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PERFORMANCE OREINFORCEMENTLAP SPLICES
IN CONCRETEMASONRY
Abstract
by Christophe de VIAL, M.S.
Washington State University
November 2009
Committee Chair: David I. McLean
This research investigated the performance of reinforcement lap splices in
concrete masonrganels. Reinforcement lap splices in twelve concretasonry panels
were constructed and subjected to direct tensiading The effects of reduceshasonry
cover, reinforcement distribution in the cells and positioning of the transverse
reinforcement inside or outside the splicegion were investigated
Results from the tests of the lap spligedicate that tansverse reinforcement
restrains tension cracking in the masonry angrovessplice performancelrhe current
Masonry Standards Joint CommittedS3JC) provisionsare conservative irpredicing
the dgrength of the splices. The MSJC provisions includimgodification factorecently
proposedbased on research at the National Concrete Masonry Assoqgmtivided a
reasonable nedicion of lap splice performance whehe transverse reinforcement is
placed inside the splicke region Accuracy of the prediction was reduced whtbe
transverseeinforcementvas placed outside the spliteegion
The distribution of thespliced reinforcementhas a significant effect on
performance. For the same amounta@&hforcement, the splices performed better when

distributed inadjacenmasonry cellsather than being concentrated in one.cell
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CHAPTER 1
INTRODUCTION AND OBJECTIVES

1.1 Introduction

Lap splices are widely used in masonry structiresause of limited lengshof
rebar combined with relative ease of constructiand costwhen compared to other
splicing methodsE x t ensi ve research perfornmmtdapi n t he
splice provisions in the 2008 Masonry Standards Joint Committee (ME&diding Code
Requirements for Masonry Structur@dthough these provisions include many factors
that influence the splice performance, such as the barmasgnry strengthral cover,
there has beenonsiderablediscussion about the validity of the provisions since they
produce very large and impractical lap lengthddoge bar sizes and redaosover

Recent research at the National Concrete Masonry Association (NCMA 2004,
2005, 2007, 2009) has showhmat the transverseaeinforcement provides some degree of
confinement and improves the splice performarides research resulted an proposd
modification factor to be applied tothe current MSJC equatioto account for the
beneficial effects of the transverse reinforcemefithough many reinforcement
configurations were investigatéa the NCMA studiesthetransverseeinforcement was
always placed indie the splicé region Constructionof masonry strucutrewould be
improved if it was possible to locate the transverse reinforcement outside of the spliced

region and still obtain similar improvements in splice performance.



1.2 Study Objectives
This research had four objectives:
1. Investigate the validity of theaecently proposed NCMA modification factor
accounting for the positive effescof transverse reinforcement;
2. Investigate the influencen splice performancef the positioning of the transverse
reinforcement inside or outsiae the splicel region;
3. Investigate the effects oéinforcementdistributed in adjacentmasonry cellgather
than being concentrated in one cahy
4. Investigate theaccuracyof the current MSJ@rovisionscompared to the histic 48,
equation
In this study, lap splices were constructedwelte concrete masonry panelsd
were subjected to direct tension loadingariables investigated includesize of bar,
concentrated versus distributed reinforcement, length of sptfiositioning of the

transverse reinforcemeand reduced cover resulting from bars offset in the cells.



CHAPTER 2
BACKGROUND AND PREVIOUS RESEARCH
2.1 Background
In editions of theMasonry Standards Jai€Committee KSJO Building Code
Requirements for Maonry Structuregrior to 2005, separate lap spligevisionsexisted
for Allowable Stress Design (ASD) and Strength Design (SRjuation2.1a given
below is the ASD design equation tlagipearedn the MSJC between 1988 and 2005.

Equation2.1b is the egivalentequationusing Sl units.

l¢ = 0.002,Fs (Equation2.1a)
l¢ = 0.29Fs (Equation2.1b)
where:

lg required lap splice length of reinforcement, in. (mm)

dp diameter of reinforcement, in. (mpgnd

Fs

maximum allowable strespsi (MPa)
The length ofa lap splicewas required to ndbe less than 12 in. (305 mm) to prevent
bond failure and pullout.

For Grade 60reinforcement Fs = 24,000 psi 170 MPa), and Equation 2.1
simplifies toly = 48 dy. This simple equation appeared in many buildiogles for a
number of decades and is therefore widely knowrnhe masonry design community.
Although it is very simple, this equation does not take account of several important
parameters, such as reduced masonry cover, the strength of masonry assemtiiage
effects oftransverseeinforcement all of which have been showto influence lap splice

performance.



Many researclstudies of lap splice performance were conductad t h e
and 2 nolWidgsthose ofSoric and Tulin from the Uwersity of Colorado at
Boulder Sorig 1987); The US Army Corps of Engineers in associatiom witkinson
Noland & AssociatesHammons 1994); Thompson from Washington State University
(Thompson 1998); tke Council for Masonry ResearciCNIR, 1998); Mjelde from
Wadington State UniversityMjelde, 2008); and the National Concrete Masonry
Association(NCMA, 2004, 2005, 20072009). A large range of specimen variabless
investigated irthese studiesncluding bar sizes from No. 4 (M#13) to No. 11 (M#36); 8
in. (28 mm) and 12 in. (3®mm) concrete masonry panels; 4 in.Z¥@m) and 6 in.
(153 mm) clay masonry panels; masonry compressive stremgtigsgngfrom 1,700 psi
(12 MPa) to 6,400 psi (44 MPa); vaus positions of lap within the panels; amdrious
lap lengtls.

The results of tese researchstudies showed an amplified potential for
longitudinal splitting of the masonry as the cover of masonry decreaastherdiameter
of longitudinal reinforcement increasds. the 2005 MSJC, a new equation appeared
basedon a besfit to the test datdrom these studies The required splice length was
chosen to provide 1.25 times the specified yield strength of the reinforcement,
average.This MSJC equation is given below aSquation2.2a. Equation2.2b is the
equivalet equationusing Sl units.

01302y

= o (Equation2.2a)
. 15002y .

6= — G (Equation2.2b)
where:

1990606s
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lg = required lap splice length of reinforcement, in. (mm);

dp = diameter of reinforcement, in. (mm);
fy = specified yield stressf the reinforcement, psi (MPa);
2 = 1.0 for No. 3 (M#10) through No. 5 (M#16) reinforcing bars;

1.3 for No. 6 (M#19) through No. 7 (M#22) reinforcing bars;

1.5 for No. 8 (M#25) through No. 11 (M#36) reinforcing bars;

K = lesser of [masonry cover, clegvacing ofeinforcement5dy), in.
(mm);and
fod = strength of masonry assemblage, psi (Mpa)

The length ofalap spliceis required to nobe less than 12 in. (305 mm) to prevent bond
failure and pullout.

The transition to this new equatioesulted in a substantial increase in required
lap splice length particularly for larger diameter bars or small cover distark@ssome
combinations of bar diameter and cover distance, the required length of lap increased
more thantwo times comparedot the 48|, of the simplified equation, causing
construction problems. Moreover, no unexplainable lap splice failures were observed
when using the historical lap splice lengths, which pointedome other mechanism
perhapsncreaing the capacity of the fasplicesn actual masonry structures

In the 2009 edition of thdénternational Building Code (IBC)eparate lap splice
provisionsexistfor Allowable Stress Design (ASD) and Strength Design (SEjuation
2.3a given below is the ASD design equatmasented in the 2009 IBEquation 23b is
the equivalent equation using Sl unithere is a prescriptiveinimum length of12 in.

(305 mm)or 40 bar diameters, whichever is less.



l4 = 0.002yf (Equation 23a)
lg=0.29Fs (Equation 23b)
where:

required lap splice length of reinforcement, in. (mm);

g

do diameter of reinforcement, in. (mm); and

fs computed stress in reinforcement due to design |JgsdgMPa).

In regions of moment where the design tensile stresses in the reinforcement &ne grea
than 80 percent of the allowable steel tension stkes#he lap length of splices shall be
increased not less than 50 percent of the minimum required length.

The SD equation is the same as the current MSJC equation presented earlier

(Equation 2.2)except with a prescriptive maximum of 72 bars diameters.

2.2 Previous Research

The National Concrete Masonry Association condu@etumber of studie
investigate the effects of reinforcemeplacedtransverse to the lapped bars (NCMA
2004, 2005, 20D, 2009). This researcbhowedthat transversereinforcementcan be
effective at providing some degree of confinement and results in significantly improved
performance and greater capacity of the spli¢e research consestof four phasesAll
specimensvere tested in direct tension to determine the strength and performance of the
splices.

For the first series of tes{NCMA, 2004), five sets of three identical concrete
masonry panels were constructed usiogiinal8 in. (203 mm) concrete masonrynits

The longitudinal reinforcemenn the panelsconsisted oftwo sets ofNo. 8 (M#25)



longitudinal bars placed in the center of the cells and incorporating a splice length of 48
in. (1,219 mm) andthe transverseaeinforcement consisted ®fo. 4 (M#13) transrerse
barsplaced transversally to the splidesfive different configurationsno reinforcement
andone or two bars positioned every course or top and bottom courseAdrijteen
specimens were solidly groute@lest results showed th&ansversaeinforcement was
effective at providing some degree of confinement and improving the capacity of the
splice. The differencén capacity between the least and the most reinforced panels (no
reinforcemenandtwo No.4 (M#13)transversdars placed irvery cairse) was 50%or
similarly configured lapsplices. However this amount of reinforcementuscommon
and three additional series of tests were conducted in order to investigate more precisely
the effects of various types whnsverseeinforcement on thsplice performance.

In a second series of tests at NCMA (200Bij)e sets of three identical concrete
masonry panels were constructed usiogiinal8 in. (2B mm) concrete masonrynits.
The longitudinal reinforcement consisted of two sets of NGM#19 longitudinal bars
placed in the center of the cells and incorporating a splice lengthinf 14 mm), and
the transverseeinforcement consisted dar reinforcement placed imond beams, bed
joint reinforcement, orconfinement hoopsAll specimens were solidly groutedhe
results showed that the presence of bond beam reinforcement or bed joint reinforcement
noticeablyincreased the capacity of the splice, but it appeared that the presence of
confinement hoops wasdightly detrimentato the performance of the splices.

In a third series of tests at NCMA (2007), tweetght sets of three identical
concrete masonry panels were construatethg nominal 8 in. (203 mm)concrete

masonryunits. The longitudinal reinforcement consisted ob teets of No8 (M#25)



longitudinal bars placed in the center of the cells and incogmbsatice lengths of 48 in.
(914 mm), 40 in. (914 mm), 32 in. (914 mm) and 24 in. (914 Mpand thdransverse
reinforcement consisted of N4.(M#13), No.6 (M#19)and No.7 (M#25)bars placed in
bond beams positioned at the top and bottom of each splice3 K#10) deformed
confinement hoopplaced ineach course, bar positioneptaced ineach courseor
structural fibers added in the groétll specimens wereddidly grouted Four sets of
panels were constructed usimgminal 12 in. (305 mm)concrete masonrynits to
investigate the effects @ositioning the transverse reinforcement relatively to the splice.
The longitudinal reinforcement consisted of two s#t®o. 8 (M#25) longitudinal bars
placed at 3.8125 irf{96.8 mm)from the outside of the wall (same cover as bars placed in
the center of 8 i203 mm)cells).All specimens were solidly grouted.

Testresults showed that the addition of transverse raeefoent increased the
tensile strength of the lap splice but that confinement hoops and bar positioners had little
effect on the splice strength. The addition of structural fiber to the grout caused little
increase insplice strength; however it reduced thamount of cracking on the post
fracture surface of the masonry panels.

In the fourth series of tests at NCMA ()0 fourteen sets of three identical
concrete masonry panels were constructed usmmginal 8 in. (203 mm)concrete
masonryunits. The longitudinal reinforcement consisted of two sets of No. 8 (M#25)
longitudinal bars placed in the center of the cells or offset with a cover of 2 in. (51 mm)
and incorporating splice lengths of 48 in. (1219 mm) or 36 in. (914 mm), and the
transverseeinforcementconsisted of one No. 4 (M#13) of No. 5 (M#15) placed in the

top and bottom courseBor the panels including offset longitudinal reinforcement, the



transverse reinforcement was placed on either side of the splice (toward the center of the
cell or toward tle 2 in.(51 mm)cover).All specimens were solidly grouted@est results
showed that the transverse reinforcement in thHeebfpanels was more effective in
providing some degree of confinement when placed toward thg51 mm)clear cover
side of the spliceStill, all reinforced specimens had increased capacity compared to the
centeredars andgpecimensvithout transverseeinforcement

After conducting the four phases of research, the NGivbposedh modification
factor to l® applied to the lap splice design equationsluding several limitations. Bh
proposedfactor is given below asEquation 2.4a. Equation 2.4b is the equivalent
equationusing Sl units.

01302y o 2304

G = — U , -=1 R (Equation2.4a)
e 2 R )
&= —1i%£ 0 . .=1 1;2‘2’_'50 (Equation2 4b)
where:
lg = requires lap splice length of reinforcement, in. (mm);
dp = diameter of longitudinal reinforcement, in. (mm);
fy = specified yield stress of the reinforcement,(péiPa);
) = 1.0 for No. 3 (M#10) through No. 5 (M#16) reinforcing bars;

1.3 for No. 6 (M#19) through No. 7 (M#22) reinforcing bars;

1.5 for No. 8 (M#25) through No. 11 (M#36) reinforcing bars;

K = lesser of [masonry cover, clear spacingeshforcemety 5], in.
(mm);
frp = strength of masonry assemblage, psi (NMpad



Agt area of transverse reinforcement, limited to 0.3%28 mnv).
The minimum lap splice length for confined splieess specified a6 dy,. Additionally,
thetransverseeinforcement shall be placed within 8 in. (2@m) of the ends of the lap
spliceandshall be offset no more than 1.5 in. (38 mm) from the lap sgfigeher, the
transversereinforcementshall be placed on the near cover side of the lap for offset
splices except when codequired cover distance cannot be maintained.

In 2008, Mjelde conducted research at Washington State University. Among other
conclusios in his study he found thathere waso significant difference between testing

lap splices in irplane flexure walls or direct tension panels provided with the same

reinforcement characteristics.
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CHAPTER 3
EXPERIMENTAL PROGRAM
3.1Specimen Details
Twelve wall panels were constructed using 8 in. (203 mm) nominal width
concrete masonry unitaid in running bond. All panelswere solidly grouted. The lap
spliced longitudinal reinforcement consisted of BgM#19) and No8 (M#25) barsand
was positioned in three different configurations: centered, offset, and staggered offset, as

shownin Figure3.1.

Walls 1-2

L= I L)L

Wall 3-4
=3 o
@ &8
Wall 5-6-7-8
e L
0 B

Walls 9-10-11-12

Figure 3.1 Longitudinal Reinforcement Configurations
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Each panel included two sets of spliced bars to reduce eccentric moments created
when loading the spliced bars in tension. For each splice, one bar protruded from the top
and theother from the bottom of the panel. Each bar was loaded in direct tension to
determine the strength of the spliteadingjacks were connectead parallelto the same
hydraulic system in order to equalize the farapplied to each of the splices.drawing

of the test setup is given ingare 3.2

-

H_
CH

i

i
H e

E
TS

|.am.m l

¥y

Figure 3.2 Testing Setup

12



Varioussplice lengtk were usedn the panels, agivenin Table3.1. Lap values

arelisted with respect to five measuremenddisolutelength,ratio tobar diameterratio

to the simplified equationHguation2.1), ratio to the MSJC equatiorEqjuation 22), and

ratio to the MSJCequationincludingthe modification factor(Equation2.4).

All panels containedtransversereinforcement consisting dfvo No. 4 (M#13)

bars placd either inside or outside the splicaegion, as listed in Table 3.The

transversereinforcementincorporated standard 90 degree hwolat the ends for

anchorage
Table 3.1. Provided Lap Lengths
Bar Trans. | LapLength | Lap Length| Ratio of Ratio of Ratio
Size | Reinf. (in)® (dp) MSJC | Simplified | Proposed
No. 8 .
1 (M#25) Outside 36 36 0.50 0.75 0.93
2 No. 8 Outside 48 48 0.67 1.00 1.24
(M#25) ' ' '
3 No. 6 Outside 27 36 0.78 0.75 1.00
(M#19) ! ! '
4 No. 6 Outside 36 48 1.03 1.00 1.33
(M#19) ! ! '
No. 6 .
5 (M#19) Inside 36 48 0.61 1.00 1.33
No. 6 :
6 (M#19) Inside 27 36 0.46 0.75 1.00
7 No. 6 Outside 27 36 0.46 0.75 1.00
(M#19) ' ' '
8 No. 6 Outside 36 48 0.61 1.00 1.33
(M#19) ' ' '
No.6 :
9 (M#19) Inside 36 48 0.61 1.00 1.33
10| No 6 1 nside 27 36 0.46 0.75 1.00
(M#19) ' ' '
11| NO-6 1 ouside 27 36 0.46 0.75 1.00
(M#19) ' ' '
No. 6 .
12 (M#19) Outside 36 48 0.61 1.00 1.33

W1 in=25.4 mm

13




The largest lap leng#i(i.e. 48 in. (1219 mm) fothe No. 8 bars and 36 in. (914
mm) forthe No. 6 bars) were selectaah the basis ahe historical equation of a d8lap
length The smaller lap lengths (1,86 in. (914 mm) fothe No. 8 bars and 27 in. (686
mm) forthe No. 6 bars) were chosen &xaminethe potential beneficial effects of lateral
reinforcemenbn splice performance.

The height of eaclwall panel was adjusted taaccommodatethe transverse
reinforcemenin the top and bottom course and depended on the lap length and whether
the transverseaeinforcement was pladeinside or outside the splideegion Figure 33
shows front view of panel 5 and panel 8, both incorporating a lap length of 3®@14.

mm) butwith different placement of the transverseforcement

Figure 3.3. Panel 51 Inside and Panel 8- Outside

14



3.2Materials and M aterial Properties

All twelve wall panels were constructed out of 8 in. (203 mm) nominal width
concrete masonry unitaid in running bondBoth full and half blocks, nominally 8 x 8 x
16 in. (203 x203 x 406 mm) and 8 x 8 x 8 in. (203 x 203 x 203 mm) were used. The
actual dimensions of the unitgere 7.625 x 7.625 x 15.625 in. (194 x 194 x 397 rang
7.625 x 7.625 x 7.625 (194 x 194 x 194 mm). The webs of the concrete masonry units
were knocked ouwvhen needed to accommodate thrensverseaeinforcementResults

from compressive tests of thercretemasonryunit aregivenin Table3.2.

Table 3.2. Concrete Masonry Units Test Results
Specimen Compressive strength
1 2,728 psi (18.8 MPa)
2 2,710psi (18.7 MPa)
3 2,413 psi (16.6 MPa)
4 2,679 psi (18.5 MPa)
Average 2,633 psi (18.2 MPa)

Type S masonry cement mortar waxed onsite andisedto construct all panels
and prisms. Five test cylinders of the mortar (conforming to ASTM C780), 2 in. (51 mm)
diameter by 4 in. (102 mm) height were made during construction and set aside for later

compression testing. The results of mortar testinguarersarized inrable3.3.

Table 3.3. Mortar Test Results
Specimen Compressive strength
1 3,048 psi (21.0 MPa)
2 2,494 psi (17.2 MPa)
3 1,924 psi (13.3 MPa)
4 1,937 psi (13.4 MPa)
5 2,844 psi (19.6 MPa)
Average 2,450 psi (16.9 MPa)

15



A coarseaggregate groutontaining 6.5 sacks of Portland cement whtained
from a local readymix supplier and was used in the panels. Three grout prisms
conforming to ASTM @019were made during construction, set aside teeh capped

for later compression tesg. The results othe grout testing are summarized Trable

34.
Table 3.4. Grout Test Results
Specimen Compressive strength
1 4,980 psi (34.3 MPa)
2 4,388 psi (30.3 MPa)
3 5,179 psi (35.7 MPa)
Average 4,849 psi (33.4 MPa)

At the same time as the panels were construtieee grouted masonry prisms
were constructedset aside anthencapped for later compression testing in accordance

with ASTM C1314.The results omasonryprism testing are summarized Trable3 5.

Table 3.5. Masonry Prisms Test Results
Specimen Compressive strength
1 2,510 psi (17.3 MPa)

2 2,753 psi (19.0 MPa)

3 2,585 psi (17.8 MPa)
Average 2,616 psi (18.0 MPa)

The longitudinal reinforcement consisted of No. 6 (M#19) and No. 8 (M#25) bars
and thetransverse reinforcement consisted of No. 4 (M#13). bdtsbars used in this
studywerespecified asGrade 60 (40 MPa). Tension tests were performed on short bar

sections to determirgctualyield strengthsThe results othe bar testing are summarized

in Table3.6.

16



Table 3.6. Reinforcing Bar Tests
Bar size Average yield strength
No .4(M# 13) 66.8 ksi(460.2 MPa)
No .6 (M# 19) 63.7 ksi(439.3 MPa)
No. 8 (M# 25) 62.3 ksi(429.4 MPa)

3.3 Construction of Test Specimens
The panelswvere constructe@n wooden platforms whicincorporatedcircular
holesto ensureprecise positioning of the longitudinal reinforcemé¢hRigure 34). No
initial leveling bed of mortar was usedhe wall panelswhere the longitudinal
reinforcement was in the fAcenteredo and #dAof
bl ocks I ong (walls No. 1 to No. 8), and the
blocks long (walls No. 9 to No. 12), to ensure a coesist in the cover in the transverse
direction and in the placement of the transversmforcement All panels were
constructed such that the longitudinal reinforcing bars protruded(803 mm) from the
masonry to allow mechanical coupling to the barddirect tension testing.
Professional masons constructed all twelve panels in running bond with face shell
and web mortar beddings each wall was constructed, the transverse reinforcement was
placed and tied in position using smgdlgetie wire. On the first day of construction, the
mortar and blocks for all twelve specimensreplaced and the lapped bars, tied together
using smaHlgage wire, were dropped into the cells and through the wood (feigure
3.5). On the second day of construction, @lelve specimens were fully grouted. The
grout was placed in the panels in a single lift and mechanically consolidated and

reconsolidated using a vibrat@Figure 36). A wood boardwhich incorporated circular

17



holeswas then placed on top of the panel tswe a proper positioning of the bars

(Figure 37). The panels were cured under ambient conditionise laboratory

Figure 35. Panel Ready for Grouting
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Figure 3.7. Panels Curing
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3.4Testing Procedures

The testing setup consisted of a steel frame constructed of four members bolted
together to form a rectangular perimeter around the test panel, mechanical couplers, two
hydraulic jacks ath a hydraulic control.The frame was placetransversly on the
laboratory floor and each panel was lowered into the testing frame onto two smooth steel
bars acting as rollers to allow panel movement during testing.

The mechanical couplers wehggh-strergth commercial couplerspecifiedto
develop 150% of the yield strength of the bars. They were placed onto each pleee of
protruding reinforcement and tightenddin the other end of the coupler, extension rods
were connected and extended through thel §teme. They were anchored to one side of
the testing frame and were connected tddhdingjacks on the other side of the frame.

Figure38s hows a panel in the Acenteredo conf |

frame used to apply direct tension in the reinforcing bars.
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Figure 3.8. Testing Setup (Panel No.4)

Once the specimen was securely positioned in the frame, the hygrawlpyvas
activated and loading of the specimen began. Fluid pressure was increased manually, and
the loads were monitored with a pressure gage on the hydraulic pump.

The specimen was doled until failure occurred, defined by longitudinal splitting

of the masonry, pullout of the reinforcement, or failure of the couplers or the extension
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rods. In this last case, when the failure was not caused by the panel itself, the element that
failed was reinforced or replaced and the panel was loaded again until failure.

In several instancedhe couplers connecting the bars protruding from the panels
to the loading rodsslipped on the bars (gure 39.) and resulted in damage to the
couplers,especidly when connected to the No.8 (M#25) baB&pécimensNo.1 and
No.2). New couplers were installed and the bars reloaded until faltaseachieved in

thespecimen.

Figure 3.9. Damage in Coupler

22



CHAPTER 4
TEST RESULTS AND DISCUSSION
4.1 Cracking Patterns andFailure M odes
Cracking patterns ancifure modesn the test specimenaried as a function of

the longitudinal reinforcement distribution and the positignof the transverse
reinforcement relative to the splice. Two generalgwas of cracking were observed
1 Panel tension crackinig cracking along bed joints perpendicular to the longitudinal

reinforcement, indicating that the spliced bars reached krge levels. Typically,

this type of cracikg appearedowards the end of tHeading process andidenedas

the load increase@eeFigure 4.1)

Figure 4.1 TensionCracking

23



1 Panel longitudinal splitting splitting of the masonry parallel tine spliced bars
Typically, this type of crackingppearedat the ends of the panelwards the end of
theloadingprocesgseeFigure4.2), andthe cracks extendesiiddenlyon the side of

the paneht failure(seeFigure 43).

Figure 4.2 Initial L ongitudinal Cracking
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Figure 4.3 Longitudinal Crack ing at Failure

Crackingpatternsin the failed specimensan be categorized asfanction of the
longitudinal reinforcement configuration:
1 Forthef ¢ e n t reimfoecdn@entcorfiguration, the panels reinforced with a 86
splice length showed significant splitting of the masonry, while the panels reinforced
with a 48d, splice length presented mainly transverse cracKinygical cracking

patterns are shown in Figure 40t 36 d, andFigure 4.5 fo48 d,.
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Figure 4.4.Typical Failure, Centered36 d,

Figure 4.5. Typical Failure, Centered 48 db
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1 For o thfe sedfitorcementconfiguration the panels showed vergignificant
damage in the masonry, regardless of the splice length or the transverse reinforcement
position, perhaps caused by the reduced cover combined with a large amount of
reinforcementconcentrated in one celHowever, wilile the global failure of the
specimens incorporating transvemmnforcementplaced inside the splice was a
classic spliing of the masonrysgeFigure 4.3) the specimens where the transverse
reinforcementvas placed outside the splice showed extensivevesse cracking in

the middle of the panel along with the cracks parallel to the sgeaEigure 4.6).

Figure 4.6.Typical Failure, Offset Outside
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T For t he Astraigfagcemerconfiguratiors the panels showed significant
splitting of the masonry, although it was generally less drantlagicf or t he Aof f se
configuration (see Figure 4.7. The distribution of the area of longitudinal
reinforcement in two cellgesulting ina lower percentage of reinforcement in a cell,
seems to preserve the integrity of the masoiihe positioning of the transverse
reinforcement inside or outside the splice did not have a significant effect on the

cracking pattern dailure.

Figure 4.7.Typical Failure, StaggeredOffset
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