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WESTERN SPECIES
DIMENSIONAL STABILITY

Wood shrinks as it seasons (dries) from the fiber saturation point (of
28% to 30% MC) to the moisture level of surrounding atmospheric
conditions. Within most structures, this moisture content level is
between 8% and 12%.

In one- and two-story structures, the cumulative effect of shrinkage can
be accommodated on the job site, even when unseasoned lumber is
specified. However, for three story and higher buildings, designs should
allow for shrinkage in the horizontal members, e.g. wall plates and joists.

The shrinkage of Western species (except Western Cedars) is approx-
imately 6% as it dries from 30% to 0% MC (4.5% for Western Cedars),
i.e. 0.2% shrinkage for every 1% change in moisture content for Western
species and 0.15% for Western Cedars. The shrinkage factor assumes a
growth-ring angle of 45° and is an average for multiple species.

Example: To calculate the amount of shrinkage in a 2x10 lumber
floor joist, manufactured at 19% (S-DRY) with an equilibrium moisture
content of 8%:
9.25 inches x 0.002 x 11 = 0.20 inches

width shrinkage % change in
(actual width factor moisture content
of dry 2x10) (.2% = .002) (19 – 8 = 11)

Vertical members exhibit less dimensional change because wood’s
longitudinal shrinkage is quite small (approximately .003% to .0067%
for every 1% change in MC).

Shrinkage factors for individual species and specific grain orientations
can be found in WWPA’s Dimensional Stability-Technical Guide (TG-3).

WEIGHT PER LINEAR FOOT

To calculate the weight per linear foot for a particular size and
species, multiply the cross-sectional area of the member by the
species weight and increase factors shown in Table 22. The weight
factors apply to lumber at 15% MC.

Relative Properties of Western Species

Table 23FLAME-SPREAD RATINGS AND
SMOKE-DEVELOPED INDICES:
CONFORMANCE WITH MODEL BUILDING CODES

Flame- Flame- Smoke-
Western Spread Spread Developed
Softwoods Rating Class Index Source

Western Larch 45 B 20 HPVA
Engelmann Spruce 55 B 35 HPVA
Hem-Fir 60 B 70 HPVA
White Fir 65 B 55 HPVA
Pacific Silver Fir 69 B 58 CWC
Western Red Cedar 69 B 137 W*
West Coast Hemlock 73 B 80 W
Sitka Spruce 74 B 74 CWC
Idaho White Pine 82 C 83 W
Douglas Fir 90 C 70 W
Sugar Pine 95 C 80 HPVA
Lodgepole Pine 98 C 90 W
Ponderosa Pine 115 C 135 HPVA

W* Weyerhaeuser Fire Technology Unit, 1987, sponsored by Council
of Forest Industries.

W Weyerhaeuser Fire Technology Unit, 1988.
HPVA Hardwood Plywood & Veneer Association, 1995, 2000, 2001.
CWC “Wood and Fire Safety” by the Canadian Wood Council, 1991.

Model Code Requirements

The most widely accepted flame-spread classification system
appears in the National Fire Protection Association Life Safety Code,
NFPA 101, and the model building codes as follows:

Example Building Locations:
0–25  flame-spread—Class A (or I) Enclosed vertical exits

26–75 flame-spread—Class B (or II) Exit access corridors
76–200     flame-spread—Class C (or III) Other rooms and areas

The model building codes require a Smoke-Developed Index of 450
or less for most construction applications.

Designers should consult their model building codes for flame-
spread and smoke-developed requirements for specific use, areas and
occupancies. When a species does not carry a flame-spread rating
appropriate to a desired application, designers may be able to use an
intumescent finish or fire-retardant treatment to improve the flame-
spread classification and satisfy local building codes. 

Table 22WEIGHT FACTOR (15% moisture content)

Species or Weight Species or Weight
Species Group Factor Species Group Factor

Douglas Fir-Larch .233 Western Woods (continued)
Douglas Fir-South .216 Alpine Fir .170
Hem-Fir .203 Mountain Hemlock .220
Spruce-Pine-Fir (South) .203 Western Cedars
Western Woods Western Red Cedar .162

Ponderosa Pine .203 Alaskan Yellow Cedar .220
Idaho White Pine .194 Port Orford Cedar .205
Sugar Pine .184 Incense Cedar .183

WEIGHT INCREASE FACTORS

Moisture Increase Moisture Increase
Content Factor Content Factor

20% 1.044 50% 1.314
30% 1.140 60% 1.392
40% 1.218 70% 1.488

Example: Weight for three feet of 2 × 8 DF-L @ 30% MC.
3 × 1.5 × 7.5 × .233 × 1.140 = 8.97 pounds

actual size of weight increase
unseasoned factor for factor for

2 × 8 DF-L 30% MC

FLAME-SPREAD RATINGS
AND SMOKE-DEVELOPED INDICES

Species of wood differ in their burning rates. By measuring these
rates, a standard can be established to compare different species of
wood with regard to fire safety.

Flame-spread classifications have been developed by Underwriters’
Laboratories, Inc. The UL Standard Test Method has established a
numerical scale based on a noncombustible, asbestos-cement board
as 0 (zero) and a combustible red oak as 100. The Steiner Tunnel test
(ASTM E-84), conducted in a 25-foot long tunnel furnace, is used to
develop the actual burning and flame-spread data. Table 23 provides
flame-spread ratings and smoke-developed indices for Western soft-
wood species, along with references to the facilities that conducted
the tests.


