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Abstract

Moisture-originated failures in stucco-clad walls have been reported in the coastal climate of the
Canadian Province of British Columbia as well as in the cold climates of Alberta and Minnesota.
Damages are often attributed to poor design and water penetration at windows, balconies and
walkways. Yet, there is a misconception about moisture control of exterior stucco (rendering)
systems. Despite the recent failures, the authors postulate that wood-framed walls with stucco
cladding placed on an exterior insulation over oriented strand board (OSB) protected by water-
resistive barrier (WRB), and with cellulose fiber insulation within the wall framing can be one of the
most economical and ecologically-justified systems that will perform well in most climates. This 3E
wall system is designed for energy efficiency, environmental control and ecological responsibility.
However, the approach in which building envelopes (BE) are currently designed must be changed.
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1 Introduction

Recently, moisture-originated structural failures of exterior rendering on houses were reported in
coastal climates such as Maritimes, British Columbia and states of Washington and North Carolina, as
well as in the cold climates of Alberta and Minnesota. Exterior rendering on masonry buildings has an
excellent history of performance in Europe. In North America, 30-year-old wood-frame houses also
perform satisfactorily. So, perhaps something slowly, but systematically, occurred that changed many
of the service conditions so that the current multitude of failures resulted.

This paper postulates that a wood or steel frame wall with rendering placed on exterior insulation and
water resistive barrier (WRB), with the framing cavity filled with thermal insulation having sufficient
moisture storage (e.g., cellulose fiber), can be one of the most economic and ecologically-justified
systems. Furthermore, a system with an appropriately selected type of WRB (selected in relation to
climate and service conditions) will exhibit adequate performance. This claim is made despite the list
of field damages and failures discussed below.

To prove their point, the authors will review several areas of technical considerations:
o Typical exterior rendering on oriented strand board (OSB) sheathing on wood-framed walls
Moisture management strategy and hygrothermal properties of rendering materials
Probable causes of current moisture-originated damage and reported failures
Historic mortars and renderings as the blueprint for modern exterior rendering
Typical design mistakes and ways to eliminate them
A conceptual proposal for 3E wall design that also includes architectural design and “required”
technical parameters for the exterior rendering

The paper comes in two parts: the first part reviews the state-of-the-art; the second part proposes
specific solutions.

2 Exterior rendering (stucco) on wood frame walls

Portland cement plaster (PCP), exterior stucco and rendering are terms that are used
interchangeably. The following section of this paper describes a generic rendering system and, in
particular, its application on wood-based sheathing in framed wall construction.

2.1 Substrate

Wood-based sheathing, exterior grade gypsum or other sheathing materials can be used. To reduce
shrinkage and deformations, the moisture content of wood-based products should be 19 percent or
less. Furthermore, plywood and OSB boards (1/2 or 5/8 inch) should be positioned with their long
axis along the studs and a 3-mm (1/8 in) gap at the vertical and the horizontal joints to allow for
moisture-originated movements. Often, sheathing boards of a thinner grade (3/8 in) are positioned
horizontally to increase stiffness. In the latter case, horizontal gaps between sheathing sheets will
reduce air-tightness of the wall and may result in deficient moisture performance, unless adhered air
barrier strips or an appropriate air barrier membrane is used.
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2.2 Water resistive barrier (WRB)
To provide an additional protective measure (redundancy in the assembly), a WRB is required behind
the rendering system. The WRB can be one of the following classes:
e class C (asphalt-impregnated cellulose fibers), known as building paper
class P (polymeric fibers), traditionally known as building wrap
class PP (perforated polymeric sheets), known only under various trade marks
class M (micro-porous films), new type of material (see Bomberg et al 2003a)
class ML (multilayered polymeric films), new type of material
class LA (liquid-applied), new type of material.

Typically, the WRB layer retards the passage of water. Some products will perform as a vapor
barrier, but most are breathable. The required degree of vapor permeance depends on the climate.
Research (Bomberg et al, 2003) and practical experience highlight the advantages of using two layers
of WRB next to each other, rather than being guided by their laboratory test rating. (Note that the
specification for building paper, or #15 felt, was introduced to National Building Code of Canada in
1941).

2.3 Metal-lath

This reinforcement should always be used with non-masonry substrates that do not provide
satisfactory bond or crack-bridging ability of the rendering. A number of metal-lath types are used:
expanded-metal lath (diamond mesh), woven-wire mesh, self-furring lath, or welded-wire lath. Flat
and self-furring expanded metal laths are the oldest and most proven types of rendering
reinforcement. The second type, rib metal lath, can be used either flat or with two sizes of ribs (9 and
19 mm or */g” and 34”). These types of metal lath are cut and expanded from steel sheets, then
coated with rust-inhibiting paint following the fabrication process. Plain wire fabric lath (with or without
self-furring arrangement) is usually fabricated from galvanized wire positioned at 50-mm (2") spacing.
The normal woven wire lath that is used in the Western part of the U.S. has 1-%2 inch openings and 17
gauge wire. One-coat rendering products normally use 1-inch opening with 20-gauge wire for the lath.

2.4 Rendering materials

In a typical application of the base coat, the thickness of the scratch coat varies between 9 and 12
mm (3/8" to ¥2'). The second coat (brown coat) is approximately 9 mm (3/8” in) thick. In a fire-rated
assembly, the minimum thickness of the base coat must be 20 mm (3/4”), or 23 mm (7/8”) if an acrylic
finish coat is used.

Table 1. Typical composition of portland cement plaster — 3 coat system

Coat Volume Lime Volume | Min Min. Min interval
cement* | Options* | sand thickness | moist cure | between coats

Scratch |1 Yaorl 40r3 9 mm 48 hours 48 hours

Brown 1 Yaorl 50r4 9 mm 48 hours 7 days

Finish** 3 0or6 mm

NOTES:

* Hydrated lime (or equivalent lime putty) can be used as a plasticizing agent (%) or as the
binder (1). A mix of ¥2 masonry cement and %2 regular portland cement (either type | or type
II) can be used to increase compressive strength development and minimize cracking.

** |In the Southern and Western parts of the U.S., the finish coat is comprised of 1/8” (3 mm)
of a non-polymer-modified portland cement-based finish. Some believe that a coat as thin
as 3 mm requires the use of polymeric cement and approx. 6 mm is preferred for the lime-
cement plaster.
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The most important conclusions from this study were:

e There are no standard procedures for evaluating the water management and serviceability of
stucco cladding.

e Serviceability depends on the whole building envelope system; changes to the mix, base coat
thickness, and curing conditions must be included as well as consideration of a capillary break
layer to prevent water being sucked into the interior of the wall.

e Cracking must be considered in evaluating water management performance.

e There is a need for educating builders and stucco applicators in best practices and for
improving stucco materials as well as practices for the building envelope.

7 Closing remarks

There are a number of excellent compilations of case studies and field evaluations related to
performance of renderings. Ribar and Scanlon (1984) wrote one of the best deficiency reviews
dealing with portland cement plaster and providing advice on how to avoid them. Norwegian
publications, such as NBRI (1980), which reviews adhesion failures of plaster on concrete, and
Svendsen (1954 and 1962), who published two reports on damage of renderings (in Norway), or the
NBRI (1961) report on plaster damages, which was translated into English, must be listed. Saretok
(1957) wrote a critical literature review on rendering and rendering work (in Swedish). A recent review
by Kvande and Waldum (2002) updates the state-of-the-art relative to the current Norwegian situation.
An internal NRCC note by Tibbets (1954) reviews research on stucco cracking between 1911 and
1952, and makes a good complement to the NBS (1951) review on lime stucco failures.

This list highlights several publications from various countries to demonstrate that stucco systems
have been developed primarily on the basis of tradition. However, the traditional exterior walls are no
longer being constructed in today’s North American housing. Therefore, the authors postulate that
there is a need to review the performance requirements for modern energy-efficient and
environmentally-responsive stucco-clad wall systems.
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