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ABSTRACT 
The mean lap splice resistance of No. 15 reinforcing bars with varying transverse spacing and lap 
splice length was evaluated in full-scale concrete  block wall splice specim ens. The range of the 
transverse spacing between bars was limited to that which allowed the bars to remain within the 
same cell, and included the evaluation of tied spli ced bars in contac t. A total of  twenty-seven 
two-and-a-half blocks wide by thirteen cour se tall spec imens reinforced with two lap splices  
were tested in four-point loading. A ll specimens were constructed in running bond with all cells 
fully grouted. The calculated m ean tensile resi stance of the reinforcem ent increased with  
increasing lap splice length, and was greater when the bars were in contact. Securing the bars in 
contact may have inf luenced the tensile capacity of the contact lap splices: higher stresses are 
likely to develop as a result of the bar ribs rid ing over each other with increasing slip. Results of 
the data analysis suggest that the tensile resistance of non-contact lap splices within the same cell 
is generally independent of the spacing between the bars; however, th e slight decrease in the 
tensile resistance observed in select specim ens with increased clear transverse spacing between 
the bars also suggests that the reduction in th e cover distance to the bl ock web influences bond 
capacity. 
 
KEYWORDS: concrete block masonry, wall splice spec imen, splice length, contact lap splice, 
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INTRODUCTION 
Lap splicing is a common practice present in reinforced masonry construction. When a structure 
is taller or longer than the length of the typica lly produced reinforcing ba rs, lap splices provide 
the required continuity of  the reinf orcement. Frequently used at dowel locations or to 
accommodate obstructions such as openings or lin tel beams, lap splicing is also  a potential 
solution for reducing steel congestion. Lap spliced  bars contained within a single block cell are 
usually not in direct contact as they are not typically tied together. A potential bond failure at the 
location of the splice m ay result if the resi stance is less than in  cases where continuous 
reinforcement is provided, and m ay be du e to insuf ficient lap sp lice length or excessive 
transverse spacing between the spliced bars. Although previous research of non-contact lap 
splices in concrete specim ens suggests that the spacing between spliced bars m ay actually 
enhance the bond perform ance of the reinforcement [1], a review of existing literature did not 
identify any sim ilar studies related to m asonry construction. Recent research perfor med by 
Ahmed and Feldman [2] included an evaluation of double pullout and wall splice concrete block 



 
 

specimens reinforced with contact and non-cont act lap splices, though the scope of the project 
was limited to non-contact splices in adjacen t cells, 300 mm lap splice lengths, and 15 mm 
diameter reinforcing bars.   
 
This paper presents the details and analysis resu lts of an experimental investigation designed to 
evaluate the mean splice resistance given varying lap splice lengths and transverse bar spacings 
for No. 15 lapped reinf orcing bars located within the same cell in full-scale concrete block wall 
splice specimens. Visual observations of the failure modes, crack propagation patterns, and 
internal damage for t he different reinforcing  configurations tested are also described and 
critically reviewed.  

 
EXPERIMENTAL PROGRAM 
Twenty-seven wall splice spec imens were construc ted and tested within this experim ental 
program. Table 1 shows the nine different com binations of splice length and lateral bar spacing 
values selected based upon the results of previo us research, which had de monstrated that a 300 
mm lap splice length is capable of developing th e nominal yield capacity of Grade 400, No. 15 
reinforcing bars [2]. Three shorte r lap splice lengths were selected in an attempt to ensure bond 
failure of the wall splice specimens in combination with the three transverse spacings used for 
each. Each such configuration ensures proper en capsulation of the spliced bars based on typical 
construction practices and acc ounts for the CSA Standard A371-04 [3] provisions for the 
minimum continuous unobstructed cell space of 50 mm x 74mm  that must be provided in all 
masonry structures. Three replicate specimen s were constructed  for each reinforcem ent 
configuration in order to validate the results. Table 1 also shows that the construction and testing 
of the total number of walls was carried out in two phases. Details of the test specimens, material 
properties, and experimental setup are provided as follows.  
 

Table 1: Reinforcement Configurations Tested in the Wall Splice Specimens 
 

Splice length 
(mm)

Lateral bar clear spacing 
(mm)

150 02, 251, 502 
200 02, 251, 502 
250 02, 252, 502 

1Tested as part of the first phase of the experimental program. 
2Tested as part of the second phase of the experimental program. 

 
Figure 1 shows the overall dimensions of the wall splice specimens. Wall splice specimens were 
two-and-a-half blocks wide a nd thirteen courses tall and we re constructed in a running bond 
pattern with all cells fully grouted. Figure 1(a) shows the elevation of the wall splice specimens. 
All specimens were reinforced with No. 15 bars in the cells as shown with the splices provided at 
mid-height. Figure 1(b) shows a cross-section of the specim en within the m id-height splice 
region and shows that a tem plate made of commercial welded wire  mesh was placed in the bed  
joints immediately above and below  the seventh block course to m aintain the proper alignm ent 
of the reinforcem ent. The spliced  reinforcing bars were centered  within the common grouting 
cell space and extended approximately 190 mm above and below the top a nd bottom of the wall 
specimens, respectively.  
 



 
 

All wall splice specimens were constructed by a j ourneyman mason in two lif ts. A first lift of 8 
courses was constructed and grouted to provide full embedment of the bottom reinforcement and 
all reinforcement within the lap splice length. The grout was allowed to set for a m inimum of 12 
hours before the construction of the 5 course se cond lift. After construc tion, all specimens were 
cured for a minimum of 28 days in the laboratory environment prior to testing.  
 

 
Figure 1: Wall Splice Specimen Geometry: a) Elevation; b) Cross-Section Within the Lap 

Splice Length 
 

Table 2 summarizes the material properties as obtained from the companion specimens tested 
along with each of the wall splice specim ens. All companion specimens were stored and cured 
under the same laboratory environmental conditions as the wall splice specimens.  
 
Standard flat and frogged ended hollow concrete  masonry blocks (390 mm long x 190 mm wide 
x 190 mm tall), meeting the specifications provided in CSA Sta ndard A165-04 [4], were used. 
Half blocks were cut in the labo ratory using a masonry brick/block saw rather than ordering half 
blocks in order to ensure all blocks within each specimen had the same material properties. The 
mean compressive strength of the masonry units wa s calculated based on th e resulting load test 

Splice length 
(varies)2600

Clear transverse spacing 
between lapped bars (varies)

AA

990 

a)

Section A-A Wire template to 
maintain bar spacing 
(above and below 
seventh block course 
only) 

b)



 
 

data and the average net cross -sectional area of  the blocks as obtained from an absorpt ion test 
conducted in accordance with ASTM C140-10 [5].  
 

Table 2: Summary of the Mean Material Properties of the Companion Specimens Tested 
Along With the Wall Splice Specimens 

 
Type of companion 

specimen Phase no. No. of specimens 
tested

Mean compressive 
strength (MPa) 

COV* 
(%)

Masonry block I 
II 

8 
10 

25.4 
23.4 

6.42 
8.13 

Mortar cubes I 
II 

6 
21 

18.9 
13.5 

12.8 
11.5 

Grout cylinders I 
II 

12 
20** 

18.7 
14.1 

10.8 
8.26 

Absorptive grout 
cylinders 

I 
II 

12 
21 

18.4 
16.2 

12.3 
11.0 

Masonry prisms I 
II 

5** 
21 

12.7 
12.5 

2.83 
12.5 

     *COV: Coefficient of variation      
     **One outlier was identified that is not included in the results presented in this table 
      
Laboratory prepared Type S m ortar with a m inimum 28-day nominal compressive strength of 
12.5 MPa, and a 1:3 mortar cement to sand proportion by volum e, prepared in accordance with  
CSA Standard A179-04 [6], was used throughout. The fine aggregate used in the mortar mix was 
graded in accordance with CSA Test Method A23.2-2A [7], and complied with the standard 
requirements of CSA A179-04 [6]. Mortar cubes were prepared and subsequently tested in 
accordance to CSA Standard A3004-C2 [8] at a constant rate of 10 kN/min.  
 
High slump grout with a high wa ter/cement ratio, in accordan ce with CSA Standard A179-04 
[6], was mixed in the laborator y and hand placed in the cells of the wall sp lice specimens. A 
measured slump of about 250 mm  and a m inimum 28-day com pressive strength of 12.5 MPa 
resulted. Type GU Portland cem ent and pre-mixed gravel with a maximum aggregate size of 10 
mm, in accordance with CSA A179-04 [6], we re provided by a lo cal supplier for grout 
preparation. Material properties for the grout were established from the non-absorptive cylinders 
and absorptive specimens tested along with th e wall specimens. Non-absorptive cylinders (100 
mm diameter x 200 mm high) were cast and tested in accordance with CSA A179-04 [6], and 
absorptive specimens (100 mm wide x 100 mm l ong x 190 mm high) were cast and tested in 
accordance with ASTM C1019 [10]. 
  
Three block high by one block wide m asonry prisms were constructed and tested on the sam e 
day as each wall splice specim en to estab lish the m echanical properties of the m asonry 
assemblage. Masonry prisms were tested in accordance with CSA Standard S304-04 Annex D 
[11] at constant loading rate of a 1 kN/s. Two linear variable differential transducers (LVDTs) 
were attached to the face shell at the m id-height of the top and bottom blocks to measure the 
vertical deformation of the specimens as testing progressed.  
 



 
 

Grade 400 hot-rolled deformed reinforcement with a nominal diameter of 15 mm was used in all 
specimens. A total of 6 sam ples were obtained from each of the two heat batches used during  
construction, and were tested in accordance with  ASTM Standard A37 0-11 [9] to establish the 
actual material properties for the two constr uction phases. The reinforcing bar sam ples 
corresponding to the first constr uction phase had a yield stress, fy, equal to 434 MPa, a m odulus 
of elasticity, Es, of 174 GPa, a strain at the in itiation of strain hardening, εsh, equal to 0.014, and 
an ultimate stress, fult, of 611 MPa. Sa mples tested in conj unction with the second construction 
phase had a yield stress, fy, of 434 MPa, a modulus of elasticity, Es, equal to 180 GPa, a strain at 
the initiation of strain hardening, εsh, of 0.013, and an ultimate stress, fult, equal to 615 MPa. 
 
A steel frame consisting of two horizontal beams connected by threaded bars was assembled as a 
rigging frame to saf ely secure th e walls while tr ansporting and rota ting them to the tes ting 
position using an overhead crane. End anchorages were provided at the wall ends prior to testing 
to prevent bar slippage and en sure failure would occu r within the lap splice region. The 
anchorages consisted of 200 mm sq uare x 8 mm thick steel plates, with a drilled hole in their 
centre, and were secured against th e specimen ends by m eans of m echanical reinforcing bar 
couplers tightened onto the excess bar lengths that extended be yond both ends of the wall splice 
specimens. A layer of mortar was used as a le velling compound to ensure full contact between 
the specimen and the steel plates.  
 
Figure 2 shows the four-poi nt loading setup and instrum entation used in the testing  of the wall 
splice specimens. Six LVDTs were used to m easure the vertical displacem ent at differen t 
locations along the specim en length. Two LVDTs we re located on each side of the wall at the 
specimen centreline, while the rem aining four LVDTs, we re located at 200 and 600 mm on 
either side of the specimen centerline (i.e. one specimen side only was instrum ented at the four 
locations). The load was applied by an MTS hydrau lic actuator at the cen terline of a spreader 
beam. The contact points between the spreader beam and the wall splice specimen were such that 
the four-point loading arrange ment shown in Figure 2 was ach ieved. Load was applied at a 
constant displacement of 0.5 mm /min until failure, defined as a 60% load reductio n from that 
recorded at the maximum carrying capacity. 
 

 
Figure 2: Wall Splice Specimen Test Setup and Instrumentation Details (Modified From 

Ahmed and Feldman [2]) 
 
RESULTS OF WALL SPLICE SPECIMEN TESTS 
Table 3 presents the mean ultimate failure load and calculated average tensile resistance for the 
different splice configurations as calculated ba sed on tests o f the three r eplicate specimens for 
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each. The n otation system used to identif y each set of  wall replica tes consists of two parts  
separated by a forward slash. The first number indicates the splice length in millimetres preceded 
by the letter ‘W’ for wall splice specimen. The second number (i.e. following the forward slash) 
corresponds to the clear transv erse spacing betw een the lapped bars in m illimetres. The mean 
values of cracking and ultim ate failure loads were dire ctly obtained f rom the test results by  
averaging the recorded data as obtained from  the MTS actuator lo ad cell for each specim en. A 
numerical analysis, b ased upon the ultim ate recorded load and the stress versus strain 
relationship for the companion specim ens, was performed to obtain the maximum splice tensile 
resistance of the wall splice specimens and is discussed in detail later in this section. 
 

Table 3: Summary of Load History and Splice Capacity for the Different Splice 
Configurations Tested in the Wall Splice Specimens 

 

Splice 
configuration 

Mean values of: 

Measured 
cracking load 

(kN) 

Midspan 
deflection at 
ultimate load 

(mm) 

Ultimate 
failure load 

(kN) 

Theoretical 
curvature at 

ultimate moment 
(1/m) 

Tensile 
resistance of the 
reinforcement 

(kN) 
W150/0 
W150/25 
W150/50 

5.43 12.0 21.2 0.0317 74.3 
4.27 10.7 19.4 0.0303 69.5 
4.67 9.06 19.5 0.0300 70.5 

W200/0 
W200/25 
W200/50 

5.60 15.2 33.0 0.331 97.2 
4.93 11.6 22.6 0.0343 78.4 
6.15 11.8 21.2 0.0327 74.5 

W250/0 
W250/25 
W250/50 

3.96 17.5 35.1 0.334 97.7 
6.60 12.9 26.3 0.129 84.2 
6.44 11.7 25.1 0.0850 82.1 

 
Figures 3, 4 and 5 show the load versus m idspan deflection curves for representative specimens 
with 150 mm, 200 mm and 250 mm lap splice lengt hs, respectively. Each figure shows the  
results for all three valu es of clear transverse spacing as tes ted. In general, the load -deflection 
response for all of the reinforcem ent configurations can be divided in tw o stages prior to the 
attainment of the maximum load. In the f irst stage, a linear increas e from the origin  to the load  
that represents firs t cracking for th e specimens is noted. In the s econd stage, the applied load 
continued to increase linearly with increasing deflection at a redu ced slope until failure. Som e 
visible sudden decreases in the load (i.e. noise) were associated with the formation of additional 
cracks. A slight reduction in slope before the ultimate load, most likely caused by a reduction in 
stiffness due to bond loss at the lo cation of the splice [2], as we ll as a brief gradual unloading 
curve after peak load, suggests br ittle failure occurred for all splice configurations. Inelastic 
behaviour, indicating yielding of the reinforcem ent, was only observed in one of  the W 250/0 
replicates starting at an  applied load of 36 kN; and roughly coincided with th e theoretical 
yielding load of the reinforcem ent. Each of Fi gures 3 to 5 shows that the experim ental load 
versus midspan deflection curves for the different  reinforcement arrangements generally agreed 
well with the theoretical curves derived for each splice length configuration. 
 
The load versus m idspan deflection curves fo r all specimens with a 150 mm splice length ha d 
similar load-midspan deflection behaviour regard less of the clear transverse spacing provided 



 
 

between the lap spliced bars. In contrast, spec imens reinforced with 200 and 250 mm lap splices 
in contact generally attained about 29% and 35% higher midspan deflections respectively, as 
compared to those in which a non-zero clear transverse spacing was provided. In general, contact 
lap splices caused a slig ht increase in the flexu ral strength of the wall specimens; however, no 
definite pattern could be clearly identified for the specimens with non-contact lap splices.  
 
The observed crack patterns were sim ilar for all specimens. Flexural cracks were only observed 
in the mortar joints and typically propagated from the joints adjacent to the points of applied load 
to the joints adjacent to the specimen centreline and up to the third or fourth joints adjacent to the 
supports. The widest cracks, usually those that caused specimen failure, were typically the cracks 
that developed in the joints adjacent to the centre course. Figure 6 shows the open f lexural crack 
identified as the common failure mode for t he wall splice specim ens for all reinforcem ent 
configurations. 

Figure 3: Representative Load Versus 
Midspan Deflection Curves for Specimens 

with a 150 mm Lap Splice Length 

Figure 4: Representative Load Versus 
Midspan Deflection Curves for Specimens 

with a 200 mm Lap Splice Length 

 

Figure 5: Representative Load Versus 
Midspan Deflection Curves for Specimens 

with a 250 mm Lap Splice Length 

Figure 6: Typically Observed Failure Mode 
for the Wall Splice Specimens 
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The face sh ell and grout surrounding the reinforcem ent were rem oved following testing for 
select random specimens for each s plice configuration to investigate internal cracking pattern s 
and bond deterioration within the lap splice length. Figure 7 shows the typical internal damage as 
observed in the specimens reinforced with contact lap splices (i.e. W150/0, W200/0, and W250/0 
arrangements). Crushing of the grout between the reinforcing bar lugs and consequent bar 
pullout were observed, indicati ng that a bond failure between th e reinforcement and the grout 
occurred in these specim ens. Splitting crack s extending between the s pliced bars through the 
grout and along the block-grout in terface toward th e mortar joints were identified,  suggesting 
poor bond between the grout and the concrete bl ocks. The voids existing between block ends, 
areas of poor grout consolidation,  also facilitated the crack pr opagation along the m ortar joints 
[2]. 
 
Figure 8 shows the characteristic in ternal damage and crack propagation observed in specim ens 
reinforced with non-contact lap splices with  a 25 mm cl ear transverse spacing between the 
spliced bars (i.e. W 150/25, W200/25, and W250/25 configurations). Similar to specimens with 
contact lap splices, crushing of the grout keys be tween lugs as well as bar pullout were observed 
in specimens with 200 and 250 mm lap splice lengths. Inclined struts between the lapped bars, in 
addition to cracks extending vertically from  the bar ends through the grout and to the m ortar 
joints, were identified. Bar pullout and cracking between the spliced bars were less evident for 
specimens with a 150 mm lap spli ce length, though crack propagation from the bar ends to the 
mortar joints occurred as in the specim ens with longer lap splice lengths. Cracks in specim ens 
with a 50 mm clear transverse spacing between the lap spliced bars (i.e. W150/50, W200/50, and 
W250/50 configurations), generally extended from the reinforcing bars to the closest grout-block 
interface and to the mortar joints. Crushing of the grout between lugs, bar pullout, and cracks in 
the remaining grout between lapped bars were less evident as compared to specimens with lesser 
values of clear transverse spacing between the lap spliced bars.  
 

  
Figure 7: Internal damage and crack 

propagation observed in specimens with 
contact lap splices 

Figure 8: Internal damage and crack 
propagation observed in specimens with 25 

mm splice-bar spacing 
 
A numerical finite difference analysis was performed to calculate the maximum tensile resistance 
of the spliced reinforcing bars in the wall splice specimens based upon the m oment-curvature 
response derived for the specim ens as internal st rain gauges were not us ed to instrum ent the 
reinforcing bars. The analysis, similar to that  adopted by Ah med and Feldman [2], was based 



 
 

upon the mechanical properties of the m asonry assemblage and the reinforcing steel as obtained 
from the companion specim ens tests, and the lo ad history of the wall splice specimens. The 
theoretical stress versus strain relationship for the m asonry assemblage was first derived by 
fitting the e xperimental data obtain ed for the c ompanion masonry prisms to a modif ied Park-
Kent curve [12]. The average m echanical properties of the reinforcing bar samples from each 
heat batch were also used to deriv e the theore tical tensile stress-strain profile for the stee l, 
assuming a parabolic cu rve for the strain hardening region. The theoretical stress-strain curves 
derived for the masonry assemblage and the reinfo rcing steel agreed well with the experimental 
stress-strain curves obtained from the companion specimen tests. 
 
The theoretical moment-curvature relationships for the wall sp lice specimens were ca lculated 
based upon the internal mom ent effect resulting from the applied load level throughout testing. 
The curvature of the uncracked masonry section ( uc ) was obtained directly from the ratio of the 
internal moment at mid-height divided by th e flexural rigidity of the gross section ( M/EIgr). An 
iterative procedure, which divided the compression zone into 100 layers of equal depth, was then 
used to establish the neutral axis depth (c) of the cracked section at a g iven moment (M), based 
on the equilibrium of the compressive strength of the masonry assemblage and the tensile force 
in the reinforcement (C=T). The tensile resistance (T) in the reinforcement was finally computed 
from the theoretically calculated cu rvature at the ultim ate moment, as the product of the tensile 
stress in the reinforcement at the corresponding strain multiplied by the nominal cross-sectional 
area of the reinforcing b ars (As). A theoretical mom ent-curvature curve was developed for each 
splice length and transverse spac ing between the lap spliced ba rs. In general, good agreem ent 
was obtained between the experim ental and theore tically calculated def lected profiles for the 
wall splice specimens.  
 
Figure 9 shows a summary of the calcu lated mean splice tensile resistance as obtained for each 
set of replicate wall splice specimens. The error bars shown for each reinforcement configuration 
show the range of individual test  results as calculated for the replicate specimens. The calculated 
range of results obtained for specimens with contact lap splices with a 250 mm splice length (i.e. 
W250/0) was small and so is not evident in Figure  9. In general, results show that the tensile 
capacity of the contact lap splices w as higher as compared to that calculated for the non-contact 
lap splices with the sa me splice length. This  increased tensile capacity, however, was m ore 
evident for the two long er lap splice lengths. The fact that the lapped reinforcing bars in contact 
were tied with wire at b oth ends of the splice may also have enhanced th e splice capacity of the 
reinforcement, as higher stress es are likely to deve lop between the ribs of the bars as they ride 
over each other with increased slip. Such practice is not common within the masonry industry.  
 
Non-contact lap splices behaved sim ilarly regardless of the late ral bar spacing provided. 
However, a slight decrease in tensile capacity with increasing transverse spacing was noted for 
specimens with 200 mm and 250 mm lap splice lengths. The cover distance to the adjacent block 
web, which is less than the cover dis tance to the block flanges when the ba rs are not in contact, 
may have influenced the bond capacity. The poor bond between the grout and the blocks, and the 
low strength of the m ortar joints associated with masonry, proved to have  direct effect in the 
bond capacity and led to a failure of the splice in all reinforcement configurations.  
 



 
 

 
Figure 9: Summary of the Calculated Mean Splice Tensile Resistance for Each Set of Wall 

Splice Specimens 
 
SUMMARY AND CONCLUSIONS  
This paper presents the results of an expe rimental program consisting of 27 wall splice 
specimens reinforced with No. 15 lap spliced reinforcing bars tested in four-point loading. Three 
lap splice lengths (150 mm, 200 mm, and 250  mm) and three different values of  lateral bar 
spacing (0 mm, 25 mm, and 50 mm), such that the lap spliced bars were each contain ed within a 
single block cell, were tested. Three rep licate specimens were tested f or each reinforcing bar 
geometry. All specimens were 2-1/2 blocks wide and thirteen courses tall, and were constructed 
in running bond with all cells fully grouted. 
 
The following conclusions and observations were noted: 
 

1. A wide flexural crack o n the tension face, typically located in the bed joints ad jacent to 
the central block course, was identified as the common cause of failure for all of the wall 
splice specimens. Flexural cracks w ere only observed in the m ortar joints and typically 
occurred within the m idspan region up to th e third or fourth last joint adjacent to each 
support. Lap splice failure due to a loss of bond between the reinforcem ent and the 
surrounding grout was observed in all specimens.   

2. The mean tensile resis tance of the lap spliced r einforcing bars in contact, regardless of 
the splice length, was higher than  that calculated for the non-contact lap splices with the 
same splice length. The use of ti e wire to ensure contact between the lapped bars is not a 
typical practice used in construction and likely caused an increased capacity as a result of 
the higher stresses developed due to the bar ribs riding over  each other with increased 
slip.  

3. Non-contact lap splices behaved sim ilarly regardless of the lateral bar spacing provided  
though a slight decrease in th e mean tensile capacity of the lapped bars with 50 mm 
transverse spacing as compared to the 25 mm -spaced bars was observed, particularly for 
specimens with 200 and 250 mm  lap splice lengths. The reduction in the clear distance 
between the bars and the webs of the bloc k as the trans verse spacing between  bars 
increased likely affected bond performance. 

4. The poor bond between the grout and the blocks, and the low strength of the mortar joints 
associated with masonry proved to have direct effect on the bond capacity. 
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