in the area around the steel fibre (SF) and it was concluded that steel
fibre were rusted and concrete was in na@roondition. The more highesolution image in figure 2(c) verified that steel

fibre corroded due to rusting and this was happened due exposure to atmospheric ¢88flition

SEM HV: 20.0 kV

| | VEGA3 TESCAN
SEM MAG: 267 x

|
SEM MAG: 111 x Det: SE 500 ym Performance in nanospace

(@) ()

SRS O SEM HV: 15.0 kV WD: 23.00 mm

SEM MAG: 45 x Det: BSE

Figure4. (a): Steel fibre embedded in concrete in confined condition, (b) and (c):fiBteeéh concrete exposed to natural weather
conditions [39]

V. afroughsabet et al investigatprbperties of hybridiber-reinforced concrete (HyFRC) constituteith expansivelype

K cementand addition offiber volume fraction of 1%Themicrostructurabnd mebanicalproperties okteel double hook

end (DHE), steel hook end (HE) and polyvinyl alcohol (PVA) fibrous composites were studied. The addition of type K
cement improved volume stability at drying condition and enhanced pull out resistancd fibstd®s 26%. The SEM
micrograph of fiber embedded in paste as shown in figure 3 were investigated. As shown in figure 3(a) on a fracture surface
of matrix having 0.5% PVA fibres. A half embedded PVA fibre in matrix (solid square in red) and the otloétheafibre

(red dashed square) shows large deformation, possibly this could be a fracture too. This indicated that a very well embedde
PVA fibre in the mix increased resistance against cracking. In figure 3(b) a very tight bond between mix anasfibre w
obseved and the mix was still tightly attached to steel fiber even after fracture. The SEM observation therefore confirmed

X S steel fiber
Figure5. Microséale morphology ofa): HE0.5 + PVAO.5 paste and (b PHEO.5 + HEO.3 + PVAO.2 paste after 28y curing.
6FDOH EDUV DUH P 5HG VTXDUHY DQG FLUFOHV LQGLHDWH GHWDLOV RI

4 L ESSONSLEARNED

Form the relevanliterature review it igpostulated thatibre reinforced composites enhance flexural performance, split
tensile strength, toughness, ductility, microcracks resistance, corrosion resistance and reduces early age cracks. Bridging
of thefibre in the matrk enhances strength anddiility. Pull out offibre can be decrease by certain chemical treatment

of fibre and surface treatment as it makes the surface rough due to removal of wax. Afialgz@atrix interface have
elaborated different morphology afugh and serrated surfaaed its possible output in the fibrous composi@antinuous

phase and a granular phase elaborated through BSE, verified the distribfibogsoh the fibrous matrixzibrecontinuity

andfibre alignment can alter the perfoamce in cracking pattermore finding can conclude its effecfgre volume
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fraction and resin volume fraction can be easily found through the study efdsiglution images and its outcome can be
postulated with detailed studies of the matrix in déferphases

5 CONCLUSION
Following conclusions were made after extensive literature review:

1 SEM analysis supported the investigations of effeddisfribution offibres, its continuity andfibre alignment
on mechanical properties.
Surfacetreatment of the fibre make it rough amdan decrease the pull out of fibre from the matrix.
SEM analysis can verify the bond between fibre surfaces and matrix and hence porosity and absorption of the
fibre reinforced composites
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BONDFNATURALBEMRMS TBURROUNDI NG
CEMENTI TIMAOURI-ARREVI EW

aKaynat Arooj
a: Right Construction, Gujrat, Pakistdtaynatarooj947@yahoo.com

AbstractThe need for sustainable material fromeeable resources in the field of
construction has become necessary due to large consumption of resources.Fibers
obtained from plants are renewable.This literature study analyzes specifically; fiber
used in variougesearch, processing techniques, meclarpcoperties and their
bonding mechanism in cement composites.Factors affecting the properties of
concrete such as fiber types,fiber characteristics are also studied.It also presents the
resultsobtainedrom pull-out tests conducted on embedded natiivak$ in concrete
mix.The purpose of this research is to investigate the effect of different treatment at
the surfaces of natural fibers including their bonding in cement matrix. Four different
treatments have beawonsidered for this specific review. Tieegseatment includes

hybrid treatment using combination of horrification and polymer pigmentation,
polymer pigmentation alone, horrification alone and alkali treatment using calcium
hydroxide. A significant portiomf this review is based on future treng$ated to

the utilization of natural plant based fibers acting as curing agents and also as bond
capacity improving material in cement composites.

Keywords Bond strength, Natural fibers, Cementitious matrix.

1 INTRODUCTION

Construction industry is known #gemostdynamic sectorthroughoutheworld.ltcoversabou28% and 7% oémployment

both inskilledandunskilledareas, respectively. At the same time, construction sector is responsible for major depletion of
large number of resources. The utilizatiohrenewable resources in construction industry as a building material will
facilitate to attain stable utilization pattern of resources. Concrete is the most used materialsin construction woeks becaus
of its rdiable compressive strength properties.f@iént fiber cement products are being produced which replaces mineral

fiber by other fibers, i.e. PVA and polypropylene [1]. This shows a great change in field of construction to use plant based
fiber cement mat&al with properties same as synthetic fiband are also cost effective as well asfeiemdly. Therefore,

adding natural fibers in cement composites can be a better approach to attain sustainable construction. This study covers
utilization of natural ibers in building material by reviewing faglated publications.

Natural fibers consist of cellular structure. With various composition of cellulose -detiosesas well as lignin
comprise of various layers.Cellulose and heglluloses are polymermade glucose units and various pebcchaxes,
respectively. In case of lignin, it contains a mixture of heterogeneous and amorphous of aromatic polymers and also phenyl
propane [2]. Fibers with difference in properties shows different behavior toweardsit mix. Natural fibers show higher

value of tensile strength and lower value of elasticity modulus; this shows a better performance when compared with
synthetic fibers. One specific and significant draw backs of using natural fibers is their vanigtiopérties due to which

they show unpredtable variation in concrete properties [3, 4]. Performance of concrete can be enhanced by treating
natural fibers using various methods and chemicals.

Cement composites along with aligned fibers shows tefigodening behavior[5]. Researchers have usat/medels
to predict the pulbut behavior of fiber based reinforced concrete. Naaman et al. proposed a method witiresgd
slip relation of intefiace for fibers with smooth surfaces [6].

Naaman and Najm stated that fibmatrix bond is influenced byour factors, (i) physical adhesion and chemical
adhesior(ji) mechanical component in bond, (iii) fiber interlocking, and (iv) friction [7]. Peled et al. studied that the
friction stress fodifferent matrices through putlut behavior of natural fibersegending upon their mixture found to be
2.76MPA to 4.96MPA[8,9]. This can help to predict the bond shear stress versus slip curve, keeping in mind that method
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of back calculations can be apgliin estimation of parameter by pallit versus slip [10]. Naaaan 6 s pr esent ed
of analyzing result of pubut test, to verify bond properties in different fibers.

Therefore, due to demand of natural fibers for both structural andtnactural aplication in the field of civil engineering
needs to be explordaly latest use of technology like SEM,TGA. There is need to explore bond strength and pull out
behaviour by the use of latesthnology.

2 SURFACESOF NATURAL FIBERS

2.1 Surfaces of natural fiberf®r betterbond.

The fiber amendment can be done based on tmmes:1)physical treatments to improve their properties; 2) chemically
treated fibers to increase interfacial bonding in fitmaxtrix 3) both physical and chemical treatments of preserved go
fibers.Physical treatments on the surfaces of natural filbeiseachange in their properties and also in structure.This change

in properties and structures of natural fibers ( NF) effect their bond with composites. However, tagatadibers with
compatiblechemicaldeadsto changen their properties angtructure. Alkalinetreatmentsffectfiber surfacen two ways:1)

Increase in surface roughness, 2) Increase in number of cellulose exposed at fiber surface causing better interlocking
between fiber cement matrixes. For composites with good physical asasvetiechanical properties, increase in
hydrophobic nature ofatural fiber is the best solution ,which will improve the boratrix.

2.2 Bond strengthiechniques.

Micro-mechanical testing (pufiut, micrebond, disintegration, hornification) are of significamhportancefor
describing bond relation between fiber and matrix in cement composites.The processes that occur at the interface, one
of the best techniques fee direct examination of interfacial failures through migrechanical failures. It helps to
deermine the time when cracks start occurring and also to check the already calculated values with actual process.
Thus, interfacial debonding process can béfdr from other processes. The method involving the direct observation

of cracks beginning arspreading was developed and used in last few years, which caused significant improvement in
data handling of micromechanidabts.

Load cell

PIC support

C.

Figure 1: PuHout testing setup: (a) Testing machine, (b)ull testingsetup (c) detailsttetch of pulout testing
setup [11]

2.3 Bond strengthinvestigation.

In spite of all advantages of natural fibers, there are also some draw backs of esing/ftiich limited their application
with cement composites in construction industry.The ifgeial bondamong natural fibers and thatadment composites
is comparatively weak [19].

2.4 Bondstrength.

Natural fibers treated with different techniques and chemical leads to an improvement in thait pesting behavior.

Fibers behave as bridge agenttoeceat e 0 bri dging effecto in fiber matrix t
natural fikers in concrete mix cause slip hardening during the process eduiutsting. Fibers after horrification when
treated with polymers, increase bond adbresihat cause fiber fracture which is helpful for studying embedment lengths.
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The difference in emddment length can lead to variation in palit mechanism. It can be noticed from the previously
conducted studies that all treatments on NF results inovimg their properties like, stiffness, adhesion and frictional
bonding.

3 BONDING BEHAVIOR OF FRC AND ITS APPLICATIONS

Natural fibers obtained from raw materials of plants and vegetables are characterized by their compotsidintioe

But they offer geat performance towards mechanical properties through tensile strength, which is commonly &igher th
the value of 200MPA [143]. Studies conducted on use of natural fibers shows their better properties and structure as
compared to artificial and synthefibers. These studies describe that structure and properties of these fibers are somehow
similar to those available in industry. While, to promote the use of natural fibers in construction industry as building
material studies should be conducted on raa@m of bonding between natural fibers and cement composites.

The figure2 shown below gives a tiled review of natural fiber. Micrstructure of a NF consists of many fiber cells,
joined together with many small lamellas. These lamellas containdeionibses and ligninas well. Every single fiber
cell in natural fiber micrestructure consists déirther four major parts, which is primary wall of fiber cell, secondary wall
with certain thickness, tertiary wall of fiber cell and lumen. Natural fibersldiferent due to factor, like;number and area
of lumens, quantity and size of these figetlswalls of secondary cell with thickness and the csExgion, but they show
same morphology.

= Lumen

100 pm 10 pm
Figure 2: Microstructure of a natural fiber[14]

The factors sut as lumen, fiber cells and secondary walls are reviewed for this specific study and few afg¢hese
presented(of specific fibers) in Table 1.. Example of fiber that consists of higher and lower lumen area are sisal,
curaua and jute fiber. A single sidader is made up of approximately 141 fiber cells with high lumen area value
(about 5801 pn). while, Curaua fiber contain high amount of fiber cells (about 305) and lowest lumen area (about
361 un?) with diameter of (about 0.81 um ).In case of jute fifiieis made of lowest quantity of fibeells (about

26), with lumen area of about 1000 fi20, 22, 18]. It is a verification of the presence of hydrogen bridges
hypothesis. Literature shows that the presence of hydroxyl groagllulose, hemcelluloses and in lignin develop

a great number of the hydrogen bonding among maniecules found inthe fiber cell of walls.

Breakage of hydrogen bonds takes place because of humidity, which are again developed by hydroxyl group when
come in contact with watemhis process of breaking down and again developing bond provoke swelling, as shown
with a sketch in Fig. 3. Breaking down these bonds requires a high amount of @mergymber of cycles applied

on fiber increase hydrogen td, cause structural variati in walls of fiber and also increase the amount of AOH
bonds. Increase in this specific group cause an increase in hydrophobicity of lignin. The carboxyl groupswhen
connect with new hydrogen bonds comes up with an incredigmim macromolecule netwki{16].

43



2nd Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)
Department of Civil Engineering

—

Swelling H Cell wall

Cellwall = H

nH,0 |

L H H

ol w&

Swelling H Cell wall

Figure 3: Schematic diagram showing swelling mechanism in wall of affecting bonding [15]

The process develops an improved bond among lignin, cellulose and hemicelluloses, giving stronger material, excellent
stiffness ad good strain capacity. Literature also shows that the presence of covalent bond bgmeemd that of
hemticelluloses is same as present in inhabitant wood [17]. These lignins are covalently bound to hemicelluloses and these
are bound to the celluleswith broad hydrogenbonds.

Table 1: Naneclay platelets with respective physical prdjes [21]

Color Off-white

Density value(g/cm3) 1.99

d-Spacingvalue (001)(nm) 1.89
Aspect ratio value 220-1000

Surfacearea value(m2/g) 751

Size of Mean patrticle(ljn 6.1

Natural fiber starts absorbing a major amount of water after some specific time. Under normal conditions natural fibers
have capacity to absorb approximately 200% of theirrespective weight [18].

The presence of hermselluloses,cellulose and lignin plart fibers are responsible for absorbing high amount of moisture.
Ligno celluloses fiber keeps on absorbing moisture until it gets saturated with water. This water covers the available spaces
present between fibrils. Thus moisture absorption capechigirg reduced by various treatments. It can be noticed from
literature that hornified technique cause reduction in moisture content by 15%, while, alkali treated, polymer treated and
hybrid treated fibers reduce moisture content by 17.5%, 25% and 80étdemgly.

Decrease in capacity of water absorption can be related with minor losses afefietoses and that of lignin, shown as

TG analysis and the changes occur between chemical bonds making fibers further hydrophilic. In hornified téatment
fiber, moisture absorption capacity decreases after many cycles of wetting and drying . This process of wetting and drying
increase the packing of fiber cells, while decreasing lumen. This result in minimizing moisture absorption capacity of
fibers. Fao alkali treatment method, the mechanism is related to the removal of the lignin and that -otdleruses,

because of which it absorbs high quantity of water. Using polymer promotes for a coating layer, which specifically
decreases its capacity to alisaater In combination with hornification technique, it seems to be an effective method for
high hydrephobicity performance. It is believed that polymers penetrate in fiber cells ,this reduce the moisture absorption
capacity of fibers.
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4 DISCUSSION

The we of natral fibers as building material in cement matrix has gained so much importance because of its ability to
enhance weaknesses in mortars. Fibers present in concrete mix develop bridging effect along the cracks, which reduce
cracking propagation. Enefore,natural fiber reinforced cement concrete (NFRCC) are referred because of their high
tensile, flexural strength also due their ductile behavior and ductility resulted from cracks reduction. The factorsgontroll

the postcracking behavior in fitrereinforced cement concrete(FRCC)may effect the design criteria for FRCC members.
The factors that control the post cracking behavior includes; fiber proportion, fiber structure, their distribution mmd posit

in cement matrix, their properties and thehiemicalbond withmatrix.

Micro-mechanical single fiber test can provide significant information related to strength efbiitdrbonding through

the direct observation of cracks at their intiation and propagation. Thdawtal factors such as, interfacglear strength

(IFSS) and that of critical energy provide more reliable data than other conventional values. The values thus calculated
had three independent mienoechanical methods. The applied load to observe the distribution of shear stress
experimenally along the intdace of the produced cracks length shows the single shear lag produced due to applied load
being function of internal failure. The stress and endxaged local failure criteria in similar way characterize the
variations of interfaciabond quality uponiber sizing for all systems investigated. By varying the size of natural fibers
changes in IFSS are observed rather than aramid fibers because of various internal failure modes. The strength of natural
fibers and those macro compositeshvsized as well @aunsized natural fibers correlates very well with bond strength
investingated with the help of micrmechanical testing such as pailt testing etc. shown Figure3 below.

Fo

embedded
length

I NOUNNINRNININNN RN RN Tt
R ITN

Figure 3: Schematic diagram showing palit behavior [23]

By increasing surface roughness, significant amendments can be done by above mention treatment as it results in
disruption of hydrogen bonds in present network structure. It may develop a btwadke hydroxyl bond because
of change in molecular hydrogenring.

5 CONCLUSION
Presentesearchwork presentsllr e s e ar ¢ h e s fecenpasidyeacs regaiding use of natural fiberementbased
composites, depending upon thpreparation techniques, properties, their methods to improve bonding betiveen fi
matrix and proportions. Keeping in mind all the facts, following conclusions carade:
1 Increase in embedment length cause an increase hoytuibrce, however, no pgress occurs in shear strength
of bond after increase in embedded length fidmm-40mm.
1 The hornification method of treatment seems to be the simplest solution to enhance mechanical properties as well

asbondto cementsystem.Thesepropertiescanalsobe improvedduringthe procesf wettinganddrying.
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1 Properties of NF depend dmeiir origin, structures,their age and also on their experimental condition (i.e. diameter
of fiber, length of gauge, temperature). These properties can be improved by refioyalrities present on the
surface of natural fibers which reduce water absmmmnd enhance properties related to filmeatrix.
1 Removing impurities from the surface of the NF can facilitate the mechanicalaokémg also bond reaction
that occur because of hydroxyl grougyéss disclosure i
1 The bond between fiber composites and that of concrete mix can be strengthened by adding a calculated
proportion of fine sand into water epoggating.
1 In case of polymer treatment, high fib@atrix bond can be achieved with better frictional mechanisirsbn
hardening.
1 Boiled fibers with thickness ranging from 0-BB5mm show more tensile strength than those with thin surfaces
dried and treated witbhemicals.
1 Change in embedment length can affect the bond strength of fiber and matrix. It has tsieehipleelded length
value of30mm.

The results obtained from conducted research will pave path for detailed study and understanding of mechanical behavior
of natural fibers in cement matrix. Above all, the study will look for structural application of MigRabers through their
mode of response.
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Abstract The appropriateand proficient management of different types of fibrous
materials is one of the major concerns by the agricultural countries. The plenty of
natural as well as synthetic fibres from the last few decades are used bghesea

for differentcivil engineering applicationg he properties of fibres differ from each
other depending upon their growing condition, harvesting and extraction method.
The different fibre reinforced concrete are similar as of their texture appabentl
differs structuralf. Microscopic examination plays a vital role in identification of
mineral compositionThe microscopic study to explore miestructure of fibre
reinforced composite@RC) need to be done. A variety of methods are available
for studying the matrial chaacterization at micrdevel. This paper preliminary
focuses a the characterization and efficiency of fibre reinforced compasitesgh
X-ray diffraction (XRD) testXRD test is widely used to determine the cellulose and
lignin composition XRD test ismost suitable for identification of crystallographic
structure providing the crystallinity indees well Similarly, Compositiorof lignin,
cellulose and can be detected by use of XRD analyhis.detailed discussion on
structural characterization is mad

Keywords X-ray diffraction,Fibre Reinforced Concrete, Material Characterization.

1 INTRODUCTION

The innovation of Xrays in 18% by Wilhelm Conradpermitted the new applications possible in all major disciplines of
engineering as well as scientific magithe use of Xays more beneficiaRoentgen, 1895)1]. The objective of this
work focuses on the efficiency of XRD test faradyzing the material characterization at mi@eel as shown in Figure

1. In particular, LaueKnipping and Friedrich initiated the study of crystals byays and opened new possibilities to
study the crystalline materials by using theay diffractionto explore materiatharacterization (Friedrich et al., 1913)
[2]. Theadvancement in technolawgil phase promoted use ofrays like Xray radiography, Xay computer tomography,
X-ray fluorescence spectroscopy §4¢.The advance technologies are usgdlifferent composites studyhe application

of XRD method on crystals is a precise study mystalline phase structure in a characteristic mannehéyability of
crystals to diffract Xrays [5}]

To datehaving environment friendly materialsase of the current trends in th@nstructionindustrywith the help of
effectively utilization of ntural fibres as an alternative of marade or synthetic fibres in concrgée8]. Fiber reinforced
concrete (FRCjor the use of structural applicatiohas povenitself to be acomparablematerialdue to its improved
mechanical propertig9-11]. The useof fibres are seeking attention because of their light weight and improved mechanical
properties[26]. Different industries like ceramic, polymer and congiorc industry have several applications of
nanotechnology producing composites which are morgawga and comparable mechanical and physical properties.
[12]. The improvement of cementitious matrices and polymers for improving their fracture resistahsé&eamgth
properties is greatly influenced by the use of cellulose and natural fit8d<]. Natural fibres ardiodegradabldjghter

and cheapetthan its equivalent mamade fibresWheat strawgotton,rice straw,sisal,bagasseflax, bamboo, hemp
banana, coir, and others amereof the examples of natural fibrfks-17]. Indeed, some obstkes which have limitechie
applicationsof fibresin the composites éspiteof all ther advantages dibrics anchatural fibres The FRC composites

look apmarently same because of presence of fibres but actually they differ structurally. Hence, lreavdifigttent bond
behaviour and different mechanical characteristibe Material characterization of natufidres like jute, kenaf, hemp,

coir, sisal andléx and their compositeare explored byignificant amount of research worksid can befind on. The
natural fibres particularly are in raw form having impurities in it. The fibres can be amended and make more effectively
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incorporated. Physical and chemiecnethods are most adopted methods byclviine surface of natural fibres can be
modified whichcan make significant improvement in material characteristics

Figure 1: Material Characterization Techniques

Material Characteristics

Mechanical Characterization Structural Characterization

* Compressive Strength * Analytical Electron Microscopes (AEM)
* Flexure Strength * X- Ray Diffraction (XRD)
* Split-Tensile Strength * Scanning Electron Microscopy (SEM)

In engineering and material science fightt alication of XRD method on crystals is eepise study of crystalline phase
structure in a characteristic manner by diféraction of X-rays and by thability of crystals The patternsecordedby
diffraction analysis of the sample contains thBuenceof numerous micreand macratructural €aturesWith the,space
group,macro stressepeak positiorand lattice parameters thealitative phase analysis chemicalcomposition care
examinedThe information about the structure of crystals includegupancy, atomic position and temperatas well

as quantitative phase including the texture can be obtained by the peak intensity. Thiérefpeak shape givélse
detailedinformation abouthe samplemicro-strains and crystallite siz¢éBinnebierand Billinge, 2008]5]. In this study,

the method of XRD and its material characterization wlifferentcomposition level of crystalline and amorphous state
of FRGs are discussed. The evaluatioh XRD is emphasizetbn FRCin order to betteunderstandhe structural
characterizatiomn FRCs. Thaletermination of crystallinity indeaf FRCs is also explained

2 OVERVIEW OF XRD METHODOLOGY

2.1 Sample preparation

One of the most important requiremefds XRD analysis is ppper sample preparatioBample prepation includesiot
only to remove undesirable substanbgshe precise sample treatmerttsit also appropriate and efficient techniques to
get desirablehickness, orientation and particle siete. To achieve good signal without distortion and fluctomati
extremely fhe grained sample are required for the analysis of XD minimize preferred orientatitmavoid spottiness.
As reported byBrindley, 1980and Cullity, 1978[17], The recommendedinge ofsizefor samplds aroundl pm to 5pum
The mesh gie of sieve 32%45um) is usually used for the sample sievimy the usequalitative evaluation of mineral
components

2.2 Technology involved in XRD laboratory equipments.

Generally, in labs statonary equipment is used:he main parts of theénstrumentsfor XRD are a sample holder,
goniometer, primary and secondary optics with and&-ray sourcehaving a detector as shown in FigureéGaniometer
is essential part of the equipment aidXRD equipmats are equipped with a goniometéhe X-ray source arallowed

to move through the goniometer which is the dominant part of the diffractgreietdarly in a very precise manner the
detector and sample are placed relative to each aftgle, the generation anaeeleratiorof electrons is necessafyr
the generation of Xray photonsomingwhich can be done by the ukegsten filamentGenerally,for theacceleration
of electrons theoltagerange between 20 ®0 kV are useSpiel et al., 2009%]. For the production of Xays99% of
the energys disspated inthe form of heat and only 1% of theailableenergy is usetbr the generation of thexdiation.
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Moreover, the consideration tkaing is a major issuevhich affectingthe efficiency of the Xrays Therefore, it is
mandatory to cool down the sgm and instrument by using anode haviogtimuous water coolingVhile, limiting the
beam intensity to 60mA and low current can be usedtayXubes.

Figure 2:XRD equipment (D&8rukerAXS Advance Diffractometer [18]

2.3 Employmenfechnique

Goniometer being the crucial part of the diffractometer which allows the movementayfsXhereby la laboratory
equipmerd of XRD areequipped withit. According to the purposand required needf the measuremenparticdar
sample holders e.gautomaic sample changingcontinuoustranslation orsample rotatiorio achieve automatic sample
positioning, etc.or considering the sample geometrgantrolledpreparatiorenvironmenican be usedlhe use of glass
plated can bdone for powdered samples of amphous polymer for carrying the powder. The additional rotation axes are
generally required for the texture arebidual streesmeasurementsn additionto positionthese investigations of the
sample armeeded for thesavestigations.

i S
’\lp rotation /, -_\\ Detector

\X rotation
Sampie

Diffracted beam

Primary X-
ray beam

X-ray
Detector gnurce |-----¥_ o SRE
Fixed sample

S: scanning speed S: scanning speed

w rotation
/ 20 rotation b

Figure 3:Empoyment Technique, a. principle of goniometerdbb# goniometers, i/ 24 goniometerg18]

The basic method of employment is shown in Figure 3. where the sample isvfiledthe detector as well axX-ray
source moves, ardat a fixed position Similayl for the next round sample and detectors are moving with goniometer and
the X-ray source idixed. Both the actions can be dasiultaneouslydepending upon the ability of detectors to read.

2.4 Employment Technique

According to the peak heiglitom the Xray diffractogram,the Crystalline Index (Cl) or degree of Crystallinity in
cellulosic materiatechniquecan be determined by the establisi@&aal empirical equation (Segal et al. 1989), as
shown in equation 1.
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Cl=—— (1)

Where: boois the maximumntensity of reflection byhe crystalline plane othe cellulose at® and kmis the maximum
intensity of the amorphous part g 2

&
Peak position 20
s ok
2
2 :
= .
= Imax S,
2 — Peak area I,
: breadth Background
A
R A.

Angle 26
Figure 4:Information about diffraction gak [18]

In general, as a function of anglg Zhe intensity distribution is extracted from the diffraction data. iff@mation that
can be extracted from the diffraction peaks is represented in Figure 4.

3 REVEALED CHARACTERISTICS OF FRC THROUGH XRD

24 The mineral constituents as well as the textures (i.e. size, shape and arrangement of mineral constituents within the
groundmass for both concretes are largely similar. However, microstructurally they are quite distinct. Many research by
various researchets study the change in the microstructure and surface morphology after the treatment of fibres are
studied. The intdacial bonding can be improved by removing tkeenenting substances and impurities which can increase

the effective area providing betieterlocking and improved properties. [20]. Punyamurthy et al.[22] reported that the

by the treatment of fibresétsurface roughness can be increased this is because of the removal of hemicellulose and lignin
removal .Symington et al. reported thataessive treatment of fibre can lead towards fibre cracking phenomena and can
have adverse effect on mechanical prapsrof natural fibres. The examples of over treated fibres are kenaf, abaca, flax
and sisal fibres
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Figure 5: XRD pattern of Bagse Fibre Composite [25]
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Fiore et al. subjected to the treatment of kenaf fibres improve surface morphology, b olincrease the mechanical
properties by the removal of surface impurities and other cementitious impurities, this was done hyy tafladtiment of
48 hours [23].

The XRD analysis of the composites after the curing time of 28 days in water is sheign5. Most commonly produced
X-ray patterns are ofgstalline materials likeristobaliteandquartz In the diffraction analysis bletO and Si have loRg
range atomic number and are arranged differently this arrangement of O and Si are refleetatliffim¢tion analysis.

The O and Si atoms are organized differently, but both have atomic order of long range and the differenceystateeir
structure are is reflected in the observed diffraction pddiesbroad scattered pattern of XRD analys@abierved by the
amorphous glass because it does not haveramge atomic order. Fig. 6 shows fQeartz (SiO2kffectin the diffraction
peaks.There is small presence and effect of hydrated compounds such as £afC#H, and CaC®@ The content
presenof SiO2 in the mixture can increased due to the presence of-milica@affecting its content rati@imilarly, in the
presence oWvater, reation of silica (SiQ) with calcium hydroxide (Ca(OHy)leads to the formation ofiGi H gel in the
concrete mix. The peak of Ca(Ofit) the diffraction can be disappeared. The formationi@i®l gel can turn to increase
the strength of compositesdarise tb amount of Si@decreases and more silica is used to react with Ca(OH)2 in the
presence of water. Thus, calcite being the filler material in form of calcium carbonate contributes to enhance the strength
of composites. This implies the formation@fSi H gel comes in hydration reaction in which silica plays and important
role. The presence of gyroducts such asalcium carbonate and calcium hydroxide are present but are in less ratio.

One of the challenging part is the phase identification of saie meerial by XRD because of nearly indistinguishable
patterns obtained by the diffraction analysis. For example, Ag and Au have similar structure lattice and both are face
centered cubic metals, which have broadened and scatteaid obtained by XRBnd isa tedious job which cannot be
differentiated by XRD. Similarly, the XRD patterns of magnetitgdz@nd magnetite E®4 two forms of iron oxide, are
sufficiently similar with broad peaks, and they cannot be distinguished by XRD patterns. Diffmgrite nitrides NiN

and nickel carbides NC or any hexagonal cloggcked form can be similarly challenging. In these particular and other
similar cases, the phase identification for additional characterization techniques are important [24].

4 RESEARCH FINDINGS/ FINDINGS DRAWN/ LESSON L EARNED

Material characterization under the influence of various condition like treatment methods, absorption of water and loading
methods etc.is an important aspect for the natural fibres and its composites to undkestardiaviour. A visual or

manual control and selection of peak needs to be done once the preselection of possible phases are defined for the selecte
pattern. The intensity variation from the ideal peak and due to the solid part or strain needskem be fart. The
macroscopic strains as well as texture effects can be avoided for the case of fine powder samples, and therefore
measurements arwnactually match up to some extent with the theoretical patterns precisely. In contrast to all of these,

— Bagasse Fiber

Lignin Fiber

\

.
\ > crystalline constituents

Intensity
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Figure 6:XRD pattern of Bagasse Fibre Composite [24]
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the engineering mechanisms and samples which are more solid can reveal the textures more strongly, large grains and
therefore the poor diffraction and irregular peak shape or due to high conditionsrofenpehe peaks shift or scatter.

The adoption of the present final phase selection bygbeto be performed only, based on the required results and of this
understanding about measurement conditions and measurement conditions of the investig&tdessam ideal case of
diffraction, all the peaks measured of diffraction obtained from XRD should be assigned to a phase.

Crystallographic structure of sisal fibres was analybgdSahu [27] and reported that fibers mainly contain lignin,
hemicelluloseand cellulose. Cellulose is mainly composed of crystalline and that of amorphous structures, whereas the
hemicellulose and lignin shows amorphous behavior. Development of theydesgln bonds among cellulose enhance
crystalline percentage and crystat§jnindex of the natural fibers by treatment of fibres. The lignin part has amorphous
structure and cellulose are crystalline in nature. The elimination e€eltuiosic parts malsfibre more crystalline and

this is learned from XRD pattern.

Table 1:.Variation of crystalline index and crystalline percentageedted and untreated fibre composite

Maximum Angle (2 Maximum  Angle 2 Theta Crystallinity Percentage of
Fibre Studied Intensity Theta) at 400 Intensity at lam Index Crystallinity
200 247 200 lam 24 Tlam Cl %
Sisal 4085 22.42 2246 15.98 0.45 64.52
Treated Sisal 5814 22.38 2688 16.22 0.53 68.30

Based on the prominent analysis of the FRCs, by the g&fern the source of the peaks can be confirmed. The observed
peaks are represet in Fig. 6. The XRD pattern of the fibre reinforced composites show a pegk ahiZh represents

the cellulose in form of crystalline constituents, the peak of amorpleustes constituents like amorphous, lignin, and
hemicelluloses. The treatment wétural fibres irrespective of any method the crystallinity index also tends to increase
with their treatmentMost of this carbonation has taken place at the interfaceeodigregates and few of them are
associated with micro cracks and voi@s. the bais of present investigation, it is concluded that the use of calcium stearate
as admixture can enhance the strength and durability properties of concrete due to batéuoticey formation of
additional GS-H gels and infilling of pores. Thereforeegk intensity tends to increase with the pretreatment of natural
fibres and this pretreat of fibres can be done by various techniques such as chemical, alkaline treatments et

5 CONCLUSION
Since from the first experiment of XRD and the innovation efays used for the crystals, among one of the most
prevailing technique of art to explore material characterization is by mean of XRD methods. The design of high
performance mateaals and their components have been strongly improved by the impaoeededge abot properties of
componentscrystal structure anahicrostructureBased on the review of XRD for FRC composites following conclusions
are drawn
1 The sample preparatiorequiresto be extremely fine grainetb achieve good signal without distortion and
fluctuation extremely fine grained sample are required for the analysis of XRD, and minimize preferred
orientation to avoid spottinesEhe recommendedhnge ofsizefor samples aroundl pm to 5pum
1 The interfacial bonding can be improved by removingtraeting substances and impurities which can increase
the effective area providing better interlocking and improved properties
The crystallinity index may vary because of tliegent impurities and can be removed by treatment of fibres.
XRD is recommended tobserve crystals behaviour, but for detailed investigations digital image processing

techniques can be applied because of their advance revealing properties.
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On the otheside, In the present era present studies and new developments still ongoirig|lg$pethe explorationof
geometries, bonding of materials, complex material investigations and their applications. The advancements in the field of
the high resolution XR and energydispersive methods are opening new possibilities of investigations.
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Abstract Natural fibers in cementitious composites (NFCC) have been gaining
popularity universal duéo their application in low cost construction processes. In
spite of the fact that there is wide scope of opening for natural fibers in cementitious
composites, the long term durability performance under various exposure
environmental conditions is dtih question with unstable answ@&ince several
decades researchers have been working to dominate the durability issue by providing
a correct technology for NFC@gtually possible product for different applications.
This overview reveals a light on vati® durability mechanism of natural fibers and
NFCC under several exposure environmental conditions, different techniques are
accepted for enhancing the durability redtural fibers and NFCC. The durability
improvement is encountered to be premier with tl@mposites containing
cementitious material than in plain fiber cement composites. Furthermore,
incorporation/use of treated fibers in the treated matrix showsisuperformance
under durability testing. However, many studies necessity to be improgedftom

the existent improvement on durability of the natural fibers in cementitious
composites.

Keywords Different TechniquesEnhancingDurability, Natural Fibers In Cementitious Composites

1 INTRODUCTION

Measurement of aging durability of natural fibém cementitious compositespecimens for flexure test were placei in

hot water saturated with lime and kept at a constant temperature @CQ%and teged according to ASTM C15603 [1].
Accelerated aging test waerformed for Vegetable fibera natural weathering, specimens weitaced into water for

170 min a0 £ 5 C, and then 10 min after they were dried for 170 mifat 5 C in an oven Another cycle is started

after 10 min, samples were immersed 200 accelerated aging cycles avastesommendd according EN 494 standard
[2-3]. Water absorption test was performed at flax fiber, first sample was dried in a dehydrating ovels fatr46r€e

days, and then sample was immersed into distilled water at a room temperature. This tegtpeasadter 30 days, at

each cycle, caldated weight of the fiber alried and saturatezbnditions respectivelyThe related water absorption was
calaulated by (saturated weight minus dried weigl)ded dried weight [} Juiefiber durability test waperformed, first

fiber was soaked in 100°®oiling water for 1h and then absorption moisture was evaporated for 2h at room temperature
to fix specimes and then arability test was performed [SEnvironmental aging tests were performed by Bamboo fiber
reinforced polymer and Bamboo Glass reinémr@olymer, samples were immersed in water at2an@ at 75 €for 6

months 3 months respectively. Tendidsts were performed at the end of 6 months and 3 months for samples which
immersed at 25 €@nd 75 Crespectively [§ Durability tests of vegetde fibers mortar composites were performed on

the basis of flexure properties before and after exposurearitus environmental conditions. Samples were placed to
three various environmental conditions, first set of samples were placed into whBaCatemperature, second set of
samples were placed into London natural weathering conditions started from December 1994, and third set of samples
were placed into wetting and drying cycles. Samples were tested after 6 nwvdattisg and drying period wasdays
samples were placed into water #oday at 18 € and 6 days for drying at 23*@nd 40% relative humidity [7

Natural fibers are used in cementitious composites to enhance the mechanical properties of the cementitious composites.
Cementitious cmposites properties are reduced due to their dlitsaproblems, such as occimr aggressive and alkaline
environmend [31] In durability conditions, mechanical properties of the NFCC were reduced like shear strength, flexural
strength and flexural modug [§. Some natural fibers maintained their tensile strength when fully wetted at room
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temperature in humidity conditions, but others showed a significant decrease in tensile strength [9]. Sisal fiber has best
mechanical properties with low density, hewgr it has poor durability in alkaline environment, such as in cement matrix

[10]. Flax fiber capability to moisture absorption, its durability resistance in humid environment is limited thus its
application is restricted to sessiructural or nosstructual interior products [11]At moisture absorption of natural fibers

bond in a polymeric matrix, the fibers hydro expansion can lead to reduction of the strength and stiffness, matrix cracking,
over time associate losing of mass with water entrance [i#.to fiber mineralization and alkali attack in humidity
environment is subjected to pastaicking strength and toughness reduction of the natural fiber reinforced composites [13].
Cellulose fiber reinforced cement composites gain strength and stiffaefiseypare sensitive to moisture effects and they

lost their durability with time [14]Sisal and Coconut fibers reduced their strength when immersed in alkaline dilution,
and date palm reinforced concrete had low durability performance when immerdkdlimeadilution [15].In spite of

vegetable natural fibers advantages, their production of cement base composites are limited due to their durability problems
in environmental condition [16]. Sisal fibeturability problems are associated with increasiifgers fracture and
decreasing in fiber pull out due to fibers attack by alkali, fiber mineralization, immigration of hydration products ® lumen
and fiber volume variation because of their superior water absorption [17, 32]. Fan palm fibers widtrcreasedavhen

it were treated, using alkali treatment chemical method from 1 mm to a range between 0.6 and 0.9 mm [28]. The durability
of natural fibers were related both external and internal environments, internal alkaline environment in cementitious
matixes were reduced the durability of natural fibers [ERort, discrete coconut fibers into high strength concrete
reduced sulfate attacked on marine structures. Coconut fibers into high strength concrete retained crack propagation on
marine structuresnd it improved long term durability of marine structures compared to stigingth plain concrete, but
degradation affected on fibers. To protect coconut fibers from degradation, treatment of the fibers is necessary [25].

Enhancing durability of NFCC weltbe modification of the matrix composites to remove or reduce the alkalinity of the
composition [16]Durability were improved of the natural fibers in cementitious composites by modified fiber surface by
physical or chemical treatments to enhance thealullity in cementitious composites [1@jicreasing durability of natural

fibers in cementitious composites, a good solution is the replacement of Portland cement 30% and 20% by metakaolin and
calcined crushed clay waste brick respectively [If@proving durability of sisal fiber composites by the help of matrix
carbonation and soaking of the fibers in slurries silica fume [1fjg term durability of natural fibers were enhanced by
lower production of Calcium Hydroxide (only 50% normal Portlaathent)reduced C@transpiration, and a sustainable

and economical approach [19]o improve the durability efficiency of natural fibers in cementitious composites several
investigation were done including fibers saturation with blocking agemiswate-repulsive agents, matrix sealing,
decreasing alkalinity of the matrix, and fibers and matrix modification E&tlirated vegetable fibers in mortar reinforced
composites had better durability behavior than in those with unsaturated fibers, colophovgryvaffective in the
reduction of fibers mineralization in exposure conditions for saturated and unsaturated fibeEnfiablcement of the
durability of natural fibers in cementitious composites are the sealing dry composites or coating of the fitersrit

the effect of the water basically alkalinity, and decreasing the alkalinity in matrix by improving low alkaline binders [21,
33]. Calciumaluminate cement with 10% metakaolin content leaded to high durability of flax fiber reinforced composites
materials[22]. Sisal fiber durability improved by treated of fiber by Acetic and Acetic Anhydride, and environmental
condition had less effect on treated sisal fiber compared to untreated filigatd palm fibers were treated by immersion

in NaOH and C@DH). solutions, and showed better tensile strength and stiffness compared to untreated fibers thus it
improved the durability of mortar matrix [29].Different techniques are considered to enhance durability of natural fibers
such as fibers surface modifimn andmatrix modification, replacement of the part of Portland cement with silica fume,
slag and metakaolin, and early water curing with rich, @vironment.This study will help to understand different
techniques to enhance durability of natural fibier cematitious composites

2 FACTS ABOUT REDUCING DURABILITY OF NATURAL FIBERS IN CEMENTITIOUS
COMPOSITES

2.1 Specification

Measuring aging durability of natural fibers in cementitous composites, two set of specimens were tested under bending.
Treated anduntreated spcimens were prepared from 77.2% of Portland cement type ABRV12.8% of ground
carbonated material industrialized from agricultural application, and 10% unrefined unbleached eucalyptus cellulosic pulp.
Fibers were treated by slurry dewategrirechniqueSpecimens were cured in two different conditions, {darbonated

curing (NCC), and Accelerated carbonation curing (ACC). NCC specimens for first two days were kept in pertaining to
weather chamber at 6(° @mperature and 90% relative humidignd then &pt under 25 €in saturated curing until 28

days. ACC specimens were kept for two initial days in pertaining to weather chamber atesfp€rature and 90%

relative humidity, and then applied accelerated carbonation by releasincy€l€s irio the chameér until the saturation
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of the total environment. These cycles were performed until the absorption of the carbonation, and then specimens were
kept under 25 Cin saturated curing until 28 days. All specimens were kept for 1 year in two diffengironmatal
conditions, natural weathering condition of the State of Sao Paulo, Brazil and soaking and drying cycles in laboratory. At
soaking and drying cycles, specimens were placed into water for 170 min at 2§ arisiGhen 10 min after they veer
dried for170 min at 70 £ 5 €in an oven. Another cycle was started after 10 min, samples were placed 200 and 400
soaking and drying cycles respectively and then were tested according EN 494 standard [2, 3].

Table 1: Natwal weathering condition of thao Pauldrazil, and Soaking and drying conditions for test specimens

Set/Time natural weathering, and soaking and drying conditions
28 days 1 year
Natural weathering First 2 dayswvater aring at State of Sao Paulo, Brazil
Condition 60 C and 90% RH Annual RH = 84%;
Reaming water curing Annual temperature = 21.4C
Until 28 daysat25 C Annual rainfall = 2310 mm
Soaking and drying First 2 dgys water curing at Soakingat 20 £ 5 Cfor 170min
Condition 60 C and 90% RH Drying at 70 £ 5 €for 170 min
Reaming water curing 200soaking and drying cycles, and
Until 28 daysat25 C 400 soaking and drying cycles

2.2 Technologynvolve

Universal Testing Machine Emic DL30000 was used to perform the bending test. It has two spans upper and lower.
Upper span and lower span lengths were 45 mm and 135 mm respectively. For the determination of the mechanical
properties the defledn rate vas 1.5 mm/min. A deflectometer was used in the middle of span to collect deflection during
the test [2, 20].

Top strain
gage

|

Bottom —

strain gage

Fig. 1. Four point bending test [19].

2.3 Method implementation
For determination of mechanical properties;(3) equationsvere sed as decribed by Tonoli et al in detail [26, 27].
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WhereMORis the modulus of rupture.OPis the limit of proportionality MOE is the nodulus of elasticityPmaxis the

maximum load valud, is major spanPi, is the load at the upper point of the linear portion of the-tbeftection curve,

mis the tangent of the slope angle of the load vs deflection curve during elastic deforaratlmandh are thespecimen

width and depth respectively.

For the determination of the specific energy as the total absorbed energy during the test divided the cross sectional area of
the specimen. Absorbed energy was calculated bydeéldction curvéntegration up to tl point in which 30% reduction

of the maximum load occurring in a load currying capacity [2].

3 DURABILITY METHOD IN CEMENTITIOUS COMPOSITES

Evaluation of thedurability performance of the natural filsdn cementitiouscompositeslaminates were createhd

tested under flexural subjected to before and after an accelerated aging. Each sample was prepared from 5 layers nonwovel
flax fibers saturated in paste matrix, and piled after the immersion in a drilled and sutgexteatuum in an absorption
chamler. Then samples were compressed under 3.5 MPa and c@@d 4tC and 90 relative humidity for 28 day, this
principle for the lamination of 12 mm thicknef&g. 2). Two plates were prepared of 300 x 300 frper sample
composition. Half of the specimemnvere tested after 28 days curing and remaining half were tested after the process of
accelerated aging after the curing of 28 days. Accelerated aging had 250 wettidgysg cycles performed in an
automatic chamber (CCI Calidad, Span). Every cycle stased with specimens immersion into water for 3 h at 20 C

and then dried for 3 h at 20% relative humidity and G0H&xural test was performed with an Incotecninivdrsal Testing
Machine, equipped with a 3 kN load cell and-point bending device with 270 mm and 90 mm support span and load
span respectivelyTest was performed at rate of 5 mm/min and mechanical properties were determined from the curves
[22].

Fig. 2: composite samples preparation-(G)nonwoven fabric immersion process in cement paste(fjd)

For the elimination of excess veatvacuum is applied, after the placing of reinforcement into the mold. (g) 5 layers of
cemertnonwovencementayer are prepared up to reach into the required thickness, and then under a higher pressure the
compaction is currying. (h) Before curing compp@specimens. (i) Cutting of the samples showing nonwoven layers [22}.

Investigation was done on sisal and @aat fibers reinforcednortars. Control specimen was preferred from ordinary
Portland cement mortar matrix, specimens were reinforced with 2hanim sisal or coconuintreated distributed fibers

and long 375 mm sisal untreated aligned fibers. Fibelidniavas 3%, 2% short fibers and 1% long fibers were used in
investigation. For the better incorporation of the fibers in matrix long fibersimenersed for 10 min in slurry silica fume

and then dried for 15 min in air. Four different types of treatedispms were preferred, one set of specimens were
preferred from (0.60PC+0.4slag) 40% ordinary Portland cement (OPC) replaced with slag, @hothggecimens were
preferred form (0.90PC+0.1silica fume) 10% OPC replaced with silica fume. Third setiofisps were preferred from
(0.60PC+0.4slag) and fibers were immersed in slurry silica fume, fourth set of specimens were preferred from
(0.90PC+01silica fume) and fibers were immersed in slurry silica fume. Test specimens, each measuring was 400 x 100
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x 15 mm, and tested under bending after 28, 109, and 365 days respectively. The durability of the vegetable fiber reinforced
mortar composites weraeasured before and after exposured to different environments on the basis of flexural properties.
Results weréndicated that increasing early water curing period decreasing the carbonation depth. Fibers were treated in
slurry silica fume to create arouttae fiber low PH value to reduce or avoid alkaline attack and for the transportation of
calcium products to thfibers. OPC was replaced 40% and 10% with slag and silica fume respectively, for the treatment
of the matrix to reduce alkalinity and improviae durability of the matrix. Early cure of vegetable fiber reinforced mortar
composites in a rich CG@nvironrent is another way to improve the durability of the matrix with aging. The durability of
the matrix was improved by the decreasing the alkalwfityhe matrix [7]. The mechanical properties of the matrix were
increased with treatment of the fibers bycsilfume and slag. Table 2 showed that qgoatk flexural strength of the
matrixes were enhanced by the replacement of the ordinary Portlandteeitheslag and silica fume, and also it enhanced
by the immersion (treatment) of the fibers in slurry sificae.

Table 2: Comparison of pestack flexural strength for different specimens

Mix Mix proportionsof mortar  Treatmentpplied Fiber types Volume Condition: 46 wetdry
(By weight) Friction Cycles,postcrack
(Cement: sand: water) Vi % Flexural strength
(MPa)
After 322 days
M1S2S1 1:1:04 Non-treated Sisd S2SE3 3.06
M1C2S1 1:1:04 Non-treated Coconut + Sisal C2Sl1=3 3.79
M1slagS2S1 (605 OPC40% slag):1:0.4 Replace40%OPC Sisal S2SE3 2.9
With slag
M1ms2S1 (90% OPCH40% MS):1:0.46Replace 10% OPC Sisal S2SE3 4.44
With silica fume
M1S2S1i 1:1:04 Alignedimmersion offiber Sisal S2SE3 5.06
In slurrysilica fume
M1slagS2S1i (60% OPCH0% slag):1:0.4 Replace40% OPCwith Sisal S2SE3 5.12

Slag +fiber immersion
In slurry silica fume

M1S2S1cab 1:1:04 109 dayscarbonation Sisal S2SE3 6.39
M1C2S1cab 1:1:.04 109 dayscarboration Coconut + Sisal C2SE3 5.39
4 LESSONL EARNT

Result showed that composites which werelenfiom nordried flax fibers and resin were low sensitivity to moisture
compared to those composites which were made form dried flax fibers [34]dridmhflax fibers composites were
enhanced the flexural strength and modulus of elasticity comparegdddx fibers composites [34Replacement 15%

cement with silica fume and 8% cellulose fibers content were improved the mechanical strength andy chfrétinglit
cement paste composites for bore well [35]. Cellulose fibers were enhanced the mectrangl ef the matrix, and
replacement of the cement with silica fume enhanced the durability of cement paste composiieif85a natural

fibers were teated by 4% stearic acid to improve the durability. Experiment showed that treatment of tHeyfiieesic

acid lead to reduce moisture diffusivity and enhanced the durability of the Palmyra natural fiber composites under different
wet environment andemperature [36]Investigation was done on three different flax fiber reinforced composites,
untreded, pretreated, and treated by zirconium dioxide coating. Fibers were embedded in cement paste and tested after
90 days, untreated and preated fibersetained 41% and 31% their initial strength respectively, while zirconium dioxide
treated fibers reined 96% initial strengthFibers treated by zirconium dioxide improved their durability in cementitious
composites [37]Treated and untreated jute fisawere investigated, fibers were treatednbinedalkali modified (0.5%

NaOH, 24 h) and polymenodified (0.125%carboxylated styrene butadiene rubber) successfully. Treated fibers had more
tensile strength compared to untreated fibers in different expasmditionq23].

Vegetable fibers durability performance in cementitious composites canrbasad with curing conditions. Investigation
showed that increasing initial water curing period, decreasing the carbonation depth in vegetable fiber cangbosites
Thus increasing early water curing period in a richh @vironment can be improved tdarability of vegetable fibers in
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cementitious composites with aging. The durability of natural fibers cementitious composites were enhanced with
treatment of e fibers by slurry silica fume. Another way to improve the durability of natural fibers inntigioes
composites is the replacement of the ordinary Portland cement 40% and 10% with slag and silica fume respectively. Slag
and silica fume reduce the PHIwa of the matrix, thus it reduce the alkalinity of the matrix and improve the durability in
different environmental conditions. Vegetable fibers durability were enhanced in reinforced cement mortar with saturation
of the fibers, because colophony was efffes in the reduction of the fibers mineralization in exposure conditions. Coating
of the vegetble fibers with different chemical material also enhanced the durability of the natural fibers in cementitious
composites.

A good solution to enhance therdhility of natural fibers in cementitious compositeshe replacement of Portland
cement 30%and 20% by metakaolin and calcined crushed clay waste brick respediveapility of the natural fibers

were enhanced with surface modification of the filzerd matrix modification. Fibers surface modification was done with
saturating of the fibers bglurry silica, stearic acid, silane, natural resins, bariumnitrate, formine, etc. and matrix
modification was done by replacement of partially ordinary Porttamlent with pozzaolanic materials such as fly ash,
slag, metakaolin, silica fume, etdlkaline treatment of the fibers showed better performance in reduction of water
absorption capacity, and modified surface of the fibers. Usually alkali treatmehesfdfdrs are done with immersion of

the fibers in NaOH, KOH, Ca(OR)etc solutions. One of thevestigation showed that treatment of the hemp fibers in
NaOH solution enhanced the flexural strength 39% compared to those hemp fibers which were UbDtnesdititity of the

natural fibers can be enhanced with beating and bleaching of the fibersaglesadi bleaching is a type of mechanical
surface treatment of the fibers. Treatment of the wood fibers with silane contents had better durability perfortmance wi
aging, and also this type treatment improved the compressive strength and compressivesamaghpared to untreated
wood fibers. Pulping of the natural fibers is another technique to enhance the durability of the matrixes. Pulping removes
the lignin @ material causing degradation effect) in greater extent and provides better durability aadicaébkhavior

for the composites.

5 CONCLUSION

Various types of natural fibers such as sisal, coir, banana, hemp, jute, kenaf, rice husk, human haiir, freirseaha
widely used in low cast construction. Different unwell effects associated witrahfibers due to water connectivity and
degradation under alkaline solutions. These ill effects cause the natural fibers to be little used for long seumider lif
different climatic conditions. There are several techniques to improve the durabiligtwhl fibers in cementitious
composites.

1 One of a good solution to enhance the durability of natural fibers in cementitious composites is the repla@ement of

part of Portland cement with metakaolin and calcined crushed clay brick.
Durability of the natral fibers can be enhanced with surface modification of the fibers and matrix modification.
Fibers alkaline treatment modify fibers surface, reduce fibergahsorption capacity, and improve fibers durability
in matrix.
1 Early curing in a rich C@environment can be improved durability of the vegetable fibers in cementitious composites.

This study demonstrates different techniques to enhance durability adirfdiars in cementitious composites. It shows,
that natural fiber cementitious production wilkve been found better options for enhancing durability for different civil
engineering applications.
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Abstract Geopolymer concrete (GC) is considered as environmentally friendly
concrete as compared to traditional concrete. As the formation of GC involves the
addition of liquid Alkali Activated Materials (AAM) which is hazardous ttee
human skin. Hence, this resela has been conducted to use activators (sodium
silicate and sodium aluminate) in powder form along with Wheat Straw Ash (WSA)
and bentonite for making GC. Different combinations were used for making mortar
as 100% Bentaite, 20% WSA, and 80% Bentonit&)% WSA, and 70% Bentonite.

In all these ratios 10% sodium silicate in each sample with w/b of 0.4. Bentonite and
WSA are used because these materials are pozzolanic in nature and can replace
cement. Samples containing 80MSA and 20% bentonite with a wratio of 0.3,

0.4 and 0.5. 0.4 yields the highest compressive strength of 26 MPa. Hence, this ratio
can be used in the future to further explore the behavior of GPC.

Keywords Ordinary Portland Cement (OPC), GBolymer Mncrete (GC), Alkali Activated Marials (AAM), Wheat
Straw Ash YWSA), Carbon Dioxide (C@), Super Plasticizer (SP), Sodium Silicata{SiOs).

1 INTRODUCTION

Construction industries are increagiday by day due tan increase in the demand for the develeptof irfrastructure.

In today's world concrete is widely used as a construction material due to its low cost, high strengthbifitpadd
high-temperature resistance whichquires low or no maintenancBuring the formation of concretehe essentla
componat (cement) is added in it which affects our environment by emi@dgand Nitrogen oxideEl]. From previous
studies, it can be concluded that by pneduction of 1 ton of cementleaseapproximately 1 ton a0, to the atmosphere

[2], this anount add up to 7% ofcO, whichis contributed towards global warmingnother major issue that contributes
towards globalwarming s t he bur ni m asted Soctatackledlss isabesrdsearchers have worked and
suggested that insteatidisposing of thewaste it shall be incorporated into concrete that could reduce the negative impact
of CO, on the environment. Besides, it could add to the internal properties of concreteginictare propertiegB]. To
minimize the usage of cemeatternaivessolution is founded by researchergh as Ge®olymers are introduced. it
formed by utilizing the waste material$he main constituents of Geopolymer are Silicon and Aluminum which are
provided by thermally activated natural materialaglinite) or industrial byproductssuch ag-ly Ash, RiceHusk Ash,
WheatStraw Ash and alkaline activating solutions which polymerize these materials into molecular chains and network
to create a hardened bindérheat strawis a byproduct of wheat that is commonly disposédn a large scaldeven

only in Pakistandr every 4 tons of wheat grain, 6 tonsadfeat strawis produced[4]. The global estimated production

of wheat from 2016 to 2017 was about 750 million tfis WSA possesgozzolanic properties which is found by
performing X-Ray Fluorescence (¥R testthatshows thatWSA contain amorphouSilica andAlumina and has the
potential to be used as a pozzolanic material, which is capable to replace cement [@rtBdgide bat it gives high
compressive strength. So controlled burning of wheat straw is preferred°at &3@ at this temperature it showed best
pozzolanic performancé].
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Figure 1: Flow chart of WheaStraw Ash

Bentonite is theommercial nara of a whole range of natural clays with a higater absorption capacity. Bentonite may
contain a variety of accessory minerals in addition to montmorilloiniggo its pozzolanic properfy], it can also be used
in addition to WSA.

Figure 2: Bentonie

One-part Geepolymerconcrete is new technique in Geopolymer fieldvimich activators are used in powder form. In
our research work geopolymer is formed by usiaste of agcultural materialsuch as WSA with the combination of
Bentonitein order to eplace cement fully.
Research significance of our research work are:

1 To contributein reducing the C@emissions by cement production.

1 To achieve durable and workable geopolymer concrete based uporakd¥entonite.
1 To make the best use whste materiah concrete for an eefsiendly and sustainable environment

Many researchers have worked on a-pag geopolymer by substituting different alum#ikcate activators partially with
cement, however no detailed and systematic studies leavedesignedrWSA and Bentonite fully replacing cement. In
this research work we are substituting WSA and Bentonite with cement fully.

2 EXPERIMENTAL PROCEDURES

2.1 Testing

Testing has been divided into two phases; the first phase includedvKRFthe second phase includecompressive
strength tet

2.2 First phase Testing

a. X-ray fluorescence (XRF)

XRF test will be performed to determine the qualitative and quantitative elemental composition of WSA. The WSA
particles would be excited by the primaryray souce and each elemeptesent in the WSA sample produces a set of
characteristic fluorescent-Mys that are unique for a specific element
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2.3 Second Phase Testing

b. Compressive Strength Test

For assessment of the compressive strengtheomortarsamples wereast in cubks of tle standard dimensions 2iih x

2in x 2in. The samplefter its desired curing periodjas placedn a Universal testing machimeth its hardened facap,

on the plates of the machine. The sample was placed align to the axis of tieem@be inal loadwasrecorded which
wasdivided by the crossectional area to compute the compressive strength. Moreover, for a single test, an average of
three samples was taken.

3 RESEARCH METHODOLOGY
a. Materials
b. The summary of all theaterials that have been used thgbout the testing has been given below:

c. Fine Aggregate

d. The fine aggregate that has been used was taken from a quarry near COMSATS University Islamabad,
Abbottabad Campus. The sieve analysis was performed using ASTM T II3& sieve analysis gave a
Fineness Modulus d2.64.

3.1 Wheat Straw Ash:

The Wheat Straw Ash that has been used, as a replacement of Cement. Wheat Straw was acquired from Abbottabad,
Khyber Pakhtunkhwa Pakistan. The Wheat Straw was burned 4C8602 hours in Muffle furnace to obtaiAsh then
it was grinekd for 2 hours in grinding mill.

Figure 3: Wheat Straw Ash at 660

3.2 Bentonite:

Along with Wheat Straw Ash, bentoaitvas also used as a replacerGement. Bertnite was acquired from Azakhel
Waziristan Khyber Pakhtunkhwa Pakist&alcium Bentonite was used. Calcium Bentonite first was ground to powder
form and then was passed from sieve no 200.

3.3 Mixing Water:

The water that has been incorporated into mortar was the ordinary tap water of COMSATS University Islamabad,
Abbottabad Camys.

3.4 Sodium Silicate (N&IGs):

During the vihole research, N8iOs in dry powder form was used. The anhydrous form eSi@was used. ThBaSiOs
is Alkali-Activated Activator which is used in sample preparation to activate the Silica and Alumina prebenWSA
and Bentonite. The properties of 18403 are giverbelow:
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Table 1: Properties of sodium silicatégSiOs)

Colour white
Form Powder (Anhydrous)
Molecular weigh 122.063 g/mol

3.5 Superplasticizer

After mixing all material alog with water, the sampledinot attain enough workabilitgp to enhance workability super
plasticizer was added.

3.6 Mix Proportion:

To perform thevhole experimentation, a mix of 2kg samplas prepared oa ratio of 11 (1 part of WSA and Bentonite
and 1 part of sand). Initially, theaterbinder (w/b) ratio was 0.8nd was increased graduallhe activator Ng&5iO; has
been used as 10% of the {@ample mix. The complete mix design hagih summarized in Table below

Table 2: Mix Design of Geopolymer Concrete

Bentonite WSA Activator WSA Bentonite Na:SiOz Sand Water SP Water/Binder Ratio (w/b)

(%) (%) (%) () 9 () @ @ &) (%)

0.7 0.3 10 300 700 200 1000 300 3 0.3

0.2 0.8 10 B0 200 200 1000 400 2 0.4

0.1 0.9 10 900 100 200 1000 500 2 0.5
3.7 Mixing

After adding allmaterials, tey were dry mixed for 20 minutes in Mixer, after dry iinig water was added aratgain
mixed for 5 minutesAfter that it was foundhat the sample was not enouigin work. S, to increase workability 2%
superplasticizer was added, and then the samplemigsd for 5Sminutes to achieve desire workability

&n

Figure 4: Sample of Mtar and MixerMachine
3.8 Sample Curing

3.9 Heat Curing

After casting samples, moulds were placed in the @rgimg machine a0 °C for 24 hours. Aftethatsamplesvere left
in the open ai
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v

3.10 Exposed to Atmosphere

After heat curing samples were kept in the open atmosphere for 3, 7, and 14 days. After that samples were tested for
compressive strength at 3, 7 and 14days.

4 RESULTS

4.1 X-ray fluorescace (XRF)

XRF was performed omé Wheat Stravdsh whichwas burned at 60TC for 2 hours in Muffle furnacin order to obtain
the chemical composition of the ash which is given in the table bélogarding to the standard ASTM C618, in order
for a materal to be classified as a pozzodits (SiQ; + AlOs + FeOs) should beequal to or greater than 70%

Table 3: XRF test results

Chemical Compounds (% WSA at 600 °C
Sio 77.4
K20 54
Al>03 1.5
Fe0s 1.3
CaO 3.9
MgO 1.9
TiO, 0.97
LOI 5.6
(SiOz + Al;03 + FeOs) 80.2

4.2 Compressive Strength Test

The compressive strength results of the-pad geopolymemortarsamples at 3, 7, andl Hdays are provided in Figures
6. The results reflected that the early age strength of gareeopolymer is greater and laterstrength It can be seen
because a ongart geopolymer gains its maximum strength at 3 days aftécheag at70 °Cin an oven. Moreover, the
compressive strength of the samples formed by 80 % WSA and 20% Bentonite is higher shampike formed by 90%
WSA and 10% Bentonite, 30 % WSA, and 70 % bentonite because of the shrinkage cracks that \werd appbeir
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surface.t was concluded that strength depends upon the percentage of activators that generate alkali base reactions in it
and the initial heat curing after casting.

5

COMPRESSIVE STRENGTH RESULTS

w
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Compressive Strength (Mpa)

CONCLUSION
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Figure6: Compression strength resultsmbrtar samples &9, 7" andi4™ days.

Following conclusions can be drawn from the conducted study:

1
1
1
1

=

The early age strength of a epart geopolymer is greatéitan later strength.

Onepart geepolymer gains its maximum strength at 3 days after heat curif@°atin an oven.

Comparatively high compressive strength was of the samples formed by 80 % WSA and 20% Bentonite.

Higher bentonite ratios cause shrinkage csalolt appeardon the surface.

Strength depends upon the percentage of activators that genkaditbasde reactions.

The above conclusions indicate that the ®agt Geopolymer Concrete can be used where-stte strength is required
because it gains its maximumesigth in 3 days after heat curing in an oven. It also indicated that by using highe
percentageatios of either WSA or Bentonite reduces Strength

PRACTICAL |MPLEMENTATION

The application of geopolymer is same as the cement concrete but leading thoswartts sustainability geopolymer is
preferred. Geopolymer concrete is used forstauction of pavements, retaining walls, water tanks and precast bridge
decks and in the structure which are prone to sulfate attack. Recently thetoigustructural buding for public use is
constructed using geopolymer concrete by the UniversityuoE@ ns | and 6 s
building of Toowoomba Well camp Airport in which Geopolymer concrete was used.
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Abstract Flow resistance in channels carries prime importance for different purposes

like evaluation of stagdischarge e | at i onshi p. Al relationships ar
Roughness Coefficient (N) and Froude Number (Fr) result in obtaining valuable

information concerimg design of an economical section, implementation and reducing

the cost of constructiorkiber Reinforced Comete (FRC) is strongly gaining attention

of researchers which is credited to its improved properties. The necessity for optimal

design of wateconveyance structures offers a wide range of researtheifield of

Water Resource Engineering. A review cagrout on optimakthannels desigspecifies

t hat alteration of Ma n ni n gdaies deRbasrptheer s s Coef fi ci e
considered. Thi study primarily focusses on this variatiohroughness coefficient in

design of lined canal with the fibeeinforcedcompositesSo, the substantial difference

regarding the results achieved for both scenarios, roughness coefficient of FRC compared

with the conventional roughness coefficients of materials validates the need for

considering variation of (N) wittwater depth. Mreover, when dealing with a distinctive

design problem by means of the proposed equatindid¢atedthe adequacy and the need

for considering variable roughness while designing an economical section.

Keywords Alternative, Canal, Concretei ni n g, Fi ber s, Manningdéds Roughness Co

1 INTRODUCTION

Design of open channels is conductedtransporting water at atmospheric pressure and may well be constructed in many
shapes. When water flows in an open channel, it must have a free sunfalés subjected to atmospheric pressure. So,

the pow conditions i n asathe posjianofthe fiee surfacd vsll prabatdy cltangewith eespect

to time and space, and also by the fact that the discharge, depth of flow and tloé tslefieee surfaces and of the channel

bottom are independent [1]. Flow resistance in channei$ key importance for different purposes like evaluation of
stagedischarge relationship, and the assessment of sediment transport from the hydrauliegroptre channel by
utilizing transport formul as. Al efficiantdN)and FraudesNaniber §r)eesalo n g N
in obtaining valuable information concerning design of an economical section, implementation and reducingothe cos
construction [2].

The crosssection havingnaximum velocityor minimum areais in generalconsideredfor lined canals. Such section is
supreméy effective (based on economy) as it includes least amount of earthwork. Design of irrigation camaferfor u

flow includes optimization of cost by minimizing the flow perimeter and flow area to a omnifeloreover, assessing the
velocity and depth of flow are substantial for selecting adequate lining material. Special liners which do not get affected
by emsion (such as concrete) are used where high velocity is permitted. For designing an econotitinalttsec
Manningbs equation is most widely accepted as adequate
and banks can be contrallby irrigation lining. Moreover, as the roughness is reduced in lined channels hence it permits
channels to transport greater flow as compared to largdined channels. This efficiency means that channel can be
constructed in less lanbh hydraulics egineering, to design water structures, frictional coefficient (f) serves as the critical
parametemwhile velocity, discharge and flow profile calculation plays a vital role in flood management, water resource
projects and the determination of hydraulifeefs for river conservation [4Yloreover,broadknowledge of the resistance
characteristics of hlvial streams is of great importance when studying different applications of water resdimees
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contribution of the factoréike silting, scouring, locatin of bridges, flood forecastingprediction of aggradation and
degradation due to the presencépdraulic structures and so are key contributor in design of can{i$.

The aim of this research is to investigate the effect of fibre reinforced ¢torcrel i ni ng i n Manni ngds I
on Froude number i n o p e nhroaghchanmekln recennydarsyvarious esearchemse bdeo p o w
conducted regarding the roughness coef filliuncértaimiés remairingg Ma i
regarding the precise value and effect of roughness coefficientrzyfusgrreinforced conrete on discharge in channels.
Moreover,to developrelationshipbetween different parameters, especially Froude number Mattming roughness
coefficient (N, and othefactors velocity (V) and head JHs consideredh order tofind useful relations.

2 SIGNIFICANCE OF THE STUDY

Roughness coefficient is widely eadnalpdctonsThd discharpeeotadda nni n g
sections are dependent on channel slope and roughness coefficient. Significantly, thelalesignd depth of flow for

channel can be increased in accordance with the roughness coefficient to achisiéngoend norscouring channels.

Enginees should adopt the viable parameters of FRC in design for the improved characteristics of hgtiuatuies.

3 LINED CANAL DESIGN PARAMETERS

The Manning Equation is the most commonly used equation to analyze open channel flows. The Manning Equation is
utilized in lined canal channel designs calculation as in (1) and (2).

Q=AxV 1)
o0 - Y Y @)

The Manning Equation was developed for prismatic channels. Prismatic channels have constant dimensions along its
length ncluding depth with the steady state of flow.

3.1 Design CrossSection

The equation (2) is stated iarms offlow, as flow area (A) is multipliedn both sides of the equation. In (Bft hand
side can be stated as A*V as it is equivalent to flow (Q) ia tontinuity equationMoreover, thisequationcan be
effectively utilized to assess the velocity¥/] by emdicatingthe areah).

3.2 Hydraulic Radius

The hydraulic radiugR) is the ratio of crossectional area to wetted perimeter. It is one of the mqstritant property of
a channel as it controls the discharge of watkreover, hydraulic radius and voluroéwater that a channel can carry
are directly related i.a riverhaving greater (Ryill havegreater flow velocityandit will also havegreatercrosssectional
area through whictvater can travel quicklyAlso, it accounts for geometry of the channel

D B D

— —
D Al

1

B

Figure 1: Schematic diagram of canal section for design
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3.3 Slope of energy gradient

Generally energy gradient slope is ligied, which signifiesthat due to friction, energy is released at a cerii@from
the conduit. This form of equation permits it to be utilized in order to @artyan analysis on conduitsatdo not only
flow under uniform conditions but also flowsder different conditions.

34 5RXJKQHVV FRHIILFLHQW ODQQLQJYV &RHIILFLHQW

The Mam i n apédffigient (N) is a unit less quantity which signifies the frictional fad)asr(the roughness of the conduit.
Moreover, (N) is higher in case of rougher condaiésing high friction whereas (N) is lower in case of smoother conduits
having lesf r i cti on. Ma n ni n g énwiricallp defived codffieientind depends upsn various factors
including sinuosity and surface roughness.

4 ROLE OF ROUGHNESSCOEFFICIENT

Flow resistance explicates the influence of friction on flow dughtmnel characteristics. Also, roughness equation is used

for its estimation. Moreover, resistance coefficient can be stated as magnitude of resistance. In an open chadgel, the stu
of flow resistancés a delicate concept and there is no ideal approaeissess it (Jarveld, 1998he factors that affect

the flow resistance to a great extent are described below and it shall be observed that all of these factors are interdepende
to a certain extenfChow, 1959, 1973; French, 1986; and Bin Abrahim, 20Aimong the top of the factorsudace
roughness is indicated by tezeandshapeof theroughness particlesf the material forming the wetted perimeter and
producingthe effectof retardness on flowRetarding effect is greatly influenced by the botiamgularities including the

material roughnes¥egetation evidently decreases ttapacity offlow for the channel and hinders thmvement oflow.

This effect depends primayibn stiffnessheight,density, spreading and type of vegetation. Seasdraaige influences

the growth ofweeds, willow and treeaguatic plantandgrasson thebanks ofchannel owithin the channel. On the other

hand, @annel shape, size and irregithaprincipally refers tasshapedissimilarities in the channel,-Xection ad wetted
perimeter along thgradient and slope of the chanrgtosion and sedimentation can altee flow movement either to

move un regular form or to divert and make irregédam. Thefactorsmainly depend uporoughness characteristics and

soil maerialtype Obstructions, for instance, debris flows, fallen trees, bridges, log jams and stones can have a noteworthy
influence on the flow resistancstageDischarge generallgffect flow resistance in such a way that when stiigeharge
increases, iteads to decrease in roughness coefficient.

5 PROBABLE |MPROVEMENT IN DESIGN

Concrete linings carry number of benefits and are used widely despite of their relatively high€eowsht concrete
lining made from selected aggregate provides very satisfaservice. Cement concrete linings are optimal for main
canals that carry a greater flow at high velocitigse conveyance of the channel is increased by smooth surface of the
concrete lining.

Table 1- Roughness coefficient of different materials [20]

Sr. No. Type Material/ Type Coefficient
1 Watertight roofs 0.700.85
2 Asphaltic cement streets 0.850.95
3 Paved Portland cement streets 0.80-:0.95
4 Paved driveways andalks 0.750.85
5 Gravel driveways and walks 0.150.30
6 Clayey soil lawns 2% slope 0.050.10
7 2-7% slope 0.100.15
8 >7% slope 0.150.20
9 Sandy soil lawns 2% slope 0.130.17
10 2-7% slope 0.180.32
11 >7% slope 0.250.35

Channel banks arfeept at seHsupporting slope 1.5H: 1V to 1.25 H : 1V, so that as a result lining is not needed to bear
earth pressures and its thickness do not increase. They are durable, tough, hydraulic efficient and relatively impermeable
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(Pencol, 183). Lined irrigaion canals serve for many purposes, out of which some are to minimize seepage, stabilize
channel bed and channel banks, avoid piping through and under channel banks, reduce hydraulic roughness (flow
resistance), promote movement rathemntkeposition ofediments, evade water logging of adjacent land, regulate weeds
growth, lessen maintenance costs, assists cleaning and decrease movement of polluted groundwater plumes (Ozcan, A.
(2005).

There are a number of reasons to make relationig@iphis becausehannel irregularity includes irregularities in wetted
perimeter and disparity in cresgction, shape, size along the length of channel and ripples, meandering, which leads to
small pitches or grooves unsettled in the bottom of the ehahinese irreguldties certainly provoke roughness in addition

to that caused by the surface roughness and other factors (Abdul Ameer, 1989). Also, vegetation can be look upon as a
kind of surface roughness, and evidently decreases the channel capdditypadeghe flow. Ebrahimi etal., (2008)
discovered direct relation between (N) and vegetation density which means increase in (N) results in an increase in
vegetation density22]. Likewise, the erosion of particles and presence of sediments efieets tManni mes® s r o
coefficient.

Contrarily, silting can wvary an irregular channel i nt
coefficient (N), whereas scouring may result in an increase in (N) (Al Jawad, 1994). Side slope nksheidpgered an
excessive effect on velocity, and plant growth also led to acquire the different values for (N). In lined irrigation canal,
decrease in flow depth will result in decrease in velocity, Froude Number and increapsg2it](N

Thus, from allthose influencingparameters, the multegression analysis does not give a good understanding for the
relation between (N) and stagescharge and needs more detailed study for the concrete irrigation canaisugieess
coefficients of few materialareobtainedempirically after the research work are presentetiable 1.

6 CONCLUSION
Based on thditeraturebasedexperiments which was investigated by many researchers in experimental tests on open

channel, a summarized form of the findings and conmhssdrawn from thetsdies are as follows:

T The relation between Froude number and Manningés r
inverse relation having a good agreement with the observed value.

1 The relation between Froude number anchMai n g 6 s g liningiirrigatmm canaléstinverse relation with
polynomial of fourth degree and showed moderate relation.

1 The relationships between Fr and n in the natural are inverse relations. The causes of the inverse relation are due
to the presnce of many variabk belong to the hydraulic conditions, and river morphology which affecting the
measurements and relationships.

The use of fibres provide the roughness which can be incorporated by increasing the depth of flow.
The roughness coefficiens material charaeristics, properties and roughness of each fiber varies and the design

parameter of the canal design will be varied accordingly.

On the other hand, role of roughness coefficient plays a vital role in design of tsétimgnand norscouring channels,

by the use of the fiber in concrete canal lining we can increase the depth of flow, by reducing the effective surface area
which is more likely to reduce the losses as well. The use of fibres in canal lining can be more cost effentive and
sustainable ntarial leading to green infrastructures.
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Abstract Plastic a material of thousand uses is enormously produced worldwide,
this production has significantly increased the generation rgtiastfc waste which

is causing a serious threat teelibn earth and environment. Recycling and reuse of
plastic waste incorporated in concrete as aggregate is dniesudly solution, as it
decreases the incineration and safeguarding the valuabledamdehdfilling. It has
drawn attention many research@nd in the last decades extensive studies have been
done and published on the replacement of plastic waste aggregate in concrete. This
paper aims at the review of the latest research on concrete witddelastic
aggregate. Discussions are made on thkimgaof aggregate from plastic waste,
followed by physical properties, mechanical properties and durability performance
of plastic waste concrete. Due to lesser specific gravity of plastic, decredige in
density is concluded. THeeduction in Compressivegattributed to the weaker bond

of plastic waste aggregatath mix. Lessons learned for the practical applications
and recommendations for future study are provided.

Keywords Aggregate Concrete, Mchanical PropertiePlastic Waste

1 INTRODUCTION
Plagic can be referred as a material of thousand uses, it meets demand in almost everything from automotive to food
i ndustries, el ectronics, clothing, p & ws#&ge, gvorldvgde, plastic isme d i ¢

enormously producediaterialsthat are produced in acceashe productionunits than itelimination on earthresult in

the environmental issug¢$]. The excessiveproduction of polymeac materials and theirglobally accepted and versatile
use associated with thacceptancéhey haveggained make these materiadtevastatinty hazardousto ourliveson Earh

and all the habitants of f2]. As delineated b¥Jnited Nations Environmerragram (UNEP), the worldide generation
wasmore tharalmost400 Million tonsof plasticsannually Figure 1 presentshe plastic wastgsroduction andjeneration
from 195G to 2015 throughout the worl@3]. After the usage, the unwanted plastic is now categorized as waste and a
huge amount of landfill is needed for the disp@sathat much plastic cannot be recycled in plant a singl@diayach
year, plasticsvage of nearly30 million metrictons (Mt) of the overalimunidpal solid waste (MSWgeneration ofJnited
Statesonly, andless tharB% is taken torecycing. Although recycling practiceare performing well but the defective
tractability of municipal consumer is causing the low figure of Recycling. Soraeieffitiic limitations are thetupendous
hinderanceo plastics recgling [5]. It has beemstimated thaglobally around8000 Mt as offreshly producegblastics to
date.Up till 2015, approximately 0 Mt of wastepolymeric materials hagenerated, around 9%which had beeput

for recycing, 12% was incineratedr used for ermmgy production and 79%disposed inenvironmentwhich is finally
disturbing the aquatic as welf current productionhighergeneration rateontinue by 2050 approximatel§2 500 Mt of
plastics will overburden th@atural environmer[6]. Traditionaly, plastics arevery toughand not readilbiodegradable

in the surroundingsexposed to environmental effecthus,plastics waseé canremain on land folonger durations or may
be many decadeBue to its high non bio degradability factors and chemiaailyeactive naturd?olymeic wasteneeds
many ofyearsfor eliminationin normal environmental conditioffig]. Currently plastics are derived from energy resources,
about 4% of the resources are used for production of plastic and similar amowowidegias a raw materigid].

Inequalities in existing plastic control methods and regulations are patiigofanounced in developing countries with
high plasticwaste generatiof®]. The presence of large quantitiesvedistedplastic and the low biodegradabilitiue to
polymeric chainsadversely affect the environment. All types of plastic used in evelifdayventually become waste and
cannot be recycled quickly, and tons of plastic waste requires large ataastofbedisposedf [4]. Waste recycling is
important in different sectors; it helps to recycle, reduces energy production and pollutEemanés in the production
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and use of renewable natural resources [0 generation and recovery rate of ptasiaiste in Municipality solid waste
(MSW) of USA, from 1960 to 2012are shown in Table 11]. The amountof plasticswastegenerated iJSA MSW
increased fronaround0.4 million tons to 31.0 million tons in the lasb0 years. Thgeneration oplasticwasteincreased
approximately80 timesthat in 1968@. ironically, the efficient recovery andecyclingwas notstared until 1980,when
started, itsatewas0.3%that year Apart from this technological developmetdawareness the spanof three and half
decadestherecyclingratejumpedto around 96 in 2012[12].

550 300 million tons of plastic
waste was generated in 2015
o
® &% 250
o w
=5
T
» © 200 y ’ 2
S = Ongoing increase in
ZE plastic waste generation
< = 150 over the last 60 years
£ .8
5% 100 |
— ©
= 50
o 1950 | 1955 | 1960 | 1965 | 1970 | 1975 | 1980 | 1985 | 1990 | 1995 2015
Polymers used for single-use plastics
i L o o i m
Total additives Other PP&A PUR PET PVC PS PP HDPE LD, LDPE

Figure 6: Global primary plastic waste generation in million tcascording to UNEP repof3]

Waste reuse isignificant infrom variousapplications of plasticecycling,minimizeenergy production anehvironmental
hazardsand provide helpin safeguardinghatural resourceshich can last for a longer tirfi8]. Landfilling is now
considered the last resort in dealing with plagtitste because it requires a huge amount of space and lomgstsm
pollution prdblems. By thisnethod, recycled plastics can be reused without degradatjiality during the service cycle,
and more importantly, the recyclpthstics substitute the use of virgin constructimaterialg14]. Plastic waste aggregate
replacement has been extensively investigated by researcher especitydimchded.heaim of this paperis to review
the latest research on plastic aggregate replacement in comirétes study physical and mechanical properties and
durability performanceof concrete with plastic aggregate are discussatthernore,recommendations for futurstudies

in this fieldare provided.

Table6: Generation, recovery and recovery rate of plastic waste in UStes MSW from 1960 to 20111].

Year 1960 1970 1980 1990 2000 2005 2008 2010 2012
Generated(1000t) 391 2500 6830 17130 25550 28380 30260 31290 31750
Recovery (1000t) Neg Neg 20 370 1480 1780 2140 2500 2800

Recovery rate Neg Neg 0.30% 2.20% 5.80% 6.10% 7.10% 8.00% 8.80%
2 MAKING OF AGGREGATE FROM PLASTIC WASTE

Various types of plaie wastes are being useddancrete as aggregate replacement, but the main typpslgpeopylere
(PP), PVC andPET [15]. Theseplasticcould be processed @rransformedn threeset upsbeforethey canbe further
utilized asplasticaggregate in concref8]. At fir st stagevariousimpuritieslike labelof the producand adhesives should
be cleaned and disinfectely washing with detergent. This ggnificant for making sure that finished product has
consistent The next stage is the shredding, whetee plasticis tealed up into smallpiecesor flakes.At last stagethe
shreddedgbieces are melteg@ind then pelledire madeThis type of &trusion issimpleand theoldestway oftransformation
process usually adopted foPET. Thelatest development inrpcesse®f extrusionsare molding andconverting into
extrusionfoam16]. Plasticaggregatdas lowspecific gravityand bulk density than conventional aggregatme related
properties ofdifferent typesplastic wate areshownin Table 2. Theparticlesof plastic aggregates prepardive
impermeable and smootiurfacecompared taiver sandyesultantly, avealer bondis formedbetweenwasteaggregate
and cement mixherefore, ® compensate the logs mechanicapropertiescaused by this weakbord, usually pozzolan
and plasticizer are usg#l7]. In addition,modernfoaming technologyand surface granulation technology whiobdify
the exposedayer ofplasticwasteaggregatecansignificantly enhancehe overallmechanical behavioKou et all used
superplasticizer and granulation of the waste aggregates for achienirayed mechanical propertigis3].
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Table7: Bulk density angpecific gravity of plastic waste aggregate

Plastic waste type Bulk density(kg/mq) Specificgravity Reference
PVC 641 1.3 [19]
PET 438 1.34 [20]
EPS 30 0.34 [21]
LDPE 179 +12 0.92 [22]
PP 515 0.90 [21]

3 PROPERTIES OF CONCRETE MADE WITH PLASTIC WASTE AGGREGATE
3.1 Physical properties

a. Slump

A number of parameters such as wdtierder ratio, shape and percentage replacement of the plastic waste results in
different values of slump of plastic wastencrete[12]. The replacement of plasticasteinfluencead the amount free water

in concrete anthence alter the workabilifd]. Rehmani et alpostulated thathat theworkability of concretemade with

PET waste of flaky shape wasadeased due to the effect on free water of concrete. It was also noted that increase in
plastic waste content effected workability more pronounced. The decrease in workabilitpreabard0% when plastic

waste replacement was increasgddifferent incement from 0 to 15%.[23]. Silva et all reported that workability
decreases witincrease in plastic size and roughness causing greater porosity that hindered workdjiliaikia and

Brito concluded that shape of plastic waste effected the slump. Three different shelpesldéd fractions i.e. fine range,
course rangand heatreated cylindrical pellets were used. A slight increase in slump was noted with incorporation of
heattreated cylindrical pellets. Replacement of fine range and course range shredded fractexhinesihrply decreased
values of slump24]. Researchers have concluded that increase in percentage replacement of plastic waste, decreases the
slump values as shown in Table 3.

Table8: Slump value bdifferent types of plastic waste aggregatearete

SNO Plastic waste type Percentage level Slump value (mm) Reference
(%)

0 135

1 Polypropylene 7.5 131 [20]
15 130
0 80

2 Polyethylene terephthalate 5 65 [23]
10 49
15 33
0 53

3 MSW Plastic waste 5 49 [39]
10 37
15 29

b. Density/ unit weight

It is postulated that fresh density and unit weight of concrete reduces with addition of plastic waste in concrete. Lima et al
[25] concluded that replacement of waste ethylene acetate up to 50%cneteoreduced fresh wet, oven dried and dry
densities by approximately 26% compared to control condCelangeloet al[26] replaced polyolefins waste aoncrete

and compared the dry densities with controharete. 35% plastic aggregate replacement resulted in 23% reduction in
density. Similar results of reduction in density was presentédiémy et a[27].
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3.2 Mechanical properties

a. Compressive strength

The nonrhydrating and hydrophobic effect, shagiee and replacement level of plastic waste played significant part in
controlling the lehaviour related to compressive strength. Increase in PET waste replacement, reduced compressive
strength generally. This compressive strength reduction was attritouteteycom formation and failurf28]. Coppola

et al[29] concluded thasmaller and granulateplastic waste aggregate can reduce the loss in compres&wgtistr
Similarly yang et B[15] presented that setionsolidatecconcreé with replacement ofhort column plastic waste lesser

that 20 % replacement can increase compressive strength due to $metiien of plastic waste which can filip the

concrete voidsTo prevent large reduction in compression strength the amoplastic aggregate reggtement should be

less than 20%Apart from this, larger plastic aggregate badly effects the compressive strength as it increases smooth
surface layer and hence a week bond. Plastic waste of lamellar shape which increase theesugadelamand of wate

lead to further weakened aggregate mix bfaag.

b. Tensile strength

Similar performance like compressive strength, split tensile strength reduction was reported by many researchers. Frigione
concluded that tensile strengiduced in concrete ntaining plastic aggregates of shredded PET bd@léls Punitha et

al investigated different content of plastic with 10% metakaolin in concrete and split tensile strength reduction was up to
40% and 36% at 7 and 28 days respectif&ly. Comparatively tensile strength was less affected by plastic size , however
percent rplacement and size glastic waste effect was significaj24]. The Anova resultpostulated thatemperature
significantly affected theensile strengtht was therfollowed by wE ratio andype of plastic wast@atnormaltemperature,

the addiion of plasticwasteparticlesdecreasedhe tensile strength, while tHlypropylenefibrestend tomaintain or
enhancedensilestrength.The results of th@lastic wasten concretes exposed temperature600°C showed a positive

effect on the tensilstrengthdue to polymeric additionwith no difference fodifferentwi/c ratios[32].

c. Flexural strength

Sadrimozi et all reported that increasing replacement level of plastic wastmrtbrete exhibitedriproved plasticity and
flexibility making it less brittle in failure as the nature of plastic is more flexible compared to conventional c[88jrete
Ruiz-herrero eported the materials had low mechanical properties in term of flexural strength, though the plastic waste
was not intended to be part of structural element. It is pertinent to mention that improved mechanical properties could e
achieved easily with highecontent of cement or admixturfsst]. Similady, Muhammad et al inestigated flexure strength
variation in concrete made with partial replacement of poly vinyl chloride (PVC) aggregate. Experimental analysis showed
that 15% PVC resulted an increase of 8% in flexural strength. In case of fine aggegd@atement, the ftare strength
unaffected in the range of 30% to 65% replacement. However, reduction of 42% in flexure strength was found with 65%
replacement of PVC as course aggreda®.

3.3 Durability performance

a. Water absorptin

Most researchers have reportadt replacement level of plastic waste also caused an increment in porosity and hence
higher water absorption of concret&. Colangeloinvestigated that substitution of 10%, 20% and 30% plasticewas
increased open posity by 19%, 31% and 40% while water absorption was increased was found to be approximately 9%
to 15% accordinglyj26]. whereaducolano et a[35] proposed that the increased porosity is attributed to difference in
particle sizes and shape of plastic waste, and Brito[@Datelated this phenomenon to the weaker interfacial transition
zone due smoothnd impermeable surface pfastic waste aggregate. Apart from this the angulated plastic aggregate
caused higher water absorption than corresponding regular and-spbhpesl aggregate. However finding obtained by
Safi et al[36] were opposite to this.

b. Resistance to freeze and thaw

Wang and Meyer investigated the effect of freeze and thaw on impact polystyrene aggregate and expanded polystyrene
foam in concrete. It was concluded that there was no effect of freezeaandetlistance with replacement of high impact
polystyrene in compsites. However plastic aggregate in the form of expanded polystyrene foam improved the freeze and
thaw resistancf87]. Ferrandz andAlcocel concluded in their study that enhanced resistance was due to the performance

of EPSto release the crystallization pressure of freezing water conmtecih substantially reduces damage to composites.
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However more strength reduction was examined when the substitution of EPS aggregate was higher than 50%, supposedly
due poor workability38].

4 L ESSONSL EARNED FOR PRACTICAL APPLICATIONS OF PLASTIC WASTE

Concrete incorporated with plastic waste produce light weight concrete, studies shows that concrete of different plastic
waste ggregate meet various criteria of various national parametéighofieight concretePlastic waste concrete made

with polypropylene increases the tensile strength and decreases the weight of the structure so it can be used for earthquake
resistance struares. Increase in freeze and thaw resistance at higher peceapdacement make it suitable for use in
extreme climatic conditions. Studies shows that many properties are improved with plastic waste incorporation, so a part
associated with plastic wastlisposal can be minimized.

5 CONCLUSION
Following conclusions aabe drawn from the conducted study:

1 Fresh and dry densities of concrete produced with plastic aggregate tend to decrease due to low specific gravity
of polymeric materials

1 Reduction in Comgessive strength was concluded by many researchers andattvilagted to the weaker bond
of paste with plastic waste aggregate.

1 At partial replacement of sand there was no effect on the freeze and thaw resistance however higher percentage
replacement iproved freeze and thaw resistance

1 Water absorption and porogiof plastic aggregate concrete is higher than conventional concrete however this

flaw can be eliminated by incorporating rich cementitious paste

Though an extensive research is availablelastic waste aggregate but a detailed study need to be ddeeching of
toxic chemicals from plastic waste concrete and similarly a comprehensive research on the long term performance and
recycling of plastic waste concrete is suggested to understdnckefy its life cycle assessment.
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Abstract A practice of constructing reinforced concrete frame structures with
unreinforced masonries is being followed all over the wdrdthe past, these
masonrieswere considered as the netructural elements of the buildjnbut recent
researches have shown their importance during seismic events where they greatly
enhance the performance of the buildifige most common type of masonries used

in Abbottebad are brick masonrgndlow strength concrete block masonry. These
mawonries are the composite materials that generally consist of individual units of
the bricks or concrete blocks bonded together with the help of mortar. Mortar is also
the mixture of cenent, sand and water. Due to this heterogeneity in the composition,
meclanical properties of infill masonries are not the same as that of the individual
units. Moreover, there are variety of matesalvailable in the construction market,

a most widely adoted material in one region may not be used entirely in other
regions &. low strength concrete blocks that are most widely used masonry material
in Pakistan especially in Abbottabad but are not considered outside the Asian sub
continent. Therefore, it idesirable to find out the mechanical properties ofehe
infill masonries experimentally at the local level in order to asHesis response
under different types of loading e.g. seismic loadifgis research aims dhe
experimental determination of mikeanical properties of two types of infill masonries
i.e. brick masonnand low strength concrete block masonry. The resaafaither
focused on thestablisimentof empirical relationships between different mechanical
properties andanakingtheir compaison with those given by other researchers and
international standards:or this purpose, masonry prisms for both these types of
infill masonries were constructed and tested in the concrete laboratory of COMSATS
University Islamabad, Abbottabad Campus #relresults were reported in terms of
compressive strength, elastic modulus, shear modBus, s s o n.&®m theat i o
outcomes of this research it was found out that compressive strefhgtasonry
depends on the compressive strength of masonry units anben of joints ina
square unit. Grear the compressive strength of masonry unit, greater will be the
compressive strength of masonry whereas greaganumber of joints ira square

unit, lesser will be the compressive strength of masonry and vice \Wosaover,

compressive strength,efa$ ¢ modul us, shear modulus and Poi sso

to be 790 psi, 410 ksi, 166 ksi and 0.2383 for brick masonry whereas 400 psi, 250
ksi, 97 ksi and 0.3127 in case of concrete block masonry respectively.

Keywords - Infill Masonries, Compressive Strteg t h , El astic Modulus, .Shear Modul

1

INTRODUCTION
In the present time, a practice of constructing reinforced concrete frame structures with masonry infill walls is being

followed all over the world1]. In the past, these masonry infill walls were considered as thstnatural elements of
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the building[1], but recent researches have shown their importance during seismic events where they greatly enhance the
performance of the building. The most common type of masonries uséthattabad are either the brick maspor low

strength concrete block masonry. These masonrigb@@mmposite materials that generally consist of individual units of

the bricks or concrete blocks bonded together with the help of mortar. Mortar ihalstixtureof cement, sand and

water. Due to this heterogeneity in the composition, mechanical properties of themaSlbnries(i.e. compressive
strength, elastic moduluB,0 i s s o ®td.)sare nai tha same as that of the individuakulmtlividuals units of brickor
concreteblock masonriesusually carriesgreatercompressivestrength and modulus of elasticity as compared to the
masonriesThe mechanical properties of the infilasonries generallyepend upon themechanicaproperties of indiidual

units, quality of the binding nterial being used in the joints ambrkmanship Thoughdifferent building desigitodes

provides empirical relationships for the determination of these parameters, but the quality of the material and workmanship
beingthe major influencing factors for theparameters do not remain same in all parts of the world. Moreover, there are
variety of material available in the construction market, a most widely adopted material in one region may not be used
entirely in other rgions e.g. low strength concrete bletkat are most widely used masonry material in Pakistan especially

in Abbottabad but are not considered outside the Asiartentinent. Therefore, it is desirable to find out the mechanical
properties of thee masonies experimentallyat the local levein order to assess tingesponse under different types of
loading e.g. seismic loading.

Similar works have already been done on the determination of mechanical properties of infill masonries in different parts
of theworld. Saroj Phajju and Prachand Mara&han[2] have conducted an experimental research on the determination

of mechanical propertseof brick masonry. The results of shiesearch yielded a value 26 MPa, 2703.2 MPa, 915.1

MPa and 0.3Zor compressive strength, shear strength, elastic modulus, shear modulBs ansl s o n 6f given at i o
masonry respectively. Another researchgs. Nowofor[3] as a result of his experimental work have foundeoudlue of

11.86 MPa, 7420 MPa and 0.33 for compressive strength, elastic moduluBoand s o n dfsbrick maséonky
respectively Zeljke Radovanovic et. al4] on the bas of his experimental findings suggested a valu2.8 MPa and

3190 MPa for compressive strength and elastic modulus of clay block masonry whereas 2.9 MPa and 6600 MPa for
compressive strength and elastic modulus of concrete block masspectively. Aother research made Mohamad

Gihad et. al[5] found out thecompressive strength and elastic moduddi€oncrete block msonryto bel10.56 MPa and

10145 MPaespectively. In another research madé&hyari Arasi6], compressive strength and elasticdalusof brick
masonrywere found out to be 3.7 MPa and 3751.3 MPa respectively.

This research aims at the experimental determination of mechanical properties of two types of infill masonris i.e. bri
masonry and low strength concrete block masonry. rEsearch is further aimed at the establishment of empirical
relationships between different mechanical properties and making their comparison with those given by other researchers
and international ahdards.

2 RESEARCH M ETHODOLOGY

Two differenttypes ofinfill masonriegi.e. brick masonry and low strength concrete block magongre considered in

the research for thmvestigationof mechanical properties i.e. compressive strefigth)d elastic modlus (E ), shear
modulus(Gm) and B i s s o n(8).dn order toidaso, masonry prisms for both these wall types were constructed in the
concrete laboratory of Comsats University Islama@zidl), Abbottabad Campus. These masonry prisms were then given
proper curing for 28 days after which they were gateuniversal testing machin&TM) for compressive strengtest

During the compression strength test along with the axial deformation, lateral deformation was also observed in order to
determinePoiss 0 n 6 s Due #tthie mability of testing devicdaar test was not conducted on the masonry prisms.
Therefore, shear modulus was determined by using an empirical relationship as given in (1). Although this equation was
derived assuming the material lte isotropic, but it can give reasonable resultsriasonry material as well. Most of
building design programmers like ETABS and SAP 2000 use the same relationship for the determination shear modulus
from elastic modulus and Poissonds ratio.

Gm = (1)
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2.1 Construction of Masonry Prisms

A total number of 3 masonry prisms footh these types of infill masonries were construoted relatively flat or levelled
surface. Theeprisms were constructed witleight to thicknesgatio of 2 in casef brick masonry and 2.7 for concrete
block masonryThe construction of these prisms was undertaken as per the standard procedure of ASTM]C1314

Table9: Physical Characteristics of Masonry Prisms

Prism Type Length Width Height Top Area
(in) (in) (in) (in?)
Bricks Masonry 18 9 18 162
Concrete BlockMasonry 18 6 16 108

2.2 Curing of Masonry Prisms

All the masonnyprisms were kept at a normal room temperature of 24 +i8 Atisture tight bagafter the initialnormal
curing of 48 hoursThe prisms were extracted from theseditagp days before the testhe guidelines of ASTMC1314
[7] for the curing oimasonryprisms were followed in their fulpirit.

2.3 Testing of Masonry Prisms

All the masonnyprisms were tested in accordance with the standard procedure of £&33M[7], and the results were
reported in the form of compressive strengilis t i ¢ modul us, shear .@wongraskivestrergihd P o
was obtained asraaximum axial stress taken by the prism before undergoing failure whereas elastic modulus was obtained
as the slopdnitial elastic region oftress strain curvédoreover, cduring the compressive strength test a dial gauge was

also installed at one side tife prism to observe its lateral strain. The results obtained were then plotted in the form of
lateral vs longitudinal strain curve. The slope of linear curve bettederal and longitudinal strain givestRe i s sonod s
ratio for the prismShear modulus as determined using (1).

Figure 7: Testing of Masonry Prisms

2.4 Testing of Masonry Units

For the sake of making comparison between compressamgsh of masonry f,)@nd masonry units f.i compressive
strength test waalso conducted on masonry units. Fas fiurpose 3 samples of both bricks and mortar were prepared.
Mortar samples were prepared in the form 6fi¢h cubes with cement &and ratio of 1:3 whereas brick samples were
prepared by filling the frog of Clash bricks with mortar. After the preparation of test samples, compressive strength test
was conducted in compression testing machine (CTM) in the concrete laboratory dcdt€amsversity Islamabad,
Abbottabad Campugd.his test was conducted in accordangth the standard guidelines of relevant standards.
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At the end of specified curing period of 28 days, all the masonry prisms were tested for compression tesvitetdas
masonry units in CTM. All the results obtained from the compression test regorted to the nearest 10 psi for

compressive strength and 1000 psi for elastic and shear moduluBoThes s o n 6 s

rat.i

(o]

wa s

repor:t

places.A more deailed description of average test results is given in table 2 and taDle tBiebasis of test results, a
comparison was made between different mechanical properties of masonry and masonry units. Analyzing the results,
compressive strength of masonry i@snd to be some fraction of masonry uitiis loss of strength is due to theg@ace

of weaker mortar and interface elements in the joi@teater the number of joints, greater will be the loss of strength
which can be observed from the test resultbrick masonry prism where greater loss of strength was seen due to the
greater nmber of jointsCompressive strength of mortar used in the joints was found to be 1720 psi. In table 2 and 3, the

symbolf @,refers to the compressive strength of majosomay unit i.e. either bricks or concrete blocks.

Tablel10: Average TesResults for Brick Masonry Prisms

Parameters Values Parameters Relationship/Values
(psi)
fd 790 3 0.2383
f fu 1880 f @7 fOmu f H=0.4202* fOmy
Em 410000 Emi fom Em =520 * om
Gm 166000 Gm-Enm Gm=0.405 * En
Tablell: Average Test Results for Concrete Block Masonry
Parameters Values Parameters Relationship/VValues
(psi)
fd 400 3 0.3127
fOmu 820 fOm - fOmu f ®=04878* fOm,
Em 250000 Em - fOm Em=625*fOm
Gm 97000 Gm-Em Gm=0.388 * En

A comparison between mechanical properties of masonry infill wialisrmined experimentallguring this research is
made with that of previous researches in table 4. From the comparison it can be seen that[Rphadwverestimated
the mechanical properties offill masonry whereas Randovanoy4j has underestimated the results among all. The
mechanical properties determineddillyotherresearches lie in between that of NowdRjrandRandovanovig¢4]. It was

al so

observed

t hat

mechani cal

properties

det er mi

ned du

deviates too much from any other presented. A comparison between empirical relatipnshgsed byeach of the
researcher is also made in tableFrom the comparison it can be observed that empirical relationship of mechanical
properties ofnfill masonriegproposed by this research comply with most of the other researches. The rejatienskien
compressive strength and elastic modulus lies closer to that recommended by FENB] @&@reas relationship of
compressive strength of masonry and magamit liescloser to that proposeuny Nowofor[3]. The relatimship among

el as

tic and

shear

modul us i s

al

mo st t he

by Phajju[2] and Nowofor{3] as compared to that presentadtiis reseich.
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Research Masonry Type fd Em Gm
(psi) (ksi) (ksi)
Brick Masonry 790 410 166 0.2383
This Research
Conc. Block Masonry 400 250 97 0.3127
Phajju [2] Brick Masonry 360 392 133 0.32
Nowofor [3] Brick Masonry 1720 1076 404 0.33
] Clay Block Masonry 420 463 - -
Radovanovic[4]
Conc. Block Masonry 421 957 - -
Gihad [5] Conc. Block Masonry 1530 1471 - -
Arash [6] Brick Masonry 540 544 - -
Table13: Comparison of Empirical Relationships Between DiffeMathanical Properties
Research Masonry Type fOm - fOmu Em - fém Gm-Enm
Brick Masonry 42.02% Em=520*f 40.5%
This Research
Conc Block Masonry 48.78% Em=625*f 38.8%
Phajju [2] Brick Masonry 22.5% Em=1085*f § 34%
Nowofor [3] Brick Masonry 51% Em=626*f § 37.6%
Clay Block Masonry 44% Em=1104*f H -
Radovanovic[4]
Conc Block Masonry 89% Em=2276*f f -
Gihad [5] Conc Block Masonry 58% Em=961*f & -
Arash [6] Brick Masonry - Em=1014*f -
FEMA 356 [8] - - m=550*f H -

4 CONCLUSION

Following conclusions can be drawn on the basis of results of this research study:

1 Compressive strength of masordgpends on the compressiveesyth of masonry units and number of joints.

Greater the compressive strength of masonry unit, greater will be the compressive strength of masonry whereas

greater the number of joints in a square unit, lesser will be the essipe strength of masonry avide versa.

1 Compressive strength of masonry was found to be 42% of that of masonry unit in case of brick masonry whereas

49% in case of concrete block masonry respectively.

9 Elastic modulus of masonry was found to be 520 tiitsasompressive strength iage of brick masonry whereas

625 times in case of concrete block masonry respectively.
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1 Shear modulus of masonry was found to be 41% of that of elastic modulus in case of brick masonry whereas 39%
in case of concrete block mamsy respectively.

T Poi s s tiomwasfound & be 0.2383 for brick masonry whereas 0.3127 for concrete block masonry.
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Abstract UK 6 s e xilwaytnétwogk relies on many hetliirough bridges that

were built during Victorian era and are already beyond their designated service life.
Therefore, maintaining bridge assets in serviceable condition to ensure sustainable
replacement rat without majometwork disruptions is vital. Current UK practice
applies the British Standards and Network Rail
load capacity of such bridges using hand methods. If the codified methods rate the
bridge capacity as substdard more adveced analysis (based on finite elements) is
usually commissioned in an attempt to improve the capacity. In this advanced
analysisthe structure is modelled with 3D shell elements and the load group rating
is extracted from a nelinear bucking and plasti@analysis. Currently, there is not
enough formal guidance regarding the-precessing and more importantly the post
processing techniques of a FEA based assessment and quite often the knowledge and
experience is passed over solely from mexperienced idividuals. This paper
presents two case studies of real {thibugh bridges that demonstrate how
additional FE model refinemennainly through convergence enhancements, could
reveal essential information about bridge behavior at or atosallapse loadBased

on findings from the case studies, a seg@fiericrecommendations is produced to
inform both pre and posiprocessing aspects of future assessments where bridge
capacity is extrapolated directly from FE model results. The mairofthis paper

to add more clarity in the interpretation of Nonlinear Analysgults. Thigan lead

to more appropriate maintenancestrengthening recommendations and saving

the budget.

Keywords Half-through, Finite element model, Ndinear analgis, Network ré.

1 INTRODUCTION

Bridgesplay a vital role in supporting railway infrastructure in the UK. Out of 30,000 bridges owned by Network Rail
(NR), one third of them are of metallic composition such as steel, wrought iron and cB}. itdme of the mostammon
configuratond or met al l i c bridges erncdcawrutgehrbed ypre rsfd]oThimboyn ni s i tgl
of construction ipreferredon railway sites over others for its distipmsitioning of trafficled surface with respect to the
structural envelope. Aspposedo otherdecktypes, the trafficked surface lies within construction depth of a deck which
allows to partiallyaccommodatdérack components and traffic within deck bdanes, resulting in greater clearances
beneath a bridge. The drawback is that onlfrdsne action povides lateral restraint at the level of compression flange,
making this deckypesusceptibléotorsionalb uc kI i ng. A | atf lge o fpg lmidgesi opnstrucied dudinga | f
Victorian era, have detailing which rendersfrdme action partiallyrieffective. An example of such detail is a non
coincident position of cross girder with respect to web stiffener as shown on Figure 1 (b). Wittiliseth U-frames, the
spacing of lateral restraints, i.e. effective length, becomes equivalent to giadei#iis results in a massive increase of
compression flange slenderness and reduced bending capacity of a girder, as evident from Figure 1 (c). iMangover,
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investigations[3] demonstrate that standard rules for girder wed atiffener capacities are unduly pessimistic.
Unsurprisingly, many old bridges fail assessments undertaken by codified hand methods.

I
b
o
b
bo

N

f
T
i)

(b) ;L

Figure8: (a) Example of halthrough constructioff] (b) Cross girder not coincident with web stiffeners in the bridge
built circa 1900; (c) Chart indicating relationship between girder slenderness and Iimitingnt of resistance, MR]

For bridges that have been rated assaindard by codified hand assessment, NR usually commissions a more advanced
assessment, utilising Finite Element Analysis (FEA) where girder capacitiesteapotated directly from a FE model
(primary shell). Some bridges with peculiar geometric featuzay. fishbellied geometry of girders, high skew, slanted
girders on plan, bypasedifiedhand assessment if asset owner deems that hand methods asble1$tlHA assessments

rate individual girder elements against buckling and yieldiihg.governig buckling modes in Hrame bridges are lateral
torsional buckling to the compressive flange and shear buckling of web plates. Web plates are normally ectbgnpan
transverse stiff enbadkiggcapacitydue to éensmrefielévactnjd]sBugklingsof plate structures

is characterised by biaxial bending due to-olplanedeflectionof the elements. In contrastttvaxially loaded columns
where buckling limits their ability to support more than the critéodhl load, plates under compression will continue to
supporthigheraxial forces by utilising membrane action and they will fail in loads significantly htbherthetheoretical

critical load[6]. Additionally, in the design of new bridges, it is common to first size the structure for strength and stiffness
and then carrput SLSand ductilitychecks over the remaining capacityhereastarget deflections anfhtigue criteria

can be used as a bentdrk in determining reserve capacity of existing bridges. Similar to seismic or other complex designs
some degree of plastic structural response can be expected when assessing oldrigidgesvice loading. This relies

on the inherent ductile propesi@nd slenderness of steel and wrought iron girders that allow for internal redistribution
effects[10,11]. However, plastic deformations are generally avoided in the assessment ofye{dtiridges because it

is difficult, in practise, to define a pdiat the loaedisplacement curve where the reduction of the-cedying capacity

can be deemed asceptable.

Many Victorian era bridges are well beyond their design life yet contitue it e monstrate resili e
performance metrics for safend reliability. Numerous of these bridges are in poor condition with highest proportion
(~33%) scattered over Scotland route [7]. Condition of bridges will continue to deteriorateemdaby, replacements

will need to be commissioned. NR stratedgans for Control Period 6 [8] highlight how unsustainable the current rates of
remediation are and how it will have a kneaf effect on railway network capability in the future. For exden with

Wessex route, at the present replacement rate, it iscpgdjéhat some of the bridge assets will be 300 years old before
they can be replaced [8]. This suggests that nmdiex of funding will be required to either increase the replacemeat rat

or maintain old bridges in serviceable condition. In order toritiise bridge replacements in a sustainable manner,
improvement in the assessmeaportingis requiredto ensure that replacement scheme appraisals are not driven by
inconclusive results.
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Guidanceon conducting notinear assessments of NR bridges primarily lays emphasis epr@eessing aspects of FEA

bridge modellingA research gap has been identifiethe post processing requirements which, in UK practice, are limited

to examplef load-displacements charts and screenshots of yield labels on stress contours at the locations of interest.
With the aid of two real bridge examples, in order to addresseearctgap this paper demonstrates that by blindly
executing the assessmerttdhie guidace requirements may lead to erroneous conclusidresaim of this paper is to add

more clarity to the interpretation of pgstocessing NL analysis results and to highlight the significance of buckling
displacement historin extrapolating bdge load caying capacity

2 METHODOLOGY

2.1 General formulation of bridge models for analysis

3D thick shell FE LUSAS v17.0 models of two real hdfough bridges, Grand Union Canal and Battersby Lane, are used

to investigate buckling behaviour of web panélsell thikkness of surfaces in both modatsounts focorrosion section

losses that hee been rationalised from inspection repoAsnon-linear bucklinganalysisis undertaken in two steps,
incorporating bottgeometricand materialnonlinear charactéstics desdbed in Section 2.2 and 2.3 respectively. First
analysis step includes application of permanent actions as a single load increment. In the second step, it is intended to
inherit residual stresses and deformation contour from first step ang raipiraffic at 0.05 load increment# 0.05

increment represents each load group number in RA (route availabilifyy&@nge, capturing all locomotive classes that

are used in the UK. Articulation is assigned to suit bearing conditions of each (adgen flange bearings seated directly

on bedstones) simply supported arrangement with restraints applied at centre line of bearing stiffener. As the selected
bridges experience convergence issues early into théimear analysis, model refining is dertaken to alleviate stress
concentrations in the bearing zones. Slide surfaces are used in Grand Union Canal Bridge to idealise contact between
bedstones and bottom flanges anddfft support capability is incorporated in Battersby Lane Bridge. TahledlFigure

2 below showcases the LUSAS shell models and the key characteristics of the bridges that are analysed.

Table 1: Key characteristics of bridges analysed

Bridge

Bridge Bridge Girder .
Name Span (m) \(/qu;ﬁh Depth (m) Skew Material U-frame notes

Partial compression flange restraint provide
Grand by unstiffened mo_me_nt connection betwee
Union 273 6.8 1.40 67 Wrought transverse and main glrde_rs. Transverse be

' ' ' Iron are not coincident with stiffeners.
Canal
Compression flange restraint provided by

Battershy 220 12.0* 295 50 Wrought stiffened moment connection between
Lane ' (average) | Iron transverse and main girders. Transverse be

and stiffeners form an effective-fdame.
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*Width varies along the bridge due to slanted alignmegirders orplan

GIRDER 'A

‘GIRDER 'B"

(b)

Figure9: (a) Grand Union Canal LUSAS Shell Model; (b) Battersby Lane LUSAS Shell Model. Floor deck excluded for
clarity

2.2 Prescribed initial perturbations

Nort-linear buckling analysis isindertaken with initial deformigins generated by web buckling modes from elastic
eigenvalue analysis. Magnitudes for displacements are be derived in accordance with Table 8 in-8$13100
Displacement path has significant weight on how RA load graupber for capacity is deriveaid it is undesirable to
introduce excessiviaitial deformation especially if it has not been observed onEite scale of imperfection only needs
to be enough for triggering anticipated buckling behaviour

2.3 Materials

The plasticity models that are moreitible for ductile materials which exhibit little volumetric strain such as isotropic
metals are typically that afon Mises and Tresca. Both cappear side by side with little or no difference depending on
complexity. Calbration of both criteria with pect to tensile (or compressive) strength and shear strength has shown that
the maximum difference between the two is approximately 15% which, compared to assessment or design safety factors
is relatively small. Von Misesplasticity criterion is selectefbr modelmaterial attribute which in contrast to there
conservative Tresca (lower limit) is considered as more consistent to experimental data and more widely accepted for civil
engineering applicatior[9]. ElasticPerfedly-Plastic material is also assumedstain hardening gradient is assigned in

the plastic material properties torther refine the model and improve convergence. A plastic strain limit is set at 0.15
(15% elongation) aarding to NR/GN/CIV/025 which ggiesto wrought iron materials that have not been tested. The
slope (E2) of the hardening gradient has been calculated using equasidollbws:

E2=(, - ,)/( -1) @
Where: E= Modulus of O D V W | =Hltiwiate tensiH VW UK QPW®LAXP \LHOG YW UHQIBWK /

2.4 2.4 Post processing and interpretation of results

Instead of following the scope prescribed in the Level 2 assessment guidance document which indieaedR/A30t)

axle load range for nelinear analysis, the FE models are refined to improve convergence and run extendadanon
analysis with more increment steps with loading beyond-RB0ange. The intent is to investigate whether there is any
benefit ofoverloading a bridge deck to extt a more informative postuckling displacement history graph.

3 RESULTS AND DISCUSSION

3.1 Grand Union Canal Bridgetsensitivity of buckling response to articulation

As described in section 2, a nbmear finite element maal is developed for Grand UnioGanal bridge.This case
illustrateshow the use of netinear boundary conditions have allowed to run a more extensive analysis and evaluate
behaviour from larger pool of resulfSigure 3 (a) shows the loatisplacement curve at the critical web panehgdiasic

linear support condition®ue to peak stress concentrations at the nodes restrained by simple supports, convergence issues
aborted the analysis early and engineer rated the bridge as substandard (RAO; <14t per axle) governed by buckling of web
panel adjacent to obtuse corner bagriThis was followed byecommendations for immediate speed and load restrictions
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across the structurBvaluation of the boundary conditions using 8lide line supports with contact surfa¢eslistribute
theloadovea mor e Or e al idsolvabititpof themedalat the lattar iloadencrements.

Figure 3(b) shows how théisplacement history of buckling resporsethe same element wastended to capture the
nonlinear behaviour up to factor of 3.0Moreover, as snagthrough buckling behaour is not identified in the refined
analysis, it highlights how buckling response is sensitive to articulation attributes. As a result, sufficient displacement
range allowed to extrapolate conclusive load group foklmg (RAG; 20t22t per axlea42%57%increasg

Buckling Graph of First Web Panel Adjacen o Bearing
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Figure10: Web buckling behaviour at obtuse corners of the girders. (a) Simple support conditions; (b) Slideline surfaces.

isplacement

(m)

3.2 Battersby Lane Bridgeta case with twdocal buckling modes with inherently different
behaviours

This case demonstrates two local buckling modes obtained from web panels at the opposite obtuse corners of Battersby
Lane Bridge. Figurd shows displacemengmthsagainst load increents for two or-linear analyses undertaken for main

girder webs. The analyses have been prescribed with initial perturbations with maximum displacement applied to node
15274 whichhas been identified bglastic eigenvalue buckling analysis. The only défeee betweethe two analyses

sets is the extent of displacement history. Figure 4 (a) gcaplesdisplacements up to 1.25 load factor which is equivalent

to RA15, whilst Figure 4 (b) proceeds beyond load factor of 2.0 to capture displacements frendaidlincrerants.

Total Load Factor vs. Lateral Displacement (DY), Local Web Buckling of Main Girders at Obluse Comers. Total Load Factor vs. Lateral Displacement (DY), Local Web Buckling of Main Girders at Obtuse Comers
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Figure11: (a) Nonlinear buckling analysis 1, last load increment at factor 1.25 x RA1 live load; (b)itNm buckling
analysis 2, highest load increment peaks2ad x RA1 live load.
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From Figure 5a) it is clear that commencement of nlimear behaviour fonode 15274 occurs within 8.9 load factor

range. The displacement path peaks at 3mm at the last load increment (1.25x) and signals the development of gradient
plateauing. In contrast, node 3058hows no signs of ndinear behaviour within 1.25 loadfactor range yet its
displacement peaks at 5mm. However, Figure 4 (b) illustratesctimae flattening at node 15274 iswithin narrow
displacement rangé compared to maximum displacement at @@9507 It is also evident that buckling at node 15274
doesnot evolve into collapse load and does not show any signs of instability before sudden flattening at node 30507. This
suggests that buckling at node 30507 triggers global instability and eartienencement of nelinear path at node 15274

does not warnat reporting of bridge failuras highlighted by Ryjacek, 201%his conclusion is reinforced by observing
nonamplified displacement contours shown on Figbitbat shows how buckling at node 3I5Figure 5 (a))evolves

into plastic collapse of the girdevhilstdisplacement at node 152f#Higure 5 (b)yemains small with respect to adjacent
elements.

Analysis: Analysis 5 - NL MGE1 SF(26+19)
Loadcase: 149:LL (Copy 1), 53:Increment
Results file: MAJ_144 Conference paper
Entity: Displacement

Component: DY (Units: m)

-0.0133052
-9.97887E-3
-6.65258E-3

-3.32629E-3
0.0
3.32629E-3
6.65258E-3
9.97887E-3
0.0133052

Maximum 0.0149124 at node 32915
(a) Minimum -0.0150242 at node 34188

Figure12: Displacement contours at buckled panels at loacdinent 2.0 x RA10 railway live logthon-amplified). Red
crosses indicate yielded mega) Contour legendp) Node 30507, buckling at obtuse
tension field actionjd) Node 15274, |l ocalised buckling at ob

4 CONCLUSION AND RECOMMENDATIONS
Non-linear buckling analysisesultsfor web panels of two bridges have been presented in this study. Following conclusions

are drawn from this study:

1 Through additionatefinementbof models to enhance solvability, it Haesen revealed that interpretation of results
could vary depending on the quantity of data, primarily displacement history. With the bridges analysed,
inadequate displacement range hasdeertoneous capacity regping.

1 It has also been demonstrated Hmvekling response is sensitive to idealised boundary conditions and that further
refinement ofarticulationc an el i mi nat e ¢ d ulmatdgifion, bsuderkohsiraieg bgvieovdfe s .
Battersby Lane Bridgeesuts, eigenvalue buckling analysis is nbdwvays a reliable predictor of critical buckling
modes.

1 Not all these matters are considered in the guidance note for undertaking advanced Level 2 assdssments
has led to reporting of overly conservative results

To avoid potential erroneousportingin the future, the following recommendations are made:

1 Theminimumthreshold limits for buckling displacement history should be defined in the guidance document.
From case studies presented in this paper, it is thedarSmm displacement range is too narrim make an
informed judgement. Through inspection of graphs on Figure 3 (b) and ¥0thjnlateral displacement range
for local buckling of web should be sufficient to provide a plot from which load group ageshsbuckling
failure could be determinedDisplacement range for flanges requires a separate study as flanges can undergo

much larger lateral deformations before stability of the whole bridge is compromised.
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1 For complex bridges, provisions for further siinity analyses to resolve convergerngsgues or improve results
should badiscussednd be considered in advance. Ideally additional budget will be included during the bidding
stages solely for that. Bridges with large spans and excessive skew miaguek complete one single analysis
which has resulted in engineers taking shortcuts in order to complete the work within budget.

1 The scope of assessment should incorporate a malepith discussion of appropriate remediation measures for
the failure mde under consideration. For example,hibsld be outlined which intervention strategy, such as
planned preventative, do nothing, aggressive monitoring etc., best fits the behaviour of governing element. Having
visibility of postbuckling reserve capacityould help to identify the urgency of etrgthening or maintenance

measures.
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Abstract Crack detection in structural elements is pivotal for structural health
monitoring. In this paper, an automatic machine vigiased crack detectianethod is
proposed, which is efficient, computationally simple, and fast in contrast to the time
consuming and highly subjective traditional visual inspection approach. Textural analysis
of the concrete surface image is performed using Haralick feamresack déection.

First, a combination of 8 suitable Haralick features in 4 different directions are extracted
from the SDNET2018 image dataset. Then, different SVM classifiers are trained on the
extracted features and tested using-®l& crossvalidaion schemeto distinguish
between cracked and nanacked images. The resulting bestined classifier achieves

an overall classification accuracy of 88%. Furthere the high classification accuracy

for individual image categories indicates that thepps®d methd can effectively detect
cracksin the imags. Finally, crack orientation is localized based on the extracted feature
values.

Keywords Crack detection, Haralick features, structural health monitoring, machine learning

1 INTRODUCTION

Concrete creks are geerally unavoidable and very common due to expansion, shrinkage, overloading, settlement, or
premature dryingwhich arecommon causes of cracks in the concrete surface. While concrete arackst always
associated with high risk, they are eethelesslte first indicators of compromised structural durability and health.
Therefore, the detection and assessment of quemierties, such awsidth, orientation, and itpreciselocation in the
structure, is crucial for structural health monitor{i8HM). Visual inspection by a trained inspector is the conventional
method for crack detection which is highly subjective of the pérsperience and knowledge. More importantly, visual
inspection isa particularlytime-consuming and labentensive appach. Theefore, severateliable and cosgffective
machine vision(MV) basedautomaticcrack detection and assessment techniques have tmmosed in the literature as

a substitute fothe traditional human visual inspection approfmtSHM [1].

MV -based SHM tehniques mostly rely on the camera image for concrete crack detection. As the crack in a 2D image is
characterized by an edge, these methods generally employ edge detection and segmentation algorithms for the detection
of cracks in the concreturface imge. In [2], probabilistic relaxation with adaptive thresholding is proposed for crack
detection. A pavement crack detection method: CrackTree [3], detected cracks from the crack probability map constructed
through the tensor voting scheme aftee corredbn of illumination using the geodesic shadow removal technique. A
phase symmetrpased enhancement filter coupled with morphological operations and thresholding is propoktd in [4
concrete crack detectio [5], cracks are detected by ngithe Sobleedge detector and OTSU thresholding scheme. This
method was further extended in [@]here the connected component analysis was performed in HSV colorspace to detect
cracks. In [7], the Sobel edge detector, morphological operations, andepfitéc ae employed for crack detection. A
bottomhat morphological operation is used in [8] for the detectiocratk and surface degradation. A machine learning

(ML) centered method is proposed in [9] where a classifier trained on the histograientéagradent features is used

for crack detection. A similar approach is presented in [10], where a trained classifier on sgeeaadst descriptors is

utilized for the classification of images into cracked and-craicked images. In [11], crack detien usingsmall drones
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is proposed by using a deep learning (DL) neural network approach. AlexNet convolutional neural network (CNN) is
trained using a transfer learning approach to classify acquired camera images from the drone into crackentakddon
imagesA method in [12] is also based on the AlexNet CNN, where an exhaustive search with a sliding window is utilized

to detect cracks using a smartphone application. In [13], a semantic segmentation is performed to accurately detect crack
pixels ushg a visuajeometry group network (VCGNet) based CNN.

The existing MVtbased crack detection techniques are generally conditional variant due fogsgdldetection of cracks.
Therefore, their performance is seriously compromised due to differentdigtiitions blemishes and concrete spalls. On

the other hand, accuracy of EMased crack detection methods is largely dependent on the quality and quantity of the
utilized training datasetn the presenpaper,a MV -based method for the automatic detattid cracks from the camera
images is presented, which relies on the concrete surface texture analysis as a suitable measure for crackatetection.
ameliorating this, Haralickeatures are initially extractedoim the diverse database of the cracked owicracked
concrete surface images. Then, the-bHsed classifiers are trained and tested on the extracted features for crack detection.
The trained classifier on the extracted features achieves high clagsifieaturacyfor crack detectionin contras to

existing techniques, theroposed method is based on the global robust features, and therefqgrerfohemance othe
proposed method is invariant to image translation, rotation, scale, and illumination.

Theremaindeof the paper is organized intour sections. In Section 2, the materials and methods utilized in the proposed
technique are presented. The proposed methodology is detailed in Section 3. Results are discussed in Sethien 4, and
conclusiors and future work is presented in Section 5.

2 MATERIALS AND METHODS

2.1 Materials

The required material for this study is the concrete images of different civil structures annotated as crackehckeubhn

For this purpose, SDNET 2018 is utilized, which isilfly available comprehensive datasetrmire than 56,000 camera
images of concrete walls, pavements, and bridgds The images in the dataset (as detailed in Table 1) are labeled and
categorized into two image classes: cracked andcraxked. SDNETQ18 is a challenging and diverse dataseit as
includes images with different illumination conditions and obstonsti Further, it includesnages of differentrack
widths rangingfrom 0.06 mm to 25 mm. Figure 1 shoasme of theSDNET2018 images of défent conditions and
cracks widths. For oumethod, we have prselectedmages(as detailed in Table Xpr each class (cracked and non
cracked) from each category. The selection was primarily dobalémce the classes and more importantlyetoove
images having barely visible cracks or cragkthin tolerable crack width as per guidelines of American concrete institute
(ACI) [15].

@)

Figure 1:SDNET2018 image dataset: Neracked (a) and cracked-&) sample images with different crack wisl and
lighting conditions of wa#f (bp row),pavements (middle row), and bridge deckstt@m row).
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Table1- Details of original SDNET2018 and Utilized &ge dataset.

SDNET2018 Utilized dataset (Selected Images)

Category C_Zracked Nqn-cracked Total Qracked Non-cracked Total
images images images images

Bridge deck 2025 11,595 13,620 960 960 1920

Pavement 2608 21,726 24,334 964 964 1928

Wall 3851 14,287 18,138 960 960 1920

Total 8484 47,608 56,092 2884 2884 5768

2.2 Haralick Features

Haralick features are extracted from tray-level co-occurrence matrix (GLCM) [16 GLCM matrix is the statistical

method of examining texture based on the spatial relationship of the pixels. The normalized and symmetric GLCM matrix
is computed by calculating how often a pixel with a graysealleei occurs with a specific pixel offsand direction to a

pixel with the grayscale valye For our proposed method, we have selected 8 Haralick features out of 14. The selected
features areContrast Angular second momeASM) Energy Dissimilarity, HomogeneityEntropy, Correlation, and

Variance which were the most suitable ones for the texture analysis of the concrete crack surface. The mathematical
expressions for these features are presented in Table 2, @iifpss the GLCM matrix of sizé 3 0 with "‘GandQndex

values, is the mean value and and, are the standard deviation in th@ndwdirections, respectively.

Table2- Selected Haralick features.

Feature Expression Feature value in presence of Crack
Contrast N Q 2'00Q Higher value
R
ASM ‘0 Lower value
R
Energy 1o “YO Lower value
Dissimilarity $Q @z '0|Q Higher value
R
_ 0aQ
Homogeneity P Q Q Lower value
. faQz oaqQ * z°
Correlation . Lower value
F| ” ”
Entropy By ‘0GQz1 I"'@iQ Higher value
Variance Q200 Higher value
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3 PROPOSEDMETHODOLOGY

The block diagram of the proposed Mdased crack detection method from the concrete surface images is depicted in
Figure 2 with the details presented below. The processes involved in the proposed methodology were implemented and
executed using MATLAB andyfhon computer programming languages.

Pre-processing

SDNET2018
dataset
7
N
~ E

Grayscale GLCM
Conversion Computation

Cracked
Image

Haralick Feature
Extraction

Non-cracked
Image

Figure 2: Block diagram of the proposed method.

3.1 Preprocessing

The color concrete surface image is first convettegrayscaleformatusing a linear transforation Then, the image is
quantized to 12 grey levelshich were founagnoughfor retaining the cracks with sufficient detail. The resulting quantized
grayscale image waan accurate approximation of the original 256 grey level image. The quantization wasodone
facilitate the computation of GLCM as it is cpmtationally very expensive to calculate GLCM &k 256 grey levels.
After the quantization, GLCNk computedvith a pixel offset of 1 for four angle®¢ 90e 45¢ &l 854, corresponding

to four direcions: the horizontal, the verticaindthetwo diagonad, respectively

3.2 Haralick Feature Extraction

Selected Haralick features (as detailed in Section 2.2) are extracted from the GLCM. Out of thee8,féateatures
(excepteEntropyandVariance will have 4 values from 4 different directions. Therefore, the resulting feature vector length
is 26. Furtter, the main orientation of the crack can be observed by analyzing the feature values in four diiféetéorts
asthere isadistinct discrepancpresent amon@LCMs generted atdifferent anglesCracks are generally oriented along

with local minima @ maxima of that individual feature, depending on the behavior of feature in the presence of the crack.

3.3 Classifier

A support vector machine (SVM) is used as a classifier for training and testing the proposed method. SVM is a global
classifier suitable fofitting multi-class data distribution. Based on the kernel, it can perform both linear atithasm

fitting for classification. For linear classification, a suitable hyper plane divides each cluster equally by the support vecto
While in nonlinear clasification, it transforms the initial distribution to a higher dimension where they are separable. The
tested kernels includegdial basis function (RBEF-Histogram intersection (HIiandlinear. For training and testing the

SVM kernels,Qfolds crossvalidation scheme was utilized. The data were randomly partitione®%doal sets and then

the classikr is trained ofQ p sets with remaining set left out for testing. The process is rapddor each set and the

final accuracy is collectively calculated for the complete set. The val@wat 5 in our method.

4 RESULTS AND DISCUSSION

To quantify theperformance of the trained classifier for crack detect#haturacy(Acc), Recall(R), Precision (P) and
F1-score(F1) are computed. Table 3 presents the utilized performance melresTP is True Positive: a cracked image
correctly classified aa craked imageTN is True Negative: a nearacked imageorrectlyclassified as a nearacked
image,FP is False Positive: a necracked image incorrectly classified as a cracked imag@EN is False Negative: a
cracked imagé@ncorrectly chssified as a neoracked image
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Table 3 Performance metrics.

Metrics Mathematical Expressions
e YO YO
Accuracy(% 0 6B = e
y(%) ° Q&)"YU YO "Ou "O0 pmn
YO
Recall(% Y o= pmm
(%) YO "O0 P
Precision(%) 5 % somn
YO "Ovu
33y
F1-score(%) @ Cf)iY SpmT

Table 4presents the-fold crossvalidation results irierms ofAcc, R, P, andF1 of the tested classifiers for individual
categories and all categories combined. It can be observed thlthlhsed SVM classifier has the maximum performance
metric values for individual categories. The proposed method can distinguish between cratketenacked images

with an accuracy of 88% for bridge deck surface images, 94% for pavement surface images and 89% for wall surface
images. Further, when all egfories are combined, the proposed method has a classification accuracy of 88% and the best
trained model is &inear-based SVM classifier.

Table 4- Performance evaluation of the proposed metH®ébld crossvalidation reslts of SVM kernelbased
classifierstrained on each image category and all images combined

Category Bridge deck Pavement Wall All
SVM kernel RBF HI Lin RBF HI Lin RBF HI Lin RBF HI Lin
Acc.(%) | 74 88 88 88 94 92 66 89 88 64 57 88
7 R (%) 66 85 84 84 93 91 74 89 87 74 59 86
é P (%) 77 91 91 91 95 93 57 89 88 59 55 90
F1 (%) 70 88 87 87 94 92 64 89 88 65 56 88

After the crack detection by a trained classifier, the extracted Haralick feature values in four directions are assessed to
localize themain orienation of the crack in the imag®/hile all extracted Haralick features show a distinctly different

value along the direction of the crack orientation in comparison to the other directions, we have faontréiséas the

most suitable feature for the Elizing the main directonofth det ect ed crack in an i mage.
orientation is ascertained by finding the maximum value ottimrastfeature.To elaborate on this, Figure 3 shows two
sample images witi35ca n d craék grienations. The corresponding fowontrastfeature values calculated from

GLCMs for these two images are tabulated in Table 5. As GLCMs have distinct discrepancies among themselves in the
presence of a crack, this is reflected in the computed feature viaigese 3(a) has the maximucontastfeature value

of 2.36215 for GLCM computed at an angle of 135e. Ther
the diagonal direction of 135e. Si ms$3.8887fgrcomputeed GLAM ati mu m
4 Saggk, which is indeed the main direction of the crack orientation in the image.

100



2nd Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)
; Department of Civil Engineering
\F/ Capital UnlverS|ty of Science and Technology, Islamabad Pakistan

>y

v"’

L
AT
XTI

el
3
o)
.
d
)

PRES S
O O W ¥
L% GV L

HN
)

R (R el
WA Aahe C

"
|

(a) (b)
Figure 3: (a) Cracked image witl35ecrack orientation (b) Cracked image withbceack orientation.

Table 5 Haralick Contrastfeature value$or sample imges in Figure 3.

GLCM Angles
ContrastValues
Oe 45 90e 13%
Figure 3 (a) 1.49887 1.74825 0.87333 2.36215
Figure 3 (b) 2.67880 3.80787 1.10470 2.80471

Finally, the performance comparison of our proposed method is made with a recent study ihgigkiwdifferent MY

based algorithms are benchmarked for crack detection in concrete suXatmsy the testedglgorithms, the crack
detection in spatial doain using Laplacian of Gaussian (LoG) filter proved to be the best performing technique for
conaete crack detection. While the rest of thaluatedalgorithms had a classification accuracy of below §3%, the
LoG-based algorithm yieldedsamilar peformance wittB2%accuracywith 88% precision, which is comparable with our
proposed method. Hower, the performance of the algorithm is reportedam image dataset size D90 imagesof
concrete panels only

5 CONCLUSION
The following conclusions careldrawn from the conducted study:

1 An automatic crack detection from concrete surface imagesffefratit civil structures can be made using
advanced machine vision techniques.

1 Crack detection can be done through textural analysis of the concrete soréayeesing a combination of
appropriate Haralick features.

1 Crack orientation can be determinedasgessing the extracted features in different directions.

The proposed method showgjood classification accuracy for cracked and-omcked images which rtigates us to
explore other Haralick featurés future worls. The proposed method can be integgtanvith unmanned aerial vehicles
(drones) for autonomous concrete crack detection., Agwme robust prprocessing steps can egaminedo enhance the
region of interest to improve the crack detectamd thereby, further improve the classification aacy
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Abstract Concrete is the most widely used construction material and its strength is
affected by bughoke cause by air entrapped in concrete, which can be removed by
different admixtures and heavy compaction techniques. However, in this study waste
material like silica fume (SF) and fly ash (FA) are used to remove the bugholes
without compromising the comgssive srength of concrete. Image Processing (IP)
technique was used not only to detect the bugholes, bubalstermine the area of
bugholes in hybrid concret24 cylinders with six different mix ratios were cast with
0%, 15%, 25% of SFand FA as ement refacement material in concrete. 12 of them
were tested in compression and 12 of them were cut into 03 &icenages. The
results show that compressive strength is increased with the increase in %age of SF
and FA,while the % ageof bugholeglecreases wth an increase in %age of SF and

FA.

Keywords Bugholes Concrete, Compressive Strength, Fly Ash, Image Processing, Silica Fume.

1 INTRODUCTION

Concrete is one of the most frequently used building mate@ailscrete is the composition of cemengfipartices sand

and coarse aggregdtd, wherecement ishe mos costly material. Cement production askeinand are increasing day by

day which causes an increase in the production of [2]0 To reduce theast of cement waste materig®, cement
replacement materials like silica fumes YSffy ash (FA), and GGB$ used to prduce hybrid concrete mixdwmving

several benefits such as low production cost, reduction i i@@easeenvironmental sustainability, and lorigrm
performanceg4, 5]. Fly ash affects the compressive strength and workability of concrete. Compressive strength of concrete
containing fly ash decrsas at an early age then increases concerning the time at a certain level. Workability of the fly ash
concrete was better than thiee of simple mix concre{é]. Toutanjiet al.[7] studied the influence of silica fumes thre
compressive strgyth of cement paste and mort&he results of their study showed the compressive strength of concrete
increased with an increasesilica fume usagend itdepends othebugholes on the surface of the concrete.

Image processing is the application of performing operations on image to acquire certain information on or from the image.
Image digitization is one of the techniques of@a processing in which an image is convertea d@ital form where

each digit inthe image matrix is representing the intensity of color on the surface of that ilveaygu et al[8] worked

on two-dimensional image analis method for evaluating coarse aggregate propertiegsagidtribution in concete on
self-consolidated concrete mixed with fly ash of cl&sand F andmeasured the aggregate area ratio (ABRusing the

least area rectangle (LAR) technique. Bugbkare the surface voids that are due to the migration of entrapped air during
the pouring of concretewhich may affect the surface of the structure of concileite et al.[9] used image analysis tool
MATLAB for the detection of bug holes, area ratio, and diamef bug holes.

Several studies have been conducted in past using image prodesisingstigate bugholes but those mainly focus on

plain concrete and smooth surface of the concrigtehis paperatwo-dimensional imag@rocessing method is used to

detect bugholes and to firttie percentage of bugholes @anconcrete surface with Sihd FA as cement replacement

material. The influence of SF and FA on bugholes and compressive strength was also investigated. SF and FA were

replaced by 0%, 15%, and 25%iglet of cement. 24 concrete cylinders of dimension3@x 150mm were fabricated

at 14 days and 28 days against water cement ofiio5 and 0.6Half of the total specimens were tested in compression

and the other half were cut into three slices ohegaecimen. The top and bottom surfaces of the slices of the concrete

specimen wer@hotographed in a cabin. Digital images of the surfaces of slices were converted to grayscale, cropped at
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the center portion of the concrete surface, and thresholded in_LMB.TBugholes on the top and bottom surface of each
slice were detected and theiearwas also calculated. This technique can be utilized to determine bugholes presence in
concrete, determine the ratio of bugholes, and can also be used to estimatétyhef qoacrete through the information
of bugholes obtained from the images of aate.

2 EXPERIMENTAL PROCEDURES

2.1 Specimen Preparation

Six concrete mix ratios containing 0%,15%, and 25%yodish of class F and silidame were used to prepare 24 cotere
cylinders with water cement ratio of 0.5 and 0.6. Two concrete cylinders from each mix ratio were cured at 14 days and
28 days The diemical composition of the material is givenTiable14 and mix ratios of spémen preparation are given

in Tablel5.

Table14-Chemical Composition of Cement, SF, and FA

Chemical composition (%) Cement Silica fume Fly ash
Silica 22.4 8387 56-64
Aluminium oxide 5 1.0 (max.) 27-33
Iron oxide 4.0 2.03.5 1-4
Calcium oxide 63.25 1.01.5 1-2
Loss onignition 0.64 4-7 9.01

Table 15-Six different mix ratios against 0%, 15% and 25% of SF and FA

Name Mix ratios | W/C | % FA %SF | 14days| 28days
10.5MR-0%A 1:3:6 0.5 0 0 2 2
10.6MR-0%A 1:3:6 0.6 0 0 2 2
10.5MR-15%A 1:3:6 0.5 15% 15% | 2 2
10.6MR-15%A 1:3:6 0.6 15% 15% | 2 2
10.5MR-25%A 1:3:6 0.5 25% 25% | 2 2
10.6MR-25%A 1:3:6 0.6 25% 25% | 2 2

2.2 Compressive Strength

One cylinder from each mix ratemd curing age was tested in the laboratory to obtain the compressive strength of concrete.
The compressive test was carried out according to AST38.C

2.3 Cutting of Specimens

The emaining specimens of concrete mix havimgrhix ratioas of the ones testdor compression in the laboratory were
cut into three pieces of equal size for photograjfdefore the photography and experimental process, Ultrasonic Pulse
Velocity (UPV) test was performed on each sample and was &mildr to each othefrhe top ad bottom faces of each
slice of a specimen are shownHigure13.
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Figure 13- Top andBottom faces of the slices of concrete cylinder

2.4 Image acquisition

A nontransparent cabin was builtflarm the test setup and an artificial illumination system with appropriate light intensity
was installed inside the cabin. The cabin wadicularlymace to take photos of samples under a fixed light interudity
2100lux. Using chylightis not an apprajate method as itannot maintain the same illumination for each photo. The
imagesetup was made in a small room of dimension 2.5 m x 2.5 m. Tw@B8QED lamps were mounted on the projector
facing towards the surface of the concrete slice. Images ce@tered using digital camera NIKON D3300 fixed at a
height of 300 mm above the concrete surfd¢e

2.5 Image processing and detection of bugholes

Digital images were imported into MATLAB 2018 and converted to grayscale inuages Eq(1). The gayscale image
contains shades gfray colourthrougtout its entire region. After conversido grayscaletheimages were centered and
croppedto remove the black part of the figure which is showifrigure 13. A pixel is the basic unit of an image it
values ranging within [0, 255 zero value represents the black color while the Zdlbe denotes the white colf0].
Values in between are differesthades of grayCropped images were thresholded with the OTSU threshold method and
voids that were detestl on the concrete surface are showhRigure14. Mask images of the cropped imagas shown in
Figurel5, were also generated to calculate the area of the usidg Eq.(2).

Ol O®i OEMIEOQETY T OYPO p p IO (1)
In Eq.(1), R denotes red, G denotes green and B represents the blue color. Each color value ranges within [0, 255].
Y @)
v _
Y
whereR; is theratio of bugholes, §is the sum of white pixels obtained from void image and S is the sum of white pixels

obtained from mask image.
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Figure 14- six face of a concrete sgiemen with bugholes identified images
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Figure 15 Mask generated images of six faces of concrete cylinder

3 RESULTS AND DISCUSSIONS

3.1 Influence of Mix Design ratios, W/C, FA and SF on compressive strength

Graphical representation dhe relation between mix ratios and compressW#C ratio, and amount of additive is
displayed inFigurel6. It can be seen th#ie compressive strengtlias lowerat the age of 14 and increaseshat age of

28 days. Pozzolanic activity of SF and FA produces additional calcium silicate hydrate which contributes to the strength
of concrete. The increase in fc at a later age was mainly due to the pozzolanic activity of FA which starts at a later age
while the pozzolaic activity of SF starts at an early agéde compressive strength plot in these graphs showed that
compressive strength decreases with an increase in W/C. Compressive strength of concrete with SF and FA decreased ir
early age specimen basignificantincrease in compressive strength was noticed in a specimen of 28 days. With 0% of
SF and FA and W/C 0.6, the compressive strength of specimen isNMB&6@vhilea similar specimen with 15% of SF

and FA has a compressive strength of 10.1@MR]. The results showed that partial replacement of cement with silica
fume had aignificant effect on the compressive strength of the cylinder. The strength of concrete increasewithpidly

an increase in the silica fumentent[12].
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3.2 Effect of FA and SF on bugholes
Figurel7illustrated that by increasing the amount of S& BA, there isasignificant reduction in the % of bugho]3].
SF is finer material than cement and FA particles have size almost the same asénardfparticles so they fill the
micro voids inpaste improving the packing of aggregates in concfd$e, hugholes are not constant throughout the entire

length of the concrete cylinder which can be noticed in the graph higher at the top face armad foeveottom face of the
slice of the concreteylinder.

3.3 Effect of curing days on the Bugholes

From the obtained results it was seen that bugholes presence is also affetieduning age. Specimens with 14 days
curing age had a greater amount ofigs as compared to the specimens cured atyZ8vdth the same specifications.
As thenumberof bugholes decreased in 28 days samples, the compressive strength of the concrete was Higgierf than
samples cured at 14 dajst, 15] Graphical representation of tikéfect of curing age on compressive strength can be
noticed from Figure16 and theeffect of curing on bugholes can be s€ggurel?. Variation in histograms of six faces of
the same specimen Figure 18 depictsthe void ratio not constant acrase length of concrete specimen.
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Figure 16-Compressive strength of mix ratioafncrete at 14 days and 28 days with 0%, 15%, 25% SF and FA

4 PRACTICAL |MPLICATION

Constuction accepts the fact that bugholes problem is a major problem that may tend to develop crack with time so it
needs to be addressed carefully. Many techniques suehrfze roughness measurement techniques and pressure
differential technique which astly, require a special tool or least effective. So the image processing technique may be
easily adapted in the construction industry being inexpensive, easy tmdsequires less human effort.
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5 CONCLUSION
This paper mainly studies the detection of bugholes through images, the effect of SF, and FA on buglbis and
compressive strengtif the specimen
1. The image processing (IP) technique deped in this study can be used to obtain informatinrihe existence
of bugholes in concrete through images.
2. The results show thahe IP technique can be utilized to detect bugholes in concrete and to determine the
percentage of bugles on the concreturface.
3. Quality of concrete containing silica fumedafly ash can be evaluated based on information obtained from
images of the concrete through this technique.
4. The ompressive strengtls decreasd at the age of 14 days aitdncreases ahe ageof 28 days with concrete

containing silica fume and fly bs
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5. ltis alsoobservedhat with the increase in the percentage of silica fume and fly ash concrete, bugholes initially

increaseandthen decrease.

6 RESEARCH SIGNIFICANCE

FA and SF are ectriendly and avironmentally sustainable pozzolanic materials. Tdeaf CRM reduces the production

of CO2 and is inexpensive. The conventional way of identification of bugholes such as surveying is and inspection of high
rise buildings is costly, labdntensive, andnay subject to human error. The image processing igelrcan detect
bugholes easily through the image of the concrete surface with the help of a computer.

7 FUTURE WORK

In this phase of work, bugholbave been studied basediorages of the horizontal catirface of the concrete cylinders.

In the next phassslices of the concrete cylinders will be @lsovertically and bugholes will also be studied from the
images of the vertical cut surface of the concrete specimens. Moreover, microscopic imagéssaffaoes will be
captured to study bugholes. The decof the study will be on (i) detection of bugholes through image processing, (ii)
prediction of the percentage of bugholes through ANN, and (iii) classification of bugholes using CNN based on the
diameter of bugholes.
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Abstract - Half-joints structures are commonly used during the 1960s. Construction
of concrete bridges using half joint was simplified due to the central spans being able
to be lifted into place once the cantileverednspavere constructed. In this form of
constructdn, the beam geometry consists of a reinforced concrete nib with a full
depth section adjacent to it; the force transfer from the load point through the nib and
to the full depth section is relying on the feitement detailing, which can vary
from the asdesigned drawings. Engineers who are assessing the existing half joints
structures may be challenged by missing bars or reinforcement layout not compliant
with the current standards. Experimental work wasi@amout byDesnercket al.to
identify theconsequencesf a series of reinforcement configurations on the capacity
(loadof half jointds beamsaspédpreelingpraceice ence beam de
was analysed by Qamat al.using both Strut and Tiklethod (STM) and Plastic
Redistribution Method(PRM), previous known as Yield Assessment Method
(YAM). The aim of this paper is to compare the experimental results of the beams
having missing reinforcement with analytical results using the plastic redisbm
method.The effect of missing bars wastnconsidered in the previous studyhe
reinforcement layout and details, covering either missing horizontal reidfoerg
missing diagonal reinforcebarsor adecreased@mount of sheabars were taken

from theDesnerclet al.experimental work. It as found that the resistance obtained
from PRM differed with the experimental data by maximum 12%. The findings of
both the PRM assessment and the empirical works suggest tltaintfeguencef
improperbarslayout isevidenton thestrengthof existing einforced concrete half

joint structures.

Keywords Half Joint, PlasticRedistributionMethod, Strut And Tie, Yield Assumption Method.

1 INTRODUCTION :

During the 1960s and 1970s several half joint structutesdaced into bridge deck construction. The mailvantage of

this construction type is the efficient installation of a centrally supported deck, allowing a reduced construction depth by
recessing the supporting corbels into the depth of the beams subfgjrt®esign of the supported spans on 4jaiiit
structures can also be standardised which facilitates a modular design approach to be used for a series of bridges.
Nevertheless, reinforced concrete Halft structures are susceptible to concreterdatation and reinforcement corrosion

due to kakage of water and chlorides ingress through the [[®i8}. Loss of reinforcement and concrete degradation are
hidden problems which cannot be easily inspected in this type of construction. In additibwer aallenge which is
commonly encountered bthe engineers when assessing the integrity of existingjdiatf structures is the lack of
information regarding the dsuilt layout of the existing reinforcement. In many cases, there are inconsisterngiesrbe

the structures and the-dssigned drawigs, or the reinforcement details are not compatible with the current standards.
With respect to half joint bridge assessment in the UK, the DMRB standards and advice notes BD44, BA39, BA51, IAN
53 and CS 4647,8,9,10] provide engineers with guidance ababe assessment methods and the challenge of
reinforcement section loss.

Experimental work carried out by Desnertial.[3,4] investigated four differentasego determine theonsequencesf
missing reinbrced barson the load failure and modgailure) of half joint structures. The load carrying capacity of the
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half joints beams decreases as a resuliecfeasinghe reinforcement amount while their failure mode is influenced. By
eliminatingthe diagonabarsor U-bars in the nib, a failuret nib is observed, while reducing the shear reinforcement in
the half joints beams results to a failumeshearacrossthe full-depth section. Thhighest reduction ifiailure loadhad
been observeth the beamhaving no diagmal reinforement Thelowest reductioron failure loadhad beerobserved
when the shear reinforcememas reduced?].

S N

(a) Reference (NS-REF) (b) No U-bar (NS-NU)

. N

v

(c) No Diagonal (NS-ND) (d) Reduced stirrups (NS-RS)

Figure 19: Reinforcement layoDesnerck et al 2016)

The outcome of the experimental tesbgnam by [snercket al.for the reference specimen (complete reinforcement
arrangement) had been analysed using STM and YAM by Qamar et al.; the resistance obtained from YAM matched the
experimental work within an error of 7%. The aim of this paper ésituss thk efficiency of the PRM analytical method,
previous known as YAM, by comparing the experimental results with the results of the PRM for the other three specimens.
In accordance with CS 4681], the effects of plastic redistribution may be coesid to inprove the conservative
estimates from the straindtie analysis, whilst still giving a safe estimate of resistance. The reinforcement details and
layout considered including the reference specimen were taken from the experimental \Red¥nbyk et al.and are

shown in Figure 1.

2 METHODOLGY

2.1 Assessment of half joint structure in accordance with PRM

The Plastic Redistribution Method (PRM) proposes a combinedasiritie system to estimate the resistance of the half
joint structure. The three nthined strut andtie modelsutilized to evaluatethe capacity of the hajbint beams with
reduced reinfarement are shown in Figure 2, and they have been analysed using MIDAS Civil 2018 v2.1. The tie
members, which have been assumed to be fully ancliaréide current analysis, yield one by one starting with the most
critical member.

When the critical tie mmber starts yielding, it is replaced in the model with a pair of internal forces equal to the yield
resistance of the reinforcement, applied tordlevant nodes to represent the tie in the system. The model is analysed to
determine the redistributed fags in the other ties and struts. This process is followed until all tie member reach their
assessment yield resistance or the model becomes unblaloither parameters or constitutive model is considered in this
method.
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Figure20: Proposed SRM models

3 RESULTS AND DISCUSSION

The highest predicted failure load of 431.9kN was obtained using the PRM for the referencesulitered with the

empirical data by 6.8% (Table 1). The failure of the half joint occurred when the horizontal and inclined reinforcement
reached their yiel resistance and caused half joint failure. The same failure mode was also observed duripgita em
testing; the haloint failure observedecause ofapture of the kthar and diagonal reinforcement at theergrant corner

location. By reducing sheaeinforcement amount, the capacity of the beam was reduced by 16:8u#ting in385 kN

failure load in model, which differed to the failure load from the experimental work carried out by Desnerck et al (358 kN
failure load) by 8%. However, the PRMIfaie was occurred in the horizontal reinforcemenb@y) and not due to a full

depth shear failre as recorded during the experiments. This may be explained due to the assumption that was made that
the horizontal reinforcement was fully anchored, prengrrom developing cracking in the full depth area and resulting

in a theoretical failure at theornerof re-entrant.

It is also worth to note that all the partial factors were set to 1.0 for the plastic redistribution assessment. The absence of
the hoizontal U bars, reduced the beam capacity, resulting in 237.6 kN failure load and reducirafftjuért resistance

by 45% compared to the reference specimen. The predicted failure load and empirical value differ by 12%. The highest
decrement had beabservedwith elimination ofdiagonalreinforcementresulting in227.6 kN predicted failure load

which differs to the empirical load by 7 %. The resistance of the half joint without the diagonal bars was decreased by 47%
in comparison with the capacity dfa reference model calculating with the PRM. The failure of théN\BSnd NSNU
specimens occurdebecause ofliagonal and horizontakinforcementin the cornerof re-entrant respectively and it

matches the failure mode observed during the experimental works.

The resistance of the half joints withoutbdr and diagonal reinforcement, calculatechvifite PRM, was slightly less as
compared to the experimental results obtained by Desneatketcontrast, for both the reference and withdbereased
shearbars sampleghe resistance of the half joint was slightly increased in comparison witlxgbaraental work. The
failure load and failure mode for all specimens for PRM and experiingatk are shown in Table 1 and Figure 3.
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Table 1: Half Joint Assessment Results

Maximum Half Joint Capacity (kN)

Specimen Experimental

Results SRM
NS REF 402.3 431.9
NS- ND 244.9 227.6
NS-NU 295.8 237.6
NSRS 358 385

Ratio
(Analytical /
Experimental)

%
6.8%

7%

12%

8%

(@) NS-REF
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Failure Mode

Experimental Results

Dueto the rupture of inclinec
bars and the horizont:
reinforcement.

Due to the rupture of thi
horizontal reinforcement in
the corner of reentrant.

Because of rupture ¢
inclined reinforcement at re
entrant corner.

Failure in shear across ful
depth section of beam.

SRM
Top 2  elongatec
reinforcement are
horizontal

reinforcement and th
inclined bars based o
the stran analysis.
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reinforcement is the
horizontal

reinforcement based o
the strain analysis.
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based on the strai
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Figure 21: Comparison of Failure Mode (Experimental vs SRM)

4 CONCLUSION

The findings of the empirical work carried out by Desneaatcll, which asssses the halpints structuré response. The
structures havingon-compliant reinforcement arrangements were analysed in this study and compared with the analytical
results usig the PRMFollowing areconcluded from current study

115



2"d Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)

;o Department of Civil Engineering
\F/ Capital University of Science and Technology, Islamabad Pakistan
1. The highest reductioim failure loadhad beerobserved in moddiaving nodiagonal reinforcementgsulting in
227.6 kN predicted failure load asbdowing47% loaddecremenin comparison with the capacity basemodel.
2. With decreasinghe shear reinforcement amount, theamdty of beam was reduced by 10.9 %
3. The predicted failure load and empirical value differ by 6.8%, 7% ,8% and 12%denodel, the modéiaving
no diagonalreinforcementthe modehavingreduced stirrups and the model withoubgk, respectively.
4. The failure for the reference model, the model withotivds and with absence of diagonal reinforcement which

was observed by the PRM matches the brittleifabbservedat the corneof re-entrant during empirical works.
The findings of both the PRM assessinand the empirical works suggest that teasequencef improperbarslayout
is evidenton thestrengthof existing reinforced concrete hadfint structures. However, bgecreasing the quantitf the
shearbars the failure occurred in the horizontaimforcement at the cornef re-entrant and ndbecause oa full- depth
shear failure as recorded during the experiments. This may be explainedtdaeatsumption that was made that the
horizontal reinforcement was fully anchored, preventing from ldgireg cracking in the full depth area and resulting in a
theoretical failure at the fentrant corner. Additional analysis is required in order to deter the potential effect of the
anchorage on the failure mode and failure load of models witfcamgiant reinforcement detail©ther parameters like
strain and crack evaluation will be considered in the future works. The work from this study géteer @dnfidence in
the PRM assessment and can be used in the assessment of half joint structuraewiggest problem in the construction
industry. This is due to unknow reinforcement and their condition.
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Abstract Owing to the notable benefits of cement concrete such as flowability, high
compressive strength, tempaure resistance and economy, it is being used
extensively in construction industridowever, concrete structures may deteriorate
due to excessive loading, aging or various environmental factors. Rgpair
concrete structures is an effective approa@vtod structural collaps&everal types

of repairing materials have been exploréthhoratory scale as well as at industrial
scale. Two recent repairing materials are; polymer cement concrete (PCC) and
geopolymer concrete (GPC). Both types of repaicoigcrete were used in this work
and their bond strength with steel reinforcement sguated through pullout test.
Conventional concrete was also used as reference specimeasaitdof pull out
strengthwere compared witlit. Experimentation revealethat all three types of
specimens exhibited similar bond behavior. The experimertallts werealso
compared with the existing cod&loreover, a relationship was proposed for
prediction ofbond stregth and it showed close correspondence with experahent
observations as well as with CHBP code.

Keywords PolymerConcrete GeopolymeliConcrete Bond Strength Pullout Test

1 INTRODUCTION

Concrete is a widely used structural material with its ability to resist higher compressive loads. Due to various
envronmental and loading effects, reinforced concrete members deteriorate resudirigter age as expected. This is

due to the lack of implementations in repfi}. It is important to provide an appriate solution for the deteriorated
structures, in order to fulfill their intended use and to complete their service life. Repairing of concrete structures is a
suitabk solution for deteriorated structure, economically as well as environmentallyo thamolish it completelfd, 2].

Usually, spalling of concrete occurs thus indicating a substantial chance of failure and ultimate collapse. Such type of
structural damagesannot be repaired by externally bonded fiber reinforced polymeric sheets. So,itensergpair is

required. Different novel repair materials and techniques can be used nowadays to increase the load bearing capacity of
the members. Polymer cemeancree (PCC) and geopolymeconcretg(GPC) are two common materials being used as

a repair materia[3, 4]. These materials have high strength and betteesadih. Also, they can resist thermaatd
environmental effects in a better manner as compared to conventional concrete. Polymer cement mortar can be prepared
by adding polymers as an admixt(ige6]. The particles of latex, when dispersed in water, forms rigid layer with minimal

voids in it. Thus, comibuting to the strength of PCI¥]. Geopolymer materials are also being employed in construction
industry mainly due to the current interest in sustainable development. It has ret&widn as an alternative to the
ordinary portland cement concre@PC)thus reducing high carbon dioxide emissions as well as the landfill ebgts.

silicon or aluminum materials of geological origin or industrial by products are employed as gesgoB@opolymers

can be prepared fromither from calcined or necalcined sources. Higher compressive strength can be achieved by
incorporation of calcined sources such as metakaolin, fly ash, slag as compared to those synthesized from kaolin clay; a
non-calcined sourcgs, 9]. Several researchers have prepared geopolymer concrete by using industrial waste products such
as fly ash, slag etc. Fly ash is widely being used in the production of geopolymer mortars and cdaseeteflf ash

contains more than 70% of siligpaluminum and iron oxides which makes it pozzolanic in ndfifle Thus, making it

favorable for the use in concrdtel]. The use of fly ash iGPCresults in the formation of sodium ahinum silicate

hydrate (NASH) while two hydraih products are formed by using slag in geopolymer concrete i.e. NASH and calcium
silicate hydrate (CSH)12]. The use of these industrial4pyoducs in concrete not only makes it favorable farl@aner
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environment but also helps to achieve higher strength and less permeability. It has been reported that the increase in amoun
of geopolymer binder results in the improvement of mechanical propestiesize case of conventional concrgtg].

Reinforcing bars are provided in concrete structures to compensate for tensile stresses. Different types of reinforcing bars;
steel or fibereinforced polymer, plain or deformed, are being usediiforced concrete (RC) structures. However, steel

bars are used as the most common type of reinforcement. Concrete has the ability to maintain a strong bond with steel
bars.Bond stress depends warious factors such as concrete compressive strengitkelaphment length of steel rebar,
diameter of rebar, bar type etc. Bond between concrete and rebar is maintained mainly by chemical adhesion and
mechanical interlock. This bond is @tited to threaypes of forces; adhesion forces, shear forces, friétores.Bond

strength of steel reinforcing bars wiPChas been evaluated and reported to be higher than that of steel reinforcing bars
OPCJ13, 14]. However, bond strength of PCC has notrbesported yet.

Since, PCC and GPC are widely being usethe most suitable and sustainable repair materials and also as basic structural
materials in some countries, therefdris significant to investigate the bond strength performance of thesenmegiarials

with reinforcementRelationships for bond rtss have not been developed for PCC and GPC. The present study aims to
study the bond behavior of PCC and GPC with steel reinforcement, to compare their bond behavior with OPC and to
establish a raltionship between bond strength and compressive strength.

2 M ETHODOLOGY

2.1 Materials

Ordinary concrete(OPC)was prepared in the laboratory in order to compare the results with PCC and GPC. Materials
employed in the production of concrete were easily availabla local marketThe properties of cement, sand and
aggegate are mentioned in Table 1.

Tablel6-Properties of concrete constituents

Cement(Paidaar cement) Coarse AggregatgSargodha Fine Aggregate
crush) (Ravi Sand)
Specific gavity 3.15 Fineness 2.65 Fineness 2.4
Modulus
Consistency 31% Specific gravity 6.03 Specific 2.61
gravity
Fineness 8% Loose bulk 1289 kg/nd Bulk 1330
density density kg/m?
Initial setting time 105min. Rodded bulk 1584 kg/nd
density
Final setting time 2hrs.- Water absorption  0.99%
5min.

Polymer cement mortar was provided lbyporientChemicals in twecomponent form. Component A included cement,

sand and polymeric fibers. Component B was latex to be mixed in component A in the prescribed rsgoa@ipagate

was added in addition. PCCaw cured for 28ays. Weturingwas carried out for first 7 daysith jute bagsand then the
specimens were ambieatired for nexR1 days as it has been reported to be the most suitable mgghdthe properties

of structural repair mortar provide by the manufacturer are mentioned RERBIX 1. GPC was produced in the
laboratay by using a combination of fly ash and slag as binders. These binders were obtained from DG cement plant in
Pakistanand their properties are mentioned in Tahl&adium hydroxide (NaOH) and sodium silicate {8i&s) were

used as alkaline activatorsanratio of 1:2.5. Sodium hydroxide was prepared in the laboratory at 12M concentration by
dissolving pellets into distilled water 24 hours prior to casting. GPC was cured for 7 days under ambient conditions to get
desired normal strength requirement.

Table 17 Chemical composition of binders for GPC
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Material Oxides

SiOz Al203 CaO FeOs MgO K20 NaO SO
Flyash 56.34 23.08 9.02 6.43 1.70 0.56 0.28 -

Slag 37.42 13.25 40.85 1.92 1.63 0.01 0.42 0.64

Reinforcement waprovided by steel reinforcing bars. Deformed bars of diameter 14mm with yield strength of 453 MPa
were used to determine the bond strength between three types dhepaircreteand reinforcemeniThis diameter of
bar was selded because it is commordyailable and is being used in real applications.

2.2 Preparation of specimen

Cube specimens were prepared for pullout testing and compression testing. Cube size for pullout specimens was 150
150x 150 mm while that for compressi testing was 108 100x100 mm.

A hole with diameter slightly greater than that of the steel bar was punched in the center of the base plate of steel cube
mould, so that the steel bar can pass through it easily. A steel plate, with a hole at thexdehtedimmeter same asttha

in the base plate, was clamped to the upper portion of steel cube mould in order to fix the steel bar. Steel bars wiere wrappe
with PVC pipe to maintain the bonded length of five times diameter of bgra®dhown irFigure 2

Castingand curing procedure @dPCfollowed the standard ASTM C19pL5]. Molds were cleaned and oiled prior to

casting of specimens and steel bar was then fixed in the center of thdngaddiients were first weighed according to

the mix design as presented in Table 1. Dry mixingaeshent andhalf of the fine aggregate was carried first. After that;

coarse aggregate, other half of fine aggregate and water was mixed for about five minutes. Concrete was poured in three
layers and each layer was compacted by using vibrating fEidesurface ofspecimens was then smoothened by steel
trowel. Samples were demolded after 24 h and jute bags were used for B@hgvas prepared by machine mixing of

the two components provided by the manufacturer and coarse aggregate was added in Suhdiitoly, GPC was

prepared by machine mixing of binders, alkaline activators and coarse aggregate and its mix design is presented in Table
4,

Table18-Mix design oOPC

Ingredients Amount (kg/m?3)
Cement 368
Fine Aggregate 552
Coarse Aggregate 1105
Water 165

Table19-Mix design of GPC

Ingredients Amount (kg/m?3)

Flyash 384
Slag 128
Cement 128

NaOH 183 (12M)
NaSiO; 457
Fine Aggregate 640

Coarse Aggregate 1280
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Figure 22: Specimen Preparation

2.3 Testing of specimens

Compression test was performed on the prepared cubic specimens>dfd@3®100 mm following the standard ASTM
C39[16]. Compression test was performed in order to relate bond strength with compressive strength. Sf@cimens
compressive séngth were tested at the same age as that of pullout test. Compressive load was applied on the cubes by
using Universal testing machine (UTM). Pullout specimens were tested according to the standard ASTNILJ7913
Specimens were adjusted in the pullout assembly. Dial gage was dttacthe unloading end of steel bar in order to
measure relative slifrigure23: Testing of specimens

present the testing of the specimen.

Steel rebar
> Concrete cube

- Plastictube

> Dialgage

Figure 23: Testing of specimens

3 RESULTS AND DISCUSSIONS

Compressive strength and bond strength were calculated from the experimental loads. Pullout failure mode was observed
for all specimensBondstressslip relationship was plotted for the specimens. Similar behavior was obtained for all three
types of specimens with an increasing line with a minor slippage at first stage, then a decreasing trend and ultimately
constant stress zone with a sigrafit slip. This trend is plotted iRigure 24. Similar bondbehavior of GPC has been
reported in another studyl8]. However, it has been reported that despite of similar bond behaviosti@sdslip
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relationship, GPC shows slightly higher bond strength depending upon the amflyastofor source of binders. Also,
GPC can achieve relatively higher bond strength at early age due to heat curing, but for ambient curing results of GPC are
quite similar to those of OPC. Bond strength for PCC has not yet been reported by any other study

Bond Stress - Slip Relationship
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Figure 24: Bond stress slip relationship

A relationship was developed (Eg. (A) between compressive and bond strength from eéhiemexgal results with
coefficient of determination @ value equal to @.

t p® Q 8 Eq. (A)

where;
t = Maximum bond strength (MPa)
"Q = Compressive strength (MPa)

The obtained results were verified by usihg relationship of bond stress specified by €HB 10[19]. The relatbnship
established by CEBIP Code is mentioned in Eq. (B).

t ® Q Eq. (B)

Experimental resultesere in good agreement with those obtained by using the tipde.11% variation was observed
between exerimental and analytical resultsThus, PCC and GPC can be used as sustainable materialedoer
production and already existing relationships for OPC can be used for PCC and GPC to estimate their bond strengths
accurately. These repair materials rieguninimal maintenance and can be used effectij&I20].

4 CONCLUSIONS

The results of the experimentation revealed that all three types of prepadte exhibited similar bond behavior. This
is because all materials are cementitioushestresslip curve showed the same trefithus, the analytical relations
established for OPC can also be used for PCC and MBf@over, the experimental resuilivere verified by using the
specified standard and a close correspondence was obtmheda the relationship established in the present study
through experimentation and the standspeécified relationshighus approving the results.

121



2"d Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)

: Department of Civil Engineering
\F/ Capital University of Science ana@hnology, Islamabad Pakistan

5 APPENDIX
APPENDIX1
Product Description Repair Mortar SF is a two component filveénforced, cementitious polymer silic
fume containing multipurpose patching and structural repair mortar.
Uses For patching osstructural repair of deteriorated concrete and mortar. It is sui
for exterior or interior, horizontal or vertical surésc
Advantages Easy to mix, apply and finish
Excellent adhesion to substrate
Shrinkage compensated
Low water absorption
Non-corrosve, nortoxic
Test Standard BS 1881 ; ASTM C 109
Technical Data:
Form Two components; Grey powder with Polymer Emulsion
Packing 22 kg powder: 3.0 Lit. Emulsion
Pot life 50-60 minutes at 25C
Density Fresh mortar: 2:@.1 kg/Lit.
Yield Approx 14litres of wet mixture
Water absorption < 0.01 ml/nisec (BS 1881, PART 208)
Flexural strength 7-9 N/mn7? (28 days)
Adhesion >2.0 N/mn? on concrete (BS 1881, PART 207)
Temperature Minimum 5°C
Maximum 40°C
Mixing 3 minutes electric mixing (500 RPM)
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Abstract Geopolymer concrete is attaining thaterest of scientific communcity

as it is signifcantly addressing the ash disposal anc: €ission issues. In this

study influnece of Sugarcane Bagasse ash (SCBA) was investigated on cement
mortar specimens. NaOH and KOH with different molarities weseduas alkali
activaots in prepartion of SCBA bakeyespolymer mortar. Forty two mortar
mixtures were prepared having water to binder ratio of 0.5. Test specimens were
prepared with 20% change of cement weight with bagasse ash. Compression test was
conduded to find the strength properties of bagassebasied cement composite.
Additionaly, water absorption test and permeable porosity test were also performed.7
days compressive strength was found less as compared with control specimens due
to less geopolyerization process. Moreover, geopolymer specinparsses higher

water absorption values and found depended on pH of molar solutions. 4n non
structural concret member, the use of geopolymer will leads to green environment.

Keywords SCBA, Molar Ratio, Ged?olymerization, Naoh And KOH.

1 INTRODUCTION

Constuction industry makes an important contribution in the economic growth of any country. Constant increase in
demand of infrastructure is leading to its rapid growth. Nowadays, concrete is most widely used construction material due
to its properties sth as high strength, durability, low cost, moldability, hitggmperature resistance and low or no
maintenance requirement and versatility. Consumption of concrete around the globe was around four million Metric tons
in 2014 and hence; after water, itligtseond most used material on edrt8]. Production of concrete imparts detrimental
effects on the environment because of carbon dioxide)(@®@ission, nitrogen oxidgeand sulphur oxides due to excessive

use of OPC. Studies reveal that manufacturing of cement emits an almost equal quantity of carbon dioxide into the
atmospherd1].

Sugarcane Bagasse a@CBA) is the alternative supplementary cementitious material that can be used as a mineral
admixture in concrete and mortar due to presence of huge amount of amorphous silecaothbustion by produftbm

sugar boilers and alcohol factories, and has been used to improve both durability and strength properties of concrete when
replaced partially with cementl8]. Accordingly, rformance of SCBA concret comprising of SCBA, had much
improved than control concrete with regards to water permeation and compressive strength. Furthermore, efficiency of ash
has been enhanced by increasing the surface area with the help of gf8jdidgcpolymer concrete is produced by
polymeriang reactive alumina silates; metakaolin (MK), rice husk ash (RHA), fly ash (FA) and high calcium wood ash
(HCWA) with alkaline activators such as potassium hydroxide (KOH), sodium hydroxide (NaOH), potassium silicate or
sodium silicate that may be termptire cured or cured abom temperature. The efficacy in producing -gedymer

concrete is greatly dependent on the activators as well as types of alumina silicate rE3®t8s The research studies
ongeepol ymer concrete and al kal: acti vat ieanwidelyastd fer allali g e d
activation of alumina icates materials in past yeaf$4, 15 . Later on, researchers have conducted experimental

i nvestigations and ext en d-polymerizaton peocaskitvavedsik gpdlysner tcdnaeter y o n
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and mortar[17]. Mostly, earlier studies have been conducted on FA basegajgmer concrete Later, SCBA in
combination with rise husk ash and with other alumina silicates were used to prodyeygeer concrefe].

Many recent studies have also been conducted on binary mixtures®EBA and blast furnace slag (BFS) mixed with

SCBA by using alkali hydroxides and silicates mixtures mainly (Na or K) alkaline &, 9]. However, as per

aut hordos best knowl edge, up till n o wpertiesof geopalyimer momdretec st u
consisting of SCBA activated with the combination of two activators such as NaOH and KOH activators. Endorsing that
idea, SCBA based ggumolymer concrete activated with a blend of NaOH and KOH is intended to be invesiig#tés

study. Influence of molarity was also determined on compressive strength and water absorption.

2 EXPERIMENTAL PROGRAM

1.1 Materials

OrdinaryPortland cement (OPC) as per ASTM C 150 Type | was used throughout the research work.Blaine air
permeability a pparatus was used to determine the fineness of cement andfound to be 2670 cn¥/gm. Moreover
coarse and fine aggregate was sieved and analyzed. It was noted that it fulfill the requirements as per ASTM
standards. ASTM C136 . 04[4] .Distilled water was used in this study. SCBA was acquired from open burning.

It was sieved through # 50 sieve to remove both course and fine fibrous carbon particles [13]. SCBA was then
subjected to grinding for 120 min to achieve its maximum pozzolanic activity [14]. Its fineness was found to be
2863 cm2/gm after grinding for 120 min.

1.2 Specimen Designation

GxNayKp represents the ggmlymer concrete sample prepared by adding solutions of two baselyKs6 s howi ng 6
percent lafr &Na@alOHm@and 6bdé percent of 6y6 mol ar KOH. Ta
designations used in this study.

Table 1: Mix proportions used for preparing

Mix Activator to Cement Bagasse Ash Sodium Potassium
Binder Ratio Hydroxide Hydroxide
(%) (%) (NaOH) (KOH)
(A/B)
(mol) (mol)
G4Na4dKb 0.5 80 20 4 4
G4Na8Kb 0.5 80 20 4 8
G4Nal2Kb 0.5 80 20 4 12
G8Na4Kb 0.5 80 20 8 4
G8Na8Kb 0.5 80 20 8 8
G8Nal2Kb 0.5 80 20 8 12
G12Na4Kb 0.5 80 20 12 4
G12N8K 0.5 80 20 12 8
G12N12K 0.5 80 20 12 12
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1.3 Solution preparation and their pH Test

Solutions were prepared 24 hours before the casting and their pH test was conducted to find alkalinity of different NaOH
and KOH molar solutions in thenvironmental lab, K block.

1.4 Specimen preparation

The SCBA basedecpolymer cement paste were prepared by mixing different combination of molar solution of NaOH
and KOH in mix containing cement with 20% replaced bagasse ash mix having water to binaéiO&tid he prepared

mix was casted in 5cm x 5cm x 5cm mortartke s 6 mol ds and after 24 hours samp
curing tank for 7 days and 28 days. The testing involved the compression test, water absorption test and the permeable
poracsity test at 7 and 28 days curing stage.

1.5 Compression Test

Compressive strength test was performed to check the strength of different SCBA baspolyyeer cement paste.
Standard 5cm x 5cm x5¢cm cubes were prepared. Testing was carried out at the dayesafnd 28 days.

1.6 Absorption test

Performed to experimentally d&imine water absorption capacity for different samples ofpgpdymer cement paste. This
test was performed in accordance with ASTM C-8425].

3 RESULTS:

Three samples of each mixtures werepgared and tested under same experimental conditions and tageavalue was
reported in this section. The variation of the individual result was kept at less than 5% of the average value, otberwise, th
mixtures were casted again

1.7 pH Test
pH values of slutions ranges from 12.17 to 15.35. The pH test of differentisal is shown in the Figure 1.

Figure 1: pH values of SCBA based geopolymer cement composites samples

1.8 Compressive strength

Strength of mortars samples that have bagasse ash was moreathtbethormal samples for long period. Samples having

high bagass ash content observed low compressive strength at early age i.e 7 days after casting. The compressive strength
of mortar samples at early stages was less becatSéd Mond and polymerizatio phase was not completed.
Furthermore, [20] observed that the compressive strength of gecpolymer samples decreases when cured at

ambient temperature. Increase in the porosity of concrete with a large amount of SCBA incorporation resulted in the

126



\;,ﬂ 2nd Conference orSustainabilityin Civil Engineering( CSCE 6 2 0)
AL -f@.%- LS Department of Civil Engineering
\F/ Capital University of Science and Technology, Islamabad Pakistan

reduction of the amourdf CT concrete and calciumytiroxide (from the hydration reaction). As a result, it was not
sufficient for inducing the reaction with silica from the bagasse ash.

With the increase in NaOH molarity the compressive strength of alkali activated slag inchease increase in alkailiy

that results in greater formation of hydrated products. Moreover, increase in alkaline solution to drag ratio results in
decreased compressive strength. Increasing th8i®# NaOH increase the compressive strength and reedathe
porosity. Figure Zhows the compressive strength values of 12 molar specimeddition to this, it was found that

the measurement of strength and porosity and shrinkage cracks depend on type of Na*and K*ion present in

activator [6].

Compressive Strength of 12M Samples
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Figure 2: Compressive strength of 13 BA based geopolymer cement composites

1.9 Water Absorption Test

Decrease in the water absorption having high cement was change bgebagh. Figure 3 presents the water absorption
values for various mix at 7 day and 28 days of casting. With time, reaction was time consuming, which has an important
bearing on the dability of the hydrated paste; secondly, pore size distribution hagnstiat the reaction products are

very efficient in filling up large capillary space, thus improving the strength and impermeability of the §¥6fem
Furthermorewith increasing molarity the temperature release become higher resulted in small cracks causing

more absorption [12]. Moreover, absorption values also depend on the pH values of molar solutions [6, 10, 11].

1.10 Reactvity Index

From the results it is clear that reactivity of all the mixes, at 7 and 28 days, was lower than the CM. This was because of
the fact that as thime passes more hydroxide were generated during hydration process, which was needed for continuity
of pozzolanic activity. Furthermore, it can be seen that, up to 20 per cent replacement of cement with bagasse ash, met the
limitation laid down by ASTM C68 for strength activity. In order to overcome this low strength issue, use of accelerator

and curirg at elevated temperature is recommended.
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Water Absorption of 4M Samples
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Figure 3: Water absorption of 4M SCBA based geopolymer cement composites

1.11 Application of Geopolymer concrete

Theblend of NAOH and KOH activators with aluminosilicate source (e.g., metakaolin, SG, RHA, FA, K@Y Lesults

in the obtainment of geopolymer which is an amorphous material. The SCBA utilization as a source of aluminosilicate
with the blend of NAOH an&OH, eventually improved the durability of geopolymers. It has excellent potential for fire
resistace structures, alkatilica reaction, and acid resistance. The utilization of bagasse ash as a source of aluminosilicate
for supplementary cementing matgrifor geopolymers through systematic processing and characterization offer a
profitable and envinoment friendly alternative to its disposal. Moreover, the use of geopolymer leads to green
environment.

4 CONCLUSION:
This study was performed to evaluate the effect of NaOH and KOH blend on preparatiorradretip gecpolymer
concrete . Following comgsions have been drawn from the experimental work.

1 Production of bagasse ash as industrial waste is quite higikalydo further increase in Pakistan. Technically
and financially bagasse ash has lots of potentials to be used as pozzolan in comstetetion industry.
Furthermore, its usage as construction material will also solve pollution problem. Morebver asseffective
option without compromising on the strength parameters.

1 SCBAisto be used as alumina silicate source fordgme concrete after grinding for 120 min, by using blend
of NaOH and KOH as activator.

Absorption of water decreasedtlvincrease in the ash for cement replacement.
Compressive strength of SCBA geopolymer concrete was less as compared with control spémiveesr,
curing at elevated temperature and use of accelerator will overcome this issue.

1 Ecofriendly, low cost coanrete can be produced by incorporating bagasse ash as partial replacement of cement.
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Abstract Concrete istone like manmade very used construction material and it is
prepared by the use of cement, aggregates (Fine and Coarse aggregates) and water.
Concrete is very strong constructionaterial. It have very good strength in
compressive. It is the most used era&l after water and its utilization is about a
metric ton per annum per capita. Its remarkable properties in fresh and hardened state
have raised its usage to 12 billion tons ypear globally. It is a cheaper material and
performs better than aluminunméh steel.This research work is carried out for to
investigate the effect of different percentages of Bentonite and Fly Ash on the
compressive strength of concrdiethis reseath Calcium Bentonite and F class Fly

Ash is usedFour types of samples areepared in which M1, M2, M3 and M4
contains (0%Bentonite, 0% Fly Ash),(05%Bentonite, 05% Fly Ash), (15%Bentonite,
15% FIl'y Ash), (25%Bentonite, 205 % yHIliyn dlesrh )i sr e s p e
used for to determine the compressive strength of concretéotdB6 cylinders

were prepared in four groups according to different mix proportions. The
composition mixture rate for wateement (w/c) is 0.59 and target Compressive
Strengthis 2400kg/m.Then, the samples were cured for 7th, 14th and 28th days
beforetesting. The result obtained showed that the concrete with additive material
achieved lower compressive strength but the workability was increasesi%

addition of Bentonite ahFly Ash maximum Compressive Strength of concrete was
achieved.

Keywords FA: Fine Aggregate , CA: Coarse Aggregate, FA: Fly Ash, BTN: Bentonite , WA: Workability

1 INTRODUCTION

1.1 General

In this research work concrete sample was made according to AST81Ahd this research work carried out for to
determine the effedf different percentages of Bentonite and Fly Ash on workability and compressive strength of concrete.
Different percentages of Bentonite and Fly Ash were replaced by cement at 5%, 15%%aibg 2might. Thirtysix

samples was made and cured up to 28 dbgsting was preformedccording to ASTM €78 after 7, 14 and 28 days.

Results indicate that compressive strength of concrete decrease as Bentonite and Fly Ash content increase. Tine increase
amount of both contents the workability increases. The optisitangth of concrete was achieved at 5% of Bentonite and

Fly Ash.

1.2 Problem Statement

Cement manufacturing is a very complex procedure. A lot of Carbon dioxidg) (€@roduced that causesobhl

warming. As present water crisis condition in Pakistan redeh peak pointn making of cement there is lot of water is
consumed. Cement is getting uneconomical day by day. This is partly the reason why the majority of the people are left
with poorservices. On the other hand, concrete is a porous materiabaocete may contain some amount of salts and

that cause efflorescence in concrete. As well as Bentonite and Fly Ash are useless material on the earth, which effect the
aesthetics of naturakeauty.

130



2"d Conference on Sustainabilitin Civil Engineering( CSCE 6 2 0)
;o Department of Civil Engineering
\F/ Capital University of Science and Technology, Islamabad Pakistan

1.3 Objectives

¥ To investigate the effect of different percages of Bentonite and Fly Ash on workability of concrete.
¥ To investigate the effect of different percentages of Bentonite and Fly Ash on compressive strength of concrete.
¥ To explore the implmentation of Bentonite and Fly Ash with different constructicivaies.

1.4 Scope of Work

This research work will play a greater part in future to guidance of forthcoming researchers who aims to do work on
Bentonite, FI'y Ash anand tcso niipErfefsescitvse osnt rweonrgktahliurel filsopyo r ma |
this will help Technologist/Engineer to provide an alternative binding material of cement that will be helpful in making
construction more economical as well as strong.

2 RESEARCH METHODOLO GY

131




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































