Report of the

Task Force to Review Stucco

A joint project of Johnson County Building Officials

and

The Home Builders Association of Greater Kansas City

January 2005

Best Practices for Stucco Applications

Best Practices for Stucco Applications

Table of Contents


Introduction

I.
Installation of Exterior Sheathing Materials

a.) Acceptable Materials

b.) Panel Selection and Application

c.) Spacing Requirements

d.) Suggested Nailing Pattern / Schedule

II.
Installation of the Weather Resistant Barrier or Secondary Drainage Plane

a.) Acceptable Materials

b.) Installation Methods for Building Paper and Felt

c.) Installation Methods for Housewrap

III.
Installation of Windows, Doors, and Trim & Integration to Drainage Plane

a.) Window Installation

b.) Door Installation

c.) Window Wraps

d.) Drip Cap Flashing 

IV.
Roofing Integration to Drainage Plane

a.) Kick out flashings 

b.) Step flashings and Headwall flashings

c.) Siding Flashings

V.
Integration of Penetrations to the Drainage Plane

a.) Plumbing Penetrations

b.) Electrical Penetrations

c.) Proper Integration of the Meter Can

Other Penetrations

VI.
Lath Installation

a.) Guidelines for Proper Installation of Lath 

VII.
Stucco Application

VIII.
Weatherproofing and Application of Sealants

Best Practices for Stucco Applications
Introduction

The popularity of hardcoat stucco has been increasing.  At the same time, there has been an increasing awareness in the building industry of the need to protect the exterior wall sheathing from moisture damage, as it is an integral part of the wood-frame structural system.  The sheathing provides lateral strength against wind and other forces as well as a surface supporting the exterior siding.  If rain penetration occurs repetitively, and continues undetected or uncorrected, it can cause wood framing to rot, steel to corrode, and mold to grow.  Inadequate detailing around windows, doors, and other penetrations of the building envelope may cause the problems.

The solution to this problem is twofold.  One, prevent moisture from penetrating past the exterior envelope, and two, removing whatever moisture gets past the exterior that could come in contact with the wood sheathing.  The exterior envelope, a combination of roofing, siding, flashing, windows, and doors, is intended to shield the structure and building interior from moisture intrusion.  Although this does not always happen the exterior should be constructed with the intent of being weather resistant.  A second line of defense, the weather resistive barrier, must be provided to direct any moisture that enters through the envelope away from the sheathing and the building.

With the installation of stucco on a wall surface, two layers of grade D, or equal, paper must be applied prior to the stucco lath being installed. The object of installing two layers is to provide a weather resistive barrier, or secondary drainage plane, that will interface with other building components to control water infiltration.  There are many ways to accomplish this objective.  This paper attempts to provide background on the process, and to also provide sources for further information on the subject.

Section I

Installation of Exterior Sheathing Materials

a.) Acceptable Materials.  There are several code recognized wall sheathing products intended for use under stucco applications.  In local residential construction, the most common include plywood and oriented strand board (OSB). The Engineered Wood Association (APA) recommends greater stiffness for wall sheathing when stucco is to be applied.

b.) Panel Selection and Application.  To increase stiffness, panels should be applied with the strength axis across the studs.  For stud spacing of 16 inches on center, APA makes the following recommendations:

-With the strength axis perpendicular to the studs – 3/8” and 7/16” minimum panel thickness and minimum span ratings of 24/0 and 24/16

-With the strength axis parallel to the studs – 15/32” and 1/2 ” minimum panel thickness and a minimum span rating of 32/16 for OSB or 5-ply/5-layer plywood.  Structural 1 Rated Sheathing (OSB) 7/16” thickness and span rated 24/16 may also be used.

The above may require sheathing to be installed with the long side horizontal (where the strength axis runs in the long panel dimension).  Blocking is recommended between studs along horizontal panel joints.

c.) Spacing Requirements.  Spacing of 1/8” is recommended at panel ends and edges unless otherwise indicated by the panel manufacturer.  This allows for some minor panel swelling if wetting occurs during the construction process.  Greater spacing may be required at locations of expected movement, such as the band joist, particularly when using surfaced green dimensional lumber.

d.) Suggested Nailing Pattern / Schedule. APA recommends nailing 6” o.c. along supported panel edges and 12” o.c. at intermediate supports with 6d common nails, or 16 ga. 7/16” crown 1-3/4” leg staples, or 1-5/8” length nails with a shank diameter of .097” - .099”. All fasteners are to be located 3/8” from panel edges. For shear wall applications closer spacing, or different sizes may be necessary. 

Complete recommendations for wood structural panel use with stucco can be found in APA Form Q370E (http://www.apawood.org/pdfs/managed/Q370.pdf), and Form A530A (http://www.apawood.org/pdfs/managed/A530.pdf), published by APA the Engineered Wood Association www.apawood.org/.  

See figure 1A and 1B below for further details. 


Figure 1A.
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Figure 1B.  This spacing is of particular importance when using surfaced green, dimensional lumber, floor joists
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Section II

Installation of Weather Resistive Barrier (WRB)

Or

Secondary Drainage Plane

This is a layer, separate from, and in addition to, the paper found immediately behind the stucco lath.  While there are several materials that can be used to create a drainage plane, there is similarity in their installation.  All are installed in a shingle type fashion, so as to shed water from the upper layer(s), out over the lower layers, and ultimately back to the outside of the wall.  Installation starts at the bottom of the wall and works upward, overlapping successive courses.  This installation must be continuous and prevent water from finding its way into the wall cavity. As such, special attention must be paid to details of interfaces between the secondary drainage plane and windows, doors, roofs, flashings, etc.  With the drainage plane installed no sheathing (i.e. OSB) should be exposed and any tears in the drainage plane must be repaired.  The drainage plane must run under windows, corner boards, window wraps and around corners.

a.) Acceptable Materials.  There are several code-recognized materials for this purpose.  Commonly used materials are grade D building paper, 15 pound asphalt building felt, and housewrap.  The material must be vapor permeable to allow water vapor to pass thru the wall, however, it must be water resistant.  

b.) Installation Methods for Building Paper and Felt.  Paper can be installed prior to, or after, window installation.  Special care must be taken at the interface with windows and doors (see Installation of Windows).  The installation starts with the bottom course being applied.  Subsequent courses are installed horizontally (not at an angle) working upwards, in shingle fashion.  The horizontal lap must be at least 2”.  At end laps there must be at least a 6” lap.  At corners (inside or outside), the paper must run at least 6” around the corner.  At inside corners, care must be taken to keep the weather resistant barrier tight to the corner so lath can later be installed.  Where intersecting a roof the paper should overlap the upturned leg of step or headwall flashings.  Paper should be fastened with wide crown staples (at least 1”), cap nails, or large head nails every 12” to 18”.  Best practice is to fasten to studs, not sheathing, so the lath installer can locate studs.

c.) Installation Methods for Housewrap.  Housewrap can be installed prior to, or after, window installation.  Special care must be taken at the interface with windows and doors (see Installation of Windows).  The installation starts with the bottom course being applied.  Subsequent courses are installed horizontally (not at an angle) working upwards, in shingle fashion. Some housewraps can be applied in only one direction (StuccoWrap), some have an inside and outside face. The horizontal lap must be at least 6”.  At end laps there must be a  6” lap.  At corners (inside or outside), the housewrap must run  6” around the corner.  As previously stated, care must be taken to keep the weather resistant barrier tight to the corner so that lath can later be installed.  Where intersecting a roof the housewrap should overlap the upturned leg of step or headwall flashings.  Housewrap should be fastened with wide crown staples (at least 1”), cap nails, or large head nails every 12” to 18”.  Refer to the manufacturer’s installation instructions for further information.  Best practice is to fasten through sheathing to studs, so the lath installer can locate studs.

See Section III for links to installation details.

Section III

Installation of Windows, Doors, and Trim & Integration to Drainage Plane

a.)  Window Installation.  It is recommended the installation of the first layer of protection (the one closest to the sheathing), the weather resistive barrier, be done prior to the windows and doors being installed. There are methods to install the WRB after windows have been installed, and if followed precisely, are acceptable and recognized.

There are many companies and organizations that have outlined methods of window installation and flashing, some of these have been reviewed and are acceptable.  They are: 

AAMA

American Architectural Manufacturers Assoc.


http://www.aamanet.org/
EEBA

Energy Efficient Building Association


EEBA - Bookstore - Water Publications


http://eeba.org/mall/water.asp

HUD

U.S. Dept. of Housing and Urban Dvlopmt.


Durability by Design: A Guide for Residential Builders


huduser.org/publications/destech/durdesign.html
APA

The Engineered Wood Association



http://apawood.org/pdfs/managed/A530.pdf
NAHBRC 
NAHB Research Center http://www.toolbase.org/Docs/MainNav/MoistureandLeaks/792_Moisture.pdf
ASTM E2112-01
ASTM International 




ASTM International - Standards Worldwide
DOE

United States Department of Energy

http://www.eere.energy.gov/buildings/info/documents/pdfs/28600.pdf
Many window manufacturers publish installation instructions

Housewrap manufacturers such as Dupont Tyvek
Tyvek® Construction






http://construction.tyvek.com/en/index.shtml

It is recommended that all builders and installers adopt one of the above installation methods.

Some of the above installation methods call for a jamb flashing to be applied over the window flanges, after the window is in the wall.  In many cases this is nothing more than a strip of weather resistant paper tacked in place, in other cases a flashing tape is specified.  There are a number of flashing tape products that can be used in installing windows that have nailing fins. Products such as DuPont StraightFlash, ProtectoWrap BT-20-xl, or MFM Window Wrap should be given serious consideration.  When using flashing tape the user should be aware of potential compatibility issues between the sealant used to bed the window flange and the flashing tape product.  Additionally the user must be aware of any special installation requirements, particularly when applying tape to OSB; many manufacturers require priming to insure adhesion of the tape to the OSB.  

APA Flanged Window Installation on Housewrap
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APA Flanged Window Installation Before Building Paper
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Installing windows with brick mold creates additional considerations.    Housewrap must be installed before the window is installed.  First, housewrap is installed, and then a pan flashing should be installed at the rough sill and integrated with the housewrap.  A bead of sealant must be applied to the backside of the brick mold, or on the wall to bed the brick mold on three sides, before installation of the window.  Drip cap flashing must be installed at the head of the brick mold.  It is strongly recommended that the builder and installer thoroughly familiarize themselves with ASTM E2112, section 8.1.2. The use of casing bead, backer rod and proper caulk should be considered for the head, sides, and sill.

b.) Door Installation.  When installing doors, which typically have brick mold, the steps outlined for windows should be followed. Extra care should be given to doors that are not protected by some form of overhang. Consideration should be given to using casing bead, backer rod and proper caulk at the joint between stucco and brick mold.

c.) Window Trims.  When trimming windows with wood trim the contractor must be aware of the dissimilar movement between the various materials when changes in temperature and moisture occur.  For example, vinyl windows will move more than wood trim, which will move more than stucco.  Because of this, consideration should be given to using backer rod and proper caulk at these joints, with a properly designed joint.

d.) Drip Cap Flashing Integration.   Drip cap flashing should be installed above all projecting wood trim and above windows that do not have a self-flashing nailing fin. This flashing is installed with the vertical back leg on the outside of the drainage plane.  When the paper immediately under the lath is installed, it should overlap the back leg in a shingle type fashion. 
Section IV

Roofing Integration to the Drainage Plane

Key Elements:

a.)  Roof flashings must provide proper “kick out” from behind all siding, stucco and others.

b.) The vertical “back leg” of roof flashings must be installed behind the drainage plane.

c.) Stucco must not be installed until proper kick out of flashings is achieved. 

 a.) Providing proper “kick out”

1) Roof installation is to be performed in a fashion whereby roof flashings are installed to provide proper “kick out” to divert precipitation (run-off) to the exterior of the siding product.  Below is an illustration depicting areas of the roof where kick out of flashings is typically necessary.
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Circled areas indicate common areas where roof flashings must kick out / extend out from behind the siding                                                                                                                                                          
2) Consideration should be given to require roofing contractors to furnish and install “oversized” kick out flashings at all areas of the roof where flashings must be deliberately drawn out from behind the siding.  Specifically, pre-manufactured, oversized kick out flashings are recommended at the 1st course or row of roofing, when the 1st course or row of roofing abuts stucco.

                                          [image: image6.jpg]



The 1st flashing, where abutting a stucco wall, should be an oversized / pre-manufactured kick out flashing to divert water from behind the stucco into gutter 

3) At all exterior corners where “kick out” is required, flashings must extend sufficiently past the corners.  2-inches minimum extension is recommended.  The vertical leg of roof flashings should be a minimum of 3-inches tall, but should be fabricated to only rise 2-inches vertically at the extended portion of the flashing (portion of flashing properly extending past corner).  This allows the stucco contractor to then install their casing bead 2-inches above the roof deck, providing an approximately 1-inch overlap of the vertical leg of the roof flashing , without having to modify the roofing contractors work, where flashing extends past the corner.  If any modification of roof flashings or roofing materials is believed necessary, it is recommended the roofing contractor be called upon  to perform it. 

4) With the intent of being able to provide for the future replacement, maintenance, and repair of roof flashings at wall junctures, best practice will insure that flashings are not permanently imbedded behind stucco siding.  Two possible means by which this can be achieved include: 

· Wall flashings may be covered by wood trim, which is installed with a drip cap.

· The casing bead channel at the bottom of stucco siding can be installed in a fashion which allows for roof flashings to be easily maneuvered behind the “J” channel flashing or out from behind the “J” channel flashing.  

b.) Roof flashings properly installed behind drainage plane

1) Flashings, for the purpose of this discussion shall be defined as those building materials used in effort to provide a watertight “connection” between the roof and any protrusion through, or adjacent to, the roof plane (i.e. sidewalls, chimneys, vent pipes, skylights, etc.)  

2) Drainage plane, for the purpose of this discussion shall be defined as the inner most water resistive barrier, installed on the exterior of the sheathing for the purpose of protecting the interior from the intrusion of water.

3) The back leg of all roof flashings must be installed with the upturned vertical leg behind the drainage plane.

4) All roof flashings must be installed in a fashion whereby proper “kick out” of flashings from behind the drainage plane is achieved, as necessary to divert precipitation (run-off) to the exterior of siding.

c.) Stucco shall not be installed until proper kick out is provided

1) Those installing stucco siding must be sufficiently knowledgeable in recognizing the proper installation of necessary kick out flashings.   
2) The stucco contractor bares responsibility for knowing that application of stucco siding over flashings that do not divert water to the exterior of siding will likely result in water intrusion of the interior and is therefore improper.  

3) If there is any question that flashings will not provide proper kick out, the stucco contractor shall not install stucco at questionable areas until the flashing unquestionably provides proper kick out.   

4) Under no circumstance should stucco siding be installed over flashings which would fail to properly divert precipitation / moisture past the exterior surface of the stucco siding.  
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Section V

Integration of Penetrations to the Drainage Plane

Generally, small penetrations through the stucco can be caulked to successfully keep water out of the wall.  Several areas that warrant specific attention are listed below.

a.) Plumbing Penetrations. Sillcocks, installed in walls that are to have stucco applied, should be held out of the wall to accommodate the thickness of the stucco.  After the stucco has been installed the sillcock should be caulked to the stucco wall.
b.) Electrical Penetrations.  Electrical boxes, used in walls that are to have stucco applied, should be held out of the wall to accommodate the thickness of the stucco.  After the device is installed, it should be caulked to the stucco wall. Examples include lighting fixtures, weatherproof receptacles, etc.
c.) Electric Meters. Electric meters, in walls that are to have stucco applied, should be installed over the drainage plane, or installed with a weather resistive barrier behind it, to later interface with the drainage plane.  A dripcap flashing should be considered for placement above the meter can.  The vertical back leg of the flashing should be on top of the drainage plane.  The paper behind the lath should go over this back leg.  After installation of the stucco, the meter can sides and bottom should be caulked to the stucco.
d.) Other Penetrations.  Walls may have many other penetrations such as dryer vents, fireplace termination caps, and furnace exhaust.  Each of these must be sealed to the stucco wall with an appropriate sealant.
Section VI

Lath Installation


ASTM Standard C 1063 –99 is the national standard that contractors should reference for the

installation of metal lath.  Following are some key points that contractors may 

want to make note of. 
1.) Lap metal lath ½ “ minimum on sides (the long dimension) and 1” on ends (the short dimension).  End laps should occur over studs. 
2.) For paper backed lath, the vertical and horizontal joints should be backing-to-backing, and metal on metal.  The paper should never extend over the lath and should be shingled.  
3.) Metal plaster bases should be attached to framing members (studs) at not more than 7” along framing members.  It is intended to have the lath attached to the studs.  The attachment should be thru the self-furring mechanism only, i.e. fasten through dimples or v-groove, so as not to reduce embedment of the lath in the stucco.  In lieu of wire tying the lath, a limited number of staples may be utilized to secure the lath to the exterior facade.
4.)  Care should be taken so as to not over staple self-furring lath.  Over stapling can 


depress the lath to a point where it is impossible to get the lath imbedded into the


plaster cement.
5.)
The fasteners used to attach the metal base must penetrate studs ¾”.  As staples are prevalent, they would need to be a minimum of 1¼” in length (assuming 7/16 inch sheathing), with a crown of not less than ¾”.  
6.)
Metal lath should be applied with the long dimension at right angles to supports.   For narrow wall panels (less than 24 inches), it is generally acceptable to apply the long dimension parallel to the framing members.  It shall be permissible to follow the roof rake on gables.
7.)
Ends of adjoining plaster bases should be staggered. 
8.)
Lath should not be continuous through control (expansion and contraction) joints.  It should be cut, with the accessory attached over the lath and attached (wire tied or stapled) at each side, not more than 7” o.c.  When cutting the lath care must be taken not to damage the weather resistant barrier (the drainage plane closest to the sheathing).

9.)
Control joints should be installed to delineate areas of not more than 144 sq. ft. 
10.)
The distance between control/expansion joints shall not exceed 18 ft. in any direction or a 2½ to 1 length to width ratio. Control/expansion joints should be located where movement  is anticipated.

11.)
Where expansion joints intersect in a perpendicular fashion the vertical member should 


be installed first and be continuous.
12.) External corner reinforcement should be used where corner bead is not used. 
13.)
At internal corners, there are various details that one may follow dependent upon the                                      situation.  When installing the lath or accessory, extreme caution and care should be taken to avoid damaging the weather resistive barrier (WRB).  To avoid tearing, try to keep the WRB tight to the corner.

14.)
The size of the casing bead and other accessories should be compatible with the thickness of the plaster that is to be applied.  For traditional ¾ inch stucco work, these accessories should be ¾ inches.  Smaller sizes may be used with listed stucco products.

15.)
Lath is to terminate above stoops and other concrete flatwork.  Framing must be protected from pouring concrete directly against it.

16.) The International Residential Code and ASTM C1063 both require the use of foundation

weep screeds.  The purpose of the weep screed is to allow any water that may be

flowing across the drainage membrane a means to escape.  There are some architectural

details which show how a casing bead may be utilized as a weep screed when applied over both layers of paper.
Section VII

Stucco Application

ASTM C 926, Specifications for Application of Portland Cement-Based Plaster is the national standard that contractors should reference for traditional stucco application.  This standard defines the requirements for mix proportions, application, and curing.  On framed walls a three-coat stucco system consist of a separate scratch, brown, and finishing coat with a total thickness of 7/8”.  Note: The International Residential Code 2003 requires a ¾ inch thickness.

The building code recognizes alternative materials and methods of construction.  Products that have received an evaluation report and number from the ICC-Evaluation Service would fall under the category of “alternative materials”.  There are several proprietary “one coat” products that have a ICC-Evaluation Service listing.  Typically, these products come premixed, and when applied according to the manufacturer’s installation instructions, they may be applied in one coat with a second topcoat being applied at a later time.  

Stucco wall covering of any kind should not be applied until the drywall and roofing materials have been installed. This allows loading of the wall systems as well as eliminating any hammering on the exterior walls that could potentially cause cracking to occur.

There are several types of acceptable topcoats.  Some are a portland based finish, acrylic, elastomeric, and latex.  The contractor should be aware of potential incompatibility between some of the finishes and the base coat(s) due to the alkalinity of the stucco.

Section VIII

Weatherproofing and Application of Sealants

Caulks, or elastomeric exterior sealants, are used to seal cracks between individual elements of the homes exterior.  Caulks help keep water and wind from penetrating the skin of the structure.  Even when carefully installed, caulks are never perfect, they perform well as a secondary line of defense, not as the only means of preventing water intrusion.

Proper building design - the use of a secondary drainage plane, proper flashing, with properly installed windows and doors are extremely important to the building wall assembly remaining dry.

A well-designed caulk joint should maximize the surface area between the caulk and the application surface.  It should have a smaller cross section between the contact surfaces than it has at the contact surface.  The smaller cross section allows differential movement within the caulk joint itself, reducing the stress at the mating surface.  While the caulk is flexible, the joint between the caulk and the mating surface is not.  The hourglass type joint will be more durable than the fillet bead.
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Backer rod limits the depth of the caulk.  The depth of a caulk joint should not exceed its width.  The minimum width of a caulk joint should be ¼”.  This is the most watertight type of caulk joint.

The ability of the joint to flex and remain adhered is greatly influenced by the type of caulking material used.  A good quality acrylic-latex can be used for some applications that are less critical.  For joints where water sealing is critical, or difficult to access, the use of a better material such as urethane or silicon may be warranted.  In any case, become aware of the compatibility issues and the manufacturers recommendations for a particular use.  This is not a case of one sealant fits all needs!

It is recommended that all joints between dissimilar surfaces in a stucco wall be caulked.  This would include, but not be limited to, windows to wood trim, wood trim to stucco (wraps, corners, bands, etc.).  Do not caulk metal head flashings, z-bar flashing, or anywhere water would normally escape the wall.

More information can be found at the following locations:

APA The Engineered Wood Association 



http://apawood.org/pdfs/managed/A530.pdf
USDA Forest Products Lab http://www.toolbase.org/docs/MainNav/MoistureandLeaks/3286_FPL_Caulking_Ins_Outs.pdf
ASTM E 2112-01 Section 5.18




ASTM International - Standards Worldwide
