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ABSTRACT

The Super Crete (Icon) is one of the polymer concrete types that was devel oped recently in many countries and still
considered as a new material especially in Egypt. It is a concrete without coar se aggregate that consists of powder
material (which contains high percentage of calcium silicate) and polymer liquid. So it looks like a mortar paste
more than a concrete. The use of powder material and polymer liquid for the production of new type of concrete is
one common means for achieving a more environment-friendly concrete. Icon has shown superior high
performance in compressive strength, durability, very fast curing time and very low permeability that breaks the
current known limitations. It has been used widely in the architectural applications like decorative features, facade
and cladding. Due to the newness of Icon and the lack of information about the materials and manufacturing
process of this type in the Egyptian market, this research was carried out to investigate the shear behavior of
polymer concrete beams under different conditions. The shear strength is one of the important properties of
concrete polymers when used in structural elements subjected to shear like slender beams and columns. Fifteen
beams were cast to investigate the effect of the shear span to depth ratios, different locations and different
reinforcement of openings on the shear behavior of the tested specimens. All these beams were designed to fail in
shear. The test results showed that, the absence of coarse aggregates reduced the ultimate shear strength of the
fine aggregate polymer concrete. This may be attributed that, the rougher crack surfaces are better able to transfer
shear due to aggregate interlock. The validity of both the Egyptian Code for the design and implementation of
Concrete Sructures (ECCS) 203-2007 and American Concrete Institute (ACI) 318-2011Codes for estimating the
shear strength of the tested Super Crete beams was investigated. The research described in this paper provides
additional experimental information on the shear behavior of polymer concrete beams. Different conclusions and
recommendations are introduced.
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INTRODUCTION

Recently and due to the leakage of natural coaygecgates, it has been became a necessary torfialiesnative
to the convention concrete. Polymer concrete iseeample of a relatively new high performance contpos
material that has been commercialized since thly esixties. The Super Crete (Icon) is one of thdyper
concrete types that was developed recently in ntmoytries and still considered as a new materig¢@ally in
Egypt. This material has many advantages suchrgsge®d durability, very low permeability and veast curing
time. Some of the literature studies consider theirenmental benefits of polymer concrete, suchtlaes
immobilization of toxic metals, while others repori the mechanism of the geo-polymerization prof@smany
different aluminium-silicate minerals. However thare currently very few published studies on thgireeering
properties. Shear strength is one of the impomaoperties of lcon when used in beams as a stricélement.
Based on the literature studies, especially wheashpan to depth ratio is greater than 2.0, Ittbdse noted that
the shear force in a cracked section is mainlystedi as follows: 20 to 40% by un-cracked concrdte o
compression zone; 33 to 50% by interlocking actibraggregates across the crack surface; and 15%o 2y
dowel action. It well known that the rougher crakfaces, which produce by the coarse aggregatedeaiter
able to transfer shear due to aggregate interlagkdo, it is very important to investigate the ahbehaviour of
non-coarse aggregate super Crete. In this reseamncbxperimental study was carried out to investighe shear
behaviour of polymer concrete beams under diffecentitions.
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RESEARCH SIGNIFICANCE

The aim of the present study is to:

« Investigate the applicability of using The Supeet€r(lcon) to produce structural elements.

 Evaluate the effect of the shear span to depthgatnd openings with different locations and raicémnent on
the shear behaviour of the tested specimens.

* Assess of the adequacy of the Egyptian ECCS 203-266 ACI 318-2011 Codes provisions for predictimg
shear strength of the tested Super Crete beam.

EXPERIMENTAL PROGRAM

Properties of Material — Concrete Mix

Traditional Normal Strength Concrete: CEM | 42.5 N complies with the ESS 47561007, was used for
constructing the traditional normal strength cotergpecimens (six beams). The concrete of thisisgecwas
made with normal weight coarse aggregate composedlyrof silica and silicates (quartz), which igeeed to
a siliceous aggregate concrete [8]. The propositibthe concrete mix were 1 (Portland cement): Jetarse
aggregate): 1.73 (fine aggregate) by weight. Trewsm aggregate used was of 20-mm maximum Nomipal si
The water cement ratio was 0.35 and the cemenenbmtas 350 kg/m3. The target 28th day cube sthewgs
35 MPa.

Polymer Super Crete (Icon): The rest specimens (nine beams) were made frommaolguper Crete (Icon)
which consists of two components (powder of theemak which contains high percentage of calciuncaie
plus polymer liquid). The polymer liquid was addem clean drinkable fresh water and mixed well with
percentage 1 part of liquid to 300 parts of watleen the solution was placed in the ordinary caecretating
mixer and the powder of polymer concrete was adgtadually during mixing process. Mixing continuextiu
the mix started to shine [4]. The percentage ofpelr solution to powder by weight was approximatedpo.
The target 28th day cube strength was 37 MPa. SOpete cylinders of 150*300 mm (diameter*height)rave
cast to obtain the stress-strain relationship araiutus of elasticity as shown in Fig.1, while prssnof
150*150*750 mm (width*depth*length) were cast totaib the flexural strength from modulus of rupttests

in accordance with ASTM C 78-02. Table 1 showsdhemical composition of the powder material of pody
super Crete (Icon) which has been determined fromayX Fluorescence Spectroscopy (XRF) and X-ray
Diffraction (XRD) [6]. Table 2 shows the propertie$ both super Crete and the traditional normatrsith
concrete.

Properties of Material — Reinforcement

High-yield deformed and mild steel bars meeting thguirements of the Egyptian specification staddadESS
262/2000 were used for main longitudinal bars sl respectively. The high-yield deformed bars aapecified
yield strength of 420 MPa and ultimate strengtlt6®® MPa. The mild steel bars had 285 and 425 MPaedd
and ultimate strength, respectively. The elongati@as 29 & 11% for mild and high deformed bar, respely.
The longitudinal bottom and top reinforcement dfsglecimens was 3312 and 2@8, respectively. Altispens
had the same transverse reinforcement of 586/m.

Table -1 Chemical Composition of Powder Material oPolymer Super Crete (Icon)

Oxide SiQ | Al,O; | FeO; | CaO | MgO| NaO K.O SQ TiO, P,Os Loss in Ignition | Total
Contents (%) | 83.49 142 0.62 8.09 0.51 0.87 g1 7160.07 0.02 3.18 99.54
Fabrication

The specimens were cast horizontally in speciadlsighed forms. Electrical resistance strain gawgae fixed and
secured to the reinforcing steel at specific lagaibefore the cage was precisely positional ifdha. These strain
gauges were fixed at different locations; Fig. Irteasure the internal steel strain inside the spats during test.
The forms were made from timber with smooth surfacel coated with oil before casting concrete. The
reinforcement cage then placed in their positiothenwooden moulds. Concrete was cast immediafedy mixing.
The specimens were remoulded on the next day, alrjidcted to moist curing with water started immasliaafter
casting for two weeks, then left in the atmospludiaboratory until the date of test.

Instrumentation

The specimens were instrumented with a varietyeafers to measure the strains, deflections, thikdad stroke of
the testing machine. The deflection of the speceneras measured using five Linear Variable Distance
Transducers, LVDT's, with stroke 100 mm which wettached vertically at equal distance between e t
supports (on the bottom face of the specimens)hdéoconcrete surface using 8-mm fisher bolts. Thel strains
were measured using electrical resistance strailgegavhich attached to the bottom longitudinal stemis and
stirrups before casting the concrete. At the pofribad application, a 1000 KN compression load ilnitored the
applied load. A portable machine instruments datpumition system is used in capturing data from étectrical
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resistance strain gauges and the LVDT's. Becauteedbng time needed for each specimen in testreading per
second was recorded. This rate enables to readeatits of the test with a suitable number of regalimhich can be
easily analysed. The loads were controlled by sexatroller and measured with load cell. A dataugsition
system connected to a personal computer recordedf ahe instrumentation readings. The formatiord an
propagation of cracks at different locations wdse anarked and recorded.

Table 2: Test Specimens, Concrete Strength, CrackinLoads,

and Ultimate Loads

35

30

A

Pcr = Cracking load & = Deflection corresponding to ultimate load
& Pu = Ultimate load & fcu = Concrete compsige strength obtained
from testing 150*150*50 mm cub

0

0.0005

Strain

Group Beam | Designatio fcu (MPa) Pu (KN) %u (mm) \

B1 Ref. - 1 38 288 20
B2 1 39 200 9.9 2 e

Gl B3 Ref. - 1.5 385 179 16 \
B4 15 38 126 5.7 I
B5 Ref.- 2 37 155 80 | @
B6 2 41 110 54 | %
B7 Ref. - 2 43 147 65 |

G2 B8 2 45 104 70 | 4
B9 Ref.- 2 44 139 70 | & 1
B10 2 47 98 12
B11 Ref.- 2 42 133 6.8

Ga B12 2 47 100 5.1 5
B13 2 43 124 10.1
B14 2 45 125 43 0
B15 2 455 140 5.7

0.001 0.0015 0.002

Fig. 1 Stress-Strain Relationships for the PolyBwgper Crete (Icon)
Table -3 Details of the Tested Specimens

. . Duct opening
Group Beam Designation a (mm d (mm) a/d As(long) X (mm)
Bl Ref. - 1 340 340 1 - -
B2 1 340 340 1 - -
G1 B3 Ref. - 1.5 500 340 15 - -
B4 1.5 500 340 1.5 - -
B5 Ref. - 2 670 340 2 - -
B6 2 670 340 2 - -
B7 Ref. - 2 670 340 2 2012 0
G2 B8 2 670 340 2 2012 0
B9 Ref. -2 670 340 2 2012 470
B10 2 670 340 2 2012 470
B11 Ref. - 2 670 340 2 2012 240
B12 2 670 340 2 2012 240
G3 B13 2 670 340 2 2012 240
B14 2 670 340 2 2012 240
B15 2 670 340 2 Pl. 4mm 240

a = Shear span & d = Effective Beam depth & Asd) = Longitudinal steel & x = The distance betw the external face of rectangular
duct opening and right support.

0.0025

A B A
Se6/m l ™ 2en 506 /m l L ™ zen
Yol s00mm e 500mm —! Yo ATinm - = 670 = ; .
T (2P0 e
\{ l ! zoa ! o [:]5208
350mm o popls] | I' 26512
1L | l 77777 312 1 V) T
3212 ¥ i » sen | .
25mm ALz Section A3 S o B A Sevtion AA
S 2000mim - - = FRTENE T o SR
(a) Beams without Opening (b) Beams Contained Opening
B___ A
586,/ m 208
N LE 7 A— —
{ 208 bos| |
35t | = 5 s
{ -
3 e 12 B_l__ A— 240vm <

38
i Lo

Section 4-A

(c) Beams with Different Reinforcement Details @ening

Fig. 2 Details of the Tested Specimens

Section B-B



Aly et al Euro. J. Adv. Engg. Tech., 2015, 2(11):1-9

Test Specimens

The experimental work consisted of fifteen beamshwhe same dimensions, longitudinal and transverse
reinforcement. All specimens were designed to egpee shear mode failure ensuring that the theadetiexural
strength is considerably higher than the expectperimental shear load. The loading systems weresdime in all
specimens, but with variable shear span. All spensrhad rectangular cross section of 150 mm width30 mm
thickness, a total length of 2250 mm and were simsppported with a span length of 2000 mm, as shiowig.2.

The longitudinal bottom and top reinforcement dfsplecimens was 3@12 and 28, respectively. Altispens had

the same transverse reinforcement of 56/m.

The tested specimens were divided into three grdGdsto G3) depending on the studied parameters. firbt
group was designed to study the effect of shean &pa=1, 1.5 and 2). The second and third group® designed
to study the effect of location of opening and f@icement configuration around the opening, respelgt The
details of the tested specimens for the three growgre illustrated in table 3 and fig.2.

Test setup and Procedure

All beams were tested until failure under monotanireasing static load using a hydraulic actuatot000 KN
capacity to measure its maximum load capacity. Gé¢sms were positioned under the actuator that veasitad on
a steel reaction frame. Fig. 3 shows the Test Sdtae hydraulic actuator, load cell and the contmtical LVDT
were positioned at the mid-span section. Threewdifft loading types were used according the stysheameters.
A very rigid steel beam and neoprene pads were twsdi$tribute the load on the top surface of tharh. The test
specimens were simply supported beams with 2000span. The beams were tested with a monotonic isicrga
load (two point loads) until complete failure toplace. The locations of loading points were vagabiepending on
the shear span of each group. After each loadnmeng strain readings, deflections and the loacewecorded and
any visible cracks were marked. The loads wererotdetl by servo controller and measured with loall. ¢&ig. 4
shows Schematic of Test Procedure.
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Fig. 4 Schematic of Test Procedure

EXPERIMENTAL RESULTS

The test results of the specimens are summarizédhte -2, in which the beam characteristics, \deigparameters,
concrete compressive strength, cracking loadsmaté loads and corresponding deflections are gfeereach
beam.

Load-Deflection Relationship

Table 2 shows the maximum central deflections bfte test specimens at their failure load. Figapthrough (c)
show the load mid-span deflection relationshipsthaf test specimens. As shown in Fig. 5, the lodhbctéon
relationship is approximately linear till the firgielding of the transverse reinforcement, then takationship
follows a curved path till ultimate load. Beyoncethltimate load, the control specimens (the tradél normal
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strength concrete specimens) showed gradual andtBndecrease of the load indicating a semi-duti@kaviour.
On the other hand, the rest specimens (the polgugeer Crete specimens) showed rapid and steepadecoé the
load indicating a brittle behaviour. Some specimetained a part of their capacities while sustajninedium to
large plastic deformations. This indicates thaséhspecimens had a stable load-deflection respuitisdéarge area
under the curve and can be classified as semilduihaviour specimens. The corresponding deflegiiofiles at

the ultimate failure load of the tested specimarsshown in Fig. 6 (a-b).
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Fig. (6) Deflection Profiles at the Ultimate Failue Load of the Tested Specimens

Strains in Concrete and Steel Reinforcement
In most specimens, failure took place without moéla descending branch in the load-deflection cairiidne lack

of descending branch behaviour in the load-defiectiurves implies that these beams may have failied to the
development of any significant strain localizatiéig. 7 (a-d) shows the load-transverse steelrstedationships for
the test specimens. The results suggest thatrdnessh steel stirrups increased until the stesdhves its yield point.
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Thereafter, a large portion of any extra stresabisorbed by large deformations in the steel, wieters the
increase of concrete compressive strain. Befoild yilee strain distribution did not vary signifiggnthroughout the
length of the test region. With increasing defoibratthe strains started to increase considerabbna section or
part of the beam while the strains at other sestieither remained constant or increased slighthe Strain
distribution became more and more non-uniform #areawas approached. In general, higher compressiirains
were measured above the location of cracks. Adeaseen from Fig. 8 (a) through (d), the strainsuesd on the
longitudinal steel bars at the ultimate load waprapimately 0.001. This may be attributed that lwegitudinal
steel bars didn't reach yield strain before crughohthe concrete. At the ultimate load, the straigasured on the
transverse steel bars (stirrups) was approxim&@g25 and the diagonal concrete strain was abh6080

Cracking Behaviour and Failure Modes
Fig. 9 (a) through (e) shows the failure modeslicha tested specimens. At early stages of logdlegural vertical

cracks appeared at the beam bottom side, thenmhhtgnsion shear crack appeared suddenly andadedropped.
The diagonal tension crack started horizontallyselto the support due to bond slip of bottom reodment, and
then the crack became diagonal and extended tgdite of load application at the beam top side. iGim
characteristics were noticed for the cracking pastef the test specimens. Upon increasing the, ltednumber,
width and extensions of the cracks were increa&#tdr the complete formation of the diagonal crauwiittle failure
occurred. This may be attributed to the presenaheér reinforcement, which restrict the growtlliayonal cracks
and reduces their penetration into the compreszime; and hence increases the part of the sheaw fesisted by
the concrete compression zone. In addition, thegmee of stirrups enhanced the dowel action. Tagodial crack
width was observed and the maximum load carryingacigy was recorded. For all beams, once the pyimar
diagonal crack extended to the point of load apgili;m and to the support or near the support, &zans failed and
the shear dominates the failure mode of all beaggispens. The failure was localized at a sectionrevlaeprimary
diagonal crack existed. The branches of adjacémiapy cracks connected to form a failure plane witlishing at a

section.
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(e) Effect of the Different Reinforcement Details eound Openings

Fig. (9) Cracking Behaviour and Failure Mode of theTested Specimens

DISCUSSION OF TEST RESULTS

Effect of Super Crete (Icon)

It can be seen from table 2 and Fig. 5 that thienate shear capacity of the Super Crete specingelmver than
those of the traditional reinforced concrete bywl8D%. Beams B2, B4, B6, B8, B10 and B12 compavitid B1,
B3, B5, B7, B9 and B11, respectively.

1. on Deflection

As can be seen from Figs 5 and 6, the Super Ceeteahminimal effect on the deflection of the tedtedms at the
early stages of loading. However, the Super Creéeimens recorded lower inelastic deflections drla Beams
B2, B4 and B6 compared with B1, B3, and B5, respelst

2. on Transverse and Longitudinal Steel Strain

As can be seen from Figs 7 & 8, the test resutt@ted that the Super Crete specimens recordeg lmansverse
and longitudinal steel strain.

Effect of Shear Span to Depth Ratio

1. on Shear Capacity

As can be seen from table 2 and Fig. 5, the ulénsaear load decreases with the increases of shaarto depth
ratio. Beams B4 and B6 with higher shear span pahdeatio recorded lower ultimate load at failummpared with
B2.

2. on Deflection

It can be seen from Fig. 6 that the shear sparephdratio had a minimal effect on the deflectidrtte tested
beams at the early stages of loading. However, bafalower shear span to depth ratio recorded highelastic
deflection at failure. Beam B2 compared with B4 & respectively.

3. on Transverse and Longitudinal Steel Strain

As can be seen from Figs 7 and 8, the test reisulisated that beam with lower shear span to degitb recorded
higher transverse and longitudinal steel straiap®&2 compared with beam B6.

Effect of Different Locations of Openings

1. on shear Capacity

As can be seen from table 2 and Fig. 5, the testlteeindicated that beam with opening far from support

recorded lower ultimate load, beam B10 compareH béam B8.

2. on Deflection

It can be seen from table 2 and Fig. 6 that théediédn of beams increases as the opening becoanefsoim

support, beam B10 compared with beam B8.

3. on Concrete and Longitudinal Steel Strain

Based on the test results shown in Figs 7 andd@nitbe concluded that the transverse and longaligieel strains
are higher for beams with nearest opening fromstipport, beam B10 compared with beam B8.
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Effect of Reinforcement Details around the Opening

Referring to table 2, it can be concluded thatulienate shear capacity increases due to the betbeforcement
around the opening. It can be also concluded tlnahgthening the opening with steel plate can corsgie the
reduction in the ultimate shear capacity due topttesence of opening.

1. on Deflection

It can be seen from table 2 that the deflectiongiases due to strengthening the opening with ptatd, beam B15
compared with beams B14.

2. on Recorded Strain

The test results showed that the transverse daibeams with strengthening opening was obsereduktslightly
greater than that of beams with conventional reocgment around the opening, B15 compared with BIB &
B14 as shown in Fig. 7.

CONCLUSION

Based on the experimental results of the testedimeas, the present study shows that the Supee Qicgin) can

be successfully used as a construction materiadtfoctural members subjected to different typeshefar loading

provided that conducting chemical, physical and mecal tests to ensure its compliance with actdpteriteria.

Within the scope of the present study and rangewvefstigated parameters, the following conclusicens be drawn:

» The weight of Super Crete specimens is lighter tHaose of traditional reinforced concrete. This mizgy
attributed to the absence of coarse aggregate.

» To use Super Crete on a large scale, the behakioarmus structural elements cast using this tgpeolymer
must be verified.

 The cracking widths of the Super Crete specimeasvider than those of the traditional reinforcedarete.

» Beams casted using Super Crete can be used aseamatiVe to the traditional reinforced concretkirtg into
account that, the ultimate shear capacity of thpeBiCrete specimens is lower than those of theitivadl
reinforced concrete by about 30%. This may be batteid to the rougher crack surface for the trad#io
reinforced concrete which is better able to transfear by aggregate interlocking.

» The increase of shear span-to-depth ratio leddoatéon of shear strength.

» Beam of lower shear span to depth ratio recordgleniinelastic deflections at failure.

» Strengthening the opening with steel plate can @sate the reduction in the ultimate shear capdcigyto the
presence of opening.
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