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PREFACE

Azar Group of Companies has prepared this American design and construction guide on 

AZAR  DRY - STACK BLOCKTM CONSTRUCTION to assist designers, builders, and 

building officials use this form of construction in a manner consistent with good practice and 

the specific requirements of current building codes and standards.  It is intended to be used in 

conjunction with local building codes.  Simple design rules are presented for this purpose. 

For engineered design of buildings, the provisions of the MSJC Code �Building Code 

Requirements for Masonry Structures� were used to produce the appended design tables.  

Other relevant standards are listed in the References.  In this guide, design aids based on 

engineering analysis are discussed and presented.  Since all situations cannot be covered, this 

information is meant to serve as a sound base for designers to develop the experience and 

confidence to provide solutions appropriate to particular design conditions.  Experience has 

shown that designers can quickly become proficient with design based on engineering 

analysis as described. 

Although preparation of building plans is not a normal function of Azar Group of 

Companies, its licensees or agents, assistance is available from staff experienced in 

construction with Azar Dry - Stack BlockTM units.  In particular, Azar Group of Companies, 

its licensees and agents are committed to helping builders develop efficient and effective 

construction practices and will be pleased to arrange either in-house or on-site training for 

users.

This design and construction guide was prepared for Azar Group of Companies by JNE 

Consulting Ltd, with advice from Dr. Robert Drysdale, Professor of Civil Engineering and 

Martini, Mascarin and George Chair in Masonry Design at McMaster University.  He 

supervised the original research on Azar Dry - Stack BlockTM carried out at McMaster 

University.  While all possible care was taken to ensure that accurate information, reasonable 

interpretation of building codes and best advice available have been provided, neither Azar 

Group of Companies, its licensees, agents nor those involved in the preparation of this guide 

assume liability for the suitability of the information for any general or particular use.  All 

suggestions for additions and changes to this publication are welcome and will receive full 

consideration for future updates. 
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Part 1

INTRODUCTION

1.1  DESCRIPTION OF AZAR DRY - STACK BLOCK TM

The Azar Dry - Stack BlockTM 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 

1.1).  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 1.2.  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 1.2 and 1.3.  In addition to the 

interlocking and alignment mechanisms, another important feature is the vertical alignment 

of the webs which facilitates the in-plane alignment of the wall.  

For grouted construction, 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.  The vertical alignment of the 

webs has the advantage that grout columns are vertically aligned from block to block, which 

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. 

Alternatively, strength and stability can be enhanced using surface bonding consisting of 

fiberglass mesh embedded in a modified portland cement parging bonded to both faces of the 

dry stack block.  Use of fiberglass mesh rather than individual fibers ensures uniform and 

consistent distribution of this form of reinforcing.  In addition, the parging material fills the 

simulated mortar bed joints and other grooves in the face shells.  This justifies use of the 

entire face shell thickness in structural calculations. 
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Figure 1.1: Stretcher Unit of the Azar Dry-Stack BlockTM .

Figure 1.2: Interlock of the Azar Dry-Stack BlockTM .
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Figure 1.3: Layout of the Stretcher Unit of the Azar Dry-Stack BlockTM .

Data on which design is based involved tests using alkali resistant, 0.026 in. thick mesh with 

a weight of 11 ounces/yd2 (Warp = 7.2 per inch and Weft = 5.0 per inch) with minimum 

tensile strength of 330 lb/in in. the warp direction and 490 lb/in. in the weft direction.  This 

was embedded in an average 3 mm thickness of Durock modified portland cement parging.  

Therefore, surface bonding with equivalent or greater properties must be used in 

construction.

Although care is required to ensure that construction is straight and plumb, the requirement 

for skilled labor to build the walls is reduced.  In addition to providing stability during 

construction, the interlocking feature assists with alignment and leveling and limits the 

maximum construction tolerances.  In addition to direct cost savings for the wall due to speed 

of construction, the dry stacked form of construction allows floor and roof loads to be applied 

immediately upon completion of the walls so that construction can continue without 

interruption.

Four types of Azar Dry - Stack BlockTM construction are used depending upon type of 

construction and loading.  These are: 
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1. GROUTED.  For walls of moderate height, when load resistance can be provided by 

flexural tensile strength created by filling cells with grout, walls may be designed as 

unreinforced masonry.  In some cases, although not accounted for in the design, minimal 

�good practice� reinforcement around openings and at boundaries of walls may be 

advisable for crack control and added toughness of the construction. 

2. PARTIALLY GROUTED  (Unreinforced or Reinforced).  In cases where loading is 

relatively light, engineered design may show that individual vertical strips of grouted 

masonry can resist the load on these areas and adjacent areas of ungrouted wall.  Unless 

special provisions are adopted to prevent water penetration, this form of construction is 

typically not suitable for buildings used for human occupation.  Surface bonded coatings, 

siding and other architectural  covering can provide the required resistance to rain 

penetration.

3. GROUTED AND REINFORCED .  For walls requiring higher vertical or lateral 

load carrying capacities, filling the cells in the wall with grout and inclusion of vertical and 

horizontal reinforcement as required produces a reinforced masonry wall with properties and 

capacities very similar to other reinforced masonry construction.  Reinforcing requirements 

for earthquake resistance can also be satisfied. 

4. SURFACE BONDED. For lightweight economical construction, use of surface 

bonding can be effective in resisting moderate loading conditions.  Because of the fiber 

reinforcing on both faces of the construction, this is typically superior to unreinforced 

masonry and shares many of the desirable behaviour characteristics of reinforced masonry. 

1.2  ORGANIZATION OF THE DESIGN AND CONSTRUCTION GUIDE

To illustrate the main points in design and construction of grouted Azar Dry - Stack BlockTM

structures, this guide has been organized into 3 parts plus an Appendix. 

� Part 1 provides an explanation of this form of construction. 

� Part 2 deals with the development and justification of the design approach. 

� Part 3 provides advice on construction practice. 

The Appendix contains design tables introduced in the text but presented separately for ease 

of reference. 
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Part 2

DESIGN OF AZAR DRY - STACK BLOCK TM  CONSTRUCTION

2.1  INTRODUCTION

This section contains the background to and examples of design methods for grouted 

construction with Azar Dry - Stack BlockTM.  Test data available from References 7, 8 and 9 

is used as the basis for development of the design methods for the cells in the units filled with 

grout with and without reinforcement.  Where data is lacking, conservation assumptions are 

introduced which allow this form of construction to be used with full confidence for specified 

applications.  Future testing will allow these conservative design methods to be relaxed and 

more of the inherent strength of the Azar Dry - Stack BlockTM construction to be utilized.

To simplify design and to use procedures familiar to designers, simple rules of design and the 

engineered approach in the MSJC design code (Ref .12) are followed where this practice 

leads to conservative designs.  The decision to adopt this approach was made to minimize the 

requirement for designers to learn new design methods.  Although this again results in larger 

factors of safety than normally required for masonry construction, the design of low rise 

construction is seldom controlled by the capacity of the masonry.  Therefore, in most cases, 

using a less conservative approach would not result in large cost saving.  The exception to 

this approach is that higher tensile strengths may be used based on the test data. 

2.2 LIMITS ON THE USE OF AZAR DRY-STACK BLOCK TM  MASONRY 

CONSTRUCTION

As can be seen from review of the test data in References 7, 8 and 9, walls constructed with 

Azar Dry - Stack BlockTM can have strengths similar to or in excess of those for standard 

masonry.  In the long term, there is every reason to think that this form of construction can be 

used without special restrictions.  However, as with the development of most new building 

products, it is wise for the producer to self-impose some limits on use, irrespective of the 

reserve capacities, when the product is first introduced into the field.  As additional field 

experience is gained, it is anticipated that these limits will be relaxed. 
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Azar Group of Companies has self-imposed the following limits on construction: In certain 

cases, strength requirements may be more restrictive than these limits.  Also, design using 

simple rules will be more restrictive. 

Grouted:   Limited to basements with heights not more than 8 ft, 

cantilever retaining walls with heights not more than 5 ft, single story buildings with heights 

not more than 15 ft, 3 story buildings with a maximum height of 32 ft - 8 in. 

Grouted and Reinforced: Limited to basement heights not exceeding 10 ft - 8 in., 

cantilever retaining walls not exceeding 8 ft - 8 in., single story buildings with heights not 

exceeding 20 ft, 4 story buildings with heights not exceeding 40 ft - 8 in. 

Surface Bonded:  Limited to  basement heights not more than 8 ft with 6 ft. 10 in. 

soil height, cantilever retaining walls not exceeding 5 ft. - 2in. single story building with wall 

heights not exceeding 16 ft. and 2 story buildings with heights not exceeding 20 ft. 

2.3  DESIGN IN ACCORDANCE WITH SIMPLE RULES

For minor buildings and single family housing not requiring engineered design, normal 

design and construction practices for concrete block construction can be applied using the 

additional information provided below.  (Alternatively, design in accordance with the MSJC 

code can be used as discussed in the next section.) 

2.3.1  Wall Design: For construction using simple rules for non-engineered buildings, the 

construction basically falls into one of five types briefly described below: 

1)  Foundation Walls: 

Grouted Azar Dry - Stack BlockTM construction can be used where foundation walls are 

backfilled on both sides and do not extend more than 4 ft above grade.  Otherwise, Grouted 

and Reinforced or Surface Bonded construction should be used. 

2)  Basement Walls with Well Drained Soils and No Surcharge Load 

a) Grouted.  For well drained soil, the grade may be 6 ft - 5 in. above the basement floor for 

an 8 ft basement. 

b) Grouted and Reinforced.  The grade may be 7 ft - 4 in. above the basement floor for walls 

up to 8 ft - 8 in. high.  No. 7 vertical bars spaced at 40 in. are required.  The entire wall 

should be grouted for basement construction. 

c) Surface Bonded.  The grade may be 6 ft. - 10in. above the basement floor for 8 ft. high 

walls.



9

3) Retaining Walls 

a) Grouted.  The height should not exceed 4 ft for fully grouted walls. 

b) Grouted and Reinforced.  Centrally placed No 6 reinforcement at 24 in.  spacing in fully 

grouted walls, the height should not exceed 6 ft. 

c) Surface Bonded.  The height should not exceed 5 ft. 

4) Exterior Above Grade Walls and Internal Loadbearing Walls 

Like standard masonry, construction of Grouted (and Reinforced) Azar Dry - Stack BlockTM

construction using simple design rules is limited to a wall height of 20 times the effective 

wall thickness (i.e.  11 ft - 4 in.).  Minimum reinforcement may be recommended to be used 

as good practice in seismically active areas, for tall walls and for three-story buildings. 

Surface bonded masonry may be used for heights up to 10 ft. 

5) Internal Partitions (Internal Nonloadbearing Walls) 

Grouted Azar Dry - Stack BlockTM construction can be used for internal partitions with a 20 

ft. vertical or horizontal span.  Surface bonded construction can be used for vertical or 

horizontal spans of 12 ft. 

2.3.2  Hold Down of Roofs: Air flow over the surface of a roof can cause high suction 

pressures which, combined with development of positive pressure inside the building, can 

tend to lift the roof off of the building.  Therefore, the roof anchors must be anchored a 

sufficient distance down the wall to pick up enough weight to hold down the roof.  This is 

illustrated in Figure 2.1.  For surface bonded masonry, strap anchors should be fastened to 

the wall at sufficient distance below the roof to ensure adequate hold down. 

Figure 2.1 Hold-Down Anchor For Steel Joists
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2.3.3  Design: Design using the simple rules is prescriptive and need only follow standard 

practice supplemented by the information provided above.  An alternative which still 

employs very simple design procedures, is to use the Empirical Design for Unreinforced 

Masonry section of the MSJC code which provides additional guidance for special features. 

2.4  DEVELOPMENT OF INFORMATION FOR ENGINEERED DESIG N OF 

GROUTED AND GROUTED AND REINFORCED CONSTRUCTION 

2.4.1 Design in Accordance with the MSJC Code: The test data clearly shows (References 

7, 8 and 9) that the strengths of grouted and grouted and reinforced Azar Dry - Stack BlockTM

construction exceeds the strengths required of conventional masonry.  Therefore, the design 

provisions of the MSJC code may be used directly.  However, an effective wall thickness of 

6.8 in. based on the actual bearing area  should be used for design calculations involving 

grouted and grouted and reinforced construction to allow for the reduction in wall thickness 

at the bed joints.  In all cases of compression, flexural tension and shear, allowable stresses in 

MSJC are significantly lower than test values divided by a standard safety factor of 3.0. 

Although higher allowable design values are justifiable, use of the MSJC approach to design 

has the advantage of familiarity to designers.  An allowable stress in the steel of 24,000 psi 

for Grade 60 reinforcement was used.  For compressive strength, f�m , the average value 

based on prism tests was used for design aids 

2.4.2 Design in Accordance with the MSJC Code Modified to Use Masonry Strengths 

Determined by Tests:

2.4.2.1  Effect of Block Strength: For an average compressive strength of concrete block of 

4200 psi, the prism compressive strength, f�m, was found to be 2743 psi.  Therefore, for 

compression controlled capacities, the use of lower specified block strengths must be 

accounted for by multiplying the prism strength by the ratio of the specified block strength 

divided by 4200 psi.  The same approach is applicable to calculation of modulus of elasticity, 

Em.

The following factors apply for 2500, 3000 and 3500 psi specified block strengths: 

For 2500 psi block, �% = 0.59 

For 3000 psi block, �% = 0.71 

For 3500 psi block, �% = 0.83. 
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2.4.2.2 Effect of Flexural Tensile Strength: The flexural tensile strength of masonry 

(sometimes referred to as modulus of rupture) is generally set at quite a low value for design 

of conventional masonry because of high variability associated with bond between mortar 

and the masonry units.  For grouted masonry, the results are much more consistent and, as 

indicated in Ref. 7, the average strength for tension normal to the bed joint was found to be 

276 psi.  Since 1/3 of this  value (92 psi) for working stress design is higher than the 68 psi 

allowable flexural tensile stress in the MJSC code, it is used as it takes advantage of the large 

continuous grout area. 

The cylinder compressive strength of the grout at 28 days was only 2600 psi which is not 

difficult to achieve and, therefore, use of lower strength grout is not recommended.  For 

small variations in grout strength, decreasing the tensile strength in direct proportion to grout 

strength would be conservative for design. 

2.4.2.3 Effect of Shear Strength: Shear strength of 261 psi (Ref. 8 and 9) justify allowable 

stress design values of 87 psi which is much higher than the allowable stresses in MSJC.  

However, for simplicity and convenience use of MSJC values are adopted. 

2.4.2.4 Design Methodology: 

Grouted Unreinforced Walls.  Linear elastic analysis is appropriate for unreinforced walls 

with capacity controlled by tensile stress.  As permitted in the MSJC code, the allowable 

tensile stress was increased by 1/3 for wind loading.  Hence, 

can be used where P, M = axial load and bending moment, respectively 
A = area of the cross section 
S = section modulus. 

The weight of the wall adds beneficial compression and was calculated as producing a force 

of 135.7 lb/ft3 in calculations. 
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For example, for a wall weight of Pd = 7 x 8/12 x 135.7 = 633 lb / ft mid-height of a 14 ft 

high wall (h = 14m), the wind pressure, p, that can be resisted is calculated from : 

Install Equation Editor and double-
click here to view equation.

p = 41.0 psf 

For externally applied axial compression, slenderness effects are checked using the 

appropriate formula to limit axial compression. 

Grouted Reinforced Walls.  Walls which do not exceed the tensile design stress specified in 

the code can be designed as unreinforced walls even if reinforcement is included for other 

reasons.  Seismic ductility requirements or the need for hold down or connecting 

reinforcement are examples where reinforcement may be present but not relied upon to resist 

combined axial load and out-of-plane bending. 

For walls which might crack under out-of-plane bending, reinforcement is required and 

although no minimum is specified in the MSJC code, a value of 0.00095 of the effective 

cross section, corresponding to No. 5 bars at 48 in. spacing, was used as minimum good 

practice.  For example, if Number 6 bars are spaced at 48 in. intervals, the maximum 

compressive width of 6t = 6 (6.8) = 40.8 in. results in a steel percentage of 

As / bt = 0.44 / (40.8 x 6.8) x 100 = 0.158 %.  For walls subject to axial compression, the 

additional bending moment caused by deflection of the wall or the potential for buckling is 

checked using equations which limit the axial load as a function of slenderness.  Unless 

otherwise noted, the reinforcement is assumed to be at mid-thickness of the wall.  

Calculations for reinforced walls are based on an allowable tensile stress of 24,000 psi for 

reinforcement designed for a nominal yield stress of 60 ksi.  The test data showed that the use 

of a masonry compressive strength of 2743 psi is slightly conservative and is appropriate to 

use.

2.4.3  Development of Design Aids: Design aids have been developed using the tensile 

strength discussed in Sec. 2.4.2.3.  The compressive strength of 2743 psi and modulus of 

elasticity of 3,310,600 psi were experimentally determined.  Empirically, based on the test 
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data, the effective cross-sectional area has been used in the design for both tensile and 

compressive strength. 

2.4.3.1  Design of Basement Walls:  As stipulated in ASCE 7, a soil pressure equal to that 

introduced by a fluid pressure of 35 lb/ft3 was used for calculation of bending stresses due to 

pressure from a well drained sandy soil.  Considering the basement wall to be simply 

supported at the level of the basement floor and the first floor, the location and magnitude of 

the maximum moment were calculated for particular heights of walls and depths of soil.  The 

influence of self-weight of the basement was calculated for the location of the maximum 

moment.  Table A.2 contains the acceptable soil height for various basement wall heights 

using this approach.  Although Table A.2 includes basement heights up to 16 courses, non-

engineered construction is normally limited to a height of 8 ft beyond which engineering 

calculations should be performed.  The presence of surcharge or undrained soil conditions 

will necessitate direct calculation by the designer. 

Where reinforcement becomes necessary and the bar size and spacing are shown in Table 

A.2.  Smaller bars at closer spacing to provide at least the same total area of reinforcement 

can be substituted for the reinforcement shown. 

2.4.3.2  Design of Cantilever Retaining Walls:  Similar to basement walls, a soil pressure 

equal to 35 lb/ft3 was used to calculate bending stresses in free standing cantilever retaining 

walls.  Drained soil conditions and adequate footings to resist overturning were assumed.  

Table A.3 summarizes the minimum amount of reinforcement required to satisfy various soil 

depths.  The influence of wall self-weight was included at the position of the maximum 

moment.  Areas of minimum reinforcement are presented for steel placed at the mid-

thickness of the wall, and for steel that is offset toward the side next to the soil to maximize 

the internal couple.  For the offset bars, the minimum cover of 2 in. for masonry in contact 

with soil was used, as specified in the MSJC code.  To achieve this, the open recess in the 

bed joint must be parged for the case of reinforcement offset towards the soil. 

2.4.3.3  Design for Walls Subjected to Combined Axial and Wind Load:  Table A.4 

summarizes the minimum area of reinforcement for walls subjected to various axial loads 

apploed to the top of the wall ranging from 500 lb / ft to 8000 lb / ft and for various total 

wind pressures ranging from 20 lb/ft2 to 40 lb/ft2.  The influence of self-weight at mid-height 

of the wall is included in the calculations.  When reinforcement is required for strength, the 
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size and spacing of reinforcement is indicated.  This reinforcement satisfies the minimum 

area of reinforcement of 0.095% of the effective section.  Slenderness effects  have been 

checked but do not control for the low levels of axial compression.  Table A.4 includes walls 

having unsupported spans of up to 20 ft between the top and bottom supports.  This is a 

satisfactory approach for engineered masonry.  However, design using simple rules and other 

empirical design provisions is normally limited to height to thickness (h / t) of 20 or 

11 ft. 4 in. 

2.4.3.4  Development Lengths for Reinforcement:  Table A.5 contains the basic 

development lengths calculated in accordance with the MSJC code. 

2.4.3.5  General Comments on Design:   Test data shows that grouted Azar Dry - Stack 

BlockTM construction with and without reinforcement performs similar to conventional 

masonry.  Hence good design practices such as reinforcing around openings, connecting 

intersecting walls and proper distribution of load shared between several walls can be 

followed.  Ductile behavior required for earthquake loading conditions has been investigated 

using cyclic loading at displacements up to 6 times the displacement at initial yielding of 

reinforcement.  Even though fairly high percentages of reinforcement were used in the tests, 

stable hysteresis loops indicated very little degradation of capacity with increasing ductility 

demand.  The observed response was similar or better than observed for conventional 

reinforced masonry.  Therefore, loading associated with conventional reinforced masonry 

should be used for in-plane loading conditions.  Similarly, for out-of-plane bending of walls, 

ductility similar to conventional reinforced masonry was observed and can be used. 

2.5 DEVELOPMENT OF INFORMATION FOR DESIGN OF SURFAC E 

BONDED CONSTRUCTION 

2.5.1  Design in Accordance with the MSJC Code: Based on the design provisions of AC1 

530-99/ACSE5-99/TMS 40Z-99, �Building Code Requirements for Masonry Structures�, 

the process for design is outlined below. 

2.5.2 Design in Accordance with the MSJC Code Modified to Use Masonry Strengths 

Determined by Tests:
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2.5.2.1 Effect of Block Strength:  For compression, the average prism compressive strength 

of  2920 psi was achieved with blocks having an average compression strength of 4840 psi 

using cross sections consisting of average face shell thicknesses of 1.32 in. including the 1/8 

in. thickness of surface bonding.  Conservatively, to ensure that variation in block strength 

does not compromise compressive strength of surface bonded construction, a guaranteed 

block strength of 4000 psi can be used to scale the masonry compressive strength to 2410 psi.  

This then is the 
Install Equation Editor and double-
click here to view equation.  value to use in determining compressive 

capacity.

2.5.2.2 Effect of Flexural Tensile Strength:  Test data gave tensile strength, based on a 

nominal average face shell thickness of 1.32 in. of 310 psi and 295 psi for tension normal and 

parallel to the bed joint, respectively.  Using a safety factor of 3, allowable flexural stresses 

for design are 103 psi and 99 psi, respectively for tension normal and parallel to the bed joint.  

Therefore, these values can be used in design in conjunction with 1.32 in. face shells since 

this thickness was the basis for establishing the original values. 

2.5.2.3 Effect of Shear Strength:  For shear due to out-of-plane loading, the shear mode of 

failure in the flexural tests of walls means that the superimposed load at failure can be used 

to determine the shear capacity.  Therefore, for an average failure load of 5.36 kips, the shear 

capacity for out-of-plane loading of surface bonded construction is 2.68 kips per 32 in. which 

converts to 1.00 kips/ft..  Typically, an allowable load value of a third of the ultimate strength 

would be satisfactory for allowable stress design.  Similarly for in-plane shear wall loading, a 

diagonal tension strength of 187 psi and a shear-slip strength of 84 psi can be factored as 

allowable stresses treating surface bonded masonry as unreinforced masonry. 

For in-plane shear, diagonal cracking under combined axial load and shear can be established 

from the diagonal compression tests.  The value of 187 psi will be conservative where 

additional axial compression normal to the bed joint would increase the resistance to sliding 

shear.  The shear capacity can be visualized as shear capacity of the surface bonding, VSB,

plus a friction component µfm where µ is the coefficient of friction and fm is compressive 

stress normal to the bed joint. 
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Alternatively, from the shear slip tests, a value of 84 psi was found.  When no axial 

compression existed along the bed joints and shear capacity was simply the capacity of the 

surface bonding layers without a significant shear friction component. 

Using the latter value as the basic shear capacity of the surface bonding, the diagonal 

compression data can be used to determine shear friction where the sliding shear stress, vdiag,

along the bed joint is equal to compressive stress, fm, normal to the bed joint for the 45� 

loading orientation.  Hence, 

vdiag = vsb + µ� v diag

187 psi = 84 psi= 0.56 MPa + µ (187 psi) 

µ = 0.55 

This confirms that use of µ = 0.45 as shown in the MSJC code is appropriate and, thus,

v =  
84
3

 +  0.45  f  =  28  +  0.45  fm m

2.5.2.4 Design Methodology:

Out-of-Plane Bending.  For bending with zero or low axial load 

M = S ft  where    
�> �@

S =  
12  (8)  -  (5.36)

12
1
4

=  (89.5  in / ft. )

3 3

3

    ft = 103 psi 

Allowable bending moment M = 768 ft-lbs/ft 

For Combined Axial Load and Out-of-Plane Bending.

For tension controlled cases 

m m tf  =  -  
P
A

 +  
M
S

      check f f�d

 A = 31.65 in2/ft. 
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For compression controlled case. 

a

a

b

b

f
F

 +  f
F

  1�d

where fa = P/A 

a
m
’ 2

F  =  f
4

 1 -  
h

140
 r   for  

h
r

  99�§
�©�¨

�·
�¹�¸

�§

�©
�¨
�¨

�·

�¹
�¸
�¸ �d

h = wall height 

r =  I/ A  =  3.36  in.

fb = M/S 

b
m
’

F  =  f
3

 =  803 psi

Also P �– eP
4

, where 

e

2
m

2

3

P  =  E  I

h
 1 -  0.577  

e
r

�S �§
�©�¨

�·
�¹�¸

Em = 4100 MPa (600,00 psi) 

Check shear from fv = VQ
Ib

 to compare to allowable diagonal tension stresses 

and fv = V
A

�– 28 psi + 0.45 fm for shear-slip. 
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2.5.3 Development of Design Aids.

2.5.3.1 Design of Basement Walls:  Design for basement walls was based on a well drained 

soil producing an equivalent fluid pressure of 35 pcf (�� = 35 pcf).  Low superimposed axial 

compression loads such as from housing actually improve the resistance of walls to out-of-

plane bending such as caused by earth pressure.  Therefore, Table B.1 was conservatively 

created using no superimposed axial load and including self-weight of the wall at the point of 

maximum moment. 

Table B.1 lists the maximum depth of soil above the basement floor for various clear heights 

of basements measured between the basement floor and the bottom of the ground floor.  

There is no allowance for surcharge loading and more detailed calculations are required if 

vehicle or other loads are expected near the basement wall. 

2.5.3.2 Design of Cantilever Retaining Walls:   Based on well drained soil producing an 

equivalent fluid pressure of 35 pcf (�� = 35 pcf), no superimposed axial compression on the 

wall and no surcharge pressure on the soil, the maximum height of soil above the base of the 

wall is 62 in.

2.5.3.3 Design for Walls Subject to Combined Axial Compression and Bending Due to 

Wind Pressure:  Table B.2 contains the results of applying the MSJC design criteria 

discussed earlier.  The one-third increase in allowable stress permitted for bending due to 

wind was accounted for and the effect of the self-weight of the wall at mid-height was 

included.  Axial load is considered to be applied concentrically to the wall.  Allowable wind 

pressures are shown for various wall heights and levels of axial compression.  Interpolation 

between values in the Table is acceptable. 

For cases not covered in Table B.2, calculations can be performed for those specific 

conditions using the code provisions and stress values discussed earlier. 

2.5.3.4 Splicing and Anchorage of Surface Bonding:  Since the tests were done with 

overlapping of the fiberglass mesh by 6 in. at joints between separate sheets.  This practice 

should be continued in construction unless tests show that less overlap is effective. 
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2.5.3.5 General Comments on Design:  The test data shows that surface bonded Azar Dry-

Stack Block� construction performs similar to or better than conventional hollow block 

masonry construction.  The fiberglass replaces the need for mortar bond strength and is a 

much less variable strength.  An added value is that some ductility is introduced through the 

use of the surface bonding. 
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Part 3

CONSTRUCTION GUIDELINES AND DETAILS

3.1  INTRODUCTION

This part provides designers and builders with guidance on basic construction procedures and 

special details likely to be encountered in design.  Because of the explanatory nature of the 

material, it may not be suitable for direct inclusion in specifications.  However, it is 

suggested that mandatory requirements appropriate to the particular design can be easily 

extracted and reference can be made to this document for additional explanation. 

3.2  BUILDING WITH AZAR DRY - STACK BLOCK TM

3.2.1  Level Support for Azar Dry - Stack BlockTM Walls: For construction to progress 

smoothly and to maintain accuracy of line and vertical plumb, it is very important that the 

first course of Azar Dry - Stack BlockTM start on a smooth level bearing surface.  If the 

bearing surface of strip footings, on-grade slabs or floors is uneven or is not level, this must 

be corrected by one of the following methods: 

Small irregularities can be removed by hammer and masonry chisel. 

Where major irregularities or sloped surfaces occur, it is best to provide a new layer of 

concrete topping to produce a flat and level starting surface. 

Minor roughness and variations from level can be corrected by setting the first course in a 

mortar bed in much the same way as standard blockwork. 

Regarding the above, it should be emphasized that reasonable care in leveling and finishing 

the footing or supporting slab will eliminate any need for the above measures.  As is 

illustrated in Figure 3.1, the side forms for standard strip footings can be easily leveled and 

reasonable care in screeding will produce a sufficiently smooth surface. 

3.2.2  Footings for Azar Dry - Stack BlockTM :  Footings for walls should be designed for 

the applicable loading and soil conditions.  They should be placed on undisturbed soil or soil 

that has been properly compacted.  For low load and normal soil conditions, the 

recommended minimum requirements for a strip footing are shown in Figure 3.1(a).  For 

grouted and reinforced walls, dowels as shown should be used to connect the wall to the 

footing and generally match the location of vertical reinforcement.  Longitudinal 
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reinforcement, typically consisting of 2 - No. 5 bars, as shown in Figure 3.1(b), is often 

included in strip footings.  In basements, where the reaction to lateral soil pressure is 

provided by the basement floor, as shown in Figure 3.1(b), dowels are not required. 

Figure 3.1   Typical Footing Details

3.2.3  Preparation and Layout:  It is very worthwhile to ensure that pallets of blocks are 

strategically located close to the workers to reduce time spent carrying the blocks to the wall. 

Wall lines and corners should be established by transit and chalk lines can be snapped onto 

the support surface for alignment of the first course. [If metric construction is used, it is 

important to remember that the units are 406 mm (16 in.) long which results in a 406 mm not 

a 400 mm horizontal module.  It is very important that round off not be done when 

converting between metric and Imperial measurements.  For instance, a nominal 20 ft wall 15 

units long will actually be 6096 mm long.] The first course should be laid out to check that 

the support conditions are satisfactory and that the dimensioning has properly accounted for 

the modular nature of the units.  Although this should have been worked out at the design 

stage, it is sometimes possible to modify the design so that corners and openings coincide 

with the 8 in. module.  In cases where this is not possible, cutting of units will be required 

and details of this can be worked out so that appropriately cut units can be prepared to avoid 

slowing construction. 

For grouted construction, misaligned dowel bars should be bent into a position where they 

coincide with a cell in a unit.  To accommodate bending of the dowels, portions of the webs 

of blocks can be cut away using a masonry saw or skill saw with carborundum blade. 

3.2.4  Laying of Azar Dry - Stack BlockTM : The units are laid with the slot in the webs at 

the bottom.  During construction it is important to keep debris off the bed joint plane, 



22

otherwise the wall may begin to develop a vertical curvature.  In addition, as a unit is 

positioned, some small particles of concrete may be rubbed off of the units and fall on the 

bed joint surface.  Usually the force of placing the block will crush these particles.  

Otherwise, rubbing the block back and forth along the joint will wear down the material.  If a 

joint still is visibly open, the unit should be removed and the debris removed.  Although 

usually not necessary, unevenness of joints and rocking of units should be corrected using a 

thin layer of cement paste so that subsequent courses can be laid without need for 

adjustments. 

Provided that the construction is started on a level surface, use of a line and carpenters� 

level should be all that are required to keep the wall aligned vertically and horizontally.  In 

instances where the wall is accidentally laid out of line, this can usually be corrected by using 

a piece of wood to protect the wall and a heavy hammer to knock the wall back into line. 

Block should be laid in running bond with head joints aligned vertically every second course.  

Exact overlapping by half of a block will ensure that the webs and cells are aligned 

vertically.  Half units cut with a masonry saw are required at openings and ends of walls.  

The ends at openings must be formed to permit placing the grout and, in some cases, window 

or door bucks may be used as the forming material. 

If anchors, ties, air vents or any other materials are intended to attach to or pass through the 

wall, it is usually most efficient to drill, cut or box out at this stage of construction.  After 

completion of grouting, drilled in anchors and in-situ cutting or drilling can be done but is 

usually more costly than if done ahead of time. 

3.2.5  Grouting of Azar Dry - Stack BlockTM :  For grouted masonry in buildings intended 

for human occupancy, the grout mix should conform to the proportions specified by Azar 

Group of Companies as it contains a water reducing agent to improve watertightness of 

construction.  Sufficient water must be added to produce a very fluid grout normally with a 

slump of about 10 in. but not less than 8 in. [Note: It is incorrect to try to use a low slump 

concrete.  During placement, the concrete will become too stiff and complete filling of the 

voids in the wall will not be achieved.] To satisfy the design recommendations based on 

tests, the grout must have a cylinder compressive strength of at least 2600 psi at 28 days 

which is normally easily achieved.  Thus, a major emphasis should be on ensuring complete 

filling of the block cells. 
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Wall heights up to 8 ft - 8 in. may be grouted in a single stage.  It is recommended that this 

be done in lifts not exceeding 2 ft with the use of an internal poker type vibrator with each 

lift to ensure filling of the cells and compaction of the grout.  Because cells are not 

interconnected, it is necessary to separately fill each cell intended to be grouted.  Also, 

because some grout adheres to the sides of the cells during grouting, it is advisable to 

complete a stage of grouting once started.  Otherwise the grout adhering to the sides of the 

cells will harden and restrict later placement of grout in that region.  The bed joints at the 

tops of walls where additional courses are intended to be added should be protected from 

accumulation of grout. 

For wall heights greater than 8 ft - 8 in. or where low lift grouting is used, it is recommended 

that, as shown in Figure 3.2, grouting be stopped 4 in. below the top of the current grouting 

stage.  This avoids having a cold joint at the same level as the bed joints.  For unreinforced 

grouted construction which rely on the tensile strength of the grout for bending capacity of 

the wall, cold joints must be avoided in regions of high bending.  Any debris should be 

removed prior to grouting new lifts.  Immediately following grouting, the exposed top 

surface of the blocks should be brushed clean of all grout.  Use of a large rectangular funnel 

to fill the cells can reduce the amount of accidental spillage.  Alternatively, steel studs or 

other similar products can be placed over the face shells to protect the bed joint. 

Figure 3.2   Top of Pour at Intermediate Stage of Grouting

3.2.6  Placement of Reinforcement:  To be effective, steel reinforcement must be 

completely encapsulated in grout including 2 in. cover when the wall is in contact with soil.  

This ensures corrosion protection for the steel and bond to cause the reinforcement and 

masonry to act together.  Vertical reinforcement may be place after the wall is constructed if 
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suitable positioners are incorporated into the construction.  Generally the reinforcing bars 

should be positioned in the middle of the wall.   

Vertical reinforcement placed prior to laying the blocks should be tied in position as 

successive courses and horizontal reinforcement are placed.  This method of construction 

requires that block in every second course be lifted over the reinforcement but, because 

mortaring is not required, this practice is not as labour intensive as with traditional masonry.  

Splicing shorter lengths of reinforcement is an option which will reduce construction 

difficulties but require extra weight of reinforcing.  For tension splices, the calculated 

development lengths based on grout strength of 2600 psi, are provided in Table A.5.  This 

must be increased by 1/3 for splices in the tension zone and termination of reinforcement in 

the tension zone must satisfy the special provisions of the MSJC code. 

Horizontal reinforcement can be placed in the horizontal slots formed between the webs in 

successive courses. 

3.2.7 Application of Surface Bonding:  The use of fiberglass mesh ensures that the 

strength developed by the fiberglass is constant regardless of small variations in thickness of 

the surface bonding parging.  Therefore, the key requirement of the modified portland 

cement parging is to ensure full bond to the block, ensure full embeddment of the mesh and 

fill bed joint indentation and other grooves in the face shells.  A minimum thickness of 

0.08 in. is normally necessary and this generally has to be increased slightly where the mesh 

is lapped.  Therefore, a thickness of 1/8 in. is frequently encountered. 

The usual construction process is to trowel or spray a thin layer of surface bonding parging 

on the wall and then press the mesh into this layer.  Joints between sheets of mesh shall be 

lapped 6 inches.  A second layer of surface bonding parging is applied to totally encase the 

mesh.  After this has hardened, a colored and textured surface finish coat can be applied to 

create an architectural finish.

Manufacturers instructions for the surface bonding materials should be followed.  It is 

particularly important that surface preparation (clean and dry surfaces) and temperature be 

appropriate for proper bonding of the modified portland cement parging. 

At the base of retaining walls and at some other locations, the strength of the joint between 

the surface bonded wall and the adjoining construction (eg. footing) may be critical.  At these 
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locations, either use of grouting and reinforcement  or lapping of the surface bonding across 

the joint must be designed and detailed to create the desired continuity. 

3.3 MOISTURE AND THERMAL EFFECTS 

3.3.1  Rain Penetration:  Azar Dry - Stack BlockTM walls for buildings with human 

occupancy should be reasonably resistant to rain penetration but some form of protective 

covering on the exterior of the wall may increase water resistance, particularly at 

intersections with other elements.  As shown in Figure 3.3, a simple and efficient covering is 

a surface bonding matrix which can have an architecturally pleasing finish.  Surface bonding 

can satisfy this function.  Various types of siding and brick veneer are other alternatives.  For 

both of the latter, attachment of wood or metal furring strips to the exterior of the wall is 

recommended to create an air space and to provide a mounting platform for nails or screws. 

Because grouted or surface bonded construction is relatively air tight, joints with other 

elements are the main concern for air leakage causing water that reaches the air space to be 

carried into and through the wall by air infiltration.  The air barrier discussed in the next 

section can prevent air flow which may carry water through the joints. 

3.3.2  Air Barrier:   Air barriers are required on all conventional block walls because the 

concrete in the blockwork is relatively porous.  For Azar Dry - Stack BlockTM walls, full 

grouting helps make the masonry air tight and air barriers are required mainly to seal 

intersections where other building elements penetrate or attach to the masonry wall.  In 

addition, an air barrier is essential for winter conditions to prevent exfiltration of air.  Warm 

moist air passing through the joints in the wall can result in condensation which can cause 

structural damage and serviceability problems.  Unless exterior insulation is provided, 

interior placement of air and vapour barriers is generally most appropriate as shown in Figure 

3.3(b).

In addition to caulking and other types of sealing, a combined thermal, air and vapour barrier 

system can be designed to perform this function.  These alternatives are illustrated in Figure 

3.3 for cases with insulation on either side of the exterior or the interior of the wall.  Because 

the air barrier will likely also have some vapour barrier properties, it should either be located 

on the warm side of the insulation or should be accompanied by a vapour barrier that is on 

the warm side of the insulation. 
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It is very important that air barriers are effectively joined to floors, roofs and frames around 

openings.

Figure 3.3   Locations of Air Barriers, Vapour Barriers and Insulation

3.3.3  Vapour Barrier:  Diffusion of water vapour through materials thereby causing 

condensation within the wall is not normally thought to be as significant as condensation due 

to air movement.  Nonetheless, provision of a vapour barrier on the warm side of the 

insulation is necessary.  As shown in Figure 3.3, in some cases the air and vapour barrier 

functions can be provided by the same element.  Polyethylene sheet, painted drywall, some 

types of plastic insulation, and asphalt or rubber based membranes are examples of vapour 

barriers.

3.3.4  Thermal Insulation:  For either cold or hot climates, the thermal insulating 

contribution of block walls is a relatively small fraction of the normal requirement.  

Therefore a layer of insulation is generally necessary.  In most applications, the most 

effective location of the insulation is on the outside of the wall (Figure 3.3a).  This keeps the 

wall warm in winter and cool in summer and allows the thermal inertia (mass) of the wall to 

help even out the daily variations in temperature in all seasons. 
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Various outsulations systems can be used where the insulation must be adequately fastened 

to the outside of the block wall and held tight to the wall to prevent circulation of air around 

the insulation which would greatly reduce the insulating value.  For this reason, in addition to 

mechanical fasteners, it is often effective to use a grid of adhesive to adhere the insulation to 

the wall. 

The insulation can be protected by some type of stucco type finishes or various siding 

materials or veneers. 

Although theoretically not as ideal, location of insulation on the inside of the wall can be 

effective in providing a comfortable living environment.  This has the advantage that services 

can be placed in the insulation space.  For this type of construction it is very important that 

the vapour barrier be on the warm side of the insulation and that the wall be airtight. 

3.4  BASEMENT CONSTRUCTION

For basement construction, the basement floor must provide resistance to horizontal earth 

pressure.  For well drained soil conditions, the use of water repellent additives in the concrete 

for the block and in the grout have been shown by Azar Group of Companies to allow 

effective drainage without incurring water penetration.  Normal good practice such as sloping 

ground away from the foundations and proper filling around the drainage tile at the footing 

need to be followed. 

Thermal insulation is also required and depending on builder preference and local practice 

may be located on either the inside or outside of the wall.  Prior to backfilling, the ground 

floor must be installed to provide support at the top of the basement wall.  Use of an 

anchored base plate, and wood joists, such as shown in Figure 3.4(a), for anchorage of a roof 

is the most usual method of support.  As shown in Figure 3.4(b), a ledger beam and joist 

hangers may be more appropriate when the wall is continuous for several storys.  Use of fire 

cut joists inserted in slots in the wall is possible but requires much more preparation. 
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Floor and roof systems composed of open web steel joists, poured in place concrete, and 

precast prestressed concrete planks can all be anchored to Azar Dry - Stack BlockTM walls 

using reinforcement grouted into the cells of the block as was shown in Figure 2.1. 

Figure 3.4  Typical Details for Support of Wood Floors and Roofs
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APPENDICES A & B 

DESIGN TABLES 

Table A.1 Properties of Fully Grouted Azar Dry - Stack BlockTM  Masonry

Individual Materials    

Average Block Strength * (COV = 8.4%) 4200 psi 

Block Density 129.7 lb / ft3

Net Area of Block at Mid-height 68 in.2

Grout Cylinder Strength (minimum strength) 2600 psi 

Fully Grouted Masonry Assemblage 

Cross Sectional Area  81.6 in.2 / ft 

Moment of Inertia 314 in.4 / ft 

7 days 2105 psi Average Compressive Strength 

28 days 2743 psi 

7 days 3.08 x 106 psi Modulus of Elasticity of 

Grouted Masonry 
28 days 3.31 x 106 psi 

Normal to Bed Joint 

(COV = 3.8%) 

276 psi Modulus of Rupture 

Parallel to Bed Joint 

(COV = 1.0%) 

360 psi 

* For engineered design, the values of masonry compressive strength and modulus of 

elasticity should be decreased proportionally if block weaker than 4200 psi is used.  Increases 

in these values for stronger block are not applicable without testing. 
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Table A.2: Maximum Soil Depth and Reinforcement Schedule for Basement Walls

Reinforcement Required 

(bar size @ in. spacing) 
No. of 

Courses

Wall

Height

Maximum

Soil Depth 

for

Unreinforced
Soil Depth (in.) 

(in.) (in.) 80 92 104 116

11.5 92 79 #6 @ 48 #5 @ 24 - -

12 96 77 #5 @ 32 #5 @ 24 - -

12.5 100 76 #5 @ 32 #6 @ 32 - -

13 104 76 #5 @ 32 #7 @ 40 #8 @ 32 -

13.5 108 75 #6 @ 48 #7 @ 40 #8 @ 24 -

14 112 74 #6 @ 40 #8 @ 40 #8 @ 24 -

14.5 116 73 #6 @ 40 #8 @ 40 #7 @ 16 #7 @ 8 

15 120 73 #6 @ 40 #8 @ 40 #7 @ 16 #8 @ 8 

15.5 124 72 #6 @ 40 #8 @ 40 #8 @ 16 #8 @ 8 

16 128 72 #6 @ 40 #8 @ 40 #8 @ 16 #8 @ 8 

Based on well drained soil producing an equivalent fluid pressure of 35 pcf. 

  (Masonry f� m = 2743 psi, Steel fy = 60 ksi) 
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Table A.3: Minimum Area of Reinforcement for Cantilever Retaining Walls

Soil

Depth

Minimum Reinforcement 

(# @ in. spacing) 

in. Bar

Centered

Bar Offset* 

60 unreinforce

d

unreinforced

64 #6 @ 40 #5 @ 40 

72 #6 @ 24 #5 @ 32 

80 #8 @ 16 #6 @ 32 

88 - #7 @ 32 

96 - #7 @ 16 

104 - #8 @ 8 

Bar centered = bar placed in center of wall 

* Bar offset 1.4 in. from center of wall toward face against soil.

To provide adequate cover, the recess along the bed joint should 

be parged. 

Based on well drained soil producing an equivalent fluid pressure of 35 pcf. 

  (Masonry f� m = 2743 psi, Steel fy = 60 ksi) 
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Table A.4: Minimum Wall Reinforcement for Combined Axial and Wind Loads+

(# bar @ in. spacing)

Wall

Height

Wind

Pressure

    Superimposed Axial Load (lb / ft) 

in. psf 500 1000 2000 3000 4000 6000 8000

�– 176 �–40 - - - - - - -

�–35 - - - - - - -192

40 6 @ 40 5 @ 32 5 @ 48 - - - -

�–30 - - - - - - -

35 6 @ 40 5 @ 32 5 @ 40 - - - -

208

40 6 @ 32 5 @ 24 5 @ 32 5 @ 40 5 @ 48 - -

�–25 - - - - - - -

30 6 @ 40 6 @ 48 5 @ 48 - - - -

35 6 @ 32 6 @ 40 5 @ 40 5 @ 48 5 @ 48 - -

224

40 6 @ 24 7 @ 40 7 @ 48 6 @ 48 5 @ 48 5 @ 48 -

�–20 - - - - - - -

25 6 @ 48 5 @ 40 - - - - -

30 6 @ 32 6 @ 40 5 @ 40 5 @ 48 5 @ 48 - -

35 6 @ 24 6 @ 32 6 @ 40 5 @ 40 5 @ 48 5 @ 48 -

240

40 8 @ 32 7 @ 32 7 @ 40 6 @ 32 5 @ 32 5 @ 48 5 @ 48 

  (Masonry f� m = 2743 psi, Steel fy = 60 ksi) 

- Unreinforced construction is satisfactory for out-of-plane bending but minimum reinforcement 

may be required for other purposes 

+Interpolation is acceptable
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Table A.5 Development Lengths for Deformed Reinforcement

Bar

Size 

Development Length 

(in)

# 5 22.5

# 6 27

# 7 31.5

# 8 36

# 9 40.5

Increase development length by 1/3 for lap splices. 



35

APPENDIX B. Surface Bonded Grouted Azar Dry-Stack Block™ 

Table B.1: Maximum Soil Depth for Basement Walls

Wall Height 
(ft)

Wall Height
(in.)

Max. Soil Depth 
(in.)

8 96
104
112

82
80
78

10 120 77

**based on well drained soil producing an equivalent fluid pressure of 35 pcf and no 
superimposed axial load. 

Table B.2  Allowable Wind Pressures for Walls Subject to Combined 
Axial Load and Bending*

Wind Pressure (psf) 
Superimposed Axial Load (lb/ft) Height

(ft.)
Height
(in.) 500 1000 2000 3000 4000 5000 6000 7000 8000

8 96 31 50
 104 26 43 50       

 112 23 37 50       

10 120 20 32 50       

 128 17 27 44 50      

 136 15 24 38 50      

12 144 14 21 33 43 50     

 152 12 19 29 37 44 49 50   
 160 11 16 25 32 38 42 44 46 47 

14 168 10 15 22 28 33 36 38 39 39 
 176 9 13 20 25 28 30 32 32 32 

 184 8 12 18 22 24 26 27 27 26 

16 192 7 11 16 19 21 22 22 22 20 

*Walls are considered to be simply supported and the effect of self-weight of walls at mid-
height was included in determining allowable wind pressures.


