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Abstract

The paper presents the experienceaaoforking group withinthe Rilem Technical Committe@23-MSC
6Masonry Strengt heni ngamed at develGhg angtandardizedeliabie groeedurea | s 6
for characteding the bondingmechanism of masonry elements strengtheviddcomposite materialsnder

shear actionsTwelve laboratories from Europeamiversities and researatenterswere involved. Two
different setups were compared, for singlgp and doubléap sheatests(the latter in two versions). Four

kinds offiber fabrics i.e, glass, carbon, basalt anéeal, were applied witkpoxyresins(wet layup system)

to clay brick units, for a total of 28 monotonictests The resultsprovided information regarding the
response of externally bondémtbrick compositesn terms of observed failure mechanisms, lcagacity,
effective transferlength, and bond shear stresdip behavior The test results of the twelve laboratories
constitute a set of statistically representatiatawhich may conveniently basedfor setting appropriate

design provisions and guideés.
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1. INTRODUCTION

Composite materials are increasingly proposed for strengthening existing constr@st@ris, the field of

masonry buildings belonging to cultural heritage. In particularereatly bonded (EBYiberreinforced
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systemsfor bothfiber-reinforcedpolymer(FRP) and steeakinforcedpolymer (SRP) are mostly adopted to
strengthen structural componestsch aswalls (both in and outof-plane) (Schwegler 1994Ehsani et al.
1997 Triantafillou et al. 1997 andriantafillou 1998 Albert et al. 1998Luciano et al. 1998Gilstrap et al.
1998 VelasquezDimas et al. 2000Hamoush et al. 200Lorradi et al. 2002Valluzzi et al. 2002Kuzik et
al. 2003 Cecchi et al. 2004Galati et al 2004 Ascione et al. 2005Hamid et al. 2005EI-Gawady et al.
2005 Shrive 2006 Prota et al. 20Q06Mosallam 2007)to improve performance in arches and vadiits (
repair cracksand increase global ductility(Briccoli Bati et al. 2000 and 200Forabachi 2001 and 2004
Lourenco et al. 20Q1Luciano et al. 2001Valluzzi et al. 2001 Barbieri et al. 2002Ciesielski et al. 2004;
Basilio et al. 2004Borri et al. 2007 De Lorenzis et al. 2005 and 2Q03liveira et al. 201Por to confine
columns or pilars(Micelli et al. 2004 Aiello et al. 2005 and 200 Nurchi et al. 2005Corradi et al. 2007)
In all these kind of applications, the advantages usfingcomposites are weknown and include tensile
strength with neggjible addition of loads, feasiliy and versatility in applicationgndcorrosionresistance
In addition themorerecentuse ofsteel produc besidediber-reinforced onesaddsto the abovanentioned
advantages the possibility of folditige strips as well as application witimorganic materialsuchas matrix
(e.g., mortars based on hydraulic binders), to imprasmpatibility andremovability (Borri et al. 2007
Cancelli et al. 2007Papanicolaou et al. 2007, 2008 and 2@4armendia et al. 20)1The prospectsf other
recent mineral fibers (e.g, basalt) ornatural onesas reinforcing material (e.g., flax, hemp) aralso
promising,to reduceobtrusivenessnd improve sustainability (Wambua et al. 2008mpaloni et al. 20Q7
Garmendia et al. 2011

The most critical phenomenadnfluencing the effectiveness of intervention isdedingof the reinforcing
systemfrom its substrate This is a brittle phenomenon and shotlgkreforebe avoided. For this reason
clarification and characteraion of behaviorat the compositenasonryinterfaceis essential andinvolves
two important issues: (ijlefinition of proper experimental procedur@sd (ii) identification of suitable
parameters to besed in design formulations and assessm@stregardsactions perpendicular to the
surface,the simple test method proposed by ASTM C1583 (2004)measurepull-off strengthis easy to
perform both inthe laboratory and in situ for quality contra@ndalsoprovides the reference strength to be
used in simplified modslfor design Valluzzi et & 2001). Neverthelessit is the behaviorunder action
parallel to thesurface of thesubstratewhich is involved in most common applications on structural
componentsin this context,despitethe verywidespread usef composite in construction and stoiural
upgrading specificdesign rules arstill far from generdly agree upon asareexperimental procedures for
parameter characterizatiomherefore, althoughariouskinds ofresearch are provided the literature on
this subject, there is greatneedfor harmonizationof test methodsfor goodreproducibility and reliable
comparison of resultsThis is particularly urgent for masonry structures, especially in the case of
applicatiors in the historical fieldjn whichlack of knowledgenay severelycompromise their preservation
(Valluzzi 2008) and theconsiderablevariability of types and mechanical propert&suld be taken into

account




As regardscodes, ie two guidelines available at international level, CNRZODD (2004) released by the
Italian Research Council, and ACI 440-1R (2010) issued by the American Concrete Institute, are based
on different approaches concerning bondmg masonryadoptingfor this material theesults ofstudies on
reinforced concreteThey propose desigmparaméers evaluated througbmpirical coefficientsrelated to
variousfactors(fracture energy or ultimate strains, respectivegowever the ACI guidelinesdo not tale

into account substrate properties, wherdaes CNR ones express the reference factor tinomasonry
strength. These coefficients thus still need proper refinement, from further and specifically oriented

experimental campaigns.

As regardstesting procedures, any methodshave beerdeveloped for concrete elements, examples being
the single-lap sheartest Chajes et al. 199@ aljsten 1997)doublelap pull-pull sheartest (Lee et al1999
Nakaba et al2007), doublelap pushpull sheartest (Camli et al. 2007gnd beamtype test (De Lorenzis et
al. 200]). Regardingmasonry, afundamental contrilition towvard clarifying these aspestwas madeby
several research groupgho tested boridg on clay bricks(Briccoli Bati et al. 200; Capozucca 2030
Garbin et al. 20Q; Grande et al. 2011and 2011k stone elements (Aiello et al. 2003 and 2006; Fal&.
2009)andmasonry prisms (Casareto et al. 2003; Oliveira et al. 201#).dublelap pushpull sheartest,
also known ashe doubleshearpush ornearend supporteddoublesheartest (Yao et al. 2004), is the most
frequently adopted mainly becauseit allows a universal testing machin® be usedNevertheless, its
reliability in comparison wittthe single-lap sheartestis questionabledue to tle difficulty of reproducing
specimersymmetry (usually a single brick between two stripfabfic or laminate gluedn bothsides) and
consequently ensimg equal distribution of load between the strips (Mazzotti et al. 200®asicproblem
for doublelap test setipsconcerns theorrect alignment ofhe load on the specimerirhis discussionon
masonry $ still open,and good synergy from researckéas thereforeneeded for properprogress in its

understanding.

In this connectionhe RILEM Technical Committe@ 23 6 Masonry Strengthening w
(223MSC TC) has beenworking since 2007 aiming at: (i) systematization of current kvledge on the
structural behavioof masonry strengthened with composites, including experimental, analytical/modeling
works, and collection of case stied (ii) specification of limiatiors and capabilities fothe various
reinforcing systems in different contexts (modern or historical); (iii) identification of the most critical aspects
influencing intervention effectiveness and their experimental characterization with reliable procedures; (iv)
proposas forrecommendations or guidelines as contribusitmpre standardso clarify specific problems of
composites applied to masoniiyhe TChasmore than 8 people belonging to 2ihstitutions representative

of 13 countriesA data warehouse allowing the storagel @omparison in real time dfata published ithe

literature has been producelttps://rilem223dwh.isgweb .}t/ and a comprehensive statiethe-art report

will be finalized.Moreover as bondng emerged ashe most critical problem dfecting interventbns, a
Round Robin Test (RRTWasproposed, foclisg on the application ofabricsas EBFRP/SRP0 masonry

and behavior under shear actiolmsits first phase, the possible influence of mortar bed joints was neglected,




so thatcompositesvereonly applied to units. This was donén order to reducéhe number of/ariables and

to keep aghe main objectiveclarification of the influence of somémportantaspects related to band
under shear actionse., reinforcing materia, testsetup, bond éngth, neasurement pattesnetc Twelve
institutions were involvedCracow University of Technology (Poland), University of Minho (Portugal),
University of Patras (Greece), eighiélian university laboratories (Univergitof Cassinoand Southern
Lazio, Universiy of ChietirPescara, University of Napl€sF e d e r, Universityl of Berugia, University
Roma Tre, University of Roma Tor Vergata, University of Saleata] University of Padova)and the
applied researcbenterTecnalia (Spain)Stating from Decenber2009 for specimemanufacturetests were
concluded by the twelvaboratoriesn about six months.

In this paper,preliminary choices, characterization of basic materials, preparation of specimens, and test
execution phaseare described. Thmain experimentalresultsarethendiscussedin terms of comparisoof
performance among various compos#esdtheinfluence ofdifferentaspects

The final aim of this investigation is ttgevelopnent of a standardizedreliable procedureo study the
debondingmechanism of masonry elements strengthened by composite magerkits identify significant
parameters for harmoriiwg laboratory experimental procedurespedraftedin specific recommendations.

2.EXPERIMENTAL WORK

Eight laboratories from Italy and o from otherEuropearcountries (Poland, Portugal, Spain, Greatge)e
involved in theRRT. Each laboratorgarried outSingle-Lap Shear TestéSLST) and/orDoubleLap Shear
Tests (DLST) on specimemsinforced withfour types ofEB composites, appliedith epoxy resins: glass
(GFRP), basalt (BFRPgarbon (CFRPand steel (SRP). A soft mud clay brick was considered as reference
for the masonnsubstrateSome fixed parameters and conditions wads® preliminarily agreedupon the

width of the composite 50 mm),its bondedlength (160 mm)measurement pattesfwith strain gauges and
transducers) and displacement andacquisition rate (preferably 0.005 mm/sec andat least 5Hz
respectively. Load was applied monotonically and measured elilg¢he load ell of the universal machine
and/orby additional load cellswith ultimate capadigsvarying from20 to 500 kN. Testswere performed in

displacement contrahodeuntil complete detachment (aupturg of the composite strip.

SLST were performed by sevarstitutions which madetheir own setups; the specimerwas composeaf a
single brick with a composite strip glutmlone sideFor DLST, the specimerwas composedf asinglestrip
reversedinto a U-shape and glued at its ends to the two faces oftbstrate Two configurations were
tested in order toassesshe influence of theurvatureof the reinforcemengsince too high curvatures may
induce premature rupture of the stri)specimens DL55, composeéia single brick, in whiclthe diameter
of the curvedpartwas equal @ unit thickness, i.e55mm; ii) specimens DL110gbtained by gluing together

two bricks with a thin layer of resigiving adouble thickness of 119m.




DLST were performed by seven institutions (three usindghimmerspecima typeand fourthe thicler oné),

with a setup especiallydesigned after discussion among members and adaptieelspecific conditionsn

thevariouslaboratores

Five specimen®f eachcomposite with singleandbr doublelap setups, weretested byeach laboratoryfor

a total of 280 tests as shownin Table 1 All basic materials(bricks and reinforcing systemsyere

mechanically characterized threelaboratories durig the first phases of the RRT.

Tab. 1 Round robin experimental test matrix

Institutions

Testsperformed

Name

Acronym

SingleLap Shear Tests

DoubleLap Shear Tests

DL55

DL110

GFRP

BFRP

CFRP

SRP

GFRP

BFRP | CFRP

SRP

GFRP

BFRP | CFRP

SRP

Tecnalia
Ré&l

TECN

5

5

5

5

University of
Minho

UMINHO

5

5

5

5

University of
Sdento

UNILE

University
Roma Tre

UNIRM3

University of
Patras

UPATRAS

Cracow
University of
Technology

CuT

University of
Padova

UNIPD

University of
Perugia

UNIPG

University of
Cassincand
Southern
Lazio

UNICAS

University of
Chieti
Pescara

UNICH

University of
Naples
O0Feder

UNINA

University of
Roma Tor
Vergata

UNIRM2

2.1 Material s

2.1.1 Brick properties

Solid facing clay bricks providedrom SarMarcoTerreal Italia (Noale, Italy), calledi Ro s s o -

A6 R55 Wo, 8 ferealll shearstestsThely aré soft mued brick&lso known as pressed

wer e

bricks) 250 mm long, 120 mm me and 55 mm thickwith two surfacesthe top surface labela for

experimensg a sfrorfid js smootherand morerefinedthanthe moreporousbottom surfacelabeledfbaclo

(Figurel).
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Compressive and tensirength as well as elastic modulugiere characterizecat UNIPD and UMINHQ,

for a total of36 tests.In detail threepoint bending tests on the whole unit according to WN128 (2004)
compressiortestsaccording toEN 7721 (2002)andsplitting tensile testaccording taUNI 8942-3 (1986)

on ezh of the two portionsf bricks obtainedfrom flexural failure, were carried out. Elastic moduli were
measurediccording toUNI 6556 (1976) on samples extraed after splitting testsThe surface ofthe half-
brick specimensised for compression testeresmoothedy mechanical abrasion

The esulting mean properties are listed in TablevBich also showshe coefficient of variation (CoVin
brackets

This type ofbrick has a pll-off strengthof 1.03 N/mn (28 specimens, CoV 11,7%yaluatedaccordingto
ASTM C1583 (2004)as reported ifPanizza et al2010)

a) b)

FigolAFr ont obatka) ( m)ndsifides of brick

Tab. 2 Mean mechanical properties of solid clay bricks

N. of Value
Property ) )
specimens [N/mm]
. 19.76
Compressive strength 7
(2.5%)
3.66
Flexural strength 7
(4.3%)
o _ 2.46
Splitting tensile strength 7
(11.4%)
] ) ] 1.76
Direct tensile strength on X dir. (120m) 6
(50%)
) _ ) 1.49
Direct tensile strength on Z dir. (58m) 3
(27%)
. 5756
Elastic modulus 6
(5.2%)




2.1.2 Reinforcing systenproperies ofcomposite and resins

Four compositematerialscomprisingglass,basalt, carbon and steel dis, in the form of unidirectional
sheetqFigure 2) wereused Theywere externally bonded to the brickith a wet layup system, consisig
of the applcation of an epoxy primer on the brickostrate followed byan epoxy resin and a single shekt
fibers oriented along théengthof the brick.The naterialsusedare listedin Table3. The same product was
used as primefor both FRP and SRP specimeinsstead the saturant HMconstitutedthe epoxy resin for
FRPs (i.e. glass, basaltand carbor), and the thixotropic saturant HMT was used for steelefb All
reinforcing materials and systems were provided by FIDIA Technical Global Service, Perugja (ltal
From technical sheetthe weight of dry sheeat before impregnation were as follows: 32fhgfor GFRP,
396 g’ BFRP for, 320 gh® for CFRP,and1800 g/ for SRP.

Before performinghe shear test®7 dog bone specimens of the primer and of keyitxy and thixotropic
resins were prepared and tested under teraiddMINHO (specimenlenghxwidthxthickness185x10x4
mm®) and WNIPD (215x13x4 mm). Likewise, 8l rectangular specimens of impregnatedeibwere
prepared and tested under tensile ingét UMINHO (single stripsof 400x15 mnf), UNIPD (single strips
of 500560 mnt) and UNIRM3(single stripsof 430x60 mn¥; and for glass, carbon and basaitso three
layer stripspecimen®f 300520 mnt) (Poggi et al. 20Q7ACI 440.3R04 2004; ASTM D 3039/D 3039M7
2008. Some specimens after tas areshownin Figure 3. Results are listed inable 3in terms of average
values with the coefficient of variation ibrackets

It should be notethat e main aimof this phasevasto estimaé Youngd snodulus in orderto compue
parameters for analyses (bond stresses,, glifb fracture energy)herefore,aseach laboratory usetier
available test saips, includingin-houseclamping devices small inaccuraciesmay haveled to a slight
underestimatiorof tensle strengthvalues particulaly for glass andcarbonfibers, mainly due to stress
concentration close to tHixing devices

The dastic modulus wameasuredy means of a clip gauge and calculdatethe range from 30% to 60% of
maximum loadpwingto the linear behavioof the materials almost up to peak load.

CARBON: ~

Fig. 2 Fiberfabricsused in experiments




Tab. 3 Average mechanicaroperties of primer, resin affither specimens tested under tension

_ N.of | Tensilestrength ~ YOUMO S | syrain at peak load
Material specimens modulus 0
PRIMER 9 52.6 2176 3.59
(7%) (8%) (10%)
SATURANT HM 9 32.7 1308 3.77
(8%) (10%) (6%)
329 1605 3.13
SATURANT HMT 9
(8%) (5%) (5%)
GLASS UNIDIR 300 HT73 21 1310 84251 1.69
(13%) (10%) (15%)
167 .
BASALT UNIDIR 400 C95 21 673 88397 1.96
(11%) (4%) (12%)
2735 233861 1.26
CARBON UNIDIR 320 HT240 21
(10%) (5%) (11%)
2997 195054 1.74
STEEL 3X2B 12-12-500 18
(7%) (5%) (14%)

Fig. 3 Specimen®f resins (a) (UNIPD, basalt, carbon and glass (b) (UNIRM3d steel (c) (UMINHO)

Fromthe experimentalalueslisted in Talde 3 andin view of the equivalentthicknesg(weight of fabric per
unit area divided by fiber density)f the sheets, thaveragemaximum tensile load for50-mm wide

impregnated fibersused in the debonding tests described in the next secdoeshownin Tale 4.

Tab. 4 Average peakensile load computed on B0m wide strips of composites

Equivalent| Tensilepeak
Composite material thickness load
[mm] [N]
GLASS 0.120 7860
BASALT 0.140 11795
CARBON 0.170 23248
STEEL 0.231 34597




2.2Preparationof specimens

Three groups of specimersL, DL55 and DL110were preparedccording tosinglelap, doublelap 55 and
doublelap 110sheartest setups, respectively(Figure 4). The rderence slid brick as substrate with
dimensions 58120x250 mnt, wasusedin all casesIn more detail SL specimens were built by bonding a
single strip of reinforcement along thener line of the front of a single clay bricksee Figure 1.aJor both
DL55 and DL110 specimenthe two ends ofhe reinforcemenstrip were externally bonded symmetrically
on the opposite surfaces of the bsackreating a tshape In particular in DL55 specimensthe stripwas
appliedto the two surfaces d singlebrick, whereasn DL110 specimenshe stripwas appliedo both front
faces,each specimebeingassembledby gluingtwo brickstogether

Fiber fabrics and wire mesrips 50 mm wide wereobtainedmanuallyfrom sheet rolldoy common cutters
when not alreadyprovidedat the properwidth by the manufacturein particular,for steelfibers, each strip
was composed d?4 strandseach with @ection of 0.481 mfThe srips werebonded tathe bricks for a
length 0f160 mm leavinganunbonded lengtbf 40 mm, inorder to minimize edge effectSigure 4).
Particular attention was paitb creatingspecimenswith as few defects and irregularities possible
Specimens weréhereforeprepared by the same operators in a relatively short period (about one week during
December 2009) and in the same place (SGM Laboratory in Perugia, xalpt &rTECN, UMINHO and
UPATRAS, to which materialscomplete with detailed videos describing preparation arat éipplication

wereprovided
§0 mm 160 mm t}O mm
l | | [
R _’ r
£ £ BRICK UNIT
8 8
I BONDED LENGTH
50 mm 160mm 40 mm L =160 mm
i i 1 E
£ ‘ 2
8
50 160 40 1
|50 | mm 40| E IMPREG. UNBONDED LENGTH
QL L =40 mm
50 mm 160 mm 40 mm |
-— — n-l |- |
.
£ |
w
3 |
£ | o| MPREGNATED COMPOSITE STRIP
8| |
50 | t60mm | 40| |
I T T T T

Fig. 4 Geometry of specimerier SL, DL55 and DL110 satps

Reinforcenents wereinstalledtaking into account indications provided AZI 440.2R08 (2008) andCNR
DT200(2004) Beforeapplication of the composite stripljstwas removed from the surfaces of umiith




an industrialvacuum cleaner to ensure proper bonding of the composite syst&fter isolaton with
adhesive tapef the portion of brick not to bglued a first layer of primer was appliedith a small paint
roller, in order topenetrate and saturdtee unit surfacethena layer ofepoxy resirwas applied and small
paintroller wasusedto press thestrip into position ensuringuniform impregnationof fibers and allowng
any excesf resin to be squeezed qiiigure 5.a) Lasty, anyexcesgesinwas spread with paletteknife

to create an even surfaffeigure 5.b). The ensemble of specimens prepared for the RRT is shownureFig
5.c.

Single Lap ST Double Lap ST 110mm
CFRP GFRP ﬂ SRP BFRP CFRP

SRP BFRP GFRP CFRP BFRP SRP
Single Lap ST Double Lap ST 55mm

c)

Fig. 5 Preparation ospecimens: gluing phase oFRPDL110 (a) andSRPSL (b); general view o&ll specimengc)

Specimens were thetteliveredto the laboratoriegpropercarebeing takerduring transportationExcept for
afew cases,hefree lengths othe CFRP, GFRP and BFR&ripswerefinally impregnated with epoxy resin
by each laboratoryin order to guarantesven distribution of tensile forces within the suliringtheloading
phase.
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2.3 Testset-ups

2.3.1 Lay-out of grain and displacemeritansducers

The main measurement systemmnsisted of four straigauges placed along the composite strifyhen
possible two extralineartransducers weralsoapplied The strain gauge®gcordedocal deformations along
the centeline of the strifs, andthe transducersecordecthe displacement of tirdloaded(LE) and unloaded
(UE) ends.The same type oftmin gaige (HBM 1-LY18-6/120 was used for all specimersndelectrical
quarterbridge circuits compensai for thermal effectsby dummy strain gaugesvere also used The
displacement transducers diffdramong laboratoriesand the varioustypes includedinductive sensors
potentiometerdjnear variable differentigransducesensorsand digital indicators

The general measurement scheme is showFigure 6. The instrumentation layut for DL testswas

repeatecn both sides of the specimens.

120 mm
35 50 35
' IMPREGNATED
2 ' BONDED LENGTH
1 |eae
2 7 DISPLACEMENT
| e W TRANSDUCER UE
iy
s 1 ’////’/é STRAIN GAUGES
~ 2 'f/'
T ’f%/% DISPLACEMENT
g, [s6s % . TRANSDUCER LE
ol IMPREGNATED
UNBONDED LENGTH

a)

Fig. 6 General layout for strain gauge and displacement transducer pattgrrex@@nple of instrumentation applied to
DL (UNIPD) (b)and SL (CUT) (c) specimens

2.32 Singlelap experimental satps

Singlelap shear tests were performed savenlaboratoriesi.e., UNIPD, CUT, UPATRAS UNIRM3,
TECN, UMINHO andUNILE. Varioustest apparateswere designed and built in eatfstitution, mostly
allowing easy use of the available universalitgsinachine. Consequentlthe steel devices used to ac
the specimenwereslightly different.

Figure 7 showspicturesof thevarioustest setups, andFigure 8 some examples of schemes.

11
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Fig. 7 Test setups used aTECN (a), CUT (b), UPATRAS(c), UNIRM3 (d), UNIPD (), UMINHO (f), UNILE (g)

STEEL SUPPORT H
7 o ~ =
"
i FIXED
ANGLE
w
BRICK UNIT =
S
BONDED LENGTH x
. =180 BRICK UNIT o
1 L
3 o
o~
(=)
Q
x
I —
T . R;|:|_/ RIGID
STIFFENING / PLATE
LoAD ¥ STEEL PLATE ¥ Lo . |
a) b)

Fig. 8 Schemes of SL saipsfor specimesloaded from belowTECN) (a) or above(UMINHO) (b)

Thesteel frame sed for the testperformed atJNIRM3, UPATRAS andTECN was designetbr usewith a
universal testing machine, and leadly consists ofstiffened steelplatesweldedto form an angle of @
(Figure 8.a). The specimemest on the bottom of the steélameandthe reinforcemensheet is loaded from
below.The frameusedat CUT was very similar to that describatiove exaept forthe fixing device which
consisted of a stiff steel-€hape framavith a hinge at the tofas at UPATRAS)

12



Instead the steel device used UMINHO and UNILE wasdesigned to be fixetb alreadyavailablerigid
steeltesting framesand the reinfocement sheetvas loaded from above. The device is made cteel
profile welded to a rigid plate and stiffenedth two diagonal bargFigure 8.b). The specimenwas
positioned on the steel device dirthly clamped to itThe systemusedat UNIPD wassimilar to thelatter,
apart fomthe shape of the steel profilasd the fixing at its base.

In all casestheloadedend of thecompositestrip was glued between two platedyminum steel or GFRR)
in order to ensure uniforrrangnisgon of loadin the clampedarea. This system was desigreatl hocby
eachof thelaboratores, by means obolts, glug or a combination of both. In particulddNILE, UNIRM3
andCUT simply glued the endf the reinforcement between tvaduminumplates; the samprocedure was
used atUPATRAS but with GFRPtabs. A combination of bolts and rapid viredter resin was used for
specimens prepared @NIPD and UMINHQ TECN chosea clampingsystemwhich only hadbolts. In the
last case, the surface of the steel tabs was roughienedler to limit slippage between tab acmmposite

strip.

All laboratories except TECNusedbothdisplacement transduceaadstrain gauges.

2.33 Doublelap experimental satps

Doublelap shear tests were performed in seven laboratories. UNEBD,and UNIPG carried out tests on
DL55 specimensandUNICAS, UNINA, UNICH and UNIRM2adopted the satp for DL110specimens
Unlike the singlelap test setips,in which eachlaboratorydesigned itown testing frame, the main features
of the DL test setip werediscusse@mongthe partners before iwvas produced In particularthe following
main characteristics wemgreedupon geometrical symmetry of the apparattsensureself-equilibrated
setups; ball joints at the ends of the steel frame to mimahe effects ofany small misalignmentsa roller
device to pull theeinforcemento guarantee even loading of the two composite stipifity of the setup to
accommodate several specimen geometiigsarticular the one or two-brick thick specimen&ypes DL55

and DL110Q as in Figire4); adaptability of the saip to universal testing machines.

The general scheme consisted of a steel freoneposedf two transvesal beams connected by two bars
The uppebeam was connected to the upper machine tieadgh a load cellandthe specimernrested on
the lowerbeam. The load applietb the strips was intended to be equally dividedbmth sides of the
specimenby a rolle device working asa cylindrical hinge (55 or 11@m in diameter, depending on
specinen type). Both connections to the universal machine were made with spherica) toiegbsnceself-
alignment A generalview of thewhole apparatus and theain steel components for the DL -sgtis shown

in Figure9 andsome pictures of the devicdaring tesing in Figure 10.

The setups at UNICAS, UNIPD, UNICH, UNIPG and UNIRM2actlyresembled that shown in Fige 9,

with some minor adjustments due to different available load cells and universal maSomesof these

13



laboratories shared the samevide. Ball-bearing joints were used at the end connections to the universal
machines and frictionless cylindrical hirggeere implemented, either by ball bearings or graphite grease
around the pin bearing the cylinder, in orderetsure optimal alignmenand even loading of the two
composite strips (Figes 9.b and10a,d). At UNINA (Figures 10c and11b), the setup used only one ball
bearing joint close to the roller devjcat the other endthe botom plate was clamped directtp the
universal machie. The shapeof the bottom plate and the steel frame allowed room for spatiaricenand
vertical alignment of the specimezomparable to the general sgt. Lasty, at QJT (Figures10b andl1la),

brick specimens were fixed inside the steel framegimgnat the top on a ball hinge. At the bottomgefib
were pulled by a nwerotating $eel cylinder of 55 mm diametecagable ofallowing small adjustments
friction between cylinder and composite strip was redunea series of lubricated plastic leavasd rubber

foaminsertedat their interfac€Figure 11.a).

The lboratories useloth displacement transduceasd strain gauges, except for UNIRM2, UNICAS and
UNIPG; UNICH and UNINA,used only one transducer, positioned at the loaded end

CLAMPING | ek
WEDGES \ /

LOAD CELL

UPPER BEAM

50 mm

BRICK UNIT

250 mm

LOWER BEAM

50 mm

1
ROLLER DEVICE U
(& 110 or 55 mm)

BALL-BEARING
JOINT

2 : .I- T
i \ L2
CLAMPING
* WEDGES | *

Fig. 9 DL setup: general scheme (@nd typicalschemesharedbetweerlNICAS and UNIRM2 (DL110Yb)

b)
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Fig. 10 Setups used for DL55 tests at UNIRB), andCUT (b); setup for DL110 tests used at UNIN@&), and shared
between UNICHand UNIPG(d)

Fig. 11 Details of ron-rotating steel cylinder and slippage system usedJt @), andbottom plate clamped directly
to universal machine used at UNINA (b)
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