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INTRODUCTION

A structural test program was carried out to obtain basic information on material and
structural properties of the Azar Dry-Stack Block™. The Azar Dry-Stack Block™ is a
mortarless system which uses mechanical interlocking to provide stability during
construction. Later, the cells are filled with grout to enhance the axial load carrying capacity

and out-of-plane bending resistance of walls.

Out-of-plane interlock is produced by three mechanisms. The first includes a key on the top
of the web which fits into a recess on the bottom of the web of the block above it (see Figure
1). Another interlocking mechanism is created by two levels of bearing surface along each
face shell at the bed joint. The overlap creates an interlock as shown in Figure 2. The higher
inner bearing surface also provides improved resistance to rain penetration and the gap
between the outer parts of the face shell simulates a mortar joint. These two interlocking
features ensure vertical alignment of the blocks and resist out-of-plane displacement along
a vertical line. The third mechanism is the face shell interlocking of adjacent blocks-along
the head joint using the shiplap geometry shown in Figures 2 and 3. The grout in cells
provides substantially greater continuity and ensures that the interlocking remains in contact
if at least every second cell is filled with grout. The grout also provides the in-plane shear

resistance.

In addition to the interlocking and alignment mechanisms, another important features is the
vertical alignment of the webs which facilitates the in-plane alignment of the wall. The

vertical alignment of the webs has the advantage that grout columns are vertically aligned
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from block to block, and eliminates the need for placing dams on top of the webs to prevent
grout from filling adjacent cells for partially grouted construction. Horizontal reinforcement
can pass through the keyway geometry along the top of the webs. However, the use of

horizontal reinforcement requires fully grouted masonry.

Figure 1: Stretcher Unit of the Azar Dry-Stack Block™.

Figure 2: Interlock of the Azar Dry-Stack Block™.



MATERIAL PROPERTIES

Azar Dry-Stack Block™

Two batches of Azar Dry-Stack Block™ were delivered to the laboratory for the test
program. Identification of the blocks from each batch was facilitated by a distinct difference

in darkness of their gray colour. The groups were identified as “Light” and “Dark’ units.

Dimensions: A drawing of the symmetric cross section at mid-height of the block is shown
in Figure 3. Six randomly selected units were used to measure the dimensions of the units.
The dimensions and average values are shown in Figure 3. The light blocks tended to have
a greater variation in dimensions. As can be seen, for the centre cell region, the average face
shell thickness was 33.5 mm (1-5/16"), whereas this was thickened to 39 mm (1-1/2") for the
face shells on either end of the block. The average thickness of the webs was 27.5 mm (1-
1/16") and junctions between the webs and the face shells incorporate 40 x 40 mm (1-1/2 x
1-1/2") chamfered corners. Although the average height of the blocks was 203 mm (8"), and
the average width of the blocks was 203 mm (8"), vertical indentations in the face shells of
the blocks and the simulated bed joint result in some loss of effective cross-section.
Discounting the portion of the face shell not in contact leaves an average effective width of
172 mm (6.8"). The average height of the light blocks was 202.6 mm (7.97") with a C.O.V.
of 0.26% whereas the dark blocks averages 205.25 mm (8.08") in height with a C.O.V. of

0.37%.
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Figure 3: Layout of the Stretcher Unit of the Azar Dry-Stack Block™.

Density: The six blocks used to measure dimensions were also weighed so that the density
of the units could be determined. The average mass of the light units was 18,280 grams
(40.2 Ib). The average mass of the dark blocks was 17,570 grams (38.7 1b). The average
volume of 8,642?000 mm? (527.4 in®) was the same for both the light and dark units as, on
average, the dimensions were the same. This resulted in a density of 2120 kg/m> (132.5

1b/f%) for the light units and 2030 kg/m® (126.9 1b/ft®) for the dark units.

Strength: The compressive strength test results for the Azar Dry-Stack Block™ at the
average age of the test assemblages are presented in Table 1. Since there were two colours
of block, three of each were tested. Although the compressive strengths were very similar
for the two batches at an early age, there was some difference when tested at the average age
of the assemblages. Compression tests using hard capped samples between solid steel plates

gave average compressive strengths of 30.8 MPa (4469 psi) and 27.4 MPa (3976 psi) for the
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light and dark units, respectively. The protruding parts of the face shell and webs were cut
from the top and bottom of the blocks to provide uniform bearing surfaces. Tests were
carried out in accordance with ASTM Standard C140. The measured net area used to

calculate strength was 43,858 mm? (68 in®).

Table 1: Results of Compression Tests on Azar Dry-Stack Block™.

Block Specimen Failure Load Stress
Colour No. kN (kip) MPa (psi) |
Light L1 1401(315) 31.9 (4629)

L2 1417 (319) 32.3 (4687)

L3 1235 (278) 28.2 (4092)

Average 30.8 (4469)
COV (%) 7.3

Dark D1 1253 (282) 28.6 (4150)

D2 1208 (272) 27.5 (3991)

D3 1150 (259) 26.2 (3802)

Average 27.4 (3976)
COV (%) 43
Average of all 6 blocks 29.1
COV (%) of all 6 blocks 7.5

Shrinkage: Three of each colour of block had DEMEC points attached to both face shells
using a 203 mm (8") gauge length. Initial readings to find strain associated with the natural
moisture state were taken. The blocks were then soaked for 48 hours and readings were
taken again. The provisions of ASTM C426 were followed except that the blocks were
initially allowed to air dry, and readings were taken at regular intervals. The relative

humidity in the drying room was decreased incrementally to allow the relationship between
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moisture content, relative humidity and shrinkage to be determined for the major shrinkage
range of low moisture contents. When the change in strain from day-to-day readings was
negligible, the blocks were oven dried in accordance with ASTM C426, and readings were
taken again. At every reading, the mass of the block was found so that the moisture content

could be determined. Moisture content was calculated according to Equation 1.

(mass—dry mass) .

moisture content (%) = 100 ¢))

dry mass
The plot of shrinkage versus moisture content can be found in Figure 4, where shrinkage is
measured from the maximum expansion following saturation. The results at oven dry
condition are not plotted but are included in Table 2. Overall, for saturated moisture contents
of 6.22% and 7.49%, respectively, for the light and dark units, the total comparable shrinkage
strains at oven dry conditions were 275x10® and 365x10°6. Of this, the original expansion
strains resulting from saturating the blocks from natural moisture contents of 0.89% and

0.45% for the light and dark units were 231x10 and 227x10°, respectively.

Figure 5 contains the plot of moisture content versus relative humidity. As can be seen, a
large part of the shrinkage occurs over the low moisture content range associated with low

relative humidities.
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Figure 4: Shrinkage Strain versus Moisture Content.

Table 2: Masses and Strain Readings versus Moisture Content.

Saturated State Natural State Dry State
Specimen
No. Mass kg Moisture | Mass kg | Moisture Strain Mass kg | Strain
(Ib) (%) (b) (%) (10 (b) (109
1 - Light 19.4 6.26 13.4 1.04 222 18.2 275
(42.6) (40.6) - (40.1)
2 - Light 19.2 6.20 18.3 0.99 233 18.1 268
(42.3) 40.3) (39.9)
3-Light 19.1 6.19 18.1 0.63 238 18.0 278
(42.0) (39.8) (39.6)
Average 19.2 6.22 18.3 0.89 231 18.1 274
(42.3) (40.2) (39.9)
COV (%) 0.8 0.7 0.9 25.0 0.7
1 - Dark 18.9 7.33 17.7 0.56 257 17.6 374
41.7) (39.0) (38.8)
2 - Datk 18.6 7.83 17.3 0.39 197 17.2 339
(40.9) (38.0) (37.9)
3 - Dark 18.9 7.31 17.7 0.39 228 17.6 384
(41.6) (38.9) (38.7)
Average 18.8 7.49 17.6 0.45 227 17.5 366
41.4) (38.7) (38.5)
COV (%) 1.1 39 14 22.0 1.3
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Figure 5: Moisture Content versus Relative Humidity.

Grout

Test Specimens: Coarse grout is a high slump concrete that is used to hold reinforcing bars
in place, and to increase the capacity of a wall section by increasing the effective area for
load resistance. One truck load of coarse ready-mix grout was used to grout all the test

specimens.

The most important properties of grout are compressive and tensile strength. To determine
these properties, tests were performed on grout samples at ages of seven and twenty-eight
days. Two types of grout samples were made: grout cylinders and grout cores. Grout
cylinders were made by pouring grout into 152 mm (6") diameter by 305 mm (12") high steel
molds. After the cylinders had air cured for five days, the molds were removed and the

specimens were stored in the laboratory until test day. The grout cores were created by
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pouring grout into the cells of blocks and, one week prior to testing, the specimens were cut
into 76 x 76 mm (3 x 3") grout prisms with a 152 mm (6") length. The grout cores were then
stored in the laboratory until test day. Grout cylinders are valuable for checking grout
consistency within a batch, and from batch to batch, whereas grout cores better represent the

in-situ grout strength.

Testing: The compressive and tensile strengths of the grout were determined by a series of
tests performed on the grout cores. The tests included concentric axial compression,
modulus of rupture and splitting tension. To determine the compressive strength of the
grout, samples were hard capped and loaded axially. The modulus of rupture test was used
to determine the tensile strength of the grout. The grout core was tested as a simply
supported beam with a span of 152 mm (6"), and line loads were applied at 1/3 span from
the supports. The splitting tension test was also used to determine the tensile strength of the
grout. During this test, the grout sample was laid on a line support across the width of the
core, and a parallel line load was applied directly above the support on top of the core. The
sample was loaded until the core split between the loading lines. Compression tests

performed on the grout cylinders were used primarily as a quality control measure.

Results for the grout tests are summarized in Tables 3 to 6. At an age of seven days, the
average compressive strength of the grout cylinders was 9.8 MPa (1422 psi), and the
corresponding coefficient of variation (COV) was 3.0%. Samples tested at an age of 28 days
had an average compressive strength of 17.6 MPa (2554 psi) with a COV of 2.6%. Grout
cores tested on the seventh day had an average compressive strength of 11.1 MPa (1611 psi)

with a COV of 6.9%, whereas the compressive strength of the cores tested at an age of 28



10
days was 18.6 MPa (2699 psi) with a COV of 5.6%. Strength, therefore increased by nearly

80% for the grout cylinders and 68% for the grout cores over the 21 day period.

The modulus of rupture tests resulted in a tensile strengths of 1.58 MPa (229 psi) with a
COV of 6.4% on the seventh day, whereas, at an age of 28 days, the modulus of rupture was
2.57 MPa (373 psi) with a COV of 11.9% (see Table 5). The average tensile strength from
splitting tension tests was 1.83 MPa (266 psi) with a COV of 12.8%, and 2.01 MPa (292 psi)

with a COV of 6.4% for the seven and twenty-eight days tests, respectively (see Table 6).

The increase in the strength of the grout between the seven and twenty-eight day tests was
unusually large. Since both the cylinders and grout cores showed this increase, it is most
likely that the increase can be attributed to the grout additive that was included in the

commercial mix.



Table 3: Compression Test Results for Grout Cylinders.

Age Specimen Failure Load Stress MPa
(days) No. kN (kips) (psi)
7 1 182 (41.0) 10.0 (1451)
2 187 (42.0) 10.2 (1480)
3 180 (40.5) 9.9 (1437)
4 171 (38.5) 9.4 (1364)
5 176 (39.5) 9.6 (1393)
Average 9.8 (1422)
COV (%) 3.0
28 1 325 (73.0) 17.8 (2583)
2 314 (70.5) 17.2 (2496)
3 318 (71.5) 17.4 (2525)
4 316 (71.0) 17.3 (2510)
5 309 (69.5) 16.9 (2452)
6 336 (75.5) 18.4 (2670)
7 325 (73.0) 17.8 (2583)
8 314 (70.5) 17.2 (2496)
9 329 (74.0) 18.1 (2627)
10 327 (73.5) 17.9 (2598)
Average 17.6 (2554)
COV (%) 2.6
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Table 4: Compression Test Results for Grout Cores.

Age Specimen Area Failure Load Stress

(days) No. mm? (in?) kN (kips) MPa (psi)
7 1 5928 (9.2) 63.5(14.3) 10.7 (1553)
2 5940 (9.2) 67.4 (15.2) 11.4 (1654)
3 5693 (8.8) 65.2 (14.7) 11.5 (1669)
4 5897 (9.1) 69.7 (15.7) 11.8 (1712)
S 5858 (9.1) 58.2(13.1) 9.9 (1437)
Average 11.1(1611)

COV (%) 6.9
28 1 6064 (9.4) 113.5 (25.5) 18.7 (2714)
2 6100 (9.5) 106.0 (23.8) 17.4 (2525)
3 5933 (9.2) 118.5 (26.6) 20.0 (2902)
4 6066 (9.4) 119.0 (26.8) 19.6 (2844)
5 6230 (9.7) 109.5 (24.6) 17.6 (2554)
6 5839 (9.1) 107.5 (24.2) 18.4 (2670)
Average 18.6 (2699)

COV (%) 5.6
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Table 5: Modulus of Rupture Results for Grout Cores.

Age Specimen | Width x Height Failure Stress
(days) No. mm X mm Load MPa (psi)
(in x in) kN (kips)
7 6 75.31x74.74 44 (1.0) 1.59 (231)
(2.96 x 2.94)
7 74.50 x 75.84 4.7 (L.1) 1.67 (242)
(2.93 x2.98)
8 76.20 x 74.90 4.1(0.9) 1.47 (213)
(3.00 x 2.95)
Average 1.58 (229)
COV (%) 6.4
28 1 79.73 x 80.77 9.7 (2.2) 2.84 (412)
(3.14x 3.18)
2 77.60 x 80.01 7.3 (1.6) 2.24 (325)
(3.06 x 3.15)
3 75.84 x 77.60 7.9 (1.8) 2.64 (383)
(2.99 x 3.06)
Average 2.57 (373)
COV (%) 11.9
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Table 6: Splitting Tension Results for Grout Cores.

Age | Specimen | Width x Height Failure Stress
(days) No. mm X mm Load MPa (psi)
(in x in) kN (kips)

7 6A 75.31x 74.70 18.2 (4.1) 2.06 (299)
(2.96 x 2.94)

6B 74.70x 75.84 13.8 3.1) 1.55 (225)
(2.94 x 2.98)

7A 74.50 x 75.79 13.5 (3.0) 1.52 (221)
(2.93x2.98)

7B 74.50 x 75.84 16.7 (3.8) 1.88 (273)
(2.93 x2.98)

8A 76.20x 75.08 18.1 (4.1) 2.01 (292)
(3.00 x 2.96)

8B 76.20 x 74.88 17.3 (3.9) 1.93 (280)
(3.00 x 2.96)

Average 1.83 (266)

COV (%) 12.8

28 1A 80.77 x 79.73 19.1 (4.3) 1.89 (274)
(3.18x3.14)

1B 80.77 x 79.73 20.8 4.7) 2.06 (299)
(3.18x 3.14)

2A 80.01 x 77.60 20.3 (4.6) 2.08 (302)
(3.15 x 3.06)

2B 80.01 x 77.60 18.3 (4.1) 1.88 (273)
(3.15 x 3.06)

3A 77.60x 75.84 20.4 (4.6) 2.21 (321)
3.06x 2.99)

3B 77.60 x 75.84 17.9 (4.0) 1.94 (282)
(3.06x2.99)

Average 2.01 (292)

COV (%) 6.4

14
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Reinforcement

The vertical reinforcement used in this research program was deformed 20M bars with a
minimum specified yield strength of 400 MPa (58,000 psi). The results of tension tests
performed on representative samples of reinforcement taken from Test Walls 1 - 6 are
summarized in Table 7. The average tensile stress at yield was 459 MPa (66,530 psi) with
a COV of 1.9%, and the average ultimate failure stress was 662 MPa (96,040 psi) with a
COV of 3.6%. The difference between the yield and ultimate stress was due to strain

hardening.

Table 7: Tensile Results for Reinforcing Steel Bars (20M).

Sample Yield Ultimate
kN MPa kN MPa
(kips) (psi) (Kips) (psi)
1 137.5 458 190.5 635
(30.9) (66,460) (42.8) (92,150)
2 139.5 453 190.0 633
(31.4) (65,735) 42.7) (91,860)
3 142.8 475 208.5 695
(32.1) (68,930) (46.9) (100,850)
4 137.0 456 202.8 676
(30.8) (66,170) (45.6) (98,100)
5 137.8 459 200.8 669
(31.0) (66,600) (45.1) (97,080)
6 135.0 450 199.0 663
(30.3) (65,300) 44.7) (96,210)
Average 459 662
(66,530) (96,040)
COV (%) 1.9 3.6









































































