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ABSTRACT: 
Chemical demolition of concrete and rock has been conducted on a commercial basis since 
the 1970s, although not widely adopted. Furthermore, to date there have been no 
publications on the application of this class of products to unit masonry. To begin to fill 
this gap, this paper documents a laboratory study on the insertion of a soundless chemical 
demolition agent into a series of unit masonry wallettes. The paper introduces initial steps 
towards developing a procedure for the non-percussive demolition of such a wall and 
observations on the progressive nature of cracking in such arrangements. Although neither 
the assembled units nor the mortar in these tests were of historic material, the paper 
provides critical insight into the application of this technology into a building configuration 
in which it is not usually seen. The results show the promise this technology holds for 
highly selective material removal, without endangering the surrounding material for 
historic brick and stone buildings. 
 
Keywords:  Soundless Chemical Demolition Agents, Historic Structures, Cracking, 
Masonry Structures, Expansive Cements, Non-expansive demolition agent, Cracking 
Masonry Walls. 
 
 
1 INTRODUCTION  

Soundless Chemical Demolition Agents (SCDAs) work effectively in environmentally 
sensitive conditions as an alternative to traditional demolition methods. Presently, SCDAs 
are used to demolish concrete and natural rock. However, some projects may require the 
removal of unit masonry. Research has provided guidelines for the hole diameter, spacing, 
depth, edge distance, water content, and ambient temperature to be used for demolition of 
concrete and rock, but no industry recommendations exist on how to use SCDAs for 
masonry demolition. 
The aim of this project was to undertake initial experiments for the chemical demolition of 
unit masonry before restoration. Specifically, trial hole layouts for small wall samples were 
tested in a laboratory environment. The hypothesis was that the expansion of the SCDA 
confined to holes located in the mortar joints of these walls would generate sufficient 
expansive pressures to produce enough cracking in the walls that unit removal was 
possible, similar to what is seen in the demolition of concrete and rock. 
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2 BACKGROUND 

Soundless chemical demolition agents (SCDAs) or Non-Explosive Expansion Material 
(NEEM) were first investigated as part of Cardlot and Meaelis’s discovery of ettringite in 
cement in the 1890s (Mather 1970). SCDAs tend to be grayish, powdery dry materials 
similar to Portland cement, but with a higher percentage of calcium oxide (CaO). Mixing 
an SCDA with water produces an exothermic reaction, which generates heat and expansive 
pressure, typically over several days. Goto et al. (1988) proposed equation (1) to categorize 
the exothermic reaction: 
 
𝐶𝑎𝑂 + 𝐻!𝑂 → 𝐶𝑎 𝑂𝐻 ! + 15.2 ↑ (𝑘𝐶𝑎𝑙 𝑚𝑜𝑙)                                                               (1) 
 
Tensile stress is generated in holes with the SCDA slurry.  When that tensile stress exceeds 
the tensile strength of the surrounding material, cracks will occur without the noise, 
vibration, or airborne debris common with explosive or percussive demolition means. 
Cracks begin at the inner surface of the cylindrical hole. These cracks result from tensile 
stresses oriented at a right angle to the crack and compressive stresses aligned parallel to 
the crack. In the case of two holes or more, cracks propagate by tensile stress between 
boreholes, as shown in figure 1. 
 

 
 

Figure1: Demolition mechanism by demolition agent in two drill holes (adapted From 
Goto et al. 1988) 

 
Depending on SCDA type, temperature (ambient and mix water), hole geometry, 
surrounding material, and slurry composition, cracks may develop in as soon as a as few 
hours or in as much as several days. Once cracking begins, the surrounding material can 
typically be removed easily by non-percussive means. 
One of the main parameters in controlling SCDA fracturing is hole spacing. Arshadnejad et 
al. (2011) proposed a numerical model to optimize hole spacing (eqn 2) 
 

𝑆 = −0.0888
𝑃
𝜎!

!

+ 1.0824
𝑝
𝜎!

− 2.1583
𝑃!𝑑!

𝐾!"!
                                                                                                        (2) 

 
where S is the optimum borehole spacing, P is the SCDA expansive pressure, 𝜎! is the 
tensile strength of the material to be demolished, d is the drill hole diameter, and KIC is the 
fracture toughness of the material to be demolished.  
Manufacturers typically provide information regarding appropriate hole diameter and 
spacing. For example, for the Dexpan product line a hole depth of 80-90% of the material 
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to be demolished is recommended to be combined with a diameter of 38-50 mm at a 300 
mm spacing for plain concrete and at a 200 mm spacing for reinforced concrete (Dexpan 
Catalogue 2014). In contrast, the manufacturers of Bristar recommend borehole diameters 
of 36-50 mm and spacing ranging from 200 mm to 600 mm depending upon the 
surrounding material (Table 1). Individual researchers have reported effective demolition 
in this range but with holes as much as 1 m apart depending on surrounding material and 
SCDA type (Huynh and Laefer 2009, Arshadnejad et al. 2011). 
 
 
Table 1: Typical hole spacing for Bristar in rock and concrete (Bristar technical manual 
2010). 
 
Material type Quantity of Rebar (kg/m3) Borehole Spacing (mm) 

Hard virgin rock N/A 400-600 
Soft virgin rock N/A 500-700 

Presplitting of above rocks N/A 300-600 
Plain concrete 0-30 400-700 

Reinforced concrete 30-60 300-400 
60-100 250-350 

Over100 200-300 
 
Gomez and Mura (1984) proposed the relationship L=kD as a guideline for straight line 
spacing between boreholes (L) with respect to the borehole diameter (D) and k values 
experimentally determined (k<10 for hard rocks, 8<k<10 for medium hard rocks, 12<k<18 
for soft rocks and concrete, 5<k<10 for pre-stressed concrete). Dowding and Labuz (1982) 
reported that various hole sizes within the same material could be related through scaling 
by S/d (S is spacing and d is the hole diameter) and that the time until mechanical material 
removal could be optimized by using a ratio of S/d=8, while cost could be optimized using 
a ratio of S/d=16. 
 

2.1 Crack pattern 
Harada et.al (1985) concluded that the location of holes greatly impacted the time to first 
crack (TFC). In their work, 2 different arrangements of 22 mm diameter holes were 
compared using high strength concrete slabs. The two arrangements included a planar hole 
arrangement and a hexagon arrangement, both with the same number of holes. The regular 
hexagon arrangement produced the fastest cracking, (within 10.5-12.5 hours) and cracks 
occurred between all holes. The planar arrangement produced cracks after 12-15.5 hours, 
but cracks did not propagate between all of the holes. Ultimately, the hexagon 
arrangements proved to be more economical than planar arrangements, as more cracking 
occurred in a shorter time period. 
Gambatese (2003) used Betonamit Type S in small scale (152.4*152.4*76.2 mm) 
reinforced concrete blocks with different hole diameters (3.18mm, 4.76 mm and 6.35 mm) 
arranged in a grid pattern. Samples with smaller hole spacings produced cracks sooner, but 
larger holes developed greater crack migration. Grid holes patterns with alternate holes 
injected with SCDA proved to be the most cost efficient arrangement for their materials. 
The ambient temperature strongly influences the maximum expansive pressure that will 
develop. In a test of SCDA in steel tubes, when Hinze and Brown (1994) increased the 
ambient temperature from 20°C to 30°C, the expansive pressure doubled. In experiments 
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on 0.67 m3 concrete blocks, Laefer et al. (2010) showed higher ambient temperatures 
contributing to faster cracking and to a reduction in the time at which there is sufficient 
cumulative cracking width (25.4 mm) for non-percussive, mechanical material removal, 
referred to as the Minimum Demolition Time (MDT). For example, by increasing ambient 
temperature from 24°C to 38°C, the TFC was reduced by 13 hours and the MDT decreased 
by 4 hours. Those authors proposed that products designed for colder ambient temperatures 
could be used in warmer environments to hasten cracking. 
Most manufacturers suggest SCDA usage in the ambient temperature range of 0°C to 
40°C, with multiple products sold to be used in specific ambient temperature ranges. Since 
the majority of SCDA applications are outdoors where temperature can change 
significantly over 24 hours, Natanzi and Laefer (2014) recommended that product selection 
should be based on the lowest temperature likely to be encountered. 
 
 
3 SCOPE, MATERIALS AND METHOD 

The scope of the research herein was the construction of four small wallettes. These were 
comprised of 225 mm*665 mm*100 mm concrete aggregate blocks, 3 units wide and 4 
units high, and were subjected to different hole arrangements (Figure 2). Holes 3.97 mm in 
diameter were precast in the mortar. This was achieved by temporarily inserting small 
sections of brass rods into selective mortar joints at the construction stage. The rods were 
removed after 1 day. While this would not be the ultimate procedure in the field, it allowed 
evaluation of the product behavior without concern that micro-cracks had been introduced 
unintentionally during the drilling. 
 

 
Figure 2: Walls geometry hole position (red holes were filled with SCDA; blue holes left 

empty). 
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3.1 Materials 
The mortar was a type N (ASTM C270), with a typical 28day strength of 10.34–16.55 
MPa. Workability was of paramount concern for the mortar. For this reason, a high water-
to-cement ratio of 65% was selected, as applicable to a XC1 concrete class (IS EN 206). 
The SCDA Dexpan II (designed for temperatures 10 ̊C to 25 ̊C) was used. 
 

3.2 Method 
A wooden frame, similar to bookends was used to ensure that each wall was the same size. 
The frame consisted of two uprights with bases placed at each end of the wall and another 
piece of wood laid flush to the front of the wall. The locations of the joints were marked on 
the frame so uniformity could be maintained during erection. The blocks were moistened 
with a damp sponge before their contact with the mortar to prevent mortar desiccation. 
Small brass rods were coated in lubricating oil and laid in the mortar bed prior to 
completion of the lift. The rods cantilevered out the back of the wall, were left in place for 
24 hours, and were then removed using pliers. This method was previously employed by 
Laefer et.al (2010) in large-scale concrete samples. 
The overall layout is shown in Fig. 2. Sample A was constructed with 8 holes: 1 at each 
intersecting point of the vertical and horizontal mortar joints. Sample B was constructed 
with 5 holes: every second location of that of Sample A. Sample C was constructed with 8 
holes where 2 holes were left unfilled. Sample D was constructed with 6 holes organized 
along 2 diagonals, as per the typical cracking patterns that occur in masonry walls under 
settlement. The walls were covered by a polyethylene sheet to contain the moisture during 
the curing process. This cover was removed after 14 days. The walls were left to cure in 
the laboratory for a total of 28 days prior to the introduction of the SCDA. 
In addition to the 4 sample walls, masonry prisms were constructed for compression testing 
as per test Method B of ASTM C1314 (ASTM C1314-14). However, due to material and 
time limitations, only 2 (instead of 3) prisms (215*102.5 mm) were constructed. The 
mortar joints thickness, condition of units, and bonding arrangement replicated the actual 
structure and were constructed at the same time as the wallettes and cured beside them. 
The SCDA was mixed according to the manufacturer’s recommendations (tap water at 
15◦C; 30% by weight). Generally, SCDA insertion is achieved via vertical holes drilled 
downward into a rock or concrete mass. Given the vertical nature of the masonry samples, 
this was not feasible. Instead, the material was injected under light hand pressure using a 
syringe with a 3.97 mm diameter opening.  
For 2 weeks, cracking formation and propagation were monitored, as per Table 2, with 
respect to measuring crack width, crack length, and time to first crack (TFC). Cumulative 
crack width was defined as the sum of crack width that propagated from a single hole. 
The results were based upon two weeks of monitoring. Demolition was defined as the 
stage when the cracks expanded to a point that sections of the wallwere easily removed by 
hand. 
Crack length was defined as the measurement from the center of the hole to the point of the 
crack furthest from the outermost edge of the original hole at any particular time. Crack 
width was defined as the width of the crack within a 10mm vicinity of the hole’s outermost 
edge. Crack widths were initially measured in millimetres using a manual crack gauge 
capable of reading up to 1.5 mm. Once a crack achieved this width, Vernier callipers were 
used and read to two decimal places. 
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Table 2: Test monitoring frequency 
 

Day Monitoring Frequency 
1 Every 1 hour 
2 Every 2 hours 
3 Every 3 hours 

4 Every 4 hours during the day and 
every 6 hours during the night 

5 Every 6 hours 
6 Every 8 hours 
7 Every 8 hours 

8-14 Every 24 hours 
 
 
4 EXPERIMENTAL RESULTS 

The greatest rate of crack development occurred within the first 72 hours at ambient 
temperature range of 18.7 ̊C –22.5 ̊C. After this point, nearly all of the lines plateaued and 
no further development of length was seen. Delamination primarily occurred along the 
joint between the masonry unit and the mortar. This suggests that the crack propagated 
through the weakest point. This is clearly shown in Figure 4 as the cracks do not occur 
through the mortar itself but rather at the mortar/ block interface. Figure 4 illustrates that 
the vertical and horizontal mortar joints have completely delaminated, as it was possible to 
see through the samples (Fig. 3). 
The recorded results are shown in Table 3. The greatest cumulative cracks were generally 
recorded in the top layer of mortar, except in Sample D, where it appeared in the middle 
layer in the vicinity of holes D4 and D5. However, cracks in the upper mortar layer of 
Sample D joined after 24 hours, thereby enabling very rapid potential demolition of this 
section. In contrast, Sample C (also with 6 filled holes but with 2 empty holes and in a 
different configuration) did not produce the delamination seen in all of the other samples. 
When adequate crack migration did not occur in Sample C after 408 hours, a decision was 
made to fill the 2 empty holes. 
Although Sample A, which had the largest number of filled holes had the fastest Time to 
First Crack (TFC) (9 hrs versus 10 hrs in Sample D, 17 in Sample B and 57 in Sample D), 
overall Sample D (with its 6 holes along two diagonal lines) performed best. For example, 
sample D reached a maximum crack width twice the size of the largest cracks seen in the 
other samples. This occurred after 312 hours. The greatest crack width observed in Sample 
A was 3.6 mm at 36 hours in Sample B 3.53 mm at 312 hours, and in Sample C 4.89 mm 
after 648 hours (Table 3). Thus, time was a poor predictor of the development of the 
maximum crack width.  
Sample D exhibited a cumulative crack 2.4 times the average of the other samples (47 mm 
vs 19 mm) and a mean crack width 2.1 times greater than the other samples (7.8 mm vs 3.8 
mm). These results were indicative of a high demolition rate; Sample D had 6 parts easily 
removed. Samples A and B 4 parts, with a large, uncracked, middle section, and Sample C 
had only two parts (Figure 3). The longest recorded single crack occurred in Sample C, but 
proved a poor predictor of demolition performance. 
Cracks in the upper mortar layer of Sample A joined and resulted in complete delamination 
after 34 hours. After 36 hours, the top layer of bricks was removed in hope that the 
removal of the excess dead load would allow cracks to develop faster in the lower levels. 
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Thus, the crack speeds recorded in Sample A can be examined in two phases: (1) prior to 
the removal to the top layer of the wall and (2) after. The fastest crack propagation speed 
prior to this removal was 0.002 mm/s. After the removal, the fastest crack propagation 
speed was 0.0069 mm/s. Therefore, the removal of the delaminated material greatly 
improved the crack propagation speed. Average crack speed in Sample B and C were 
0.00356 mm/s and 0.00053 mm/s respectively. In addition to recording the fastest cracking 
speed of 0.0072 mm/s, Sample D exhibited the fastest average speed.  
 
 
Table 3. Cracking test results of 4 samples. 

Sample # of 
holes 

# of 
holes 

showing 
cracks 

Mean 
cumulative 

crack 
width 

TFC 
Max. 
crack 
width 

Cumulative 
crack 
width 

Max. 
Crack 
length 
(mm) 

Cumulative 
crack 
length 
(mm) 

Average 
crack 
speed 

(hrs) (mm) (mm/sec) 

A 8 7 3.04 9 3.6 21.26 233 1726.55 0.00214 
B 5 3 4.81 17 3.53 19.24 212 999.15 0.00356 
C 8 6 3.55 57 4.89 17.77 320 1435.06 0.00053 
D 6 6 7.78 10 9.4 46.66 303 2172.53 0.0072 

 

4.1 Masonry prisms 
Compressive testing of the masonry prisms occurred at 51 days in accordance with 
MethodBofASTMC1314 for an expected compressive strength of 24 MPa. Masonry Prism 
1 failed at a compressive strength of 23.28, while masonry Prism 2 failed at 6.41 MPa due 
to an uneven surface, which lead to a failure in fully distributed loading across the sample. 
 

 
Figure 3. Masonry unit and the mortar delamination. 

 

5 DISCUSSION  

5.1 Demolition layout 
Sample A had a hole layout identical to Sample D, but with the addition of extra holes. 
These were clearly the best two arrangements, with the sample with fewer holes actually 
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being superior in all measures, except time to crack where it was about 12% slower. 
Harada et.al (1985) reported that the location of the holes also greatly impacted the time 
until first crack in horizontally oriented solid samples. A hexagonal arrangement of the 
22mmdiameter holes performed better than planar arrangements with the same number of 
holes and cracked almost 3 hours faster. 
Dexpan’s manufacturers suggest cracks will appear after two hours. However, on average, 
the time to first crack was 12 hours. Dexpan’s manufacturers suggest that expansion would 
be completed for concrete after 24 hours. However, the cracks in the mortar continued to 
expand for up to two weeks, while wall could be considered almost demolished after 72 
hours. 
Gambatese (2003) recorded success using non-injected holes in the layout mentioned 
above for horizontal samples. However, in the masonry study, herein, the results of this 
were inconclusive, as the holes in Sample C were not correctly filled. Therefore, the 
efficacy of non-injected holes could perhaps be beneficial given good construction 
practice. 
Laefer et al. (2010) observed recurring crack patterns and shapes. Y-shaped cracks and 
bisections were the two primary crack shapes. Both shapes reflected different 
characteristics such as Y-shaped cracks displayed shorter time to first crack, and a wider 
crack width was recorded after 24 hours. A bisected crack generally occurred 14 hours 
after SCDA insertion and had a greater MDT than the Y-shaped cracked blocks. 
Although the masonry study did not show the formation of specific crack shapes, the 
cracks were generally confined to the mortar joints. The cracks tended to occur at the 
interface between the mortar and the brick, which was the weakest point. The masonry 
units themselves remained intact. Typically, cracking was either horizontal or vertical in 
orientation. Some secondary cracks formed radially around the holes but later rejoined the 
primary horizontal cracks. The BRISTAR Technical Manual (2010) anticipated that 2-4 
cracks generally develop from a single filled hole. This was confirmed from the study, as 
between 1–3 cracks formed from the holes. Figure 5 shows the crack patterns that emerged 
for each of the samples. Sample D shows the complete migration of cracks through the 
layers in the stepped staircase fashion. This was also observed in Sample A, which shows 
the beginning of this crack pattern. Larger cumulative crack widths resulted from cracking 
in this pattern. 
 

5.2 Hole spacing 
Dowding and Labuz (1982) investigated the effect of hole spacing on the demolition 
process. They suggested that the volume of material to be removed can be optimized using 
the ratio L/d=16 (L is the spacing and d is the diameter of hole), which would denote a 
spacing of 63.52 mm. In current study a minimum spacing of 225 mm was used which is 
three and a half times as large as that recommended by Dowding and Labuz (1982). These 
guidelines were proposed for concrete and natural rock. The spacing for the masonry study 
was dictated by the intersection of the vertical and horizontal joints. 
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Figure 4: Natural Material separation in final stage. 

 
	  
Gomez and Mura (1984) also experimentally investigated the relationship of the hole 
diameter (D) to the straight line spacing between holes (L). The minimum spacing required 
to initiate cracking was proposed to be L=kD where k is constant dictated by the material 
to be cracked. A range of 12<k<18 was experimentally determined for concrete. Given that 
mortar is similar to concrete with fine aggregate, a figure reflective of this range could be 
expected for use with masonry. Using the upper k value of 18 and the hole diameter of 
3.97 mm, this would suggest a spacing of 71.46 mm. The spacing which was arbitrarily 
selected to equate with the intersection with vertical and horizontal mortar joints was three 
times the spacing that Gomez and Mura (1984) proposed for concrete. Applying L=kD 
relationship to the spacing of 225 mm and 450 mm would produce a k value of 57<k<113. 
Gambatese (2003) incorporated hole depth to diameter ratios (L/D) of 6 to 12 and hole 
spacing to diameter ratios (S/D) 4 to 10. The largest spacings used were 31.8 mm and 
38.1mm for the 3.18 mm and 4.97 mm diameter holes, respectively. This would equate to 
one fifth or one sixth of the 225 mm spacing used for the masonry study. If the ratios were 
applied to the masonry study, a hole depth to diameter ratio (L/D) of 26 and hole spacing 
to diameter ratio (S/D) of 57– 113 would be required. Therefore, the 225 mm spacing used 
in the masonry study was significantly larger than that which is recommended for concrete 
cracking. The mean crack widths Gambatese (2003) recorded for these diameters and 
spacing was 4.76 mm and 0.125 mm, respectively. The 3.18 mm diameter hole with 
31.8mmspacing and 19.1 mm edge distance produced a mean crack width of 4.76 mm. The 
free edge distance in the masonry study ranged from 112.5 mm to 220 mm. The greatest 
mean crack width documented from the masonry demolition was 2.46 mm. Gambatese 
(2003) also reported the benefits of using non-injected holes to conserve the volume of 
SCDA used. This was tried in Sample C, but the findings to the applicability of this to 
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masonry demolition were inconclusive given incomplete filling of some of the holes. As 
the only existing guidelines had been proposed for concrete and natural rock, the spacing at 
the intersection of the vertical and horizontal joint of 225 mm represents the development 
of a new standard for use of SCDAs with unit masonry.  
The Dexpan Catalogue (2014) recommends a spacing of 300 mm to be used for 
horizontally oriented, solid samples. The spacing of 225 mm used for Sample A and 
Sample D was, therefore. within the guidelines. The larger spacing of 450 mm used for 
Sample B and Sample C was outside the recommended range. Notably, free space must be 
provided for the Dexpan to expand into, and this was done for all the masonry samples 
ranging between 112.5 mm–220 mm. The guidelines suggested leaving a gap of 25 mm at 
the top of the hole. Due to the horizontal orientation of the holes used for the masonry 
experiment, they were completely filled instead of adhering to this recommendation.  
The free edge distance varied throughout the study depended upon the hole layout. 
Typically this ranged from 112.5 mm to 220 mm. The samples with smaller hole spacings 
exhibited shorter times to first crack than the samples with larger hole spacing. Cracks 
propagated faster when hole spacing was closer and distance to the free edge was smaller. 
Therefore, the crack propagation through the masonry was more dependent on hole 
spacing rather than distance to the free edge.  
 

5.3 Hole diameter 
Gambatese (2003) used three different holes diameters (3.18 mm, 4.76 mm and 6.35 mm) 
for controlling cracking of concrete samples (152.4 mm*152.4 mm* 76.2 mm). The mean 
crack width resulting from the 3.18 mm and 4.76 mm borehole diameter were 3.57 mm and 
2.46 mm, respectively in 20.7 MPa concrete (vs the 23.28 MPa masonry). The hole 
diameter of 3.97 mm produced the greatest mean crack width (7.78 mm), which was 
almost twice as big as those reported by Gambatese (2003). Notably, the Dexpan 
Catalogue (2014) recommends hole diameters of 38–51 mm for concrete and natural rock, 
but the 3.97 mm hole selected, which fit within the 10mm mortar joint proved more than 
adequate.  

5.4 Time to first Crack  
Gambatese (2003) assessed the concrete blocks containing small diameter holes 24 hrs 
after SCDA injection. In comparison, the masonry study monitored the samples at one-
hour intervals for the first 24 hrs. Gambatese (2003) reported that the blocks experienced 
minimal cracking after a period of 12 hours. In contrast, this masonry study showed that 
the first cracks formed after 9 hours. Cracking and block destruction were monitored for up 
to a week after injection. In the masonry study, this was monitored up to two weeks after 
injection for Samples A, B and D, and a further two and a half weeks after this for Sample 
C. 
Previously, Laefer et.al (2010) suggested that fracturing concrete blocks was dependent on 
the construction, environmental, and material properties. The SCDA manufacturer 
BRISTAR predicted that first Cracks would appear in 10–20 hours; however the average 
time to first crack was 15.48 hours. In this unit masonry study, the time to first crack 
ranged between 9–17 hours, and the average time to first crack was 12 hours. Dessouki and 
Mitri (2011) reported that the SCDA Betonamit required approximately 4–5 hours for 
complete expansion and rock breakage. However, this was half the time taken for the 
Dexpan II in the masonry samples to produce first cracks.  
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Expansive pressures were generated in all eight filled holes and allowed the cracks to 
propagate faster than in the other samples. In comparison, a crack width of 3.6 mm was 
recorded in Sample D after 42 hours, as opposed to 36 hours.  
Furthermore, cracking can be controlled by varying SCDA application parameters. The 
primary parameters evaluated in this study were the hole spacing and hole layout. 
Decreasing the hole spacing resulted in the development of cracks earlier and the 
development of a greater amount of crack migration throughout the mortar layers. Spacing 
also affects the level of destruction. More closely spaced holes resulted in a greater 
demolition scale, the walls were greater destroyed and easier to demolish. 
 
 

 
Figure 5. Walls crack patterns 

6 CONCLUSIONS 

In this project, four sample masonry walls were constructed in the laboratory and then 
demolished using the SCDA Dexpan II. Each sample featured a different hole layout, hole 
spacing, and number of holes at ambient temperature range of 16°C –23°C. The hole 
diameter and depth were maintained at 3.97 mm and 102.5 mm, respectively for each 
sample. The compressive strength of the masonry walls was determined to be 23.28 MPa. 
Once expansion of the SCDA was complete, the walls were successfully demolished by 
hand. The study indicated that SCDAs could effectively demolish unit masonry and help 
sustainable recycling of masonry unit and mortars. Cracks developed with a hole depth to 
diameter ratio (L/D) of 26, and a hole spacing to diameter ratio (S/D) ranging from 57 to 
113. 
The parameters that created optimum cracking were a hole layout with an S/D ratio of 57 
and a 225 mm spacing. Applying the SCDA in this manner allowed the horizontal holes to 
be filled effectively and increased crack migration and overall crack lengths. These factors 
also created a consistent, well distributed stepped formation in the crack patterns. 
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Parallelogram and diamond layouts with 225 mm spacing were found to produce a greater 
level of crack migration through all the layers of mortar than quadrilateral arrangements 
with the greater spacing of 450 mm. 
For the masonry samples tested, the time to first crack was 9–10 hours for the samples, 
with 6–8 holes and spacing of 225 mm. The development process took approximately 7 hrs 
longer for the sample with 5 holes and the greater spacing of 450 mm. The greatest level of 
crack width growth and propagation occurred within the first 72 hrs. However, cracks 
continued to expand for up to two weeks after insertion of SCDA.  
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