
 

 

 

*Amended* Agenda 

Board of Trustees 

Regular Meeting 

Location: The Center for Advanced Technical Studies, Multipurpose Room 

Video Livestream: https://lexrich5.rev.vbrick.com/#/webcasts/boardmeeting 

 

 

July 12, 2021 

 

 

1. Call to order at 5:30 p.m. 

 

2. Approval of the agenda 

 

3. Enter Executive Session to consider the following: 

  a.   Selected employment items (Exhibit A) (Action) 

  b.   Selected employment items (Exhibit B) (Information Only) 

c.   Contractual matter regarding consultation services to review the district’s 

      organizational structure to increase efficiency  

d.   Legal advice regarding Board Policy BCA “Board Member Code of Ethics”, Board 

      Policy BDD “Board-Superintendent Relationship”, and Board Policy AE  

     “Accountability/Commitment to Accomplishment”  

e.   Legal advice regarding water, sewer, deeds and easements at Piney Woods 

      Elementary School (Exhibit C) 

    

4. Call to order at 7:00 p.m. 

 

5. Welcoming remarks – Jan Hammond, Board Chair 

   

6. Invocation – Nikki Gardner, Board of Trustees 

 

7. Pledge of Allegiance – Nikki Gardner, Board of Trustees 

 

8. Superintendent’s Report 

  1.   Strategic Planning 

• Vision and Mission 

2.   Reentry and ESSER Update  

3.   Monthly Financial Reports (Exhibit D)  

 

9. Approval of the minutes of the June 28, 2021 board meeting 

 

10. Public Participation* 

 



ACTION AGENDA 

 

11. Action as Necessary or Appropriate on Matters Discussed in Executive Session 

 

12. Substitute Staffing Contract (Exhibit E) 

 

13. Follow-up discussion regarding parents’ and students’ safety concerns across the district 

 

DISCUSSION AGENDA 

 

14. Discussion of results of engineering study of construction defects from 2008 bond referendum 

Chapin High School project (Exhibit F) 

 

15. Discussion regarding conducting both Special Financial and Operational Audits 

 

16. Board member requests for agenda items 

 

17. Adjourn 

 

INFORMATION AGENDA 

 

18. Information Only:  Title I, Title II, and Title IV Programs for 2021-2022 

 

19. The next regular scheduled board meeting will be August 9, 2021 at The Center for Advanced 

Technical Studies. 

 

 

 

 
*The Board welcomes and encourages public participation.  We respectfully ask that you adhere to the procedures 

and the decorum provided in board policy BEDH “Public Participation at Meetings”.  Your comments should be 

limited to three minutes.  Questions asked during  public participation will be handled in accordance with board 

policy BEDH. 
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Columbia Area Office        Charleston Area Office 
1501 Chapin Road        3049 Old U.S. 52 
Chapin, SC  29036        Suite A-106 
(803) 260-4532 / (803) 422-7493       Moncks Corner, SC 29461 
          (843) 499-2756 
wmbeconsultants.com 

 
May 25, 2021 
 
Mr. Clay Cannon, PE, LEED AP 
Director of Facilities Operations 
School District Five of Lexington & Richland Counties 
1020 Dutch Fork Road 
Irmo, SC 29063 

Re:  Fee Proposal 
Consulting Services for Selective Building Envelope – Pre-Cast Coping Investigation & Written Report 
Chapin High School 
300 Columbia Ave.  
Chapin, SC 29036 

  
WMBEC Project Number – 2021-48 

 
Attachments:  1. Attachments 1 – 3, Aerial Plans Showing Areas of Coping Removal 
  2. Attachment 4, Contract Coping Detail 
  3. Attachments 5 - 8, Installed Coping Details (Where Coping Removed) 
  4. Attachments 9 - 12, Photographs of Coping Removal Locations 
  5. Attachments 13 - 16, Brick Industry Association, Technical Notes on Brick Construction 
     
Mr. Cannon, 
 
Per your request, WM Building Envelope Consultants visited the subject facility on May 19, 2021 to perform a 
visual inspection of the existing pre-cast coping system components in selective areas to determine if the pre-cast 
coping system was installed in general accordance with the design documents and to document any deficiencies 
found that could cause long term moisture intrusion issues. Removal and reinstallation of the pre-cast coping 
system was to be performed by School District Five of Lexington & Richland Counties personnel. 
 
I. GENERAL INFORMATION:  

 
1. The section of the facility that is the subject of this report was designed by Stevens and Wilkinson in 

approximately 2011 with construction beginning in approximately 2012. Installation of the pre-cast coping 
system likely occurred during 2013.  
 

2. WM Building Envelope Consultants was informed by School District Five of Lexington & Richland Counties 
personnel of the following during our investigation: 
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A. Widespread leaks were reported to have occurred on the interior face of walls throughout the 
areas where pre-cast coping system was installed. 

B. A waterproofing contractor was contracted to install sealant at all pre-cast coping joints and at 
the interfaces between the parapet wall and the pre-cast coping system (both sides).  
 

C. Since the sealant work has been completed, no widespread leaks have been reported. 
 

3. Drawing Sheet A431, Metal Panel Wall Section Details and Typical CMU Parapet & Roof Expansion Joint 
Details, of the Construction Documents was provided by School District Five of Lexington & Richland 
Counties for review and use during our investigation. Detail 1, Cast Stone Parapet Detail @ CMU & Brick 
and Detail 4, Cast Stone Parapet Cap @ Brick & CFMF from the drawing sheet were the focus of our 
investigation. 
  

4. Removal and reinstallation of the existing pre-cast coping system was performed by School District Five of 
Lexington & Richland Counties contractor personnel. Locations were selected in random locations which 
are shown on the attached plans (Attachment Nos. 1, 2, and 3).  
 

II. GENERAL FINDINGS:  
 

1. The condition of the existing pre-cast coping system appears good with darkening/staining occurring 
throughout which is typical of this type of porous material. 
 

2. Sealant has been installed at all pre-cast coping joints. 
 

3. The underside of the pre-cast stone coping system on both sides of the parapet wall has been 
continuously sealed.   
 

III. ORIGINAL PRE-CAST COPING REQUIREMENTS:  
 

1. As shown in the Construction Drawings, Detail 1, Cast Stone Parapet Detail @ CMU & Brick (Attachment 
No. 4), the following was required. 

 
A. The detail shows a parapet wall assembly consisting of a brick masonry veneer, a drainage cavity 

with 2-inch-thick rigid board insulation, a grout filled cement masonry unit (CMU) bond 
beam/back-up wall system with dampproofing, and sheet metal wall panels below a pre-cast 
stone parapet cap (coping). 
 

B. A continuous through wall flashing system is required under the pre-cast coping system. 
 

C. A sloped pre-cast parapet cap (coping) is required with a drip line on the exterior side of the 
coping system. 
 

D. A sheet metal drip flashing is required on the interior side of the parapet wall directly above the 
roof system to cover wall panels. No wall panels exist in the locations under review, however, an 
aluminum foil faced modified bitumen base flashing sheet was installed in lieu of metal wall 
panels.  

 

E. Dowels are required to be provided for the pre-cast coping system, but no spacing requirements 
are not indicated.  
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F. No weep system is indicated in the detail; however, it is still necessary to provide a weep system 
between the pre-cast coping system and the through wall flashing system to allow water 
entering the wall system to drain to the exterior (See Attachment No. 13, pages 2 and 4). 

 

IV. PRE-CAST COPING REMOVAL LOCATIONS:  
 

1. Coping Removal Location No. 1 (See Attachment No. 5) 
 

A. The section of coping removed at this location was approximately 12 inches wide.  
 

B. The wall assembly in this location consists of a brick masonry veneer, an approximate 3-inch 
cavity with extruded polystyrene insulation, a grout filled cement masonry unit (CMU) back-up 
wall system with dampproofing, and an aluminum foil coating modified bitumen base flashing 
sheet (in lieu of sheet metal wall panels as shown in the detail).  
 

C. Upon removal of the pre-cast coping system, it was noted that a self-adhering flexible 
waterproof membrane had been installed over the top of the wall assembly to serve as the 
through wall flashing system but stops well short of the outside faces of the parapet wall leaving 
the brick’s mortar cells exposed which allows direct access for moisture intrusion should water 
penetrate imperfections in the pre-cast coping system. This deviates from the requirements of 
Detail 1, Cast Stone Parapet Detail @ CMU & Brick of the Construction Document Drawing 
provided to us for review. Also, standard industry practice requires that the through wall flashing 
extend to the outside face of the wall system. If flexible membranes are used as through wall 
flashings, as is the case at Chapin High School, it is also recommended that sheet metal drip 
edges be provided. This was not incorporated on the outside face of the parapet (see 
Attachment No. 14, pages 9 and 10). 

 

D. Voids were evident along the self-adhering flexible waterproof membrane’s edges where the 
membrane terminates leaving direct access for moisture intrusion should water penetrate 
imperfections in the pre-cast coping system (see Attachment No. 14, pages 9 and 10).    

 

E. A trough existed in the self-adhering waterproofing membrane directly above the wall cavity. 
This can allow physical moisture to travel substantial lengths to possibly points of moisture entry. 
As stated in item C. above, when flexible membranes are used as through wall flashings it is 
recommended that sheet metal drip edges be provided. This helps in minimizing the sagging of 
the membrane by providing a support over the wall cavity. 

 

F. Removal of the pre-cast stone coping system revealed water staining on the self-adhering 
waterproofing membrane indicating water intrusion at some point in time. This is likely due to 
previous leaking; however, pre-cast copings are very porous and can allow some degree of 
moisture to enter the wall assembly. Moisture can also enter at cracks in the coping system or 
imperfections at coping system terminations.  

 

G. Dowel rods were not evident in the area where the pre-cast coping system was removed. Dowel 
rods are shown on the drawings, but no spacing information is noted.  

 

H. The extruded polystyrene insulation in this location did not extend to the underside of the self-
adhering waterproof membrane as shown in the detail but stopped approximately 7 1/2” short.  
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I. Moisture was noted to be present on the underside of the self-adhering waterproof membrane 
in this location. Without further investigation, the reason for the accumulation of moisture on 
the underside of the membrane could not be determined.  
 

2. Coping Removal Location No. 2 (See Attachment No. 6) 
 

A. The section of coping removed at this location was approximately 12 inches wide.  
 

B. The wall assembly in this location consists of a brick masonry veneer, an approximate 4-inch 
cavity with extruded polystyrene insulation, a grout filled cement masonry unit (CMU) back-up 
wall system with dampproofing, and an aluminum foil coating modified bitumen base flashing 
sheet (in lieu of sheet metal wall panels as shown in the detail).  
 

C. Upon removal of the pre-cast coping system, it was noted that a self-adhering flexible 
waterproof membrane had been installed over the top of the wall assembly to serve as the 
through wall flashing system but stops well short of the outside faces of the parapet wall leaving 
the brick’s mortar cells exposed which allows direct access for moisture intrusion should water 
penetrate imperfections in the pre-cast coping system. This deviates from the requirements of 
Detail 1, Cast Stone Parapet Detail @ CMU & Brick of the Construction Document Drawing 
provided to us for review. Also, standard industry practice requires that the through wall flashing 
extend to the outside face of the wall system. If flexible membranes are used as through wall 
flashings, as is the case at Chapin High School, it is also recommended that sheet metal drip 
edges be provided. This was not incorporated on the outside face of the parapet (see 
Attachment No. 14, pages 9 and 10). 

 

D. Voids were evident along the self-adhering flexible waterproof membrane’s edges where the 
membrane terminates leaving direct access for moisture intrusion should water penetrate 
imperfections in the pre-cast coping system (see Attachment No. 14, pages 9 and 10).    

 

E. A trough existed in the self-adhering waterproofing membrane directly above the wall cavity. 
This can allow physical moisture to travel substantial lengths to possibly points of moisture entry. 
As stated in item C. above, when flexible membranes are used as through wall flashings it is 
recommended that sheet metal drip edges be provided. This helps in minimizing the sagging of 
the membrane by providing a support over the wall cavity. 

 

F. Removal of the pre-cast stone coping system revealed water staining on the self-adhering 
waterproofing membrane indicating water intrusion at some point in time. This is likely due to 
previous leaking; however, pre-cast copings are very porous and can allow some degree of 
moisture to enter the wall assembly. Moisture can also enter at cracks in the coping system or 
imperfections at coping system terminations.  

 

G. Dowel rods were not evident in the area where the pre-cast coping system was removed. Dowel 
rods are shown on the drawings, but no spacing information is noted.  

 

H. The extruded polystyrene insulation in this location did not extend to the underside of the self-
adhering waterproof membrane as shown in the detail but stopped approximately 7” short.  

 

3. Coping Removal Location No. 3 (See Attachment No. 7) 
 

A. The section of coping removed at this location was approximately 12 inches wide.  
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B. The wall assembly in this location consists of a brick masonry veneer, an approximate 4-inch 
cavity with extruded polystyrene insulation, a grout filled cement masonry unit (CMU) back-up 
wall system with dampproofing, and an aluminum foil coating modified bitumen base flashing 
sheet (in lieu of sheet metal wall panels as shown in the detail).  
 

C. Upon removal of the pre-cast coping system, it was noted that a self-adhering flexible 
waterproof membrane had been installed over the top of the wall assembly to serve as the 
through wall flashing system but stops well short of the outside faces of the parapet wall leaving 
the brick’s mortar cells exposed which allows direct access for moisture intrusion should water 
penetrate imperfections in the pre-cast coping system. This deviates from the requirements of 
Detail 1, Cast Stone Parapet Detail @ CMU & Brick of the Construction Document Drawing 
provided to us for review. Also, standard industry practice requires that the through wall flashing 
extend to the outside face of the wall system. If flexible membranes are used as through wall 
flashings, as is the case at Chapin High School, it is also recommended that sheet metal drip 
edges be provided. This was not incorporated on the outside face of the parapet (see 
Attachment No. 14, pages 9 and 10). 

 

D. Voids were evident along the self-adhering flexible waterproof membrane’s edges where the 
membrane terminates leaving direct access for moisture intrusion should water penetrate 
imperfections in the pre-cast coping system (see Attachment No. 14, pages 9 and 10).    

 

E. A trough existed in the self-adhering waterproofing membrane directly above the wall cavity. 
This can allow physical moisture to travel substantial lengths to possibly points of moisture entry. 
As stated in item C. above, when flexible membranes are used as through wall flashings it is 
recommended that sheet metal drip edges be provided. This helps in minimizing the sagging of 
the membrane by providing a support over the wall cavity. 

 

F. Removal of the pre-cast stone coping system revealed water staining on the self-adhering 
waterproofing membrane indicating water intrusion at some point in time. This is likely due to 
previous leaking; however, pre-cast copings are very porous and can allow some degree of 
moisture to enter the wall assembly. Moisture can also enter at cracks in the coping system or 
imperfections at coping system terminations.  

 

G. Dowel rods were not evident in the area where the pre-cast coping system was removed. Dowel 
rods are shown on the drawings, but no spacing information is noted.  

 

4. Coping Removal Location No. 4 (See Attachment No. 8) 
 

A. The section of coping removed at this location was an end wall termination piece and was 
approximately 12 inches wide.  
 

B. The wall assembly in this location consists of a brick masonry veneer, an approximate 3-inch 
cavity with extruded polystyrene insulation, a grout filled cement masonry unit (CMU) back-up 
wall system with dampproofing, and an aluminum foil coating modified bitumen base flashing 
sheet (in lieu of sheet metal wall panels as shown in the detail).  
 

C. Upon removal of the pre-cast coping system, it was noted that a self-adhering flexible 
waterproof membrane had been installed over the top of the wall assembly to serve as the 
through wall flashing system but stops short of the outside faces of the parapet wall. This 
deviates from the requirements of Detail 1, Cast Stone Parapet Detail @ CMU & Brick of the 
Construction Document Drawing provided to us for review. Also, standard industry practice  
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requires that the through wall flashing extend to the outside face of the wall system. If flexible 
membranes are used as through wall flashings, as is the case at Chapin High School, it is also 
recommended that sheet metal drip edges be provided. This was not incorporated on either side 
of the parapet (see Attachment No. 14, pages 9 and 10).  

 

D. Voids were evident along the self-adhering waterproof membrane’s edges where the membrane 
terminates leaving direct access for moisture intrusion should water penetrate imperfections in 
the pre-cast coping system (see Attachment No. 14, pages 9 and 10).   

 

E. A trough existed in the self-adhering waterproofing membrane directly above the wall cavity. 
This can allow physical moisture to travel substantial lengths to possibly points of moisture entry. 
As stated in item C. above, when flexible membranes are used as through wall flashings it is 
recommended that sheet metal drip edges be provided. This helps in minimizing the sagging of 
the membrane by providing a support over the wall cavity. 

 

F. Removal of the pre-cast stone coping system revealed water staining on the self-adhering 
waterproofing membrane indicating water intrusion at some point in time. This is likely due to 
previous leaking; however, pre-cast copings are very porous and can allow some degree of 
moisture to enter the wall assembly. Moisture can also enter at cracks in the surround brick, 
coping system or imperfections at coping system terminations.  

 

G. A pre-cast coping securement system was noted at this location. The system observed was a 
horizontal dowel system that linked the coping caps together with a base plate that was secured 
to the bond beam below.  

 

V. CONCLUSION:  
 

In conclusion, the original installation of the pre-cast coping system is not in accordance with the details 
provided or the applicable industry standards (see Brick Industry Association attachments for general 
recommendations/requirements). The pre-cast coping system should have had a continuous through wall 
flashing system with sheet metal drips and a weep system provided on both sides of the parapet wall as a 
minimum. In my opinion and based on our experience with similar issues on similar projects, the lack of a 
continuous properly installed through wall flashing system is most likely the main contributor of water 
intrusion issues experienced prior to installation of the sealants.  
 
The repairs made using sealant, since original installation, is not considered a long-term repair and will be 
an ongoing maintenance issue. Once the sealants begin to deteriorate, usually within 7 - 10 years, as well 
as the occurrence of natural deterioration of the pre-cast coping system and surrounding masonry, you 
will likely begin to experience the same issues as before the sealant work was performed. In general, 
relying on sealant as the primary protection from moisture intrusion is not desired. Although sealant 
replacement can be performed when necessary, sealants become less effective each time that they are 
installed. The main issue generally observed is premature adhesive failure of the sealant because of 
surface contaminants and residues, etc. left behind by previous sealants and the lack of proper 
preparation of the surfaces to receive sealants. Other causes of sealants becoming less effective, which is 
not a sealant issue, is the natural deterioration of the pre-cast coping system and surrounding masonry 
surfaces. Deterioration of these components allow water to penetrate the surfaces and ultimately bypass 
the installed sealants.   
 
Unfortunately, to correct the problem long-term without changing appearance or current coping material, 
the pre-cast coping system would have to be removed and reinstalled along with a proper through wall 
flashing system with properly spaced weeps. This is considered a long-term repair that if installed properly 
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can provide many years of low maintenance service. These types of systems do, however, require regular 
cleaning to continue to be aesthetically pleasing.  
 
If changing appearance or current materials is not an issue, installation of a properly detailed sheet metal 
coping system could also be performed to correct the current issues. This is also considered a long-term 
repair that if installed properly can provide many years of low maintenance service.  

 
I have provided an aerial view, details, industry standards and representative photographs of our findings at the 
subject facility building for your reference.  
 
Should you need any additional information or have any questions specific to this report, please do not hesitate to 
give me a call. 
 
Additionally, if future assistance is needed WM Building Envelope Consultants can provide a fee proposal to 
generate a repair package that would include specifications, plan drawings, and job specific details for corrective 
measures desired. 
 
Thank You. 

 
Chris Waites 
Registered Waterproofing Consultant (RWC) 
Registered Roof Consultant (RRC) 
Registered Roof Observer (RRO) 
Construction Documents Technologists (CDT) 
South Carolina Accredited Commercial Energy Manager (SCACEM) 
EDI Level I EIFS Inspector 
EDI Level II Building Envelope Inspector 
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Photos - Coping Removal Location No. 1  

  

Interface of coping/parapet continuously sealed Interface of coping/parapet continuously sealed 

  

Coping Removal Location No. 1 Coping Removal Location No. 1 

  

Self-Adhering waterproof underlayment does not 
extend to outside face of wall. 

Self-Adhering waterproof underlayment does not 
extend to outside face of wall. 
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Underside of waterproof membrane wet Underside of waterproof membrane wet 
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Photos - Coping Removal Location No. 2  

  

Coping Removal Location No. 2 Self-Adhering waterproof underlayment does not 
extend to outside face of wall. 

  

Self-Adhering waterproof underlayment stops 
approx. 2.5 inches from edge of wall. 

Self-Adhering waterproof underlayment stops 
approx. 3 inches from edge of wall. 

  

Interface of coping/parapet continuously sealed. 
A trough exists in self-adhering waterproof 

underlayment.  
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Photos - Coping Removal Location No. 3  

  

Coping Removal Location No. 3 Brick mortar cells not covered. 

  

Trough and water staining evident. 
Self-Adhering waterproof underlayment does not 

extend to outside face of wall & not adhered. 

  

Self-Adhering waterproof underlayment does not 
extend to outside face of wall & not adhered. 

Self-Adhering waterproof underlayment does not 
extend to outside face of wall. 
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Photos - Coping Removal Location No. 4  

  

Coping Removal Location No. 4 Self-Adhering waterproof underlayment does not 
extend to outside faces of wall. 

  

Trough and water staining evident Water staining evident at crack in mortar joint 
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Technical Notes 36A - Brick Masonry Details, Caps and Copings, Corbels and Racking 
Rev [Sept./Oct. 1981] (Reissued February 2001) 

Abstract: Recommendations are provided for the development of successful details using brick masonry. 
Detailing of caps, copings, corbels and racking is specifically addressed. Performance, esthetic value and 
economics are the principal considerations in the develops meant of successful details. 

Key Words: brick, caps, connections, construction, copings, corbels, design, detailing, economics, esthetic 
values, function, performance, racking, structural stability. 

INTRODUCTION 

This Technical Notes is the second in a series that discusses brick masonry details. This Technical Notes will 
address the detailing of caps, copings, corbels and racking. Technical Notes 36 Revised addresses the detailing 
of sills and soffits. 

The recommended approach to detailing is covered in Technical Notes 36 Revised. While that Technical Notes is 
primarily for sills and soffits, it does provide the general approach applicable to all detailing. The following items 
should be considered in the development of a successful detail: 1. Functional considerations; 2. Esthetic value; 3. 
Construction considerations; 4. Economic considerations. 

DEFINITIONS 

Caps and Copings 

The definitions for cap and coping are entirely dependent upon which dictionary or glossary is used as a 
reference. In addition, there are other terms which are used interchangeably with them, such as water table, 
canting strip, and offset. For the purpose of this Technical Notes, the word "coping" applies to the covering at the 
top of a wall, and the term "cap" refers to a covering within the height of the wall, normally where there is a 
change in wall thickness. The other terms cited will not be used. 

Corbels and Racking 

A corbel is defined as a shelf or ledge formed by projecting successive courses of masonry out from the face of 
the wall. Racking is defined as masonry in which successive courses are stepped back from the face of the wall. 

CAPS AND COPINGS 

General 

The primary function of caps and copings is to channel water away from the building. The cap or coping may be a 
single unit or multiple units. They may be of several different materials. The tops may slope in one direction or 
both directions. Additionally, where caps are discontinuous, a minimum slope from the ends of 1/8 in. (3 mm) in 
12 in. (300 mm) should be provided, as shown in Figures 4 and 6 in Technical Notes 36 Revised. 

The esthetic value the designer wishes to achieve may come from the configuration of the element, its color, or its 
texture. Caps and copings normally do not serve any structural function, and do not present any major problems 
in their construction. 

Materials 
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Caps and copings can be constructed of several materials: brick, pre-cast or cast-in-place concrete, stone, terra 
cotta, or metal. It should be pointed out that because of their location in the structure, caps and copings are 
exposed to climatic extremes. This severe exposure must be of prime concern to the designer. Because caps and 
copings are subjected to extreme exposure, brick masonry may not be the best choice of materials. This is 
because caps and copings of brick require more joints than do those made of other materials. This provides more 
avenues for possible water penetration into the wall. If brick is the material selected, great care must be taken to 
provide for the movement to which the element will be subjected and also to make sure all joints are properly filled 
with mortar. Concrete, stone and metal caps and copings can be installed in relatively long pieces, thus requiring 
less joints than do those made from brick. 

Concrete, stone and terra cotta all have thermal expansion properties similar to those of brick masonry and 
normally present no extreme problems with differential movement when applied as caps and copings, if properly 
detailed. Metal has very different thermal expansion properties than brick masonry. Depending upon the metal 
used, its thermal expansion coefficient may be 3 to 4 times that of brick masonry. The designer should be aware 
of this and provide for this differential movement in the development of the details. Consideration must also be 
given to the drying shrinkage of the element if cast-in-place concrete is the material selected. 

If brick is the material chosen for the coping, it may be desirable in some applications to use a special shape to 
get a positive slope in two directions. In most applications, the slope should be only in one direction, with drainage 
onto the roof and not down the wall face. In such case, the coping can be built using regular shapes. 

Design 

The prime consideration in the design of caps and copings is the performance of the element in service. The 
designer must take into consideration the movement of the element, differential movement between the element 
and the wall, joint configuration and material, connection of the element to the wall, and type and location of 
flashings. 

The esthetic value of the detail should be evaluated. As with details of other elements, selection of material, color, 
texture and configuration will effect the esthetic value of the detail. The designer has a wide range from which to 
choose, but he must keep in mind that the performance should not be compromised to achieve esthetic value. 

The economic considerations are seldom a major consideration in the development of details for caps and 
copings. The material selected may have a minor effect on the economics of the detail. It affects the economics 
not only by its own costs, but also by the economics of installation. The economic considerations should not have 
a deleterious effect on the performance of the details in service. 

Details 

General. The function of caps and copings is to prevent the entry of water into the wall where the wall becomes 
partially or totally discontinuous vertically. Caps should have the top surface sloping downward, away from the 
face of the wall above. Copings may slope in one or both directions. In all cases, the slope should be a minimum 
of 15 degrees from horizontal. 

The caps should overhang the wall face on the exposed side. Copings should overhang the wall on both sides. 
The overhang should be of sufficient dimension so that the inner lip of the drip is at least 1 in. (25 mm) from the 
face of the wall. Since the function of caps and copings is to prevent moisture penetration, the fewer the number 
of joints, the more assurance that the detail will perform its function. 

Flashing and Weepholes. Flashings for caps and copings generally serve a different function from flashings 
used elsewhere in the structure. Flashing used with caps and copings has as its prime function the prevention of 
the entry of moisture into the wall. The collection and diversion of the water from the wall becomes a secondary, 
although important function. 

In order to properly anchor caps and copings to the wall, it may become necessary to penetrate the flashing with 
the anchor, see Figs. 1, 3, and 4. To prevent moisture from entering the wall, at these points, it is absolutely 
necessary that the penetrations be adequately sealed, or the flashing will fail to function as intended. 
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Precast Concrete or Stone Coping on Cavity Wall Parapet 

FIG. 1 

Coping for Cavity Wall Parapet 

FIG. 2 



 

 

 

 

  

 

   
   

 
  

   
    

     
  

 

  
 

  
  

   
  

   

Coping for Solid Masonry Parapet 

FIG. 3 

Rowlock Coping on Solid Masonry Parapet 

FIG. 4 

Flashings should be extended beyond the face of the wall and bent downward 1/4 in. (6 mm) to form a drip, as 
shown in Figs. 2, 5, and 6. Metal copings may also serve as flashings. It should be recognized that exterior 
flashings not contained within the wall serve the same functions as do interior flashing. Information on flashing 
materials is provided in Technical Notes 7A Revised. 

While the flashing for caps and copings may have a different prime function from normal usage, it is still 
necessary to provide weepholes immediately above the flashings to convey the water collected on the flashing 
out of the wall, unless exterior flashing is used. Weepholes should be spaced at a maximum of 24 in. (600 mm) 
o.c., unless wicks or hidden flashing are used. Then the spacing should be reduced to 16 in. (400 mm) o.c. 
maximum. 

Drips. Regardless of the material selected for caps or copings, drips should be provided. When brick caps and 
copings are used, the drip is the lowest point on the element, as shown in Figs. 4 and 7. When metal caps and 
copings are used, the drips can be formed by bending the material outward from the face of the wall, see Figs. 2, 
5 and 6. With heavy gauge metals, stone concrete or terra cotta caps and copings, the drip is either cut or formed 
in the bottom of the projection beyond the face of the wall, as shown in Figs. 1, 3, and 7. This drip can be in 
several configurations, and still perform. The important thing is that a drip be provided and that the inner lip be at 
least 1 in. (25 mm) from the face of the wall as shown in Figs. 1, 3, and 7. 
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Masonry Bearing Wall Coping 

FIG. 5 

Masonry Cavity Wall Coping 

FIG. 6 

Brick and Precast Concrete or Stone Caps 

FIG. 7 



   
  

   
   

    
   

     
   

   
 

      
   

  

   
   

    
 

 
     

 
 

    
    

    
   

  

  
     

 
    

 

  

 

   
  

    

Connections. Elements other than caps and copings require careful consideration of their connection to the 
structure for the structural stability of the element. In the case of caps and copings, the structural stability 
becomes secondary to the climatic considerations, such as moisture and temperature. Connections which are 
usually provided for structural purposes are generally rigid. Because of the diversity of materials used for caps 
and copings in conjunction with brick masonry walls, the connection in some cases should be of a flexible nature. 
Brick masonry, concrete, stone and terra cotta, respond to climatic conditions in much the same manner, and rigid 
connections can be used with little consideration of differential movement. Because of the dissimilarity of metal 
and brick masonry in their reaction to climatic conditions, the connections require some flexibility. 

Light gauge metal copings as shown in Figs. 5 and 6 should be nailed to the wall, and horizontal slots should be 
provided at nailing locations to prevent buckling of the coping due to thermal expansion. Metal caps and copings 
require an extension down the face of the wall, 4 in. (100 mm) min., and a sealant between the metal and the wall 
to prevent wind uplift and water penetration. Care should be taken to seal each penetration of the metal cap or 
coping where it is exposed to the exterior environment. 

Expansion Joints. It is necessary to provide expansion joints in long walls to provide for movement of the wall 
due to thermal and moisture expansion. This is particularly true in parapet walls and other masonry walls which 
are exposed to the exterior climatic conditions on both sides. Expansion joints are discussed in Technical Notes 
18 Series. 

When expansion joints are required in the wall, the expansion joints should also be provided through any caps or 
copings in the same locations. It may be necessary to provide additional joints in metal copings. Metal copings 
should be so detailed and constructed that they function independently of the movement of the wall below. 
Expansion joints should be of a compressible material, but should also be extensible. One method of providing 
expansion joints is to leave the mortar from the head joints in a vertical line and insert a synthetic backer rod to 
the desired depth and fill the remainder of the joint with a high-quality sealant. 

Construction. Caps and copings require no special construction skills. If brick masonry is used as the cap or 
coping material, great care should be taken to ensure that all head and bed joints are completely filled. If cast-in-
place concrete is used, some provision must be made to allow for the initial drying shrinkage of the concrete. 

If precast concrete or stone are used for caps or copings, non-compressible shims should be placed on the top of 
the wall at the exterior face of the wall. The shims are used because the weight of this type of cap or coping would 
compress the plastic mortar and a smaller joint would result. Then the mortar for the bed joint is spread and the 
cap or coping installed. The shims which should have a thickness equal to the bed joints should be left in place 
until the mortar has set. Once the mortar has set, the shims should be removed and the joint tuckpointed. 

CORBELS AND RACKING 

General 

Corbeling of brick masonry may be done to achieve the desired esthetics, or to provide structural support. There 
are empirical requirements provided by most codes and standards for unreinforced corbels, as shown in Fig. 8. If 
these requirements are to be exceeded, then the element will require a rational design as a reinforced element. 



 

 

 

  
   

 
    

   
      

  

 
    

   
   

  
    

   
 

   
   

  

Limitations on Corbeling 

FIG. 8 

Corbels. The empirical approach requires that the total horizontal projection not exceed one-half the thickness of 
a solid wall, or one-half the thickness of the veneer of a veneered wall. It is also required that the projection of a 
single course not exceed one-half of the unit height or one-third of the unit bed depth, whichever is less. From 
these limitations, the minimum slope of the corbeling can be established (angle measured from the horizontal to 
the face of the corbeled surface is 63 deg 26 min. see Fig. 8). The required slope could be increased by the 
requirements that the unit projection not exceed one-third of the bed depth if they are more restrictive. It should be 
pointed out that the eccentricity induced into the wall by the corbeling must be considered in the wall design. If 
these limitations are exceeded, the wall should be reinforced to resist the stresses developed by the corbeling. 

Fig. 9 illustrates graphically the pattern of stresses within two corbels of different configurations under identical 
loading conditions. The corbel on the left is 45 degrees from horizontal, which is not in accordance with building 
code requirements. The corbeled wall on the right has an angle of corbel 60 degrees from horizontal and is very 
close to the building code requirement of 63 degree 26 min discussed above. The 60 degree corbel shows a 
stress pattern with axial and shear stresses with the only concentration of stresses directly below the applied load, 
P. The shear stresses are well distributed within the wall section. The 45 degree corbel, on the other hand, has 
bending stresses in addition to the axial and shear stresses, and the pattern of the stresses has been drastically 
altered. In addition to the concentration of compressive stresses immediately beneath the load, P. there is another 
concentration of compressive stress at the toe of the corbel. The bending stresses require that a corbel of this 
configuration be rationally designed and reinforced. Those corbels having an angle from horizontal of 60 degree 
or greater do not require reinforcement unless they exceed the other requirements given above. 



 

  

 

   
    

   
   

  

 

 
  

   
  

  

  

      
    

  
   

    

 

Corbeling Stress Distribution 

FIG. 9 

Racking. When racking back to achieve the desired dimensions, care must be exercised to insure that, since 
there is no limitation on the distance each unit may be racked, the cores of the units are not exposed. Preferred 
construction consists of a setting bed over the racked face with the uncored brick or paving brick set to provide a 
weather-resistant surface. Mortar washes may also be used. They may not, however, be as durable. When using 
a mortar wash, it should not bridge over the rack, but should fill each step individually. 

SUMMARY 

The designer, when developing details for caps, copings, corbels and racking should keep in mind the function of 
the element being detailed, the esthetic value he wishes to achieve, the structural stability of the element, and the 
economics of construction. It is essential to provide details which allow the elements to perform their primary 
functions as well as possible. In order to do this, the designer must select the proper materials, locate them in the 
proper place and provide sufficient information so that the element can be properly constructed. Several decisions 
and assumptions must be made by the designer because each project and each element on the project must be 
satisfactorily addressed. 

The information and suggestions contained in this Technical Notes are based on the available data and the 
experience of the technical staff of the Brick Industry Association. The information and recommendations 
contained herein if followed with the use of good technical judgment, will avoid many of the problems discussed 
here. Final decisions on the use of details and materials as discussed are not within the purview of the Brick 
Industry Association, and must rest with the project designer, owner, or both. 
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Water Penetration Resistance – 
Materials
Abstract: This Technical Note discusses considerations for the selection of materials used in brickwork and their impact on 
its resistance to water penetration. Minimum recommended property requirements and performance characteristics of typical 
materials are described.

Key Words: anchors, brick, coatings, corrosion resistance, flashing, grout, lintels, mortar, sealants, shelf angles, ties, water-
resistive barrier, weeps.

Brick and Mortar
• Select brick from the appropriate ASTM standard, 

designated for exterior exposures
• Use mortar conforming to ASTM C270
• Choose mortar materials and Types that are compatible 

with the brick selected to achieve optimal bond
• Use mortar Type with lowest compressive strength 

meeting project requirements

Grout
• Use grout conforming to ASTM C476
• Select appropriate type based on project requirements 

and dimensions of masonry openings receiving grout

Ties and Anchors
• Use galvanizing, stainless steel or epoxy coatings to 

provide corrosion resistance
• Do not use ties or anchors with drips
• Detail penetrations at face of backing

Water-Resistive Barriers
• Install when brick veneer is anchored to wood or cold-

formed steel framing
• Protect from or avoid prolonged ultraviolet (UV) exposure
• Use No. 15 asphalt felt conforming to ASTM D226 

or building paper, polymeric films (sheet membranes 
[housewraps] or fluid-applied materials), or water-resistive 
sheathings deemed equivalent or conforming to AC38

• For insulation or sheathings with facings intended to act 
as a water-resistive barrier or air barrier, tape or seal all 
joints

• For water-resistive barriers or air barriers, use material 
with appropriate permeability for wall assembly type 
and location within wall assembly; if necessary, use 
hygrothermal analysis to determine proper location and 
appropriate permeability

Flashing
• Use flashing conforming to applicable ASTM specifications
• Use sheet metal, plastic, rubber or composite materials
• Select flashing that is waterproof and compatible with 

adjacent materials
• Select materials appropriate for building service life, with 

higher levels of durability and UV resistance preferred 
• Do not use aluminum, sheet lead, polyethylene sheeting, 

asphalt-saturated felt, building paper or housewraps
• For flashings that degrade when exposed to UV light, use 

a drip edge
• For flexible flashing anchorage, use a termination bar to 

anchor flexible flashing where appropriate

Weeps
• Open head joint weeps preferred 
• Vents and mesh may be installed within open head joint 

weeps

Drainage Material or Mortar Collection Devices
• Use of material or devices is recommended
• Select either low-height material placed immediately 

above flashing or full-height material placed throughout 
air space

• For low-height material, two-level crenulated shape is 
recommended

• Use material that fills entire width of air space
• Do not use material that absorbs moisture or transmits 

moisture to backing

Sealant Joints
• Use sealants conforming to ASTM C920 with compatible 

movement capability to joint size and type
• Use backer rods where joints are wide enough to 

accommodate them 
• Closed cell or bicellular backer rods recommended
• Size backer rods 25 percent larger than joint width
• Where backer rod cannot be installed, use bond break 

tape

SUMMARY OF RECOMMENDATIONS:

INTRODUCTION
This Technical Note is the second in a series addressing water resistance of brick masonry and provides guidance 
regarding material selection of brick masonry components. Other Technical Notes address brickwork design and 
details (TN 7), construction techniques and workmanship (TN 7B) and condensation (TN 47).
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The use of quality construction materials in brickwork is of prime importance in attaining a satisfactory degree of 
water resistance. Requiring that materials meet the minimum criteria of appropriate material specifications helps to 
ensure that they are of an acceptable quality.

The most recognized and widely used building material specifications for the determination of quality construction 
materials are those developed by ASTM International (ASTM) [Ref. 2]. The performance of products cannot be 
predicted by ASTM specifications alone, because design, detailing and workmanship also affect performance. 
However, the requirements are based on laboratory tests and field experience and, in the case of brick, are the 
result of experience gained over a time span exceeding 100 years.

BRICK UNITS
Selection of quality brick is very important. Units are normally chosen based on color, texture, size and cost. 
However, characteristics that can affect water penetration resistance should also be considered. These include 
durability and those properties that influence brick/mortar compatibility.

Under normal exposures, it is virtually impossible for significant amounts of water to pass directly through brick 
units. Brick can absorb water, but the density and pore structure of the units does not contribute to bulk water 
penetration through the brick matrix. Where water penetration through brick masonry occurs, it generally does so 
through the bond line between the brick and mortar and, depending on the level of workmanship, the mortar joint.

Durability
Because exterior masonry will be exposed to moisture and the elements, durability is a primary concern. Durability 
of the brickwork is affected not only by the durability of individual materials, but also by the compatibility of 
materials, how the assembly is designed, how materials are installed and the conditions to which the masonry is 
exposed.

The ASTM specifications for brick are written to provide guidance in choosing a suitable quality of brick based on 
specific exposure conditions. The requirements for compressive strength, absorption and saturation coefficient are 
used to establish the resistance of the brick to damage by freezing and thawing when saturated. Cracking, crazing, 
spalling and disintegration can occur if an improper choice of brick is made. Many areas of the United States fall 
within the designation of severe weathering, where the use of Grade SW brick is recommended. Grade SW brick 
is the default brick grade for brick conforming to ASTM C216 and C652. 

The requirements within the ASTM specifications for brick and other component materials are not intended to 
serve as an indicator of the degree of water resistance of the masonry assembly, which includes brick, mortar, 
grout, etc. The durability of the masonry is related to the degree of water resistance in that the more water that 
enters the system, the greater the probability that the masonry will be in a saturated condition during freeze/thaw 
cycles.

Brick Standards. Each kind of brick currently in use has its own designated ASTM standard, with specific 
requirements for durability stipulated by physical properties of the brick. The most commonly used brick 
standards and the classification for the most severe exposures are the following [Ref. 2]:

• ASTM C216, Grade SW - Facing Brick (Solid Masonry Units Made From Clay or Shale) 
• ASTM C652, Grade SW - Hollow Brick (Hollow Masonry Units Made From Clay or Shale) 
• ASTM C62, Grade SW - Building Brick (Solid Masonry Units Made From Clay or Shale) 
• ASTM C1405, Class Exterior - Glazed Brick (Single Fired, Brick Units)
• ASTM C126, Ceramic Glazed Structural Clay Facing Tile, Facing Brick, and Solid Masonry Units 

(note that this standard does not include physical requirements for the brick body; therefore, specify 
Grade SW within ASTM C216 or C652 as applicable)

Please see Technical Note 9A for additional information regarding the physical properties of brick units.

MORTAR AND GROUT
Choosing the proper Type of mortar or grout to use in a particular application is very important. To minimize water 
penetration, the primary concern is to choose a mortar and/or grout that will result in the most complete bond with 
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the masonry units chosen. The Technical Note 8 Series provides detailed information on mortar. Technical Note 3A 
provides further information on grout.

Mortar
The standard for specifying mortars for unit masonry is ASTM C270, Standard Specification for Mortar for Unit 
Masonry [Ref. 2]. Four Types of mortar (M, S, N and O) are covered in the standard, although building codes 
typically require the use of Types M, S or N. Type O mortar is generally used in repair of older brickwork where 
other mortar Types may be incompatible with the existing brick. ASTM C270 addresses portland cement-lime 
(PCL) mortars and those made with mortar cements and masonry cements. Detailed information on the provisions 
of ASTM C270, including mortar Types, proportion formulas and required properties, can be found in Technical 
Note 8.

No single Type of mortar is best for all purposes. As a general rule, when selecting mortar for a project, always 
select the mortar Type with the lowest compressive strength that meets the performance requirements of the 
project. Mortar with higher cement content may be more difficult to clean off the face of the wall, may increase 
the risk of shrinkage cracks and may decrease the workability of the mortar. Decreased workability increases the 
chances of partially filled joints. 

This general rule must be tempered with good judgment. For example, it would be uneconomical and unwise to 
continuously change mortar Types for various parts of a structure. However, the general intent of the rule should 
be followed, using good judgment and economic sense. For most brick veneer applications, Type N mortar is 
appropriate. Refer to the “Brick/Mortar Compatibility” section of this Technical Note. 

Grout
Grout is used in reinforced brick masonry to fill cells and cavities that contain reinforcing steel. This not only 
applies to reinforced walls, but also to beams and lintels constructed of brick masonry. In some barrier masonry 
walls, grout is used to fill the collar joint that bonds the outer and inner masonry wythes together. 

For brickwork, use grout conforming to ASTM C476, Standard Specification for Grout for Masonry [Ref. 2]. The 
standard covers two types of grout: fine and coarse. Fine grout consists of cement and sand, while coarse grout 
also contains coarse aggregates such as pea gravel. Each grout type is further classified as either conventional 
or self-consolidating. Conventional grout requires consolidation by external means, such as vibration, while self-
consolidating grout, as its name implies, does not require external means of consolidation. Within each of these 
classifications, the grout can be either fine or coarse, depending on the geometric constraints of the application. 
Grout can be prepared by mixing the components on the jobsite, or it can be obtained as a ready-mix product. The 
volume of material needed for conventional grout may be specified by proportions or by strength requirements; 
self-consolidating grout must be specified using the strength requirements. When using conventional grout in 
brickwork, specification by proportions is recommended. Volumes of materials used in grout (or mortar) specified 
by proportions should be measured consistently throughout the project via the use of a calibrated container, which 
is periodically checked by material weights and densities. Where possible, whole bags of components should be 
used to determine proportions.

Specification for Masonry Structures (TMS 602) [Ref. 12] contains requirements for the maximum height of grout 
pour, the minimum width of grout space and the minimum dimensions of cells receiving grout for each grout type. 
Fine grout requires a minimum grout space width of ¾ in. (19.1 mm) and any cells receiving grout to be a minimum 
dimension of 1½ × 2 in. (38 × 51 mm). Coarse grout requires a minimum grout space width of 1½ in. (38 mm) and 
any cells receiving grout to be a minimum dimension of 1½ × 3 in. (38 × 76 mm).

BRICK/MORTAR COMPATIBILITY
When water passes through brick masonry walls, it does so through separations that form between the brick and 
the mortar at the time of laying or through cracks that form after the mortar has cured. The dominant property 
affecting the amount of water entering brickwork from the standpoint of materials selection is the extent of bond 
between the brick and the mortar. Extent of bond is a measure of the area of contact at the interface between brick 
and mortar surfaces.
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Not to be confused with extent of bond, bond strength is a measure of the adhesion between brick and mortar. 
Bond strength is one factor that determines whether cracks will form after the mortar cures. Brick-and-mortar 
combinations that have high bond strengths do not necessarily provide high resistance to water penetration. 
Extent of bond is more important to water penetration resistance of brick masonry than bond strength. 

Extent of bond is influenced by both brick and mortar properties and is best achieved when both are considered 
and paired accordingly. Initial rate of absorption is the key property of the brick related to brick/mortar compatibility. 
Mortar properties include water retention, air content and workability.

The initial rate of absorption (IRA) of a brick is a measure of the amount of water taken into a 30 sq in. (194 cm2) 
area on the bedding surface of the brick within one minute. A brick’s IRA can be measured in the laboratory under 
controlled drying conditions or in the field. The field IRA of a brick will vary depending on the moisture condition of 
the brick at the time of testing.

Tests over the years have shown that the most complete bond is achieved when the IRA of a brick, at the time 
of laying, is below 30 g/min•30 sq in. (30 g/min•194 cm2). As a result, TMS 602 requires brick with initial rates of 
absorption in excess of this value to be wetted prior to laying. Water penetration tests of masonry built with low- 
and high-IRA brick [Ref. 4 and Ref. 5] indicate that mismatch between brick IRA and the amount of water retentivity 
in the mortar may result in poor bond, which can increase the risk of water penetration. Thus, low IRA brick (less 
than 5 g/min•30 sq in.) should be combined with mortars that exhibit low water retention, and high IRA brick should 
be combined with mortars with high water retention. See Technical Note 8B for mortar recommendations with brick 
of various IRAs.

Mortar air content will also affect extent of bond because the air voids present along the bond line reduce the 
length of direct contact between mortar and brick. Higher air content mortars such as masonry cement mortars and 
those made with air-entrained cements or lime are more likely to increase water penetration.

Several studies have shown that workmanship is critical with respect to water penetration. Tooling is the first 
defense, as the process consolidates and densifies the mortar at the outer surface and forces the mortar against 
the brick surfaces. Additional information on tooling is presented in Technical Note 7B. With respect to mortar, many 
masons have more experience with certain mortar formulations than others. Allowing masons to use mortars they 
have experience with will generally result in better workmanship than using unfamiliar mortar formulations. 

TIES AND ANCHORS
Ties and anchors in a masonry wall system connect two or more wythes together or attach the brick veneer to 
structural backing. Ties and anchors do not directly influence water penetration, except when related to cracking 
of the brickwork and resulting water entry. All ties and anchors must be corrosion-resistant. Applicable ASTM 
standards for corrosion resistance of masonry ties and anchors are discussed later in this Technical Note. More 
detailed information on ties and anchors can be found in Technical Note 44B.

Joint Reinforcement. Truss-type joint reinforcement that engages the brick wythe with fixed diagonal cross 
wires is permitted only in multi-wythe walls with a filled collar joint. In other walls, it can restrict differential in-plane 
movement between masonry wythes, which can lead to cracking and subsequent water penetration.

Drips. A drip is a bend or crimp in a tie or anchor that breaks the surface tension of any moisture traveling across 
the tie, forcing it to form a droplet and fall before reaching the interior masonry wythe or other backing. Ties and 
anchors of wire with drips are not permitted by the Building Code Requirements for Masonry Structures (TMS 402) 
[Ref. 6] because the drips reduce the compressive and tensile load capacity of the ties when transferring the 
lateral loads between the wythes. Detailing the penetration of the tie at the plane of the backing is a more effective 
method of protection against this condition. 

Penetrations. Brick ties and anchors will penetrate the water-resistive barrier, air barrier and/or vapor retarder 
and will require additional detailing to maintain watertightness of the wall assembly. Apply compatible sealant or 
other approved patching materials around the penetration at the face of the membrane to ensure continuity of the 
water-resistive barrier, air barrier and/or vapor retarder. With fluid-applied products, care should be exercised to 
ensure full coverage around penetrations and protrusions. It is recommended to install self-adhered membrane 
directly behind brick tie base plates for additional protection with polymeric air and water-resistive barriers. Use 
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manufacturer-recommended accessories with fasteners, such as large-diameter plastic caps for nails, staples or 
screws. Metal washers with ethylene propylene diene monomer (EPDM), neoprene or equivalent gaskets are also 
recommended for screw fasteners. 

Corrosion Resistance. Corrosion resistance is usually provided by using galvanized steel or stainless steel. 
Epoxy coatings are used in some situations. The level of corrosion protection required for wall ties and anchors 
varies with their expected exposure conditions, as follows:

• When exposed to earth or weather or to a mean relative humidity exceeding 75 percent, ties and 
anchors are required to be hot-dip galvanized, stainless steel or epoxy-coated.

• In other exposures, ties and anchors must be mill galvanized, hot-dip galvanized or stainless steel.

In addition, the designer should consider the potential for corrosion due to contact between dissimilar metals.

Galvanized steel items may be hot-dip or mill galvanized; however, hot-dip galvanizing is preferred. With mill 
galvanizing, the steel is galvanized before the joint reinforcement or wall tie is fabricated. Therefore, welds and 
ends cut during or after the manufacturing process are not coated. With hot-dip galvanizing, the finished fabricated 
item is galvanized, providing more complete coverage. Stainless steel items should be AISI Type 304 or Type 
316 and conform to the appropriate specification listed below. TMS 402 also allows epoxy coatings to be used as 
corrosion protection. When epoxy coatings are specified, consider including touch-up material for the coating in 
order to restore protection when coating is scratched or cut during construction. 

To ensure adequate resistance to corrosion, coatings or materials should conform to the following [Ref. 2]:

Zinc Coatings ASTM A123 (for steel plates and bars) or A153 Class B (for sheet metal ties and sheet 
 metal anchors) or minimum 1.50 oz/sq ft (458 g/m2) (for joint reinforcement, wire ties 
 and wire anchors)
 ASTM A641, minimum 0.1 oz/sq ft (0.031 kg/m2) (joint reinforcement)

Stainless Steel ASTM A240 (for sheet metal anchors and sheet metal ties)
 ASTM A480 (for sheet metal anchors and sheet metal ties and for plate and bent-bar 
 anchors)
 ASTM A580 (for joint reinforcement, wire anchors and wire ties)
 ASTM A666 (for plate and bent-bar anchors)

Epoxy Coatings	 ASTM	A884	Class	A,	Type	1,	minimum	7	mils	(175	μm)	(for	joint	reinforcement)
	 ASTM	A899,	Class	C,	minimum	20	mils	(508	μm)	(for	wire	ties	and	wire	anchors)

Masonry Headers. A header is a masonry unit laid perpendicular to the wythe that is used to connect two wythes 
of masonry. Although TMS 402 allows wythes of masonry designed for composite action to be bonded structurally 
by masonry headers, they are not commonly used in contemporary construction. Structural header units are no 
longer recommended because they provide a direct path for water penetration from the outside of the wall to the 
interior along the head and bed joints. Many bond patterns such as Flemish, Old English, Old English Cross, 
etc. use header units that can be replicated in a veneer with clipped or false headers without the risk of water 
penetration.

WATER-RESISTIVE BARRIERS
As discussed in Technical Note 7, the International Building Code (IBC) [Ref. 8] and the International Residential 
Code (IRC) [Ref.9], water-resistive barriers are used to prevent the passage of liquid (bulk) water to underlying 
materials, and some may also serve as an air barrier. The permeability of the water-resistive barrier must also be 
considered in order to ensure that water vapor does not remain in the wall.

Permeability. With respect to water vapor management, the unit “perm” is used to identify the permeability of a 
water-resistive barrier, with a higher number indicating greater permeability. This property is measured using one 
of the test procedures in ASTM E96, Standard Test Methods for Water Vapor Transmission of Materials [Ref. 2]. 
The manufacturer’s literature of the water-resistive barrier should include the test method when citing the perm 
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rating to allow for an accurate comparison among different materials. These materials are identified in the IBC and 
IRC as different classes of vapor retarders based on the perm rating. See Table 1.

Table 1
Vapor Retarder Classification

Vapor Retarder Class Rating (perms)
Class I Less than 0.1

Class II Above 0.1 and less than or equal to 1.0

Class III Above 1.0 and less than or equal to 10

Class I vapor retarders are sometimes referred to as vapor barriers. The IBC and IRC categorize Class III vapor 
retarders as vapor permeable when they have a perm rating of 5 or higher per ASTM E96, desiccant method. 

Wall Assemblies. As discussed in Technical Note 7, wall assemblies with brick masonry at the exterior are 
categorized in two main groups: those with continuous insulation within the drainage cavity or air space and those 
with insulation in the stud cavity only. 

When continuous insulation is present in the air space behind the brick veneer, the face of the sheathing or 
backing generally serves as the plane where bulk water, air and water vapor are controlled. In many climate 
zones, the vapor retarder does not need to be permeable at this location (e.g., Class I is permitted), and a single 
product can serve all functions. But in colder climate zones, enough continuous insulation must be placed on the 
exterior side of the water-resistive barrier to ensure that condensation will occur within the air space and not within 
the backing. The insulation thickness can be determined by hygrothermal analysis, which models the movement 
of heat and moisture through a building. 

When insulation is only within the stud cavity, the water-resistive barrier must be vapor permeable (5 perms or 
higher) and serve to protect against bulk water. If feasible, the water-resistive barrier can be detailed to function as 
the air barrier also. Alternatively, the exterior sheathing can be detailed to serve as the air barrier by treating the 
seams and penetrations with sealant or tape. For more information on vapor barriers and their placement, refer to 
“Understanding Vapor Barriers” [Ref. 7].

Examples of water-resistive membranes include No. 15 asphalt felt, building paper, certain high-density 
polyethylene or polypropylene plastics (housewraps), and certain water-resistive sheathings. The various material 
options are discussed in detail below.

Sheet Membranes
Felt-Based Barrier. One layer of No. 15 asphalt felt is prescribed by most building codes as the baseline 
material for water-resistive barriers. The felt should conform to Type I of ASTM D226, Specification for Asphalt-
Saturated Organic Felt Used in Roofing and Waterproofing [Ref. 2]. It may be attached directly to the studs 
or sheathing in such a manner as to provide a continuous water-resistive, vapor-permeable barrier and should 
have a performance of at least two layers of water-resistive barriers complying with Type I of ASTM E2556, 
Standard Specification for Vapor Permeable Flexible Sheet Water-Resistive Barriers Intended for Mechanical 
Attachment [Ref. 2]. The durability of asphalt-saturated felt is adequate; however, it may be easily torn during 
or after installation. Asphalt-saturated felt typically has a high water vapor permeability, which increases when 
wet, categorizing it as a Class II vapor retarder per IBC (Class III when wet). Felt cannot be detailed to act as an 
air barrier; therefore, other methods should be used to limit air flow through the assembly. 

Paper-Based Barrier. Asphalt-saturated kraft paper (generally referred to as building paper) has a long history 
as an approved and common substitute for No. 15 asphalt felt. Building paper for use as a water-resistive barrier 
should conform to the requirements of Federal Specification UU-B-790a, Type I, Grade D. This specification 
requires that Grade D paper have a minimum water-resistance rating of 10 minutes as determined by ASTM 
D779, Standard Test Method for Water Resistance of Paper, Paperboard, and Other Sheet Materials by the Dry 
Indicator Method [Ref. 2]. Characteristics of building paper are similar to those of asphalt-saturated felt. Building 
paper typically has less asphalt and lower permeance than felt and can offer better resistance to bending 
damage. One of the disadvantages of the product is that it will deteriorate if subjected to sustained moisture 
without sufficient drying. 
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Polymeric-Based Barrier. Some plastic films (building wraps or housewraps) have been approved for use 
as water-resistive barriers. These films may have qualities similar to those of other water-resistive barriers, but 
ascertaining the effectiveness of a particular plastic as a water-resistive barrier can be difficult, as a standard 
specification is yet to be developed.

Some plastic membranes act as vapor barriers and can potentially trap water vapor inside the stud wall, where it 
can condense if the temperature in the wall drops below the dew point. Thus, not all plastic membranes should 
be considered suitable, and caution should be exercised when specifying them as water-resistive barriers. AC38, 
Acceptance Criteria for Water-Resistive Barriers [Ref. 1], developed by the International Code Council Evaluation 
Service, Inc., is typically used to establish the suitability of a polymeric film as a water-resistive barrier. Under these 
criteria, polymeric-based barriers are proprietary polymeric sheet materials for use as water-resistive barriers that are 
either mechanically fastened or coated on one side with an adhesive material.

Polymeric films are generally divided into two categories: perforated and non-perforated. Non-perforated films allow 
water vapor to pass between the fibers of the plastic fabric, while perforated films are made from vapor-tight plastic 
films that are punched with small holes to allow vapor to pass through. Non-perforated films are recommended over 
perforated films because they resist water penetration more consistently in commonly used performance tests than 
perforated films. 

Polymeric films are highly resistant to tearing and can often function concurrently as air barriers when detailed to 
do so; however, they do not tend to seal themselves when penetrated by fasteners, as felts sometimes do. Some 
manufacturers recommend that fasteners with large heads or plastic caps be used rather than standard fasteners 
to enhance water penetration resistance at fastener locations. Polymeric films can often be installed with fewer lap 
joints than felt and building paper, as they are supplied in larger rolls up to 10 ft (3.1 m) wide.

Self-adhered rubberized asphalt sheet membranes that are used primarily as air barriers may also function as 
vapor-impermeable water-resistive barriers. These consist of a rubberized asphalt backing with a polymeric facing, 
the same material that can be used for masonry through-wall flashing. Generally, this type of membrane has some 
self-healing capabilities and is significantly more resistant to tears than the sheet materials listed previously. 

Fluid-Applied Films
Fluid-applied films often have the capability of serving as both vapor and air barriers, and sometimes thermal 
insulation, in addition to providing water resistance. These coatings are varied in type and may be applied by 
spray, roller or trowel; however, they generally have the benefit of providing a seamless, monolithic membrane that 
adheres to most substrates. Although these materials can be applied rapidly, they require skilled applicators to 
ensure quality and performance.

These membranes have a unique set of service requirements because they are bonded to the substrate. The 
effects of wet substrates, expansion and contraction at substrate joints, volume changes of building materials, 
and stresses caused by lateral loads must be considered so that the membrane performs successfully during its 
life. Membrane transition strips are frequently used in combination with fluid-applied films to address concerns with 
changes and variations in the substrate. Consistent installations are more difficult to achieve on substrates with 
rough surfaces and may require increased thicknesses, which can adversely affect the permeability of the film.

Board Products
Sheathings and other board products that are inherently water resistive or have water-resistive facings are 
permitted to serve as water-resistive barriers when the edges and joints of boards are completely taped or sealed. 
To perform successfully, the materials providing this seal must maintain their integrity and performance when 
subjected to moisture and other environmental conditions for the entire service life of the wall. Board products that 
act as water-resistive barriers should be vapor permeable except when they are also intended to serve as a vapor 
barrier.

SHELF ANGLES AND LINTELS
Although similar, shelf angles and lintels differ in the way each is incorporated into brickwork. A shelf angle 
supports brick veneer and is anchored to the structure. Shelf angles typically occur at floor lines and above ribbon 
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windows. A lintel, on the other hand, is a structural beam placed over an opening to carry superimposed loads. As 
such, it is supported by the masonry on each side of the opening and is not attached to the structure.

Lintels may be loose steel angles, stone, precast concrete or reinforced masonry. The proper specification of 
material for lintels is important for both structural and serviceability requirements. 

Non-galvanized and non–stainless steel shelf angles and lintels should be primed and painted at a minimum to 
inhibit corrosion. A commercial or industrial coating instead of exterior-grade paint is an upgrade to consider for 
mild steel without galvanizing and is also recommended to provide additional protection for existing steel that 
has experienced minor corrosion. For severe climates and exposures, such as in coastal areas, consider using 
galvanized or stainless steel shelf angles and lintels, as well as anchors and joint reinforcing. Stainless steel 
components used in construction are typically Type 304. Type 316 stainless steel has an increased resistance 
to chlorides and is recommended for coastal areas and the most extreme exposures. Even where galvanized 
or stainless steel shelf angles and lintels are used, continuous flashing should be installed to protect the angle. 
To ensure adequate resistance to corrosion, galvanized zinc coatings should conform to ASTM A123, Standard 
Specification for Zinc (Hot-Dipped Galvanized) Coatings on Iron and Steel Products [Ref. 2]. Additional discussion 
and details of shelf angles and lintels may be found in Technical Notes 21, 21A, 28, 28B, 31 and 31B.

FLASHING
Selection of a proper flashing material is of utmost importance because the flashing is a critical element to the 
drainage of water that may penetrate the wall system. Flashing materials must be waterproof, durable, and resist 
puncture and cracking during and after construction. To promote drainage, flashing should extend beyond the 
face of the brick to form a drip. Because flashing may be installed in advance of the exterior brick wythe, it should 
be able to endure some exposure to ultraviolet (UV) light without significant deterioration. When using a flashing 
that deteriorates with UV exposure, a metal drip edge is recommended to extend the flashing beyond the face of 
the brickwork. When a drip edge is not used, the flashing should stop, or be cut, flush with the face of the wall. 
The flashing should also resist damage from contact with metal, mortar or water and be compatible with adjacent 
adhesives and sealants. Minimum recommended flashing thicknesses are included in this section for each type of 
flashing. In general, thicker flashings are more durable but may be more difficult to form.

Flashing materials generally fall into three categories: sheet metals, composite materials (combination flashings), 
and plastic or rubber compounds. The selection is largely determined by cost and suitability. Only superior quality 
materials should be selected, since replacement in the event of failure may be expensive. Materials such as 
polyethylene sheeting, asphalt-impregnated building felt, building paper and housewraps should not be used as 
flashing materials. These materials are not necessarily waterproof, are easily damaged during installation and, in 
many cases, turn brittle and decay over time.

Sheet Metals
Stainless Steel. Stainless steel is an excellent rigid flashing material that has superior chemical resistance and 
does not stain masonry. Stainless steel flashing should conform to ASTM A240/A240M, Type 304 [Ref. 2]. The 
minimum thickness should be at least 0.01 in. (0.25 mm) or 32 gauge. A thickness of at least 0.016 in. (0.41 mm) 
or 28 gauge is recommended for drip edges and other typical masonry flashings. 

Because a sheet metal brake is required to create flashing assemblies, preformed shapes are commonly used, 
although these are difficult to modify on-site if field adjustments are required. Stainless steel shapes, such as pans, 
end dams and mitered corner transitions, should have fully soldered seams to achieve watertightness; however, 
linear sections of flashing can be joined using cover plates and multiple parallel lines of sealant appropriate for 
sheet metal applications to permit expansion and contraction of the metal. Exposed edges, particularly drips, 
should be hemmed.

Copper. Copper is another excellent rigid flashing material that is durable, easy to form and solder, and is available 
in preformed shapes. The recommendations regarding fully soldered seams and hemmed edges in stainless steel 
apply to copper as well. Exposed copper may stain adjacent masonry, but it is not damaged by the caustic alkalis 
present in masonry mortars. It can be safely embedded in fresh mortar and will not deteriorate in continuously 
saturated, hardened mortar, unless excessive chloride ions are present. When using copper flashing, prohibit the 
use of mortar admixtures containing even small amounts of chlorides.
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Copper flashing should conform to ASTM B370, Standard Specification for Copper Sheet and Strip for Building 
Construction, or B882, Specification for Pre-Patinated Copper for Architectural Applications [Ref. 2]. The 
Copper Development Association recommends minimum weights of 12 oz/sq ft and 16 oz/sq ft for high-yield 
and standard cold rolled copper, respectively, used as through-wall flashing. If copper flashing is used adjacent 
to other metals, then proper care should be taken to account for separation of the materials. Laminated copper 
flashing and combinations of copper sheet and other materials are discussed in the “Composites” section of this 
Technical Note.

Mill-Galvanized Steel. Galvanized flashing is available, but the coating is not hot-dipped, resulting in a thinner 
protective layer. Bending galvanized sheets to create flashing shapes will crack the coating and compromise the 
corrosion protection. In addition, the coating is sacrificial compared with the inert finishes of other metal flashings, 
which results in reduced service life and durability. Therefore, use of galvanized steel as through-wall flashing is 
not recommended. 

Aluminum. Aluminum should not be used as a flashing material in brick masonry. The caustic alkalis in fresh, 
unhardened mortar will attack aluminum. Although dry, seasoned mortar will not affect aluminum, corrosion can 
occur if the adjacent mortar becomes wet. Anodized or organic coatings can provide some protection against 
this condition but are still not recommended for flashing, as they will not provide the same performance as an 
inert material for embedded elements. These coatings should provide adequate protection of exposed aluminum 
elements within the wall system, such as window frames, from precipitation runoff. 

Lead. Historically, lead sheets were widely used to flash masonry walls. Because lead, like aluminum, is 
susceptible to corrosion in fresh mortar, a coating was applied to the lead for protection. Galvanic action can also 
occur where lead is only partially embedded in cured mortar with moisture present. In the United States and 
elsewhere, the use of lead as a building material has fallen out of favor due to environmental and worker safety 
concerns. Consequently, thin lead sheet is no longer recommended as a flashing material in brick masonry. 
Contemporary materials are available to replicate a lead flashing appearance where new flashing is required to 
match existing lead flashing.

Plastics and Rubbers
Plastic and rubber flashings are resilient, corrosion resistant materials that are easy to form and join. However, 
because the chemical compositions of these products vary widely, their durability is also variable. Thus, it is 
necessary to rely on performance records of the material, the reputation of the manufacturer and, where possible, 
test data to ensure satisfactory performance. Some of the critical areas are (1) resistance to degradation in UV 
light; (2) compatibility with alkaline masonry mortars; (3) compatibility with joint sealants, and (4) resistance to tear 
and puncture during construction. A minimum thickness of 40 mils (1 mm) is recommended for plastic and rubber 
flashing.

Polyvinyl Chloride (PVC). Historically, PVC flashing became brittle with age and was sensitive to UV exposure. 
Newer PVC flashing is formulated with different polymers, similar to those used in roofing applications, and is 
designed not to deteriorate or harden with time or UV exposure. Adding higher percentages of such polymers to 
PVC flashing can contribute to greater flexibility and durability. Therefore, these newer flashings do not require a 
separate drip edge, and some manufacturers make a version with an integral drip edge. PVC flashing may be self-
adhered or require the use of a separate adhesive to bond to itself and the substrate. 

Ethylene Propylene Diene Monomer (EPDM). EPDM is a synthetic rubber that is used as a single-ply roofing 
membrane as well as flashing; therefore, exposure to UV light is not a concern. It has better low-temperature 
performance than PVC and better weathering resistance than butyl rubber. Flashing of this type generally requires 
a separate adhesive to bond to itself and the substrate. 

Self-Adhered Rubberized Asphalt. Self-adhered rubberized asphalt flashing adheres to other building materials 
and itself, speeding flashing installation and making it easier to seal flashing laps and terminations. These 
flashings are also self-healing, making them less susceptible to small punctures. However, dimensional stability 
may be a concern. Substrates should be dry and clean for proper adhesion. When self-adhered flashings are 
used, confirm compatibility between the flashing adhesive and sealants used in the wall. Primers may be required 
to ensure adequate adhesion of self-adhering flashing to some substrates. 
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This membrane is not intended for UV exposure, and the rubberized asphalt will bleed onto the brick face when 
exposed to elevated temperatures or direct sunlight. As a result, this membrane is regularly paired with a sheet 
metal drip edge, which allows the membrane to be recessed 1 to 1½ in. (25 to 38 mm) and still direct moisture to 
the exterior. Some manufacturers offer a through-wall flashing version of their typical self-adhered membrane that 
features a leading edge of facing material without the rubberized asphalt to serve as a drip edge. 

Composites
The most common type of composite or combination flashing is a thin layer of metal sandwiched between one 
or two layers of another material, such as bitumen, kraft paper or various fabrics. The metal layer is usually 
copper, lead or aluminum. Composite flashings have the advantages of the better properties of each of their 
component materials. In the case of lead and aluminum composite flashings, the paper and fabric laminates 
reduce the potential for corrosion resulting from the metal foil contacting the mortar or adjacent dissimilar metals. 
These flashings also allow the use of thinner metal sheets, making them less expensive and easier to form, but 
also more prone to tearing and punctures. If the laminate is not durable and stable under UV exposure, then 
these flashings should be used with stainless steel drip edges. Adhesives are required to bond these materials 
to themselves and to the substrate. For surface-mounted applications where the flashing is not terminated into a 
masonry bed joint, termination bars are recommended. It is beyond the scope of this Technical Note to describe 
the various types of composite flashing and their properties. The manufacturers’ literature should be consulted for 
the various types of composite flashing available.

ACCESSORIES
Insulation
Many wall assemblies include continuous insulation in the drainage cavity to improve their thermal resistance. 
Although thermal resistance is the most important characteristic for insulation, other properties for consideration 
include water absorption, combustibility, density, insect resistance and ease of installation. Insulation will generally 
be installed concurrently with the other components in the drainage wall. Materials for this application should 
conform to the following requirements: 

1. Must be durable and resist rot due to moisture or dryness. Must be intended for use in the “wet zone” 
of the wall assembly with no degradation or loss of insulating value.

2. Must meet the building code requirements for flame propagation within the assembly. 
3. Must not serve as a food source to vermin or biological growth.
4. Must permit the air space to perform its function by allowing moisture to drain without wicking to the 

interior. 

Typical insulation types used in brick masonry walls include extruded polystyrene (XPS), polyisocyanurate, 
mineral wool and spray polyurethane foam (SPF). Each of these types, if properly used, will result in a more 
thermally efficient wall system but require individual detailing. SPF will be adhered to the backing. Mineral wool 
batts will be held in place with mechanical fasteners. Rigid boards can be adhered to or mechanically fastened to 
the backing. Special clips can be added to veneer anchors to secure the insulation. Refer to the Technical Note 4 
Series as well as Technical Note 47 for further information regarding insulation and energy performance of brick 
wall assemblies.

Drainage Materials and Mortar-Collection Devices
When a high probability of mortar falling into the air space exists, such as for tall brick veneer without shelf 
angles, drainage materials and mortar diverters may be useful to help prevent mortar from bridging the air space 
or from blocking weeps. It is beyond the scope of this Technical Note to characterize the widely varying types of 
materials used for these purposes. However, a few basic principles should apply for any material selected for this 
purpose: Fill the entire width of the air space, do not absorb water and do not transmit moisture to the backing. 
These materials are available in two basic configurations: full height of air space and low height immediately 
above flashing. Manufacturers’ literature should be used to compare and determine the suitability of drainage 
materials and mortar-collection devices. If not full height, a two-level mortar-collection device is preferred to a single-
level mortar-collection device, as it better maintains a path for moisture to reach the flashing. The use of drainage 
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materials should not preclude good workmanship and an effort to keep the air space clean of excess mortar 
droppings.

Weeps
Open head joint weeps are the preferred type of weep. Other weep types include wicks and tubes. While not 
preferred, if used, wicks should be at least 16 in. (406 mm) long and extend through the brick wythe through 
the air space and along the back of the brick wythe. Weep tubes are not recommended due to an increased 
risk of clogging. Weeps are permitted by most building codes to have a minimum diameter of 3⁄16 in. (4.8 mm). 
Rope wicks should be at least 16 in. (406 mm) long and consist of cotton sash cord or other materials that wick. 
Items used to form weeps should not easily deteriorate or stain the brickwork. Open head joint weeps may have 
noncorrosive plastic, mesh or metal screens or vents installed if desired. Such weeps can serve a dual function 
of allowing water to drain while also allowing air to enter the cavity, resulting in more drying action and helping to 
keep insects out.

Termination Bars
A termination bar is a flat metal or plastic bar, approximately 1 in. (25 mm) wide with predrilled holes used 
to clamp and mechanically fasten flexible flashing to backing. Sealant is applied along the top edge of the 
termination bar to protect and encapsulate the leading edge of the flashing. The top edge of the termination 
bar is sometimes canted for easier sealant installation. Some manufacturers of self-adhered flashing permit 
termination with a compatible sealant bead encapsulating the leading edge; however, mechanical attachment is 
recommended for redundancy.

Sealants
Sealants are an important element in preventing water penetration around openings in masonry walls. Too 
frequently, sealants are relied on as a means of correcting or hiding poor workmanship rather than as an integral 
part of construction.

A discussion of the characteristics of joint sealants is beyond the scope of this Technical Note, but a few comments 
are in order. Sealants should be selected for their durability, extensibility, compressibility and compatibility with 
other materials. Other important considerations in sealant selection may include curing time, UV resistance, color 
stability, resistance to staining and the ability to handle a broad range of joint sizes. A sealant should be able 
to maintain these qualities under the temperature extremes of the climate in which the building is located. Trial 
applications and field adhesion testing of sealants under consideration are always helpful in determining suitability 
for a particular application. Additional discussion of sealants may be found in Technical Notes 18 and 18A.

Oil-based caulks and acetoxic silicone sealants that attack cement in mortar should not be applied to masonry. 
Solvent-based acrylic sealant or butyl caulk should be used only where little or no movement is expected. For 
joints subject to large movements, such as veneer expansion joints, an elastomeric joint sealant conforming to the 
requirements of ASTM C920, Standard Specification for Elastomeric Joint Sealants [Ref. 2], should be used. This 
includes neutral-cure silicones, urethanes and polysulfides. Application of a sealant primer may be required to 
prevent staining of some sealants on certain brick. Multiple sealants may be required in the wall system due to the 
variety of components and substrates present. 

Backer rods are recommended behind sealants in joints large enough to accommodate them. Backer rods should 
be closed cell or bicellular plastic foam in most cases. Backer rods should be capable of resisting permanent 
deformation before and during sealant application, which is usually accomplished by sizing the backer rod 
approximately 25 percent larger than the joint width. Combining, twisting or braiding of the backer rod to fill larger 
joints is strongly discouraged. They should also be nonabsorbent to liquid water and gas, and should not emit gas, 
which may cause bubbling of the sealant. A bond breaking tape may be used when there is not sufficient space for 
a backer rod. For further information on sealants, refer to ASTM C1193, Guide for Use of Joint Sealants [Ref. 2].

Coatings
The use of external coatings, such as paint or clear coatings, on brick masonry should be considered only after 
a detailed evaluation of the possible consequences. Although coatings are not required on properly designed, 
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specified and constructed brick masonry, they may be used successfully to alter the appearance of a wall or to 
diminish the effects of certain deficiencies.

Coatings intended to reduce water penetration (water repellents) are most effective when their intended use 
corresponds with the nature of the water penetration problem. Use of coatings for reasons outside their intended 
application rarely reduces water penetration and often leads to more serious problems. Considerations in the 
choice of coating include compatibility with brick masonry, water and air permeability, ability to span cracks, 
applicability to exterior exposure, potential lifespan, and aesthetic considerations. Consult Technical Notes 6 and 
6A when considering a coating for brick masonry.

SUMMARY
This Technical Note is the second in a series on water resistance of brick masonry and covers the proper selection 
of quality materials for water-resistant masonry work. This Technical Note cannot cover all available materials or 
all conditions. Lack of specific reference to a material should not preclude its use, providing that it results in water-
resistive brick masonry.

The information and suggestions contained in this Technical Note are based on the available data 
and the combined experience of engineering staff and members of the Brick Industry Association. 
The information contained herein must be used in conjunction with good technical judgment 
and a basic understanding of the properties of brick masonry. Final decisions on the use of 
the information contained in this Technical Note are not within the purview of the Brick Industry 
Association and must rest with the project architect, engineer and owner.
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Water Penetration Resistance – Design 
and Detailing
Abstract: Brick masonry walls require proper design, detailing and construction to minimize water penetration into or 
through a wall system. Many aspects of design, construction and maintenance can influence the resistance of a wall to water 
penetration. The selection of the proper type of wall is of utmost importance in the design process, as is the need for complete 
and accurate detailing. In addition to discussing various wall types, this Technical Note covers proper design of brick masonry 
walls and suggests details that have been found to increase water penetration resistance.

Key Words: barrier, design, detailing, drainage, flashing, installation, rain, wall types, weeps.

Wall System Selection
• Drainage walls provide maximum protection against water 

penetration by use of a drainage cavity
• Barrier walls provide good water penetration resistance 

by holding moisture within their mass until evaporation 
occurs

• Single wythe masonry walls provide adequate water 
penetration resistance when carefully detailed and 
constructed

Through-Wall Flashing Locations
• Install flashing at wall bases, window sills, heads of 

openings, shelf angles, tops of walls and roofs, parapets, 
above projections (such as bay windows, balconies, 
decks), changes in grade, and transitions with other 
cladding materials

• For drainage walls, also install flashing at any other 
discontinuities in the cavity

Through-Wall Flashing Installation
• Extending flashing to exterior wall face is required 
• Lap continuous flashing pieces at least 6 in. (152 mm) 

and seal with compatible sealant or adhesive
• Turn up the ends of discontinuous flashing at least 1 in. 

(25.4 mm) to form end dams
• Support flexible flashing across gaps and openings
• Extending flashing beyond the exterior wall face is 

recommended
• For UV-sensitive flashing, use a drip edge

Through-Wall Flashing Termination
• End flashing on vertical surface of backing
• Integrate flashing with weather-resistive barrier
• Protect edge of flashing from moisture:

• Apply cap bead of sealant on edge of self-adhered 
flashing

• Use of termination bar with sealant is preferred
• Other options: Insert into bed joint in masonry or 

reglet in concrete

Water-Resistive Barrier
• Required for wood or cold-formed steel backing; 

recommended for redundancy on masonry or concrete 
backing

• Use sheet membranes, fluid-applied films or board 
materials

• Integrate with flashing in shingled fashion to direct bulk 
water out of wall assembly

• Vapor permeability of material used depends on climate 
zone, wall assembly components and code requirements

Air Barrier
• Required by building codes
• Generally placed on exterior face of backing
• Vapor permeability of material used depends on climate 

zone and wall assembly components

Drainage Cavity
• Provide air space that drains properly with minimal mortar 

droppings
• A minimum 1 in. (25.4 mm) air space* is required
• When continuous insulation is present, maintain minimum 

1 in. (25.4 mm) air space* between the back of the brick 
and the insulation

• For air space recommendations, consult appropriate 
Technical Note for project-specific wall assembly

• Use of drainage material or mortar collection devices 
recommended

* An air space is allowed in the IRC to be a 1 in. (25.4 mm) 
nominal dimension and in the IBC to be a 1 in. (25.4 mm) 
specified dimension to account for construction tolerances.

Weeps
• Open head joint weeps spaced at no more than 24 in. 

(610 mm) o.c. preferred 
• Most building codes permit weeps no less than 3⁄16 in. 

(4.8 mm) in diameter and spaced no more than 33 in. 
(838 mm) o.c.

• When wick weeps used, spacing of no more than 16 in. 
(406 mm) o.c. is recommended

• Use of weep tubes is not recommended

SUMMARY OF RECOMMENDATIONS:
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INTRODUCTION
This Technical Note is the first in a series addressing water resistance of brick masonry. Design considerations 
and details are provided to illustrate the principles involved in addressing water penetration issues. The other 
Technical Notes in this series provide detailed guidance in the areas of material selection (7A) and construction 
(7B). Technical Note 47 provides information on condensation prevention and control.

When masonry walls encounter problems, water-related issues are often one of the primary factors. Brick 
masonry exposed to a disproportionate amount of water may have dimensional changes; efflorescence on exterior 
surfaces; and cracking, crazing, spalling or disintegration due to repeated freeze-thaw cycling. Water may also 
cause metals to corrode, insulation to lose its effectiveness and interior finishes to deteriorate. On susceptible wall 
elements, water penetration may also provide the moisture necessary for mold growth.

The water resistance of a masonry wall depends on four key factors: design, including detailing; materials; 
construction; and maintenance. Attention to all four is necessary to produce a wall that will perform satisfactorily. 
Failure to properly address any one factor can result in water penetration problems.

There are many sources of water that may affect masonry walls. Rain and snow contact exterior building materials 
directly. Water vapor is a constant presence in the air and can infiltrate or exfiltrate through seams and interfaces 
in the building envelope. Since water sources cannot be eliminated, the designer must instead control the 
potential for water penetration. 

Historically, masonry walls functioned as both the structural system and as the exterior skin of the building. These 
masonry walls were quite massive, ranging in thickness from 12 in. (305 mm) up to 6 ft (1.83 m) of solid brick. 
Because of their thickness and their state of constant compression due to the structural loads, these walls worked 
quite well in keeping water out of the interior of the building. The large volume of masonry prevented moisture 
penetration to the interior due to the sheer mass of material. Historic mass masonry walls acted as a reservoir 
for any moisture absorbed, which was later released as vapor. Also, many older masonry walls were built with 
roof overhangs, cornices and other ornamentation that helped to protect the faces of the buildings from excessive 
water sheeting and subsequent water penetration to the interior.

The walls typically used today are much less massive, and the masonry may be 3 in. (76 mm) or less in 
thickness, greatly reducing the moisture storage capacity of the wall assembly. In many cases, walls have minimal 
overhang at the top, allowing sheeting of rainwater over the full height of the facade from the roof or parapet down 
to the ground. As a result, rainwater can be in contact with the masonry of these newer wall systems in larger 
quantities and for longer periods of time, leading to more opportunity for water penetration problems.

DESIGN
The successful performance of a masonry wall depends on limiting the amount of water penetration and 
controlling any water that enters the wall system. When water passes through brick masonry walls, it typically 
does so through minute separations between the brick units and the mortar joints. Under normal exposures, it is 
virtually impossible for significant amounts of water to pass directly through the brick units or through the mortar. 
Highly absorbent brick units will absorb some water but do not contribute to liquid (bulk) water penetration through 
a wall. 

Design for water resistance requires evaluation of several items, including sources of moisture; selection of wall 
type; and the use of water-resistive barriers, flashing and weeps. This Technical Note addresses each of these 
items separately.

Sources of Moisture
Moisture is present almost everywhere, in the form of rain, snow, condensation, groundwater, construction runoff, 
etc. Some of these lend themselves to control, but some do not. This Technical Note addresses wind-driven rain. 
The control of moisture-laden air and interstitial condensation is discussed in Technical Note 47.

When designing a masonry wall, consideration of exposure to wind-driven rain is important. Exposures vary 
greatly throughout the United States, from severe on the Eastern Seaboard and Gulf Coast, where rain durations 
of several hours may be accompanied by high-velocity winds; to moderate in the Midwest and Mississippi Valley, 
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where wind velocities are usually lower; to slight in the 
arid areas of the West. No single wall design can be 
expected to perform equally well under all exposures. 
Refer to Figure 1.

Selection of Wall Type
The selection of the proper wall type to use in any 
given situation is very important. Under normal 
conditions, it is nearly impossible to keep a heavy 
wind-driven rain from penetrating a single wythe of 
brickwork, regardless of the quality of the materials or 
the degree of workmanship used.

The best approach to designing a water-resistive 
wall is to assume that some water will penetrate the 
outer surface. Therefore, the objective is to control 
the moisture once it begins to penetrate the wall. Two 
basic wall systems are used for this purpose: the 
drainage wall and the barrier wall.

Drainage Wall Systems. Drainage wall systems 
include cavity walls and anchored veneer walls, as 
shown in Figure 2, Figure 3, Figure 4 and Figure 5. 
Contemporary cavity walls use metal ties to connect 
the masonry wythes; however, a designer may 
encounter masonry-bonded hollow walls in historic 
applications. The guiding principle behind the drainage 
wall assumes that a heavy, wind-driven rain will result 
in moisture penetrating the exterior wythe of brickwork. 
When this occurs, the wall is designed to collect this 
moisture and redirect it out of the wall assembly. 

The water progresses down the drainage cavity, 
typically on the interior face of the outer brick wythe, 
where it is collected on the flashing and exits the 
wall system through the weeps. Properly designed, 
detailed and constructed drainage wall systems 
provide excellent water penetration resistance. 

Figure 1
U.S. Wind Speeds and Precipitation

Figure 2
Brick Veneer/Wood Framing

Figure 3
Brick Veneer/Cold-Formed Steel Framing
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Information on aspects specific to cavity wall systems 
can be found in the Technical Note 21 Series. The 
Technical Note 28 Series generically addresses both 
anchored and adhered veneer wall systems.

Barrier Wall Systems. Barrier wall systems, such 
as the one shown in Figure 6, include mass masonry 
multi-wythe walls with mortar or grout-filled collar 
joints (including composite brick/concrete block 
walls and composite brick/structural clay tile walls), 
reinforced brick masonry walls and adhered veneer 
walls. The system relies on the thickness of the 
masonry and the integrity of the mortar or grout to 
prevent moisture from reaching the interior during 
the rain event. This moisture will slowly evaporate 
from the wall assembly during drier weather. Critical 
to the performance of this wall system is the integrity 
of the collar joint, as well as the bed and head joints 
between units. These joints must be solidly filled with 
grout or mortar; otherwise, the gaps create pathways 
that direct water to the interior and bypass the storage 
capacity of the wall assembly. Grouting is the most 
effective method of ensuring that collar joints are 
completely filled; however, spaces less than ¾ in. 
(19.1 mm) should not be grouted. In these instances, 
the face of the inner masonry wythe should be parged 
and the back of brick in the exterior wythe buttered in 
order to fill the collar joint. Placing mortar in the collar 
joint with a trowel after the individual wythes are laid, 
commonly referred to as “slushing,” does not result 
in completely filled joints and is not recommended. 
Flashing is also integrated into barrier walls to aid 
in controlling water that penetrates the exterior 
wythe. Properly designed, detailed and constructed 
barrier wall systems work well with respect to water 
penetration resistance.

Single-Wythe Walls. Single-wythe masonry walls 
can be considered a variation of a barrier wall system. 
Single-wythe brick masonry construction can be 
designed with either solid or hollow units. In single-
wythe walls, the masonry wythe usually exceeds the 
thickness of a nominal 4 in. (102 mm) exterior brick 
wythe. In addition to the added thickness, grouted 
cells help to prevent water from penetrating to the 
interior of the wall system. Inherently, single-wythe 
walls are not as resistant to water penetration as 
are drainage wall systems or multi-wythe barrier 
wall systems, and may not be appropriate for some 
severe exposures. With careful detailing and good 
construction practices, however, a single-wythe wall 
can perform well. For example, vertically reinforced 
and grouted brickwork often provides good water 
penetration resistance. 

Figure 4
Brick Veneer/CMU Wall

Figure 5
Masonry-Bonded Hollow Wall

Figure 6
Reinforced Barrier Wall



www.gobrick.com | Brick Industry Association | TN 7 | Water Penetration Resistance – Design and Detailing | Page 5 of 15 

With single-wythe masonry, it is especially important to use a mortar joint profile that sheds rather than collects 
water. Concave and “V” joint profiles are preferred because they eliminate exposed horizontal surfaces on the 
brick, and the tooling procedure consolidates the outer surface of the mortar and compresses it against the sides 
of the joint, increasing the water penetration resistance of the mortar joint. See Technical Note 7B for further 
information. Penetrating water repellents can increase the moisture resistance of single-wythe walls; however, 
they will require periodic reapplication and are not equal to essential code-required drainage wall details. A water 
repellent may reduce some bulk water penetration through the brickwork, but it will not improve the ability of the 
wall to manage any water that does penetrate. Film-forming or acrylic-based water repellent coatings or sealers 
should be avoided. See Technical Note 6A for further information on water repellents.

DETAILING
Water-Resistive Barriers
The International Building Code (IBC) [Ref. 4] and the International Residential Code (IRC) [Ref. 5] require a 
weather-resistant exterior envelope to provide water resistance. They define a water-resistive barrier as a material 
behind an exterior wall covering that is intended to resist liquid (bulk) water that has penetrated behind the exterior 
covering from further intruding into the exterior wall assembly. For exterior walls with brick veneer and wood or 
cold-formed steel frame backing, a water-resistive barrier is required. A water-resistive barrier is not required on 
projects where exterior walls have concrete or masonry backing behind brick veneer, but one may be included for 
redundancy.

The water-resistive barrier is typically a sheet layer or fluid-applied membrane attached to the exterior face of the 
backing, or a board material qualified and installed as such. It is installed to provide a continuous drainage plane 
and is integrated with flashing in a shingled fashion to form a system that directs bulk water out of the wall. Where 
the water-resistive barrier is a sheet layer, it must be lapped. Where a fluid-applied membrane is used as a water-
resistive barrier, most manufacturers require that gaps in the substrate be covered with a transition sheet or tape 
prior to the application of the liquid material. Similarly, board materials qualified to serve as water-resistive barriers 
must also have the joints between boards covered.

In-depth discussion of water-resistive barriers is outside the scope of the BIA Technical Notes. However, there 
are many building science resources available as reference [Ref. 1 and Ref. 3]. In cases with complicated 
buildings, consultation with building envelope professionals is recommended in order to develop project-specific 
recommendations for materials and placement of those materials in the wall assembly. Various types of materials 
that may be used in the design of brick masonry and brick veneer walls are discussed in Technical Note 7A.

Air Barriers and Vapor Permeance
Air barriers and the vapor permeance of materials also play a role in moisture management, as they control the 
movement of water vapor. An air barrier controls air leakage through the building envelope, and a material’s 
vapor permeance controls the amount of moisture that can pass through (vapor diffusion). As air movement 
accounts for significantly more water vapor movement in building cavities than does vapor diffusion, air barriers 
are generally considered to have a more significant impact on moisture control than the vapor permeance of a 
material. Both the IBC and IRC require air barriers in the wall assembly. For exterior walls with brick veneer, air 
barriers are usually placed on the exterior of the backing and may consist of a single material or a combination 
of materials. In some cases, a water-resistive barrier may also serve as an air barrier or a vapor retarder. Vapor 
retarders are classified by their level of permeance, as defined in the IBC and IRC. The vapor permeance of a 
material is generally more of a concern on the warm side of the building envelope. As a result, the interior side of 
exterior walls of wood or cold-formed steel framing of buildings located in Northern climate zones are required to 
have materials with a certain vapor permeance. For more information on air barriers, vapor retarders and vapor 
permeance of materials, refer to Technical Note 7A. 

Through-Wall Flashing
Through-wall flashing is an impervious material installed in a masonry wall system to contain water that has 
penetrated the exterior wythe and direct it back to the exterior. Such flashing is required in a drainage wall system 
and is critical to the ability of the wall to manage moisture. In a barrier wall system, such flashing is recommended 
as a second line of defense to moisture intrusion. Proper design requires flashing at wall bases, window sills, 
heads of openings, shelf angles, projections, recesses, bay windows, chimneys, tops of walls, and roofs. Sheet 
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metal and flexible membranes are the materials most frequently used to create flashing. Flashing should extend 
vertically up the backing a minimum of 8 in. (203 mm) above the horizontal leg. 

Through-wall flashing design and installation must also address the following:

Compatibility. Through-wall flashing materials and components must be compatible with one another and 
with the underlying substrates, including air barriers and vapor retarders. Through-wall flashing components 
must be compared so that materials in contact will adhere with no detrimental effects on the performance of 
the system. It is recommended to obtain self-adhered flashing, air barriers, vapor retarders and their auxiliary 
materials (including adhesive/primer and sealants) from a single manufacturer. Alternatively, provide manufacturer 
documentation confirming compatibility between adjacent materials in the wall assembly.

Extension Through Wall. While building codes permit flashings to be trimmed flush with the brick face, extending 
flashing beyond the face of the wall promotes improved drainage. When flashing does not extend beyond the 
brick face, surface tension can permit moisture to wick under the flashing or wet the surface of the brick below. 
Wherever possible, a drip should be formed to ensure that moisture exits the wall assembly and is directed away 
from the face of the wall below. Many popular flashing membranes deteriorate with UV exposure. In such cases, a 
sheet metal drip edge (typically stainless steel) can be paired with the membrane to address this issue, as shown 
in Figure 7. The sheet metal drip is inert under UV exposure, which allows the membrane to remain concealed but 
still direct moisture beyond the face of the brick. This method is also effective at avoiding bleed from rubberized 
asphalt-based membranes, since the edge of the membrane will be recessed. Where the appearance of drips is 
considered objectionable, flat sheet metal drips can be formed using only a hemmed edge, eliminating the angled 
projection and minimizing their exposure.

Substrate Adhesion and Support. Flashing should be fully adhered to substrate material to prevent lateral 
migration of moisture in case of a breach. Self-adhered membranes should be rolled to ensure good bond to 
the substrate and to minimize air bubbles. Rigid flashing such as drip edges or sheet metal pans should be fully 
bedded in sealant or liquid membrane material. Rigid flashing can be self-supporting; however, flexible flashing 
requires continuous support and should not span or drape across gaps. Thin corrosion-resistant sheet metal can 
be used as a support in these conditions. Primers may be required per the manufacturer’s directions.

Continuity. While some flashing locations are discrete, such as at window openings, other locations such as shelf 
angles or wall bases will be continuous around the entire building. As a result, pieces must be lapped or spliced at 
the project site. Plain flexible flashing sections should be lapped at least 6 in. (152 mm) and the laps adhered and 
edges sealed with a sealant or adhesive compatible with the flashing material. Self-adhesive flashing lap lengths 
are typically 3 to 4 in. (76 to 102 mm) and vary by manufacturer. The manufacturer’s recommended sealant or 
liquid membrane should be used to protect the edges of the lap splice. Splices in sheet metal elements like drip 
edges can consist of a simple lap joint or a separate cover plate that conceals the ends of two adjacent flashing 
sections. Refer to the manufacturer’s requirements for lap and splice details.

Figure 7
Drip Edge Detail

Figure 8
Installation of Prefabricated Flashing Corners

Prefabricated 
Corners
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Flashing Around Corners and Projections. Continuity of flashing is critical. To achieve flashing continuity 
around corners, the pieces of flashing may be folded, lapped and sealed to conform to the shape of the structure. 
Alternatively, preformed corner and transition pieces are available, as shown in Figure 8. Specifying prefabricated 
flashing membrane corners reduces some of the potential for water penetration. If cuts are used, then the seams 
and edges should be well-sealed. Whether field-formed or prefabricated, overlap all edges and corners at least 
6 in. (152 mm) and seal with an adhesive or detailing material compatible with the flashing. Inside and outside 
corners of stainless steel drips can be premanufactured as well to improve productivity and to achieve better 
quality control over soldered seams. 

End Dams. Where the flashing is not continuous, such as above and below openings in the wall and on each 
side of vertical building expansion joints, the ends of the flashing should be turned up into the head joint at least 
1 in. (25.4 mm) at each end to form a dam. At window and door openings, the head flashing should be extended 
beyond the jamb lines on both sides prior to forming the end dams. Preformed sheet metal end dams may also be 
used in combination with flexible flashing. End dams for rigid sheet metal flashing should be fully soldered. Refer 
to Figure 9 for an example of an end dam in a flexible flashing.

Terminations. Terminate flashing on the vertical surface of the backing and integrate with the water-resistive 
barrier to provide positive drainage. All flashing terminations must be supported and protected to ensure that they 
remain in place and that moisture cannot undermine them. In most cases, the water-resistive barrier will overlap 
the flashing; however, fluid-applied water-resistive barrier may have manufacturer-specific requirements. The 
vertical leg of flashing can be terminated in a variety of different ways. Flashing, both rigid and flexible, can be 
terminated into the bed joint of the interior masonry wythe or into horizontal slots (reglets) in concrete construction. 
For flexible flashing, using a termination bar is preferred. Termination bars are generally narrow plates with 
predrilled holes to receive fasteners. The termination bar is placed at the top of the vertical leg of flashing, 
fastened to the substrate, and sealed as shown in Figure 18. Alternatively, self-adhered flexible flashing can be 
terminated on the backing with a bead of compatible sealant along the top edge.

Weeps
In order to adequately drain any water collected on the flashing, weeps are required at the level of the flashing 
at all locations. The practice of placing weeps in one or more courses of brick above the flashing will allow water 
to accumulate and is not recommended. An open head joint weep, formed by leaving mortar out of a joint, is 
the preferred type of weep. Open head joint weeps should be at least 2 in. (51 mm) high. Noncorrosive metal, 
mesh or plastic screens/vents can be installed in open head joint weeps if desired. These may be beneficial 
to discourage insect entry and to emphasize the purpose of the open head joints in order to reduce the risk of 
sealing during future maintenance work. 

Figure 9
End Dam Detail

Figure 10
Spacing of Weeps
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Other weep types include wicks and tubes. While not preferred, if used, wicks should be at least 16 in. (406 mm) 
long and extend through the brick wythe into the air space and along the back of the brick wythe. Weep tubes are 
not recommended due to an increased risk of clogging. Weeps are permitted by most building codes to have a 
minimum diameter of 3⁄16 in. (4.8 mm) [Ref. 2 and Ref. 5]. 

Spacing of open head joint weeps is recommended at no more than 24 in. (610 mm) o.c. Refer to Figure 10. 
Weeps are permitted by most building codes to be spaced up to 33 in. (838 mm) o.c. [Ref. 2 and Ref. 5]. If used, 
spacing of wick or tube weeps is recommended at no more than 16 in. (406 mm) o.c.

Drainage
To the extent possible, the air space must be kept clear of mortar and mortar droppings to achieve adequate 
drainage. An air space that provides drainage is permitted to contain mortar from construction. Building codes 
require a minimum 1 in. (25.4 mm) air space. The IRC requires a nominal 1 in. (25.4 mm) air space, and the IBC 
requires a specified 1 in. (25.4 mm) minimum air space. When continuous insulation is present within the air space, 
provide a minimum dimension of 1 in. (25.4 mm) (nominal or specified per applicable code) between the inside 
face of the brick and the insulation. BIA recommendations for air space dimensions vary depending on the type of 
construction. Consult the appropriate Technical Note for the project-specific wall assembly.

Drainage media may be specified that prevent mortar from entering the air space or that catch mortar droppings 
at the wall base. These materials are usually made of a plastic mesh or fabric porous enough to allow passage 
of water but that will catch or inhibit mortar from collecting at the base of the air space. The effects of mortar 
collection devices should be considered carefully, as they may require modifications to typical details such as 
extending the vertical leg of the flashing more than 8 in. (203 mm) above the weep line. Drainage media is 
permitted to fill the full depth of the air space. While it is not mandatory to include drainage materials, they may 
help in providing an air space that drains properly. However, the use of drainage media should not preclude good 
workmanship and an effort to keep mortar and mortar droppings out of the air space to the extent possible.

Critical Flashing Locations
Wall Base. Moisture that enters a wall assembly gradually travels downward. Continuous flashing must be 
placed above grade at the base of walls to divert this moisture to the exterior. In addition, base flashing prevents 
groundwater from rising up into the wall system due to capillary action and helps prevent efflorescence. The 
elevation of flashing and weeps should be no more than 10 in. (254 mm) above finished ground level and should 
consider planting beds, ground coverings, sidewalks, etc. that are placed immediately adjacent to the wall. The 
IRC requires lots to be graded to drain surface water away from foundation walls and requires a minimum slope of 
6 in. (152 mm) within the first 10 ft (3.05 m) of wall to provide positive drainage away from the wall.

Once the designer has determined the level for placing flashing in the wall in accordance with the grading plans, 
care should be taken that field modifications do not result in any section of flashing being below grade. The 
location of the base flashing should be stepped to conform to significant changes in grade.

The top of the foundation wall should be above the elevation of the base flashing to prevent water from being 
directed toward the building interior. Refer to Figure 11. The cavity below the base wall flashing should be solidly 
filled with mortar or grout. Anchors or ties within the solidly filled space should be located according to the same 
spacing as the brick veneer above grade. Where below-grade waterproofing or dampproofing is present, the 
transition to the above-grade moisture management system (water-resistive barrier and flashing) should be 
detailed and constructed to provide continuity at the wall base.

Brickwork Below Grade. Brickwork should extend below grade only when special provisions are made 
in detailing and construction to minimize water penetration. If brickwork extends below grade, then the soil 
immediately adjacent to the brickwork should provide good drainage. If the soil does not provide good drainage, 
then a drainable fill, drainage mat or drainage board that is detailed and constructed to drain water away from the 
brickwork should be provided between the soil and the brickwork (see Figure 11a, Figure 11b and Figure 11c).

The IRC and IBC require the surfaces of walls against earth to be dampproofed or waterproofed. To avoid the 
application of dampproofing or waterproofing to brick veneer, the brick shelf in the foundation may be constructed 
above the final grade (see Figure 11d). If brickwork extends below grade, then dampproofing or waterproofing 
should be applied to the brickwork below grade in accordance with the IRC or IBC.
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Figure 11
Flashing at Wall Bases

(b) CMU on CMU Foundation(a) Wood Stud on CMU Foundation

(c) Steel Stud on Concrete Foundation (d) Wood Stud on Turned-Down Slab
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Brickwork is allowed to project (corbel) from the face of the supporting member by a distance of up to one-half the 
nominal brick (unit) thickness. To achieve this, each course of the corbel is allowed to project the lesser of one-half 
the nominal brick (unit) height or one-third the nominal brick (unit) width. Where corbelled brickwork occurs below 
grade, adequate drainage should be provided below the brickwork (see Figure 11a). Where inadequate drainage 
is provided for such brickwork, frost heave may result if the brick shelf is located above the frost line.

Window Sills. Window sills integrated into brick construction should be sloped to shed water; a minimum slope 
of 15 deg from horizontal is recommended. Through-wall flashing must be placed under all sills, as shown in 
Figure 12, Figure 13 and Figure 14, and turned up at the back and the ends to form a pan flashing. Soffits and 
deep reveals may require special flashing considerations. The Technical Note 36 Series contains further details 
and information.

Steel Lintels. Through-wall flashing is required at lintels over all openings including door and window heads, as 
shown in Figure 15. Weeps are required immediately above the flashing. As indicated in the previous section, 
the flashing is turned up at each end of the lintel to form end dams. Figure 16 shows several examples of lintels, 
including those anchored to structural steel members. Depending on the configuration of the structural steel 
member, the steel may interrupt the cavity, which requires installation of flashing on the top flange. However, this 
configuration leaves the beam web and top surface of the bottom flange susceptible to corrosion. In those cases, 

Figure 12
Flanged Window Sill Detail

Figure 13
Window Sill in Cavity Wall

Figure 14
Stone or Concrete Window Sill

Figure 15
Flanged Window Head Detail
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it is recommended to apply a protective coating to 
the steel and install an additional line of flashing 
at the lowest brick course. Typical shop primer or 
commercial paint is generally not adequate for this 
application.

Shelf Angles. In concrete or steel frame buildings 
with the brick wythe supported on shelf angles, 
the entire face of the spandrel beam may be 
flashed, or the flashing may be held in place by a 
termination bar installed on the spandrel beam or 
integrated with moisture-proofing on the spandrel 
beam. In some cases, shelf angle connections may 
cut, puncture or otherwise interrupt the flashing. 
When this occurs, it is important to make sure that 
all openings in the flashing are tightly sealed and 
that the flashing is attached to these supports with 
compatible sealant or adhesive. Refer to Figure 17 
and Figure 18. Horizontal expansion joints are 
required beneath shelf angles to allow for movement 
of the brick. For further information on expansion 
joints, refer to the Technical Note 18 Series.

Projections, Recesses and Caps. Projections, 
recesses and caps tend to collect rainwater and 

Figure 16
Structural Steel Lintels

Figure 17
Shelf Angle with Concrete Frame

Figure 18
Shelf Angle with Stand-Off Attachment

(b)

Min. 1 in. (25.4 mm) 
Specified Air Space 
Between Brick and 
Insulation

Welded Plate Bracket 
to Create Stand-
Off Shelf Angle for 
Continuous Insulation

Sheathing
Termination Bar with Sealant
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Shelf Angle with  
Stand-Off Connection to Allow 
Continuous Insulation Behind

Embed Plate
Flashing
Water-Resistive Barrier  
Detail at Stand-Off Brackets  
per Manufacturer Instructions
Weep
Sealant and  
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Compressible  
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snow. They should be sloped away from the wall to 
drain and should be flashed where possible, similar 
to sill conditions, as shown in Figure 19. Other details 
and information can be found in the Technical Note 36 
Series.

Tops of Walls and Parapets. The tops of all walls 
and parapets must have a cap or coping, with 
flashing recommended directly beneath the coping. 
Drainage-type parapet walls, as shown in Figure 20 
and Figure 21, are recommended as the best parapet 
system for resistance to water penetration. The 
Technical Note 36 Series provides more details and 
information on these subjects.

For more effective moisture resistance, metal copings, 
as shown in Figure 21 and Figure 22, are preferable 
to brick, cast stone, concrete or stone copings. Metal 
copings should extend down the face of the wall 
a minimum of two courses, with the bottom edges 
anchored using concealed cleats designed to resist 
wind loads. Flexible membrane flashing should be 
installed continuously below the coping to protect 
the blocking and the top of the wall. A membrane 
formulated for high-temperature use is necessary 
under metal copings. Copings of cast stone, concrete 
or stone are recommended to have joints between 
each element closed with sealants, or with skyward-
facing mortar joints raked to permit the installation of 
sealant at the outer surface.

Roof/Wall Intersection. Flashing placed at the 
intersection of a low roof with a wall or a roof deck 
with a parapet is critical to resist water penetration. 

Figure 20
Precast or Stone Coping on Cavity Wall Parapet

Figure 21
Metal Coping on Cavity Wall Parapet

Figure 19
Projections and Caps
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Depending on the type of wall, both through-wall 
flashing and counter flashing may be required. 
Counter flashing is used to protect the top edge of 
roof flashing that extends up the face of the brick. 
Generally, counter flashing is metal and overlaps roof 
flashing a minimum of 3 in. (76 mm). Coordination 
between the masonry and roofing trades is critical 
in order for the counter flashing to be installed in 
the masonry in the appropriate brick course. For a 
barrier wall, place counter flashing in the bed joint 
above the top of the roof flashing. Refer to Figure 20 
and Figure 21. For a drainage wall with brick veneer, 
through-wall and counter flashing are required at 
the course above the top of the roof flashing. Install 
through-wall flashing that extends through the brick 
veneer, across the air space and turns up a minimum 
of 8 in. (203 mm). If flexible flashing is used, install a 
corrosion-resistant sheet metal support across the air 
space and extend up 4 in. (102 mm) minimum on the 
backing. Refer to Figure 23. Under the through-wall 
flashing, provide counter flashing that extends down 
the face of the brick. If a metal drip edge is used for 

Figure 23 
Wall/Roof Intersection

Figure 22
Metal Coping on Non-Parapet Wall

Figure 24
Brick Veneer/Siding Transition
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the through-wall flashing, it can be fabricated to receive and anchor the counter flashing. Where roof line adjacent 
to wall is sloped, provide stepped flashing similar to Figure 25. The counter flashing will also be stepped.

Transitions with Other Materials. Frequently, brick is used in combination with other cladding materials on 
the same facade, some of which may be barrier-style systems or have drainage cavities that are smaller than 
those for brick masonry. In these cases, the brick should be constructed to be self-contained. For instance, 
when transitioning to a non-masonry cladding above brick, there should be a cap element to cover the top of the 
masonry air space and a horizontal veneer expansion joint or gap to allow for the initial moisture expansion of 
the brick. See Figure 24. When transitioning from brick to another material below that is not a masonry veneer, 
it should be treated as a wall base condition. When transitioning to the side, end dams should be installed at the 
flashing lines and closure brick installed along the full height of the transition. 

Vertical Changes in Direction. In cases such as a sloped grade parallel to the building, stairs, retaining walls, 
loading docks or adjacent shelf angles, the flashing needs to account for these changes in direction. Stepped 
flashing is recommended for these conditions, as well as when the brick masonry surrounds a curved or sloped 
wall opening. See Figure 25. Rather than installing a single piece of flashing laid flat, installing several layers of 
flashing not in the same course of brickwork can protect the wall against moisture penetration around the opening 
or sloped surface. To form a step, the end of the flashing at the highest elevation should be turned up to form an 
end dam with the opposite end laid flat. It is recommended that stepped flashing in higher courses of brickwork 
overlap the layer below by 4 in. (102 mm) minimum. The lowest piece of flashing should form a pan with end 
dams at both ends. Weeps to direct water out of the wall should be installed at each level of the stepped flashing. 
Alternatively, a series of tray flashings with end dams on both sides can be used.

Balconies, Decks and Terraces. Horizontal structural elements such as balconies and terraces interrupt the 
drainage plane of the brick masonry and should have a wall base flashing detail installed along the full length 
of the balcony, deck or terrace, with end dams installed at the ends. Additional end dams are required at the 
jambs to the access doors. The wall base detail is not required at the door, but a sill flashing is recommended. In 
some designs, there may be balcony waterproofing, either on the surface or below a topping slab. The vertical 
termination of the balcony waterproofing will coincide with the location of the masonry wall base flashing and 
should be coordinated to integrate the two systems for a watertight condition.  

Figure 26
Flashing at Steel Column

Figure 25
Stepped Flashing at Grade
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For residential applications, the IRC [Ref. 5] states that deck ledgers shall not be supported on masonry veneer. 
In order to support a deck on an exterior wall with brick veneer, the brick in the area of the attachment must be 
removed and the deck framing attached to the underlying house structure. Consequently, the brick veneer above 
the deck will require support and flashing around the ledger. A freestanding deck not attached to the exterior wall 
of the house is the recommended solution for this situation. Alternatively, there are a few manufactured brackets 
that, when installed, provide mounting surfaces located outside the exterior face of the brick, allowing the brick 
veneer to be installed in the typical manner. The brackets are detailed and waterproofed at the plane of the 
sheathing, similar to other projections.  

Steel Columns. When the inside wythe of a cavity wall spans between steel columns and the column flanges 
are perpendicular to the masonry, special flashing detailing is required. Figure 26 illustrates one way that this 
condition can be addressed. The flashing is formed into a tray and adhered to the column. The flashing must be 
supported across this area; brick or concrete masonry units may be placed at the column base to provide support. 
Alternatively, in cases where the flashing terminates on the vertical surface of the inner masonry wythe, sheet 
metal can be used to span the column flanges, permitting the vertical leg of the flashing to continue in the typical 
manner. This sheet metal closure would require a tray or sloped top surface extending to the column web and a 
sealed perimeter to prevent moisture from undermining the flashing.

SUMMARY
Masonry walls constructed of brickwork have performed well for centuries and are a testament to the performance 
and durability of brick. Design and detailing that maximizes the water penetration resistance of brickwork is 
needed to achieve this level of service. Selection of the wall type should be based on the project’s location, 
environmental conditions and building use. Water penetration resistance of brickwork is enhanced by including 
appropriate details that reduce water penetration at key points in the brickwork.

The information and suggestions contained in this Technical Note are based on the available data 
and the combined experience of engineering staff and members of the Brick Industry Association. 
The information contained herein must be used in conjunction with good technical judgment 
and a basic understanding of the properties of brick masonry. Final decisions on the use of 
the information contained in this Technical Note are not within the purview of the Brick Industry 
Association and must rest with the project architect, engineer and owner.
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Water Penetration Resistance – 
Construction and Workmanship
Abstract: This Technical Note covers essential construction practices needed to ensure water-resistant brick masonry. 
Procedures for preparing materials to be used in brick construction are recommended, including proper storage, handling and 
preparation of brick, mortar, grout and flashing. Good workmanship practices are described, including the complete filling of all 
mortar joints, tooling of mortar joints for exterior exposure and covering unfinished brick masonry walls to protect them from 
moisture. 

Key Words: air space, brick, construction, flashing, initial rate of absorption, joints, mortar, tooling, weeps, workmanship.

General
• Store materials on job site to avoid wetting, contamination 

and temperatures outside manufacturer limits
• For drainage walls, keep the air space free of excessive 

mortar droppings
• Do not disturb newly laid masonry
• Stop in-progress brickwork by stepping back courses to 

create a diagonal profile
• Cover tops of unfinished walls until adjacent construction 

protects them from water ingress

Brick and Mortar
• Distribute brick from different straps and cubes around 

jobsite to blend brick
• Lab test values for the initial rate of absorption (IRA) of a 

given brick may vary among different production runs and 
different field exposures

• For brick with an IRA lower than 5 g/min•30 sq in. 
(5 g/min•194 cm2), mortar with reduced water or 
minimized water retention by decreasing lime proportions 
within limits of ASTM C270 is recommended 

• For brick with an IRA exceeding 30 g/min•30 sq in. 
(30 g/min•194 cm2): 

• Mortar with increased water or maximized water 
retention by increasing lime proportions within limits 
of ASTM C270 is recommended

• When used on a building designed to the IBC, 
pre-wet brick where feasible; otherwise, modify 
mortar mix to maximize water retention 

• When mixing mortar, use accurate batching 
measurements and the maximum amount of water that 
produces a workable mortar

• For colored mortars, follow manufacturer’s recommended 
procedures

Joints
• In exterior wythes, completely fill all mortar joints intended 

to have mortar
• Minimize furrowing of bed joints and prohibit slushing of 

head joints
• Fill collar joints completely with grout or mortar, preferably 

grout; do not slush collar joints
• Tool mortar joints when thumbprint hard with a concave, 

“V” or grapevine jointer

Mock-Ups and Sample Panels
• For residential construction, use an as-built dwelling 

by the same builder or mason contractor to establish 
workmanship

• For commercial construction, sample panels or mock-ups 
are recommended

• For commercial construction that has complicated 
facades with multiple cladding materials or that requires 
field testing, a mock-up is preferred 

Flashing and Weeps
• Do not stop flashing behind face of brickwork
• Where required, turn up flashing ends into head joint a 

minimum of 1 in. (25.4 mm) to form end dams
• Lap continuous flashing pieces at least 6 in. (152 mm) 

and seal
• Where installed flashing is pierced, make watertight with 

sealant or liquid membrane compatible with flashing
• Install weeps immediately above flashing
• Install vertical leg of flashing behind water-resistive barrier 

sheet
• Install vertical leg of flashing over fluid-applied or 

self-adhered air/vapor barriers or per manufacturer’s 
directions

Water-Resistive Barrier
• Seal penetrations from ties, anchors and termination bars
• Avoid damaging with trowels, and repair any damage as 

soon as possible before concealed

SUMMARY OF RECOMMENDATIONS:
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INTRODUCTION
The best design, detailing and materials will not compensate for poor construction practices and workmanship. 
Proper construction practices, including preparation of materials, are essential to achieve a water-resistant brick 
masonry wall. 

This Technical Note discusses construction techniques and workmanship and is the third in a series of Technical 
Notes addressing water penetration resistance of brick masonry. Other related Technical Notes address brickwork 
design and details (TN 7), materials (TN 7A) and condensation (TN 47). Maintenance of brick masonry is 
addressed in Technical Note 46. All of these items are essential to obtain water-resistant brick masonry walls.

PREPARATION OF MATERIALS
Preparation of masonry materials before bricklaying begins is very important. Specific procedures must be followed 
to ensure satisfactory performance and to avoid problems. Preparation includes material storage, mixing mortar 
and grout, and in some cases wetting the brick.

Delivery and Storage of Materials
Masonry units are generally delivered to the site strapped in packs or cubes that are commonly on pallets. 
Movement of these packages around the site should be performed using methods and equipment that will 
limit damage to the masonry units. All materials at the jobsite should be stored off the ground to avoid damage 
and contamination from dirt, groundwater or other matter that may cause stains and contain soluble salts that 
contribute to efflorescence. Masonry units, mortar materials, ties and reinforcement should be stored off the 
ground, preferably in a dry location. In addition, all materials should be covered with tarps or other water-resistant 
materials to protect them from rain, snow and other elements. In addition, cover sand and other aggregates with 
a water-resistant membrane to avoid saturation and freezing in cold weather, as well as runoff and segregation 
of aggregates. Store flashing materials in places where they will not be punctured or damaged, and keep 
UV-sensitive materials in areas away from sunlight. Store roll materials on ends to avoid creasing. Store masonry 
accessory materials such as flashing components and joint sealant in unopened containers with labels at a 
location where temperatures will remain within the manufacturer’s required range. All masonry materials must be 
stored to prevent freezing, as indicated in Technical Note 1. 

Wetting Brick
Brick with an initial rate of absorption (IRA) greater than 30 g/min•30 sq in. (30 g/min•194 cm2) at the time of laying 
tend to draw too much moisture from the mortar before initial set, which can result in cracking and poor bond. 
To increase bond and water penetration resistance, construction practices may need to be altered when using 
such brick. ASTM C67, Test Methods for Sampling and Testing Brick and Structural Clay Tile [Ref. 1], includes a 
standard procedure for measuring IRA. However, be aware that some coatings, surface treatments and textures 
can return an elevated IRA value in laboratory tests while not adversely affecting water content of the mortar in the 
field. In addition, the IRA of a given brick may vary by production run and by exposure at the site.

A crude method to determine whether brick have an elevated IRA consists of drawing, with a wax pencil, a circle 
1 in. (25.4 mm) in diameter on the brick surface that will be in contact with the mortar. A quarter can be used as a 
guide for the circle. With a medicine dropper, place 20 drops of water inside this circle and note the time required 
for the water to be absorbed. If the time exceeds 1½ min, then setting the brick with typical methods should 
suffice; if less than 1½ min, then adjustments to typical construction practice are recommended.

The International Building Code (IBC) [Ref. 5] references the Specification for Masonry Structures (TMS 602) 
[Ref. 6] which requires brick with an IRA exceeding 30 g/min•30 sq in. (30 g/min•194 cm2) to be wetted prior to 
laying to produce an IRA less than 30 g/min•30 sq in. (30 g/min•194 cm2) when the units are placed. However, 
execution of this method may be impractical on large-scale construction projects, and the contractor may consider 
modifying the mortar mix to maximize water retention, as discussed in “Mixing of Mortar and Grout” in this 
Technical Note.

If brick are to be wetted, the method of wetting is very important. Sprinkling or dipping the brick in a bucket of 
water just before laying would produce the surface wet condition, as shown in Figure 1b, which may not be 
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sufficient. The units should have a saturated interior 
but be surface dry (also referred to as “saturated 
surface dry”) at the time of laying, as shown in 
Figure 1d.

Satisfactory procedures for wetting the brick consist 
of letting water run on the packs or cubes of brick, 
or placing them in a large tank of water. This should 
be done the day before the units are laid, or not later 
than several hours before the units will be used, so 
that the surfaces have an opportunity to reach a 
surface dry condition before the brick are laid. Wetting 
low-absorption brick or excessive wetting of brick 
may result in saturation, as shown in Figure 1c. This 
may prevent adequate absorption of water, resulting 
in excess moisture or “bleed” from the mortar joints 
and cause the brick to slide more readily—a condition 
commonly referred to by masons as “floating” of the 
brick.

Mixing of Mortar and Grout 
Typically, a high water content in the mortar is necessary to obtain complete and strong bond between mortar 
and brick. In general, the mortar should be mixed with the maximum amount of water that produces a workable 
mortar. Factors such as the jobsite environment and the IRA of the brick should be considered when determining 
the proper amount of water to include in the mortar.

Mortar to be used with brick that have an IRA greater than 30 g/min•30 sq in. (30 g/min•194 cm2) should be 
mixed to maximize water retention by increasing mixing water or lime content within the limits of ASTM C270, 
Standard Specification for Mortar for Unit Masonry [Ref. 2]. This is particularly important when pre-wetting the 
brick to reduce the IRA is impossible or impractical. Admixtures designed to increase the water retention of the 
mortar may also be used to improve the compatibility of mortar with high-IRA brick. Only admixtures with test data 
showing no deleterious effects should be used.

Mortar for use with brick that have an IRA less than 5 g/min•30 sq in. (5 g/min•194 cm2) should be mixed with 
reduced amounts of water or lime to minimize water retention. Lime proportions should remain within the limits of 
ASTM C270.

When brick with widely different absorption rates are used together in brickwork, it is important to maintain the 
correct water content in the mortar used with the different brick.

All cementitious materials and aggregates must be mixed for at least three minutes and not more than five minutes 
in a mechanical batch mixer. If, after initial mixing, the mortar stiffens due to the loss of water by evaporation, then 
additional water should be added and the mortar remixed (retempered). Pigmented or colored mortars are sensitive 
to retempering, which can result in significant color variations. Consult the colored mortar manufacturer’s literature 
for requirements and recommendations that may vary from standard practice. All mortar should be used within 
2½ hr (2 hr in hot-weather conditions, see Technical Note 1) of initial mixing, and grout should be used within 1½ hr 
of introducing water into the mix. No mortar or grout should be used after it has begun to set.

One of the most common problems with mortar is oversanding. Oversanded mortar is harsh and unworkable, and 
results in poor extent of bond and reduced bond strength, increasing the potential for water penetration problems. 
The cause of oversanding is frequently due to the shovel method of measuring the sand. The amount of sand 
that a shovel will hold varies depending on the moisture content of the sand, the person doing the shoveling and 
the different sizes of shovels used on jobsites. To alleviate this problem, proper batching methods must be used. 
Measurement of sand by shovel should not be permitted. Instead, a bucket or box of known volume will provide 
more consistent results. Technical Note 8B provides detailed guidelines for various methods of more accurately 
batching mortar.

Figure 1
Moisture Content of Brick

 (a) Dry (b) Surface wet

 (c) Saturated (d) Surface dry
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Blending of Brick
While not related to water penetration resistance, blending of brick at the jobsite is an important preparation 
task related to workmanship and the acceptable appearance of brickwork. Because brick is made from natural 
materials that differ in physical properties, variations in color may occur between production runs and occasionally 
within the same run. Modern manufacturing processes use automatic equipment that may not permit inspection 
of each brick unit, resulting in minor color and texture variations. For these reasons, straps of brick from different 
cubes should be placed together around the wall. The mason should then select brick from adjacent straps when 
laying a given section of brickwork. By blending the brick throughout the wall in this manner, the effect of potential 
color variations on the finished brickwork is minimized.

WORKMANSHIP
The importance of good workmanship to attain quality brickwork cannot be overemphasized. While design and the 
quality of materials contribute to the water penetration resistance of brickwork, workmanship is a highly important 
factor in the construction of water-resistant masonry.

Mock-Ups and Sample Panels
Building a mock-up or sample (field) panel on-site prior to the start of construction can provide a tangible reference 
of the quality and level of workmanship to be expected on the project for the building owner and the construction 
team. Although more common in commercial construction, sample panels or mock-ups may be considered for 
a custom residential project. For one- and-two-family residential construction where mock-ups or sample panels 
are not provided, an as-built dwelling in the same development or one constructed by the same builder or mason 
subcontractor may be used as a basis of workmanship. 

The brick used in a sample panel or mock-up is intended to demonstrate the final brick texture, color range, bond 
pattern and mortar color. Any issue with the brickwork must be resolved before the panel is accepted. Once the 
sample panel or mock-up is accepted, it becomes the standard for quality for all brick and brickwork on the project 
and should be used as a reference for bond pattern, brick, mortar joints, workmanship, and general appearance. A 
sample panel is intended only to show the brickwork. It is important that all aspects of the brickwork are shown in 
the sample panel, such as filling and tooling all mortar joints and cleaning the brick. Typically, sample panels give 
the best overall indication of the final brickwork.

A mock-up is generally larger than a sample panel because it includes more elements than brick and mortar and 
is intended to show the relationship between the brickwork and other facade elements, like doors and windows 
(fenestration) and other cladding materials. A mock-up includes all the underlying components of the wall 
assembly, such as air/vapor barriers, flashing and veneer anchors. By including these elements, the installation 
methods of these items can be evaluated and varied as required to achieve the desired results. On large 
commercial projects, this mock-up is often subjected to field testing in order to evaluate the performance of the 
wall assembly and the fenestration with respect to water and air penetration. 

Subcontractors involved with constructing the mock-up include all trades associated with installing these elements 
in the building. Similar to a sample panel, a mock-up sets the project standard for appearance and workmanship. 
Work that is subsequently concealed as part of the mock-up construction should be photographed and the images 
maintained on-site for reference during the project. 

Placing Flashing and Weeps
Flashing must be installed properly and integrated with adjacent materials to form an impervious barrier to 
moisture migration to the interior of the building. The flashing should be wide enough to start outside the exterior 
face of the brick wythe, extend across the cavity, and turn up vertically against the backing or interior wythe at 
least 8 in. (203 mm). The top (vertical) edge should be placed in a mortar joint of the inner wythe, in a reglet 
in concrete backing, or attached to sheathing or backing with a termination bar, as shown in Figure 2. Some 
manufacturers of self-adhered flashing permit termination with a compatible sealant bead encapsulating the 
leading edge. The vertical leg of the flashing is generally installed behind a water-resistive barrier and over a fluid-
applied membrane or self-adhered sheet membrane air barrier/vapor retarder. Manufacturers’ details for the water-
resistive barrier, air barrier and/or vapor retarder should be consulted for recommended installation.
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As a general rule, sections of flashing are to be 
overlapped at least 6 in. (152 mm) and the lap 
sealed with a compatible adhesive. Water-resistant 
sheet membranes should overlap the flashing 
in a shingled fashion by at least 6 in. (152 mm). 
Manufacturers’ installation requirements for 
specific flashing materials may vary from these 
recommendations and should be consulted.

Flexible flashing is placed so that the outside edge 
projects from the face of the wall. Although the 
formation of a drip is recommended, this flashing 
may be cut flush with the face of the brickwork. 
Sheet metal flashings are intended to project 
past the face of the wall and form a drip. In no 
circumstances should the flashing be stopped 
behind the face of the brickwork. Continuity at 
corners and returns is achieved by cutting and 
folding straight sections or using preformed corner 
pieces. Discontinuous flashing should terminate 
with an end dam in a head joint and turn up at 
least 1 in. (25.4 mm), as shown in Figure 3.

Flashing must be placed without punctures or 
tears. Openings created for reinforcement or 
anchors must be protected with application of a 
compatible sealant. Care should be exercised to 
ensure full coverage of any membrane, adhesive 
or sealant around penetrations or protrusions, such 
as brick veneer anchors at the point of contact with 
the wall. Many self-adhered membrane flashing 
manufacturers offer such a sealant as an accessory 
to the system. Additional protection may be needed 
around bolts fastening shelf angles to the structure.

Weeps are required and should be placed in mortar 
joints immediately above the flashing. Open head 
joints, formed by leaving mortar out of a joint, are the 
recommended type of weep. Open head joint weeps 
should be at least 2 in. (51 mm) high. Noncorrosive 
metal, mesh or plastic screens can be installed in 
open head joint weeps if desired. Weep openings 
are permitted by most building codes to have a 
minimum diameter of 3⁄16 in. (4.8 mm). This smaller 
opening results in reduced drainage capability and 
increased risk of clogging; therefore, use of tube 
weeps is discouraged. The practice of specifying 
the installation of weeps one or more courses of 
brick above the flashing is not recommended, as 
it requires a head of water to accumulate on the 
flashing before drainage can occur. Noncorrosive 
metal, mesh or plastic screens can be installed in 
open head joint weeps if desired.

Figure 3
End Dam Detail

Figure 2
Placing Flashing and Weeps
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Spacing of open head joint weeps at no more than 24 in. (610 mm) o.c. is recommended. If used, spacing of wick 
weeps is recommended at no more than 16 in. (406 mm) o.c. These are closer spacings than the 33 in. (838 mm) 
o.c. spacing permitted by most building codes; however, they improve drainage. Ensure that weeps are clear of all 
mortar to allow the wall to drain. Rope wicks should be flush with, or extend ½ in. (12.7 mm) beyond, the face of 
the wall to promote evaporation. The rope should continue into the bottom of the air space, placed along the back 
of the brick, and be at least 16 in. (406 mm) long. 

Tie/Anchor Installation
With respect to water penetration resistance, protecting ties and anchors from corrosion is critical. Anchors for 
veneer require a minimum mortar cover of ⅝ in. (15.9 mm). This cover requirement also applies to longitudinal 
wires of joint reinforcement. Where this cover cannot be achieved in non-veneer applications of hollow units, 
placement of the wire tie or joint reinforcement in center of face shell is recommended. See the “Interface with 
Water-Resistive Barrier” section of this Technical Note for information regarding fasteners used with face-mounted 
ties and treatment of penetrations caused by these fasteners. For more information on ties and anchors, including 
spacing, corrosion resistance and material specifications, refer to Technical Note 44B.

Interface with Water-Resistive Barrier
Multiple elements of masonry veneer are in contact with or penetrate the water-resistive barrier, which also may 
serve as an air barrier and vapor retarder. These elements are intended to prevent moisture ingress to the interior 
and damage to the backing. 

Brick ties or anchors penetrate this layer and flashing is applied to it or under it. If a termination bar is used, then 
its fasteners will penetrate this layer as well. Sealing penetrations is critical. It is preferable to place sealant behind 
ties or anchors, termination bar fasteners and other items that penetrate these layers. Applying the sealant as 
these items are being installed is necessary and generally done by the mason. 

Once laying of brick has begun, there is additional risk of tearing or scraping the water-resistive barrier due to the 
mason working in close proximity to the layer. Breaches in the water-resistive barrier have the potential to permit 
ingress of bulk water and moisture-laden air, which can cause significant damage to the underlying materials. 
Therefore, the mason should coordinate with the installer of the water-resistive barrier if this work was performed 
by others in order to quickly repair any damage that occurs before it is concealed. 

Filling Mortar Joints
To reduce water penetration, there is no substitute for proper filling of all mortar joints that are designed to receive 
mortar. Improperly filled mortar joints can result in leaky walls, can reduce the strength of masonry, and may 
contribute to disintegration and cracking due to water penetration and subsequent freezing and thawing. This 
behavior and performance has been confirmed by extensive laboratory tests [Ref. 4] as well as observations of 
masonry buildings in service.

A uniform bed of mortar should be spread over only a few brick units, and furrowed lightly, if at all. Filled joints 
result when plenty of mortar is placed on the end of the brick unit to be laid and it is shoved into place so that 
mortar is squeezed out of the top of the head joint, as shown in Photo 1. After placement, mortar squeezed out 
of the bed joint should be cut off prior to tooling, as shown in Photo 2. When placing closures, plenty of mortar is 
needed on the ends of brick in place and on the ends of the brick to be laid. The closure should be shoved into 
place without disturbing brick on either side, as shown in Photo 3.

Photo 1
Shoving Brick into Place

Photo 2
Cutting Excess Mortar

Photo 3
Placing the Closure
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Bed Joints. A bed joint is the horizontal layer of mortar on which brick are laid. The length of time between 
placing the bed joint mortar and laying the succeeding brick influences the resulting bond. If too much time 
elapses, then poor extent of bond will result. Brick should be laid within about 1 minute after the mortar is placed.

Full bed joints (covering the entire bedding surface) are an inherent requirement for water-resistant brick 
masonry construction. For solid brick, bed joints should be constructed without deep furrowing of the mortar. 
For hollow brick used in a veneer application, full bed joints are recommended. For ungrouted hollow brick in 
non-veneer applications, full bed joints provide the highest level of water penetration resistance. However, bed 
joints in this application may be laid with face shell bedding (mortar placed only on the front and back face 
shells) and still provide adequate water penetration resistance. Both face shells must be completely covered with 
mortar.

Head Joints. A head joint, sometimes called a cross 
joint, is the vertical mortar joint between two brick 
units. For both solid and hollow brick, it is important 
that head joints be completely filled. The best head 
joints are formed by completely buttering the ends of 
the brick with mortar and shoving the units into place 
against previously laid brick.

“Slushing” (throwing mortar into the joint with the edge 
of a trowel) does not adequately fill joints or compact 
the mortar, resulting in joints that are less resistant to 
water penetration. Examples of methods used to form 
head joints are shown in Figure 4.

Tooling of Mortar Joints
Proper tooling, or “striking,” of mortar joints helps to seal the wall surface against moisture penetration. Mortar 
joints should be tooled when they are “thumbprint” hard, (pressing the thumb into the mortar leaves an 
indentation, but no mortar is transferred to the thumb) with a jointer slightly larger than the joint. It is important 
that joints are tooled at the appropriate time, as this affects both their effectiveness and appearance. The duration 
to achieve thumbprint-hard mortar may vary throughout the work day. Joints that are tooled too early often 
smear mortar onto the adjacent brick and result in rough-surfaced joints. If tooling is delayed too long, however, 
the surface of the joint cannot be properly consolidated and bonded to the adjacent brick. Each portion of the 
completed brickwork should be allowed to set for the amount of time necessary to achieve thumbprint-hard mortar 
before tooling in order to ensure a uniform mortar shade. Early tooling often results in joints of a lighter color. Later 
tooling results in darker shades.

Concave, “V” and grapevine joints (Photo 4 and Photo 5) best resist water penetration in exterior brickwork. 
These joints produce a dense and weather-tight surface, created as the mortar is pressed against the brick and 
consolidated during tooling. For interior masonry work, other joints such as the weathered, beaded, struck, flush, 

Figure 4
Head Joints

 Bad Bad Good

Photo 5
“V” Mortar Joints

Photo 4
Concave Mortar Joints
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raked or extruded joints shown in Figure 5 also may be 
used. These joints are not recommended for exterior use 
because the methods used to form them do not consolidate 
the outer portion of mortar, or they create horizontal ledges 
on which water can pond and saturate the masonry.

Collar Joints
The vertical, longitudinal joints between wythes of masonry 
are called collar joints. The manner in which these joints are 
filled is very important. Grouting is the most effective method 
of ensuring that collar joints are completely filled. However, 
grouting in spaces less than ¾ in. (19.1 mm) wide is not 
permitted. Mortar protrusions (fins) that extend more than ½ 
in. (12.7 mm) into a cell or cavity that will be grouted must 
be removed prior to grouting. For mortar-filled collar joints, 
the outer face of the inner masonry wythe should be parged 
and the back of brick in the exterior wythe buttered in order 
to fill the collar joint.

“Slushing” of collar joints is not effective because it does 
not completely fill all voids in the joint, as shown in Photo 6. 
Frequently, the mortar is caught and held before it reaches 
the bottom of the joint, leaving openings between the face 
brick and the backing. Even when this space is filled, there 
is no way to compact the mortar. The mortar does not bond 
with the brick over its entire surface, and channels are left 
between the mortar and the brick. Some of these channels 
may allow water to reach the back of the wall. A properly 
constructed collar joint is completely filled with grout or 
mortar.

Parging
Parging is the process of applying a coat of portland cement 
mortar to masonry. Parging the outer face of the inner 
wythe of a multi-wythe wall with Type M or S mortar as 
dampproofing may help resist rain penetration and can also 
reduce air leakage. Membranes or fluid-applied materials 
usually provide superior performance to parging, which will 
crack if the wythe cracks. Once cracked, the parging loses 
most of its effectiveness. However, parging can provide a 
smooth base for these materials. If parging alone is to resist 
water penetration, then proper curing is necessary to reduce 
shrinkage cracks. Parging the back side of the exterior 
wythe is not recommended for drainage-type walls, as this 
may result in more debris in the air space.

The face of the wall to be parged must not have any mortar 
protrusions. Protruding mortar can cause bond breaks in 
the parge coat, resulting in a leaky wall. When applied in 
multiple layers, each should be a minimum thickness of ¼ 
in. (6.4 mm). The first coat should be allowed to partially set, 

Figure 5
Types of Mortar Joints

Photo 6
Poorly Filled Collar Joint

 Concave “V” Grapevine

 Weathered Beaded Struck

 Flush Raked Extruded
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roughened and allowed to cure for 24 hours. It is then moistened for application of the second coat. The parged 
surface should be troweled smooth so that it sheds water easily. When completed in adjacent areas, the edges 
of the parging should be feathered, and new parging should overlap existing parging by a minimum of 6 in. (152 
mm). Lap joints should be spaced no closer than 6 ft (1.83 m).

Constructing a Functional Air Space
In a drainage wall system, such as a cavity wall or an anchored veneer wall, it is essential that the air space be 
kept as clear of mortar droppings as possible. If it is not, then mortar droppings may clog the weeps, protrusions 
may span the air space (mortar bridging) and water may penetrate to the interior.

To the greatest extent possible, mortar droppings should be prevented from falling into the air space or 
cavity. Good workmanship can go a long way to minimize the occurrence of mortar droppings. However, it 
is unreasonable to expect a mason to maintain a cavity completely clear of mortar droppings or protrusions. 
Therefore, an air space that provides drainage is permitted to contain mortar from construction. An aid to prevent 
mortar droppings is to bevel the bed joint away from the air space or cavity, as shown in Figure 6. When brick are 
laid on a beveled bed joint, a minimum of mortar is squeezed out of the joint, as shown in Photo 7. The mortar 
squeezed from the joints on the air space or cavity side may be troweled onto the units. This same procedure 
may be used for laying the exterior wythes of grouted and reinforced brick cavity walls.

Another method allows access to the base of the cavity for cleaning. When the brickwork is initially constructed, 
every third or so brick unit in the course above the flashing of the exterior wythe is omitted. Once the brickwork 
is complete, mortar droppings at the base of the cavity can be easily removed and weeps provided when the 
omitted brick are placed in the wall with mortar.

Drainage materials and mortar collection devices (mortar dropping collection devices) may also be used to 
keep the air space adjacent to the weeps free from mortar. The use of a mortar collection device in combination 
with good workmanship to maintain an unobstructed cavity is an effective method to ensure functional moisture 
management and is becoming standard practice in the industry. The use of a mortar collection device does not 
eliminate mortar bridging or absolve the mason from minimizing mortar droppings in the cavity. 

Disturbance of Newly Laid Masonry
Newly laid brick should never be pushed, shoved, tapped or otherwise disturbed once they are laid in their final 
position and the mortar has begun to set. Any disturbance at this point will break the bond and may lead to a leak. 
If adjustments are necessary, then the incorrectly placed brick should be removed and relaid in fresh mortar.

Unfinished Brickwork
When brickwork progress ends in the field of the wall, it is recommended to stop horizontal runs with a setback 
of one-half unit length over each course below, creating a diagonal end profile. By doing so, when work begins 

Figure 6
Beveled Bed Joints

Photo 7
Beveled and Conventional Mortar Joints

Beveled 
Bed Joints

a
b

(a) Beveled joint; (b) Conventional joint
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again, the new brick are laid as normal. Ending work in a toothed profile results in more effort when work 
resumes, requires pointing bed joints for the projecting units, and creates a condition where achieving full joints 
and good bond is difficult, increasing the risk of water penetration. 

Covering of masonry walls at the end of each work day, and especially in times of inclement weather, is essential 
for satisfactory performance. Otherwise, excessive moisture enters the wall system, requiring an extended 
drying period and increasing the risk of persistent efflorescence. Covering unfinished walls with tarps or other 
water-resistant materials, securely tied or weighted to adequately resist wind, should be rigorously enforced. 
Mortar boards, scaffold planks and light plastic sheets (less than 10 mils thick) weighted with brick should not be 
accepted as suitable cover. Metal clamps, similar to bicycle clips, are commercially available in a variety of sizes 
to meet various wall thicknesses. These are used in conjunction with plastic sheets or water-repellent tarps and 
offer excellent protection for extended periods of time.

Tops of walls should also be covered after the mason’s work is finished if a permanent coping is not attached 
immediately after the brickwork is completed. Coverings extending 24 in. (610 mm) down the vertical face on each 
side are recommended and should be maintained until the wall construction is completed or protected by adjacent 
materials. Protection of openings in brickwork such as those for windows, movement joints, etc. should also be 
considered, as they may allow moisture ingress from rain and snow and can lead to moisture-related problems 
such as efflorescence and in some cases could affect the final mortar color. 

Poor wall performance can sometimes be attributed to the freezing of mortar before it has set, or the lack of 
protection of materials and walls during cold weather construction. Therefore, when building in cold weather, 
proper protection against freezing is required for all materials and walls under construction, as indicated in 
Technical Note 1 and in TMS 602.

SUMMARY
Quality construction practices and good workmanship are essential to achieve brickwork that is resistant to 
water penetration. This Technical Note does not cover all construction practices but describes material storage, 
preparation procedures, construction practices and installation techniques that are indicative of high quality 
and, when combined with proper design, detailing and materials, result in brickwork that is resistant to water 
penetration.

The information and suggestions contained in this Technical Note are based on the available data 
and the combined experience of engineering staff and members of the Brick Industry Association. 
The information contained herein must be used in conjunction with good technical judgment 
and a basic understanding of the properties of brick masonry. Final decisions on the use of 
the information contained in this Technical Note are not within the purview of the Brick Industry 
Association and must rest with the project architect, engineer, and owner.
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