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Abstract

Fabric as a flexible formwork for concrete is an alternative giving builders, engineers,
and architects the ability to form virtually anlgape. This technique produces a superb
concrete surface quality which requires no further touch up or finishing. Wovenegpolyol
fin fabrics are recommended for this applicatiénpermeable woven fabriallows ex-
cesswater fromtheconcrete mix to bleethrough the mold walland therefore reduce the
watercement ratio of theconcretemix. Due to the reduction in wateement ratip
higher compressive strength in fabric formed concretey beachieved, as also gu
gested by earlier researchhe current reseen study was conducted to investigate and
document the changes in concrete strength and overall quality dee &d commercially
availablewoven polyolefin fabrics. Use of fabric formwork will contribute decreass
construction cost, construction wastind greenhouse gas emissions. Two sets of tests
were conducted as a part of this research study including comparison of compressive
strength of fabric formed versus PVC formed concrete cylinders and comparisen of b
haviour of the fabric formedeinforced columns versus cardboard formed reinforced
concrete columns. Variables in this research were limited to two types of atbridif-

ferent permeabilityGeotex104FandGeotex315ST) and two types of concretepncrete
made withconventional Portlandement and no flyash herein callatbrmal concrete

(NC) and concretavith 30 percent flyash in its mix desigirAC).



The laboratoryesultsrevealedthat fabric Geotex315STis an ideal geotextile for for-

ing concretelt wasalsofound thathe effects of faric formwork on concrete quality in a

large member are limited mostly to the surface zone and the core of the concrete remains
the same as a conventionally formeaa@te Even though fabric formed cylinder tests
showed an average of 15% increase in aasgive strength of the concrete samples,
compressive strength of the reinforced columns did not dramatically change when co
pared to the companion cardboard formed control columns.r@$esrch confirmethat

fabric formwork is structurallysafe alternae for forming reinforced concrete columns.
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Chapter 1

Introduction

Fabric formwork, as a new concrete forguitechnique, provides technical advantages
and new freedom to the architects, engineers and concrete formwork industry: Fabric
formed concrete members are easy to form, immaculate in finish (Figuoeganic in

form, and inexpensive to produce.

The surface fnish of concrete formedh wood, steel or plastimolds generalljhasim-
perfections often requiringfurther touch upsnd costly treatmentd-igure 2). Lumber

and plywood used for conventional concrete forming are often used a few times and then
sent to the landfill site Creating curves and organic fasmasing conventional concrete
forming is also time consumingxpensive andabour and material intensiv&abric
formwork can use flexible wovemylon, polyolefin, polyester, polypropylene, palya

ide, or polyethylenenembrangKoerner and Welsh 1980hsteadof rigid conventional

forms orpanels. When fresh concrete is poured inside this membrarfabric moldde-

flectsinto a repertoire of precise tension geometries.
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Fabric fomworks can be used to form colummslls, beams, slabs and panels in both
precast and Hsitu constructionFabric formwork can be simply built by construction
connections and joiator can be sewn into any form, size, or shape on the job site or in
the pant (Abdelgader et al. 2008}abric formwork is easy to use and build, very light
and easy to transport, inexpensive as "L4f0the cost of the conventional formworie-
usable andherefore,environmentally friendly(West 2001) To provide a comparison

base between the techniquespat analysis has been provided in Appendix A.

Although woven and newoven fabric formworksrecommercially available the effects
of permeable fabrics on the quality of concrete has not been thoroughly invesiigeded.
research is an experimental investigation of the change in concrete propertiepdtie to
meablefabric formwork using common and commercially available geotextile fabrics
Concrete close to the surface of a conventional formwork always has a higheravater c
ment ratio than the core concrdtdalone 1999) Woven geotextils used as forming
membranen fabric formwork techique have very small pores lettingir bubbles and
excess mix watebleed out, leaving a cementh paste at the surface of thencrete
This filtering action reduces the water cement ratio of the conatdle surfacezone
and produces immaculate finishes unknown to otegventionalmethods of concrete
constructionThe lbw surface watecément ratian turn, makes the concrete more tea

proof andcauses less shrinkage gewercracks inthelong term(Malone 1999)
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1.1  Background and History

The first fabric formworkpatents appear in the lat&" century. The first architectural
and industrialise of fabric formwork was introducéd 195050y Félix Candelavho was
famous for construction of reinforced concrete shi@llgure 3). Burlap fabricstretched
over timber arches was the simple formwork he used to fdybed, parabolic shells

(Lee 2007)

....
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Figure3: Vault for a rural school in Tamaulipas, Mexico, designed by Felix Candela.
(Faber 1963)
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I n t h eSpdni8harchibest Miguel Fisasuccessfullyused plastic sheets as formwork

for textured wall panels. His technique was uefbrm architectural wall panels (Figure

4) in several buildinggSoler 1996)

Figure4: Prefabricated cladding for a house formed with flexible formwol
and white cement by Miguel Fisg@rnardéttir and Merina 2008)

Furtherpracticalapplicationsoccurredint h e mi dwithltlge énfradlsction of fabric
formwork for erosion control and pond line(sigure5). The efforts of E.W. Bindhoff
(1982),B.A. Lamberton(1989) and others led to the firstistaineccommercialapplica-

tionsof fabric formworks.
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Figureb5: River bank stabilization &gs Fabriform) installed in 1967 on the Allegheny
Reservoir, New Yorkwww.fabriform1.com 2009)

In the latel 9 8 @ @apanese architataimedKenzo Unng invented asystem forfabric-
shuttered wall§Chandler 2004)Around the same timeRichardFean, a builder and
businessman in Canada, invented a number of fabric formwork technutpctsdevd-
opedinto a series of foundation footingnd column formworkproducts (www.fab-

form.com 2009)

Al so begi nni n g, MarlnWesthaechecturegrofesi@t thé Wniversity of
Manitobainvented a series of techniques for constructing faorimed walls, beams,

columns, slabs, and paneResearch in the area of fabric formwork construction have
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been carried out at th&rchitectural Structures and Technology (C.A.S.T.) at the Unive
sity of Mantobg the first research centre dedicated torifatormwork technology and

education(C.A.S.T. 2008)

The first international conference on fabric formwork was held in summer 2008nin Wi
nipeg CanadaAt this conferencehe International Society of Fabric Formii&OFF)
was formed ISOFF has been ated tocommunicate the work of researchers in fabric

forming to manufacturers and concrete formwork indud8®FF 2008)

1.1.1  Previous Studies Using Permeable Rigid Formwork

In thecivil engineering industry, two types of permeable formwork have been irttedd
studied and used before. One technique is called permeable rigid formworks or drainage

formliners and the other one is fabric formwork which is not a rigid mold.

Permeableigid formworks or drainage formliners have an absorptive or permeable layer
inside conventional rigid formwork (often a woven or nonwoven fabric) filtering air and
water from the concrete at the mold surfatiee surface of the concrete formed frar-
meable formworkss denser and stronger and fewer imperfectionshan the sameon-

crete formed in a conventional formwork without a drainage formijNedone 1999)
Generally,with a conventional formwork, surface zone concrete has always more water

than the concrete in the centre of the material mass. This high-ceatent raticat the
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surface, results in weaker and more permeable con@&etidi 1992)The bleeding pé-
nomenorfrom a drainage formlinecreates a filtering action which in turn, increases the
concentration of fine aggregates close to the surface of concrete gigingry fine fn-

ish and increased impermeability-r&y radiographs have shown 10 percent higleer c
ment to fine aggregate tra in surface zoneoncrete cast in fabric formwor{Cron

1970) Marosszeky et al. (1993¢ported a 70 percent increase in thersith of the su

face concrete cast in permeable but rigid formworks as well as improved resistance to

chloride ion penetration and a 100 percent increase iroffudtrength.

1.1.2  Previous Studies Using Fabric Formwork

Fabric formwork techniqutakes advartge of a nofrigid woven or noavoven fabric to

form concrete.Bleeding characteristics of the available fabrics allow the extra water and
air bubbles to bleed out from the formwork and reduce wasrent ratio at the surface

of the concrete membédfoemerandWelsh(1980) reported a reduction in wateement

ratio of fabric formed concrete matmade of woven nylon)ised to control @sion and
wavesfrom 0.63- 0.61 range down to 0.39 with raxtualtest on change in concrete

compressive strength.

As seen in Table 1Bindhoff et al. (1982) reported a 50 percent increase in cement grout
compressive strength using the results from tests on cores from fabric formed pile jackets
and companion specimens cast in conventional watertight mBilddhoff et al used

flyashin order to increase the waterproofing properties of underwater contneteork
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of PildyshandWilson (1983)found50 to 100 percent increase in compressive strength of
concrete due to fabric formworla their researchil52 by 3® mm (6 by 24 in.)hanging
fabric socks were first vertically filled with grout under pressure and thHEsR oy 3G

mm (6 by 12 in.)test cylinder was cut out dfe hardened mortand compared to oe

trol conventionally formed sampleBildysh and Wilsorused20to 40 percent flyash was

used inmortarmix designwith only sandandno gravel.

Lamberton (1989nlso showedh 50 percent increase in compressive strength in fabric
formed oncrete In these tests,.39 by 3@ mm (5.5by 30 in.)fabric socks were cast re

tically under69 kPainjection pressureand thenl52 by 3G mm (6 by 12 in) cylinders

were cut from the middle section of the hardened specimen. 5 to 10 percent stretch in the
fabric used was considered when the initi&libch sockdiameterwasseleced Cement

mortar was used to cafstbric formedcylinders using Portland cement and sanithout

of gravel

Tablel: Previousstudiesusing permeable fabric formwork

Strength
Mix Flyash . Type of Increase
Authors Year Place Design (%) w/c Ratio Fabric Test Type Y —
(%)
Eduardo W. Bindhoff 1982 USA  Grout 15 0.41100.50 Woven Nylon E;S;[‘]Ot clearly 50
Mikhail Pildysh & ) 6" by 24" fabric
Ken Wilson 1983 Canada Grout 25t040 0.461t00.65 Synthetic socks 50 to 100
Bruce A. Lamberton 1989 USA  Grout MO 0.65100.72 Synthetic 6" by 24 fabric 50
Flyash sacks
Mahdi Al Awwadi Ghaib No Woven Poy- 100 by 100 by 100
& Jaroslaw Gorski 2000 Poland Concrete Flyash 0.57t0 0.83 propylene cubes (mm) 70
= (BEUENL, (i TiEst, 2010 Canada Concrete 30 0.37 Polypropylene 4. gv cylinders 130 17

D. Svecova Geotextile
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Ghaib and Gorski (2001) usddur textile mattresse@nade ofwoven polypropylene

filled with concrete mixes with different slump valudsital of 232 samples of 100 mm
cubes were cut out from the hardened concrete mattress by electric saw andrthen co
pared to a seried @00 mm cubes control samplesn@yss of thecompressiorstrength

tests showed up to 70 percent increase in compressergtirat the age of 28 days.

was found that the compressive strength of the concrete cast in fabric was a function of
the pore size of the fabric used. In general, the compressive stianigtbric-formed

concretadecreased as the pore sizes increasea than 0.35xIdm.

1.2  Objectives and Scope

The pesent research study was designed {eveduate the change in concrete properties
due to fabric formworland to evaluate the applicability of the ASTM standard for testing

fabric formed cylinders

Theneed for conducting suglsearch became essenf@al several reasongest methods
used in former fabric formwork studies were not compatible with any specific standard
testing methogdall but one previous study usedment grout instead ebncretearnd all
previous studies usaelatively high waer cement ratianix designsexceptAl Awwadi

Ghaib etal. (2000) Although Awwadi Ghaib et al2000)usedwoven polypropylene fa

ric the specific type of fabric they useduisspecified.
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Taking advantage ohe work done in C.A.S.Tand years of using different types of
available fabrics and geotextiles to form concrdtee Geotex315ST geotextile (fo-
merly namedPropex2006 was choserfor use in this research studw full scale co-
struction testsGeotex315ST showed goodhechanical propertiess a formwork fabric.
It createda very good texture wén exposed to cement mortar fresh cowmrete. tis also
one of the Issexpensive fabrics available amo@gotexproducts.This geotextileis a
wo Vv en fiasltor uradbwhiitraviolet (UV)resistant polypropylene fibrgith su-
ficiently high tensile strengtin both warp yarns running the length of the fabriahd

weft (yarns running across the width of the fabneave directions.

Although mechanicagbroperties angbracticalworkability of Geotex315STwere known

to us, the change in overall quality the concretevas umefined The knowledge of

change in concrete properties due to fabric formwork was limited to a few reseakch stu

ies available, clailng up tohundredp er cent i ncrease iIin concret
when cast in different types of fabri@indhoff and King 1982)The need for condtic

ing suchresearch became essential when the austhused in formefabric formwork

studies weraot compatible with any specifistandardesting methodThe scope of this

project is limited to two types of Geotex geotextile fabric and two types of concrete

Normal concrete (NC) and flyash concrete (FAC).

There are no ASTM or Canadian standards for fiognfabric formed laboratory testley

inders, but the type of mold used in this research study provides some basis for testing
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and comparing the quality of concrehe cast
nique (Lamberton 1 X@@Ye(Gloaib and IGerski?00a)setd ne s s o0 |
previous research testing, the test procedure proposed in this thesis is attempting to be
close to conventional cylinder casting as recommended in ASTM C39/{03aN2004).

The method provides more practical companss for structural applications. Comgre

sive strength of all cylindrical concrete specimens was determined on the basis of the

standard test method (ASTM C39/C39Ma 2004).

The mix degin in this study was selected in order to simulate asryelay-use geeral
concrete quality. Compressive strenght of 30 MPa (at 28 days) was selsdtesl a
average strength range to satisfy the above mentioed conditiermix design used in

this research (Table 2) was adopted from Mindess et al. (2003). Expected &&rage
days compressive strength was 30 MPa with the slump value between 75 and 100 mm.

The properties of the material were as follows:

- Cement: Type | (produced by Lafarge Canada)

- Fine aggregate (Sand)Average absorption capacity = 1.38% (as measured in
thelab).

- Coarse aggregateMaximum size = 19mm (3/4 in.), river gravel (round corners),

average absorption capacity = 1.25% (as measured in the lab).
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Table2: Mix design for normal concrete

Mix proportions

Material [kg/m?]
Water (kg) 147
Cement (kg) 400
Gravel (kg) 1023

Sand (kg) 693
Total (kg) 2263

w/c 0.37

Based on proportions expressed in Table 2, wedsrent ratio in this mix design was
found to beD.37which unlike former studies described in Table 1, is a relatively faw

flyash concrete, 30 percent of the cement in the ordinary concrete mix desige-was r

placed with type C flyash (Tab®).

Table3: Mix design for flyasktoncrete used

Mix proportions

Material [kg/m]
Water (kg) 147
Cement (kg) 280

Type C Flyash (kg) 120
Gravel (kg) 1023
Sand (kg) 693
Total (kg) 2263

w/cementitious materials 0.37
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Chapter 2

Selection of Fabrics

2.1 Choice of Fabrics

Use ofgeosynthetics inieil engineeringndustryst art ed as early as 19
States. More@esearch and developmenrt geotextiles was also conducted in the Nethe

lands, Britain and Germar(8ruun 2000) Geotextiles can be either woven or norew

fabrics. There are over 100 different applications for the use of geotextile fabrics in civil
engineering industrySuits 1991) The material usedh the fabrication of geotextiles is

normally a typeof polymer.Polymers generally used in the geotexiidustry consist of

PE (Polyethylene or Polythene), FPolypropylene) PVC (Polyvinyl Chloride) PET
(Polyethylene Terephthalate), P$Polystyrene) PA (Nylons), and Cellulose

(Bokuniewicz 2005)
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Woven PP and PRre produced with high tensile strengthd low elongations. They
have high capability for filtration andistribution ofload andmanufactured from ine
vidually woven, ultraviolet (UV-resistant Polypropylenibers (Propex 2006)Geote-
tiles are producedhs noncoated orcoatedusinga layerof PE. Geotextiles are widely
availablein the marketand their price rage varies betwekto 16 Canadiardollar per
squaremeter (10 to 15 Canadian cents per square fq&rock White Company 2009)
The main use of Geotextiles tise stabilization of st but some builders, architects and

researchers have adopted them to be used as formwork for concrete.

In 1960Felix Candela used burlapute) to formhis concrete shellg~aber 1963)A dec-

ade later, Miguel Fisac used plastic sheets as fabric formawvaerkd i n 19800s Bi
(Bindhoff and King 1982and LambertorfLamberton 1989used Nylon fabricsPE and
PPwoven fabrics became commeUseiofE bryl PRav ai | a
woven fabricsas formwork for concreteas introduced itate1 9 8 Oydvark Westand

Richard Fearnmore or lesat thesame time along with Kenzo Unno who used a plastic

construction scaffolding netting as concrete formwork.

Specific brand name @deotexgeotextilewas considered as the production line of choice
in this research study for two reasons. This product was available in Winnipeg with a
very low priceof aboutone Canadiardollar per squareneter(10 cents per square fgot
(Brock White Company 2009nd has been used for projects at C.A.S.T. over the last

couple & years Of course, future studies could be conducted studyingr gitoducts
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available worldwide, many of which share similar, if not identical, properties as those

produced byGeotex

In order to studyspecific effects on concrete strength and qualltyamed by using
commercially available woven polyolefin fabrics or geotextiles, it was necessary to form
concrete cylinders usingvariety of fabrics and concrete mix desigAsfabric usedas
concreteformwork must bestrongenough to carryhe hydrostac pressureand the hoop
tensionimposed by wetoncrete. In addition, it should be adequately porous to allow
discharggbleeding)of the excesmix waterfrom the fresh concrete while preventitige

loss of solid elemeni@ines)particularlycement andlyash particlegLamberton 1989)

To reduce the number of samples tmanageabl@umber, a test was designed to dete
mine the bleedingharacteristic®f the wovenfabricsavailable in theGeotexcatalogue
and hence their suitability for formwork. Fats with a tendency of allowing cement
paste bleeding were not desirable. Nipyges of availabletructural, woveriabrics were
installed at the bottom of a wood boxer separat®penings Plastic containersvere
placed underneatheach fabric sampl® collect the wateandcement paste residue that
would bleed through the fabrigigure 6). All fabrics used in this research study are
polypropylene woven monofilament calendefedprocess in which rolls of textile are
passed through pairs of hot rollécsgive them a shiny surfacahd stabilized to resist

degradation due to ultraviolet exposure.
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Fabric samples provided WyeotexFabric In@rporationwere availablan 100 by 15
mm pieces.This, in turn, dictatedthe dimensionsf the openings of thevood box. Nine
availablefabric samples were sandwiched between twd 90 300 mm half inch py-
wood sheets. The samples were carefully attached by staples to the plywood and sealed

with caulking in order to prevent cement paste bleeding out from the ¢egus 7).

The surface of the plywood was fully covered with a waterproof tape (duct tape) in order
to prevent plywood from absorbing any water from the concrete. This also helped the
hardened concrete to be easily released from the box. The needdemgkie hardened
concrete was considered so that the imprint of the fabrics created on surface zone of the

concrete could be studied later on to evaluate the surface appearance of the castings(s).

L4

Figure6: Installing fabric samples on plywood grid and sealing the corners
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Labelled plastic containers weeinstalled under the box (Figure 8) to collect bieater
and cement paste. Theveight of the empty plastic containers was recorded first and
weighed again after the bleeding of the concrete stadped;the differencewas the
weight of the bledvater andcement paste. Collected bled materials were then left to dry

and reweighed to determine the amount of water and cement in the paste respectively.

Figure7: Top and bottom parts of the box test

2.2  Fabric Tests Using Normal Concrete

Fresh concrete was poured inside the box (Fi§uend then vibrated. Some pressure (46
kg, using the available weights) was applied to accelerate the bleeding process (Figure

10).
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Figure8: Box made for BoX est using normal comete

Figure9: Filling the box with fresh concrete
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As soon as the bleeding stopped, a comparison was made between individual §abrics u
ing the weigls of the collectedvater andcement paste that bled through each fabric

(Figure 11)

FigurelO: Extra pressure on fresh concrete to accelerate the bleeding process

. i

PRIPEX ProPEX [EEE
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¥/
|

Figurell: Colkcted bleed cement/water paste from fabrics tested with normal concre
in the box test
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The amount of water and cement mabkthrougheachfabric sample werevery close to
each other. Thereforéo be able to choosguitablefabrics fa future tests we examined
separatelyhe anount of passed cement or water separatelwell as the surface quality

of the concrete

As seen in Figurd2, the least amount of é&ding occurred witlbeotex315ST Geotex
106F (previously known aBropex1198 on the other hand, habde maximum bleeding
ratio in both water and cementisual inspection of the hardened concrete taken out of
the box concluded th&eotex315SThad the best texture produced with the least amount
of air holes and overall impeictions Geotex 106F showed lack of fine aggregate on the

surface and poroussurface(Figure 13)

16

14 +-en B Cement{ar)

BietWater(gr) e
12 S

L e ITEETU S  SEN B

Weight in Grams

3155T 3158T 250ST  3x3 102F 1355T  4xd 2x2HF  104F  106F
(A (B)

Geotex Fabric's Style

Figurel2: Results from normal concrete box test
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Since selecting two types of fabric representing the least and the most bleeding was the
target,two fabrics of Geotexstyle 315ST and 104F (previously namedPropex1199)

were selectedSeotex 104F was selected instead of Geotex 106F because it bleglless ¢
mentitious material while it had large amount of bleed water. ¥ahiel Tables provide

the mechanical properties of both selected falmicketail.

Geotex 104F

Figurel3: Comparison between théextures produced by different
fabrics
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Table4: Mechanical properties ofseotex 104KPropex 2006)

Minimum Average Roll

Minimum Average Roll

H21e7 st Value [English] Value [Metric]
Grab Tensile ASTM-D-4632 370/250 Ibs 1.64/1.11 kN
Grab Elongation ASTM-D-4632 16% 16%

Mullen Burst ASTM-D-3786 480 psi 3300 kPa
Puncture ASTM-D-4833 120 Ibs 0.533 kN
Trapezoidal Tear ASTM-D-4533 100/60 Ibs 0.445/0.265 kN
UV Resistance ASTM-D-4355 90 % at 500 hr 90 % at 500 hr
AOS (max. average roll values) ASTM-D-4751 70 sieve 0.212 mm
Permittivity ASTM-D-4491 0.3 set 0.3 set

Flow Rate ASTM-D-4491 22 gal/min/ft 895 L/min/nt
% Open Area CWO0O-22125 5% 5%

Table5: Mechanical properties ofGeotex315ST(Propex 2006)

Minimum Average Roll

Minimu m Average Roll

POy s lilzties Value [English] Value [Metric]
Grab Tensile ASTM-D-4632 315 Ibs 1.40 kN

Grab Elongation ASTM-D-4632 15% 15%

Wide Width Tensile ASTM-D-4595 175/175 Ibs/in 30.7/30.7 kN/m
Wide Width Elongation ASTM-D-4595 15/8 % 15/8 %

Mullen Burst ASTM-D-3786 675 psi 4650 kPa
Puncture ASTM-D-4833 150 Ibs 0.667 kN
Trapezoidal Tear ASTM-D-4533 120 Ibs 0.533 kN

UV Resistance ASTM-D-4355 70 % at 500 hr 70 % at 500 hr
AOS (max. average roll values) ASTM-D-4751 40 sieve 0.425 mm
Permittivity ASTM-D-4491 0.05 set 0.05 set¢

Flow Rate ASTM-D-4491 4 gal/min/ft 160 L/min/nt
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2.3  Fabric Tests Using 30% Flyash Concrete

There are reports on fine additives such as Silica fume having the tendency to clog filter
fabrics associated with permeabigid formworksor drainage fordmners (Malone 1999)

Mixes of normalconcrete on the other hand, have not shown any significant blockage in
the formwork liner(Nolan et al. 1995)Generally, particles of a typical silica fume are
smallerthan 1 micronMalhotra and Carette 198@)hile the average diameter of a typ

cal cement par ti cl e(Kosnsmtkaaep qi. rleO%)ihensize eflthg 1 O
spherical particles of the fly ash ranges between 10 and 100 n(i¢iddA 2003)

Herein, aother experiment was conducted to observe if flyzeticles are able tolog

the pores of the fabreusedin this research studyJsing the two selected fabrics from

the first box testa second box was made and new experiméigufe 14) was conducted

with 30%type C flyash added to the mibesign.

Similar to the first box test, bled watand cemenpaste from the fabrics were collected

in containers and weigh in wet and dry form to measure the amount of watercand
mentitiousmaterials bled¢hroughthe two fabrics. Since only 6 pieces of fabric ever-
stalled in this boxXthree samples dbeotex315STand three samples @eotex104H,
individual samples had a larger area exposed to the fresh concrete. Therefore,éefore d
riving the results, corrections were applied to the areasate the resultsonsistent with

the first box test results.
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Geotex 104F

Figurel4: Box made for Box Test 2

2.4 Results

As seen irFigure 15, each fabridbled almost the same amount of cementitious material
when exposed to normal concrete &liydsh concreteBoth fabricsbled less water tien

exposed to flyash concrete meaning that some clogging happened when cementitious
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paste tried to paghroughthe fabric.It is hypothesized thahis is caused btheincrease

in theamount of very fine particles in tlilyash mix.

11
Water

10 oo NG ..

Average weight in Grams

Cement Cement
18 FAC

Geotex 104F Geotex 315S5T

Figurel5: The effect of flyash on the amount of bled water and cementitious material

In order to investigate characteristics of collected dried cementitious material from this
experimentdry bled paste powder was examined under a stereoscopic zoom microscope
(Nikon SMZ800) using maximum magnification of 378x to observe if stydled
through the fabrics. Driedassed cementitious material was set under the microscope and
the visual results were compared to both pure flyash and pure cement. Based a observ
tions, Geotex315STdid not bleed any flyash at all whitéeotex104Fwhich has lager

pores let a small amount of flyastbleed out(Figure ¥). As seen in Figuré5, Geotex
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315SThled much less cementitious matecaimparedo Geotex104F which is caused

by the size of it®peningsandtheir potentialclogging byflyash particles

Additionally, when exposed to flyash concre@eotex104Fbled much less water oo
paring to the time whenormalconcrete was used. Since the amount of passed dement
tious material that passed throughach fabricin both normal and flyash concrete was
constat, the amount of bleeding water became a definitive factor in this comparison test.
When flyash concrete was us&tkotex104Fshowedabout48% reduction in amount of

bled water (from 9.85 gr down to 5.15 ggmpared to water bled from normal concrete
While Geotex315STshowed only27% reduction in bled water (from 6.28 gr to 4.56 gr)
due to clogging effect. Thimdicatesthat Geotex104Fis susceptible to clogging when
flyash concrete isised Compared to its use with normal concreébeotex104F looses

less water and air bubbles when exposed to flyash concrete. Consequently, when flyash

concrete is the concrete of choice, useegfile with smaller openings recommended.

a) Pure Flyash with different sizes of b) Material bled from Geotex 104F ¢) Material bled from Geotex 315ST
flyash beads showing some flyash beads along with  with almost no flyash beads
the fine aggregates (mostly cement)

Figurel6: Microscopic pictures comparing bleedried cementitous material from different fabrics to pure flyash
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Chapter 3

Placing and Handling of Fabric

Formed Concrete

3.1  Depth of Ble eding Effect

Mix water bleeding through the fabric pores is the major cause affecting concrete quality
cast in fabric or permeable formworks. Investigations on permeable formwork liners have
shown that the effect of bleeding is limited only to a few @nmillimetres of the su

face of the concret@alone 1999)In the pesentstudy, fabric formedancrete cylinders

were castith diameters varying from 100 mim increments of 50 mm, to 250 mm to
study if there was any change in cement or fine aggregateentration close to thersu

face of the specimeria order to studyhe depth of the fabric formwodks eoh the c t

concrete as a function of diameter of the cylinders.
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Molds were first made and cylinders were cast using a 30 MRaal concrete. Hal-

ened samples were all Weally cut in half, polishe@nd sections of the specimens were
studied visually and using a microscope. In all sizes, no visual concentratia of c
ment/fine aggregates was seen and all sections had the same texture thrdtlghout.
presence of sectional large aggregates in the visual field made visual determination diff
cult. No relationship between the size of the cylinder and the bleeding caythbe @-

terminedin this test.

3.2 Fabrication of Fabric Molds

A simple formwork wa designed and built to form concrete cylindesggfabric. In or-

der to do sothefabric needed to be ctd size.Wovengeotextiles can be cut using $ci

sors or aknife edgethoughedgefraying may occur To avoid edge fryingfabric pieces

were cut ugg a soldering gunA bladeshapedip and an aluminunstraight edgevere

used to be able to follow straight lineten cutting(Figure I and Figure &). By using
asoldering gun to cut the fabrixy melting,the fraying problem was completely avoided

ard sharp, straight edges were provided the fabric samplesCut fabrics were then
sandwiched and bolted between two pieces of plywood. Plywood pieces were made wide
enough to support and hold the fabric in between and resist the possible tensionrcreated

the fabric mold due to the hoop pressure created by the fresh concrete.
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Figurel8: Soldering gun with the bladshaped tip melting fabric and providing straighi
edge



3 Placing and Handling of Fabric Formed Concrete 31

The height of the cut fabric and the plywood pieces were the same as the heigheef the d
sired 305 mm (12 in.) concrete cylinder (Figure 19). The lenfithe fabric piece was

also measured to have enough room in between the plywood pieces and to create the ne
essary diameter for the hardened concrete cylinder. A wood base and two supports were
also added to the forms to avoid possible movements of okek daring the casting (Gt

ure 20).

| 90mm
@3
( b Fabric
e
~ ®
N
Ll
£
£
<)
o™
©
478 mm (18.83) piece of
. ) fabric to create 452mm
Side Vi
=lde view (6 pdiameter cylinder
! Q
| ]
152mm 6
i Diameter :
Plan View

Figurel9: Details of fabric mold forconcretecylinders
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Fabric Formwork

Wood Base

Figure20: Actual fabric formwork for 152 by 305 mm (6 by 12 in.) concrete cylinders

The bottom of théabric formscould be left free as done in commercial applications of
the fabrieformed column mold¢FabForm Industries Ltd. 2009The bottom of the fa
ric mold need only be heldy handwhen the first scoop of fresh concretglacedinside
the mold after whichthe restof the concreteanbe pouredn with no problem. Tapping
the walls of the fabriformwork act as vibration andhelpsstart thebleedingof the air
bubblesand water from the concretl order to comply with the existing cylinder tas
ing standardASTM C39/C39M04a 2004)when pouringsampleswvere compacted in
three layers using the standardmpactingrod (Figure2l). Although an empty fabric
form does not have any specific shaghe hydrostatipressure created by tlfreshcon-
crete forms a perfect cylinder once it is poured inside the fabric mold (FAgureigure

23 shows the bleed water within the first 45 minutes after casting.
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Figure22: Fabric mold filled with fresh concrete
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Figure23: Bleed clearwater from the walls of a152 mm (6 in.) diameter fabriformed
concrete cylinder

When t was time for spcimens to be taken out of thenolds, the bolts wereremoved
Since polyethylene and polypropylene fabrics do not create any adhesion between the
fabric and hardened concrethere is no ned for releasing oils antthe fabric could be

easily strippeaff from the surface of the hardened concrete (Figdr@nd Figure 3).

3.3 Bleeding Tests

The relationship between bled volume of water and height in a concrete columnavas stu

ied to see the edtt of position along the height of the column on the amount of bleeding.
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Figure25: Reusable fabric form parts; the base, sandwich boards, bolts, and the fat
itself
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It could be hypothesizetthat the amount of bleeding along the height of a fabric formed
column varies as a function of locationralg t h e height(kiguneab)sIn order to
establish this relationshipressureapplied to the bottom and middle of the columns due

to selfweight ofnormal density concrete was simulated by using a mechanical press.

The nmechanical pessapparatusvasdesigned and fabrted in the laboratory and calc
lationsshown in Appendix Bveremack to find the loadecessary to simulatie pres-

sure at various heights aloag3 meterstat o | u mn 6 andappéyintg ldoth PVC and

fabric formedspecimensisinganadjustable levehandle HSS 38 by 38 mm steel square

and L shape profiles were used to build the apparatus. As shown in Figure 27 eeach m
chanical press apparatus was designed to have two handles in order to pressurikze two cy

inders at the same time.

A set of54 sampts of 152 by 305 mm (6 by 12 imjeremade and testet investigate
an assumed linear relationship between height of a column and the bleedingd n&io.
series of samplegTable6) were cast and the bleeding wateas measured tdind if the

bleeding atio along the height of a column.

Table6: Series of tests studying changes in bng/strength of a fabric formed concrete column through its height

Mold Type Geotex 315ST Geotex 104F PVC Mold
Pressure Applied No Yes No Yes No Yes
Height of Column Top Middle  Bottom Top Middle  Bottom Top Middle  Bottom

Number of Cylinders

[Normal Concrete] 3 3 3 3 3 3 3 3 3

Number of Cylinders

[Flyash Concrete] 3 3 3 3 3 3 3 3 3
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MPH YY Water loss at top of the column
£000 i Top Sample

|

Water loss at middle of the column
-1500 Middle Sample

Water loss at bottom of the column

-2700 Bottom Sample /
I \

Figure26: Assumed linear relationship between the height of a column and the water loss of the
fresh concrete

Lever Handle Pressure Piston

Adjustable
Weight Hooks —»

Figure27: Finished Press machine
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The variables in this testesefabrics Geotex104Fand315ST in bothpressured andnd
pressured molds, 30 MPa concrete with and without flyash (Type C) and plastic (PVC)
molded sampkeas control specimens pressured and unpressured mokissh concrete

was first poured and compacted into the fabric and Rd¢@trol) molds. Lever handles

were then slowly brought down and wooden pistons were adjusted oveaptbé the

fresh concret sample. A circular plastic sheeascut and put in between the concrete

and the piston in order to bloekypossible water absorptidsy the wooden pistons and

to ease the release of the piston from the hardened concrete. Calculated weights were
genty hung on the adjusted hooksSigure 28) and bleeding water collection started-i

mediately afterwards.

Figure28: Bleeding test in progress

Bled water was carefully and constantly collected using absorbent paper abedttswn

in Figure29. These vet papers were kept in plasbags in order to avoid water evapor
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tion during the testollowing the test lastic bags weraeighedfull and empty and via
ues were recorded. Paper sheets were then dried in the oven of 24 hotisatdbthen

weighed to find the amount of the watdet from each specimen.

Generally, bleedingiquid from the fabric formwork was thick and cloudy for the first
few minutes and then it bame very clear. The heavieads initiatedthe bleeding pro-
esssooner Whenhigher pressuregere applied to thepgecimenshleeding volume was

largerbut the bleeding time washorter

Figure29: Collection of bleeding wateduring the bleeding test
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3.4 Test Results

Figure 30 shows the relationship between the height of the column and the ameant o
ter bledthrough the fabricTheresults showinear relationship betves pressuréat co-
responds to a point at specifieightof a column and bled wateGeotex104F which
was the more porous fabrisee Tabl& and3) led toa higher water los<$sreaterbleal-
ing cause a greatereduction inthewater cement ratio anddheforethe potential forn-
creasecompressive strength theconcretel52 by 305 mm (6 by 12 incylinders were

tested following the existing standgASTM C39/C39M04a 2004)

Compared to normal concrete, using the botpmmt cylinders, flyash awrete gained

more strength than the normal concrete in both fabrics. When normal concrete was used,
again, comparing bottopoint cylinders, Geotex 104F gained about 110% extra strength
compared to the samples formed by Geotex 315ST. As for flyash eonctée bottomn

point cylinders, fabrics behaved the opposite way, Geotex 315ST gained about 7% extra
strength than 104F. As seen in Figure B concrete strength also increases linearly
from top to bottom of columrit is important to note that thisnkear relationship between
strength gains towards the bottayh concretecolumn is not limited to faric-formed
concrete. Similaresults were found by Maynard and Davis (198ddlin this study that
usedPVC molds (Figure 3. This increase in compressiggength is due tdue to self
weightof the freshconcreteand extra compaction at the bottom of all conventionally and

fabric formed columns and due to higher density concrete formed in that section.
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Figure32: Averagerate of strength increasevith depth in PVC concrete

3.5 Finish Effect of Vibration on Concrete Sur-

face

In anothertest, the change in quality of the surface due to vibrationalasstudied.A
series of six 152 mn{6 in.) by 305 mm (12 in) cylinders were made b$eotex315ST
and Geotex104F Molds were cast using commercial flyash concretd gfarge,with
125 mm of slump), following the Canadian code requirem@fwsmatka, et al. 1995)
Samples were vibrated for about eight secomsisg an electric concrete internal \abr

tor. Fabric formworksvereremoved after 2 hours.Theless porous fabriGeotex 315ST
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produced a much better surface finish due to less fine aggregates and cement bleeding
through the fabric pore§seotex104F, on the other hand, did not provideiaiform tex-

ture and created some color variatammthe surface which ay havebeendueto exce-

sivefine aggregate escape from gefaceof thefabric mold. Bleeding water froneo-

tex 104Fwas cloudier thathat produced b¥seotex315ST, indicatinga greater conce

tration offine particleshrough thefabricd pores.Based on this test, if a concrete surface

finish is required, Geotex 315ST is recommended.
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Chapter 4

Strength Tests

Concrete cylinders were cast time two fabrictypesandin watertightPVC molds and
testedfor compression strengtht the ages of 37, 14 and28 days. The difference in
overall strengttbetweenfabric-formed cylindersand PVC cast cylinders was then used

to gauge theffects of formwork on the strength of concrete.

Since no relationship between diameter of the speciménh&nbleeding deptbould be
determinedn the testgeported inChapter3, 101 by 203 mm(4 by 8 in.) cylinders were
choserfor further tests. Thisllowedfor fresh concretéo be producedh a single batch

in the laboratorymoreprecise control ovehe mix design and the accuracy of the aggr
gate weight percentagdsarge aggregates were separately and thoroughly washed in o
der to reduce the amount of dust and dirt andterahomogenous concretin this &-
periment, a total of 36 cylinders were tasing normal concrete: 12 cylinders by Geotex
315ST, 12 by Geotex 104F and, 12 by PVC control molds. The same number of flyash

concrete cylinders was made for a total of 72 specimen cylindérsylinders were
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curedin a humiditytemperature controlleduring room before testingor compressive

strength

4.1 Casting and Testing Concrete Cylinders with

Fabric Form work

Both fabricformed and PVCformed control cylinders wereast ina vertical position
(Figure 33) and compacted using the standardcement ad vibration procedurs
(Kosmatka, et al. 1995)he bottom ofeachfabric formed cylindemwas protected bwa
plastic sheet in order to prevent water absorption ftieenwood basesimulating the
same condition am the PVC moldgFigure34). All PVC andfabricformed pecimens

were cast using the sarmbatch of fresh concrete made on premises. The same mix

Figure33: Fabric formworkshown from above
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Figure34: Fabricformed concretecylinders

designswere adopted am earlier testfChaper 2, Table 1 and Table4). Aggregates
were washed thoroughly amiecise scaling was gioyed when weiging the agge-

gates. A 100 litre pan concrete mixer was used to mix the fresh concrete.

Whenthe corcrete was readif was brought to the molds by wheel twaw for casting
Cylinders right after casting are shownHigure 3. When castinghe normal concrete,
ambient temperature of the laboratory was recorded as 22 degree Celsius and the slump
of the fresh concrete measured as 90 mm. For the flyash cortbhestemperaturavas

recorded as 24 degree Celsius #reklump valuewasmeasured as 85 mm.
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Figure35: Fabric-formed cylinders after casting

Two hours after castingll specimens were covered with plastic sheets (Figéyeudd

left in place for 24 hours. Sandwich boards, bolts and fabric forms were carefully taken
off the fabric formed specimsrafter the first dayPVC cast lrdened concrete cylinders
were removed from the PVC moldfter one daysing air pressurdll specimens were

then transferred to a curing room in order to mainteiiiorm curing conditions before
testing. he emperatue of the curing room was recorded as 20 degree Celsius and rel

tive humidity as 100 percent.

When visually inspected, the surface of the specimens formed with fabric had a finely
textured surface imprint. Unlike PVC formed samples, no large aggreghateydioles
were visible on the concrete surface. Figure 37 shows three cylinders cast from left to

right, Geotex 104F, PVC and Geotex 315ST.
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Geotex104F

Figure37: The effect of mold on quality of quality of concrete finish
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Due to flexibility of the fabric forms, final hardened cylinders Imasidimal variation in
diameer (1 to 4 mn). In order to consider the difference between the diameters of the
fabric formed specimens armbmpanioncontrol samplesthe diameter of each fabric
formed cylinder was measured at three points and then the average diameter value was
used to find the actual area of each cylindére average variation in diameter between
fabric formed cylinders and PVC formed cylinders was less than one peZgéntlers

were tested for compressive strength at the ages of 3, 7, 14 and 28 days.

4.2  Density

Samples were testest 3, 7, 14 and 28 daysing a compression testing machiagthe
University of Manitobastructures laboratoryStrength gains of fabric formed cylinders
were compared to PVC formed cylindeffie densies of all cylindersweredeermined

before testing in order to study the relationship between type of molthamdfect on
density and strength ahe hardened concrete. As seenFigure 38 and Figure 39+
gardless of type of concrete, fabric formed cylinders gained highertiden$vVhen no

mal concrete was used, Geotex 104F gained higdesitywhile Geotex 315ST shows
higher density when flyash concrete is usédmpared to PV@ormed companion c¢e

trol samples, fabriformed concrete cylinders showed an average of 2 perogimérh
overall density when normal concrete was used and 3.3 percent higher density when

flyash concrete was used. This might be duaitcandwater loss through the porous
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mold wall. Studies suggest that increase in density of concrete can result iasmaene

compressive strength of concré¢iéather 1965)
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4.3  Strength Test Results

Figures 40 and 41 show strength for normal and flyash concrete respedtheffabric
formed normal concrete had about 19% higher strength at thres f&yboth fabrics
compared to PVC mold. After 28 days, Geotex 315STraashalconcrete gained 13.4%

of strength, while Geotex 104F gained 16.7% of strength. This can be clearly segn in Fi

ure 40.

As seen in Figure 41the fabric formedlyash concretehad a 28% higher strength at
three days for both fabrics compared to PVC mold. After 28 days, samples formed with
Geotex 315ST gained 16.2% extra strength compared to the control PVC samples, while
Geotex 104F gained 12.7% of strength. Flyash samplesdyhigber overall strength

compared to normal concrete.

In both normal and flyash concrete the difference between strength increase due to fabric
formwork remained almost the same. Comparison of concrete strength gain between the
two fabric used revealednly 3% difference. Considering the fact that the two fabrics
that were chosen represented a wide range of pore sizes in available woven geotextiles, it
can be suggested that within limits, the final strength of a fabric formed cylinder may not

be dramatially affected by the type of fabric used.
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Chapter 5

Column Tests

In order toevaluate the effect of fabric formwork on structural behaviows odlumn,
full size fabric-formed and conventionally formedinforced concreteolumns were e
signed and tested to failure under concentric axial load. The variabless@ietbk were
two types of formwork permeablefabric versus cardboarand two types of concrete;
Flyash concrete and normal concréfibe fabric of choice was ®&ex 315ST due to its

bettersurface finish.

5.1 Column Specifications and Design

A total of six column specimens were tested to ueel by applyinga concentricaxial
load Table7 lists the specifications of the columns teste#&. stands for fabric formed

columns, CT for cardboard tube formwork, NC for normal concrete and, FAC for flyash
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concreteThe design of the columns was limited by the capabilities of the available tes

ing equipment. The detailed design of the column can be found in Appendix D.

Table7: Specifications of the concrete columns tested

Column Dimension [mm] Type of Formwork Type of Concrete
FFNC-1 254 x 1500 Fabric (Geotex 315ST)  Normal
CT-NC-1 255 x 1500 Cardboard Tibe Normal
FFNC-2 254 x 1500 Fabric (Geotex 315ST)  Normal
CT-NC-2 255 x 1500 Cardboard Tube Normal
FFFAC 254 x 1500 Fabric (Geotex 315ST)  Flyash
CT-FAC 255 x 1500 Cardboard Tube Flyash

All columns had 254 mm radius and the column height was limited to 150(Based

on calculations, four 15M bars were considered as the longitudinal ieas&ze wasse-

lectedas 10M and tie spacin@) was calculated as52 mm (center to centreandtie

hooks were set as 135 degredsrangementand configuratiorof the reinforcement in

the column has been shown in Figdge

The reason for repeated normal concrete specimen in Table 7 is the fact that the first try

to form fabric formed column FHNC-1 wasnot entirely successful. The colurformed

in a bulgy shapand there was a concern that the shape will affect the test réssls

ond column (FFNC-2) with a corrected formwork was cast to provide a straight column

for testing.
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5.2  Column Casting

52.1 Formwork

Two types of formwork were used; Cardboard tubes and Geotex 315ST. 254 mm (10 in.)
inside diameter cardboard column formwork was employed because it is a widely used
conventional f ormwor k i ructionandustyy®he caMboardt h A me
forms usedlid not come with a non absorbent plastic inside layertlafore provided

some water absorption from the fresh concrete.

From the available fabric typ&seotex315STwas selected because it providelsetter
concrete finishBoth the control cardboard and fabric formed columns were cast samult
neously using the same concrete batch. The columns were cast using normal concrete and
flyash concrete. Total of 6 columns were cAstshownin Figure43, the formwok was
essentially thesame aghat used to cast the earlieylinder speanens.The formwork

was mae of asingle, rectangulapiece of fabric sandwiched between twastical pieces

of 38 x 89 mm lumber20 by 40). The fabric wadfirst fitted to create #nproper diameter

andstapled tahe lumber pieces

After that,the wooden piecewere bolted together ifour locationsalong the length of
the formwork to make the closure of the formwork as a cylindrical vedsigiure 4

shows the finished formworkes up for both cardboard and fabric formworks. Both
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formworkswere supported in a vertical positiby diagonal braces in two directiofe

lateral supportPlastic spacers (PVC chairs) were installed beneath the reinforcement
cages in order to create @& Bim space between the longitudinal bars and ties and the bo
tom of the columns. The cages were centered and then fixed to the wood floor using
handmade aluminum braces in order to avoid possible movements of the reinforcement

cage during the castiras slown inFigure 4.

The cover distance between both fabric and cardboard formworks was maintairseed by u
ing plastic wheel spacers on the longitudinal bars. Thpaeers were also used to keep
the reinforcement cage in the centre of the formwork duringngaas shown in Figure

46.

52.2 Concrete

For these tests commercial 25 MPa concrete was ordered from a local ready mix concrete
plant and delivered to the laboratory. An aggregate size of 5 to 20 mm, a slump of 90

mm, and an air content of 5 to 8% was sfiedi
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Figure44: Setup for reinforced concreteatumns formed with fabric and cardboard
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Figure45: Details of the bottom of the column
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Figure46: Reinforcement cage
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When the concrete was delivered, the slump value was measured and fifteen 101 by 203
mm (4 by 8 in.) PVC control compressive strength test specimens ag&re~cesh ao-

crete was transferred by hand directly fro
and then into the forms as demonstrated in Figure 47. Each specimen was vibrated both
inside and outside, using a portable electric internal vib&dtérto 15 second intervals

In case of fabric formwork, hand tapping the mold wall was also used to vibratenthe co

crete and help the bleeding of the air bubbles and extra water from the cohltre.

umns and companion cylinders were cured in the sameenaForms were stripped after

one day, after which the columns, as well as the control samples were cured for another 3

days using wet burlap and plastic sheets as vapour barrier cover.

Figure47: casting of ctumn in fabric formwork
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Unlike in the cardboard formed columns, no sign dbceariation was observed inlfa

ric formed columns. No imperfectiorssich asdug holesor the appearance of largega
gregats were seen on thiabric-formed concrete surface. Such column could be easily
used as exposeambncretestructuralmembes with no recessity for expensive patch ups,

epoxy coatings or paintings architectural veneers

5.3 Test Setup and Instrumentation

Cured,readyto-test columns were instrumented at rhigight and top end to measure the
longitudinal and circumferential strains undlee axial load. To measure circumferential
strains, two strain gaugegere installed on mitheight of each column, ®3nm from the
top end with @80 degree interval.lheconcrete surface was first scrublweith a grinder
before the installation of theratn gaugesVvoids werethenfilled with epoxy. After about
one hour, extra epoxy was removed by sanding the surface &maim gauges were
thenattached to the smooth veicee concrete stace usingadhesiveStrain gauges were
tested for correct regence after installation using a volt meter. Wires wsaiglered to
the strain gaugeand then covered with a proteaifilm of acrylic coating to priect
them from possible damadpefore testingExcept the first two columns (HRC-1 and
CT-NC-1) which rad ptgauges only on mitieight, atotal of eight Rigauges werent
stalled on each column. Fourgauges werplaced on mieheight and four at thisp end

of each column to measure the displacement over the initiah200ength of the pi
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gaugesas shownn Figure48. A Data Acquisition SysterfDAQ) was used to record the
information gathered from 11 channels coming from the column instrumentations and
testng machine (8 channels for the-gauges, 2 channels for the strain gauges and one
channel for thedad applied to theolumns by the machine). Strain andgauges were

all tested for proper resistance and calibration just before every test session.

5.4  Companion Control Cylinders

A compression testing machine was used to test the compHdohy 203 mn{4 by 8

in.) concrete cylinders at the ages of 3, 7, 14, 28 and 56 days. All cured columns and the
concrete cylinders were taken out of their molds simultaneously and were kept in the
laboratory till testing. Figure 49 provides the data concluded froroyiveder compre-

sion tests. Both batches were specified to reach compressive strength of 25 MPa at 28
days but as the results show, the flyash concrete gained more compressive strangth co
pared to the normal concrete. As seen in Figure 49, average conggssngth of the

flyash sample at 28 days was measured as 39.2 MPa while the normal conciliete spec
mens had average compression strength of 27 and 28.30 MPa. The actual compressive
strength in both concretes was used to estimate the actual maximurtoactiabpacity

of the columns.
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Testing Machine Applied
Axial Load

Square Steel Cap

A A
/ Pl Gauge @ 90° Intervals
IS
IS
o
Lo
N~
E 25
€ ' %
3 v .
10 Strain Gauge @ 180° Intervals

(Vishay N2A06-20CBW-120, 50mm)

Square Steel Cap

/ Pl Gauge @ YIntervals
%9@

Section AA
Figure48: Configuration of the instrumentation of the concrete columns
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55 Schmidt Hammer Tests

A rebound test was also used as a non destructive method to study the strength of the
hardened concrete alotigeir lengths A Schmidt concrete test hamm@é&rgcegN/NR)

was usd in this research study. A grid of four vertical lines and 14 circumferential lines

were drawn on the column surfaces. The grid lines provided locations to use the hammer

at 14, 21, 28 and 56 days. Based on the ma
be used to evaluate the pressure resistance of an equivalent cylinder betwB6érdays

(Proceq 2002)

Compressive Strength [MPa]

Time [Days)

Figure49: Concrete strength gain with time
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Instructions for preparation of the concrete surface were carefully followed [zefdre
during the use athe hammer. Eachssignegointwas tested for 8 impact reading=l-

l owi ng t he man uleanpdcuppis were spacadat laakt, 20 mim apart.
Themean value of the 8 rebound values {Rsthencalculated. Conversion curves were
used to find the corresponding compressiversjth of the average R values. Fomeo
parisonpurposes, only 28 dayeading are providedn Figure50. Charts showing the
change in compressive strength along the height of the column for all columns have been

provided in AppendixC.

As seen in the charall columns formed with fabric showed maarfacestrength than

those formed with cardboarhen normal concrete is usetletdifference between the
compressive strength of the specimeast in cardboard versdiabric formwork at the

bottom of the coumn is betweenl2 and15%. The difference between the formworks
when using flyash concreteas minimalsignificance(5% difference) This is a indica-

tion of flyash paticles possiblyclogging fabric pores and therefore, reducing the amount

of water bleedig and eventuallyesulting inlessincrease in compressive strength. dh a

dition, regardless of the formwork type and refertimghe results obtained from Schmidt
hammer tests, the top end of the columns always proved to be weaker than other sections
of the column. A phenomenon that appeared in both cardboard and fabric formed co

umns due to less compaction and less concrete density at top end of each column

Compression strength test results from Schmidt hammer test have been compared to

those from cyhder test for both normal and flyash concrete. As seen in Figures 51, 52
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and 53, there are some fluctuations between the results obtained from Schmidt hammer
and the PVC formed cylinders. The filled markers in the graph represent the bottom of

the columnwhile the empty ones represent the top of the column.
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Figure50: Results from the Rebound testdhiewing the variation of strength through the height
of the columns at the age of 28 days

As seen in Figure 5lcompared to results from cylinder tests fabric formed column has
gained an average @fl.8%6 extra strength at the bottom of the column wttike bottom

of the cardlmard formed column shows almost the same results as the cyliAdeng

top of the column, both cardboard and fabric formed columns showed an average of 28%
less strength compared to the cylinder test results. As seen in Figure 52, dglataeer
sultsfor flyash concrete show more compressive strength than both top and bottem rea

ings of the Schmidt hammer.
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Figure51: Normal concrete cylinders compared to Schmidt hammer results (Coluffas

NG1& CTFNG1)
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The difference between the readings of the Schmidt hammer at different ages istays co

stant but for some reason does radoiv the strength indicated from cylinder tedter

the second set of normal concrete columns and cylinders, it can be seen in Figure 53 that

compared to results from cylinder tests, fabric formed column has gained an average of

28% extra strength at tH®ttom of the column while cardboard formed column shows

14% difference. Schmidt hammer reading from the top of the columns shows 15% less

compressive strength for cardboard formed columns and 6% less for fabric forlmed co

umns.
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Figure53: Normal concrete cylinders compared to Schmidt hammer results (ColufiRs
NG2 & CFNG2)

It is clear fom the comparisons that for normal concrete the strength data from Schmidt

hammer and from the cylinder test is comparablemthhammer is usually used to

evaluateconcrete strength of existing structures and it was shiowhe previous figures



5 Column Tests 70

that he strengths evaluated accurately. The method seems to be less accurate for the

flyash concrete.

5.6 Column Compression Tests

All columns were cured fortdeast 56 days before testingolumns were oriented in ke
tical position in the testing machine aaxial load was applied to the specimens with a

load rateof 50 KN per minuteintil failure,

Two 280 by 280 mm(11 by 11 in) custom madesteel capsvere madeusinga square
base plate and four pieces of stegirbfiles welded vertically to the base plake shown
in Figure 54. Steelcaps were made to confine the levelling grontboth end®f each
columnso thatthe axial loadvasevenly distributedover the columrsectiors. No lateral

supports were used to support the caps or columns

SikaGrout 212 HP was used to level top and bottom of each column. Each column was
first brought to the loading position, then lifted vertically using straps and cross head of
the loading machine for about two feet. While the column was hung in the air, the steel

cap wadilled with 10-20 mm of the grout mixture.
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Steelcaps

/‘

Steelcaps I

Figure54: Columns test setup

The olumnwasthen slowly brought down to sit in the centre of the @dfer levelling

the columns in a verticglosition pecimenwasleft in placefor 48 hours prioto testing
day to letthe grout gain its proper strengifo cap the top end of the column7a mm
circular cardboard mold was cut and used as a collaetainthe fresh grout in place
when grouting the tognd First the collar was installed on top of the column, leaving
only smallroomfor the levelling grout. Thergrout mix was poured on top of therco

crete. Steel cap was immediately plhoa the fresh grout and levellefl.slight engage-
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mentoft he machineds | oad peing fixedim posifios antilthee | p e d

groutset

Due to the hanenade construction of the fabric molds, tleuenns cast by fabritorm-
work, did not havea completelyuniform diameter along tirelengths, making for a slight
undulation along their side$his slightly uneven surface didoh allow the directuseof a

c ar p elavel éor a@iggnmentand vertical positioningOnce the columns were brought
down to sit in the fresh grout inside the caps, they were aligned wsmngheodolites
and then fixed in placeising themachineload piston. To achievemore accuracy in
alignment when testing both types of the columns, they weradedto obtain some
datareadingsand then using the data from tbigain andpi gauges, further adjustments

were applied to centre the columns under theitmpgiston.

5.7 Test Results

57.1 Failure Patterns

In order to be able to better observe behaviour and the failure pattern of the ¢alimns
tests werevideotapedThe failure pattern of the columns was a factor to be investigated
in this phase of the studdased on observations dfet two cardboard and two fabric

formed columntested, the failuref the cardboard formed column setiith crushing
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on top and thespallingtill failure. Cardboareformed columns presentedygpical gral-

ual failure with no sig of brittleness, no longitudinal cracks and no flakidg.the other
hand, fabrieformed columns started with crushing on top and development of loRgitud
nal cracks at the same timéong with spalling Also, some flaking andelative sudden
failure of outside surfacavas observedPhotographs of these column failures are shown

in Figure 65 (page 82).

5.7.2  Compressive Strength

Compressive strengtds given bythe control cylinder tests at the age of 56 days was used
to recalculate the theoretical expected maxin axial load of the steel reinforced column
specimensTable 8 provides a summary of the specifications of the tested columns and
the obtained resultdt can be noted that the formwork type had no bearing on the

strength of either the normal or flyasbncrete columns.

As seen inTable 8 the first two columnsHF~NC-1 andCT-NC-1), normal concrete ¢o
umns formed with fabric and cardboard, withstd@®bOkN and2200kN of axial load,
respectively. Maximum axial load of flyash speciméf-FAC andCT-FAC) was2271
kN for fabric formed column an8165kN for cardboard formed columws shown in
Figure 55, ér the last two columnd=ENC-2 and CT-NC-2), normal concrete columns
formed with fabric and cardboard carri@d03 kN and 1744 kN of axial load, resg-

tively.
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Table8: Specifications and the obtained results from the four reinforced column specimessed

o o Soel E2% Shben meoees SIS emomerainar
[MPa] [Days] [kN]
FFENC-1 Fabric Normal 31.27 85 1742 1850 1.06
CT-NC-1  Cardboard Tube Normal 31.27 79 1611 2200 1.37
FFNC-2 Fabric Normal 26.99 69 1447 1703 1.18
CT-NC-2  Cardboard Tube  Normal 26.99 73 1424 1744 1.22
FFFAC Fabric Flyash 39.21 88 2015 2271 1.13
CT-FAC Cardboard Tube Flyash 39.21 82 2008 2165 1.08

*Theoretical max load of columns of the same batch are different due to variable sectional area of the fabric formed columns

2500 : . .
: : : Cardboard Tube [FAC] |
i Fabric Formwork [FAC] - ; i
2000 |- o S E—
: : i i 1 Cardboard Tubei[NC2]
Fabric Formwork [NC2] L : :
_ 1500 -
=
=
-
(1]
S
1000 -

500 -

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Micro Strain

Figure55: Maximum axial load of fabridormed versus cardboardormed steel reinforced concrete
columns (Normal and flyash concrete)

The first normal concrete fabric formed colunfi—<NC-1) became bulgy and uneven
due to improperlynstalled fabric Thismade it more challenging to centre the sample in
testing machineThis fabric formed column faileet 1850 kN that is 3.9% lower con-

pared to the companion cardboard formed columrANCT1. For this reason, another set
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of two columns were cast using normal concréte-NC-2 and CT-NC-2). The max

mum strain values plotted in Figure 55 are providedable9 for all the columns tested.

Regardless of the location of thegauges, these strain values are the higteesirded

values in the concrete at the time of failure of the column.

The columns were instrumented to measure both longitudinal and ciremtiéstrains.

Available readings for individual columns at allgauge locations are provided impA

pendix E.Column FFENC-1 and CTNC-1 had instrumentation only in the rangight

section. The rest of the columns were instrumented both at the top aeight point

of the column.

Figure 56 to 59 depict the strains in the middle, while Figures 60 to 63 depict the strains

at the top of the column. Each figure represents one location either North, South, East of

West and strains of that location iaca column were plotted in the same graph for

comparison.

Table9: Strain values for columns tested

Experimental max.

Maximum strain at

Location of pi-gauges

Gl e CEETEHR B failure load (kN) failure load (us) on the column
FFNC-1 Fabric Normal 1850 -1114.39 Middle
CT-NC-1 Cardboard Tube  Normal 2200 -1946.67 Middle
FFNC-2 Fabric Normal 1703 -2479.81 Top
CT-NC-2 Cardboard Tube Normal 1744 -2355.73 Top

FFFAC Fabric Flyash 2271 -2673.10 Top
CT-FAC Cardboard Tube Flyash 2165 -3657.22 Top
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Figure56: Readings from North pgjauges at the middle of all columns
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Figure57: Readings from South gjauges at the middle of all columns
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Figure59: Readings from West gjauges at the middle of all columns
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Figure58: Readings from East jgiauges atlhe middle of all columns
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Figure60: Readings from North pjauges at the top of all columns
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As seen in Figure 60 which represents the readings from Neghauges at the top of all
coumns, a trend of reverse strain close to the failure load is observed. This means that as
columns were starting to crush at another location, the surrounding concrete was exper
encing some tensiofrigure 61 represents readings from Soutgauiges at theop of all
columns. As seen in this figure, columns undergo much larger strain values as high as
3600 micro strain at the load of about 2150 kN in case of columBATI. Srain values

read from the south ygauge ofcolumnF~NC-2 change direction frornompressiorto

tension close to the failure load. This has been caused by the uneven failure &f the co
umn at topAs seen in Figure 64, the opposite side ofdbleimn across from thgouth
pi-gauge has faileth compressin and caused sontension in sout-top-zone of the cle

umn. Figure 62 which represents the readings from Weghpges at the top of all ko

umns shows the highest strain in column-KQ-2 as 3000 micro strain at the air
sponding load of 1750 kN. A similar trend is observed in Figure@f the values taken

from topEast pigauges. Column FFAC carries 2700 micro strain at the load of 2250

kN. As seen in all top pjauge curves, except column -GlC-2, regardless of the fior-

work type, flyash concrete experienced more strain than normeiete.As seen in -

ure 65, all six columns failed at the top. This type of failure in columns has been doc
mented before in research conducted by Bazant and Kwon (1994) which foune-that r
gardless of the cross sectional size of the column, the fractachanism stayed the
same. The reason for the top end failure is that the top end of a vertically cast member
will always have less compressive strength than the lower parts of the member,due to i
creased pressure and compaction towards the bottom aofdlie(Maynard and Davis

1974) This holds true regardless of the formwork used.
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Flaking and surface concretielaminationobserved in the failure of both fab#fiormed

columns also confirms that the surface of the concrete cast in fabric formwork was more
brittle than concrete cast in conventional
also studied when these columns were tested. The value was derived from dividing the
average value of the data from two circumferential strain gauges placed°aah80

from one another, by their corresponding axiagpuges. Both flyash and normalneo

crete fabric formed columns, proved to hav
indication of brittleness and less surface deformation in the ffdmeed speimens. It

IS necessary to mention that it is nearly impossible to form a perfectly straight cadumn u

ing handmade fabric column formwork, so very small values of eccentricity in loading
condition may occur. Since small values of the eccentricity do neateclarge moment

values at end portion of the columns, the effects of small eccentricities can be neglected

(Bazant and Kwon 1994).

Figure64: Column FING2 after failure












































































































