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FOREWORD

This note was prepared in response to a need to define the problem with 

truss uplift and to guide thinking about future research on the problem. 

The note forms part of the stated goals of CFS/DSS Project 11 "Engineering 

Components of Wood Construction" which was funded by the Canadian 

Forestry Service.



A Note on the Truss Uplift Problem 

by

D. M. Onysko

BACKGROUND

Truss uplift continues to be one of the problem areas which continue 

to plague builders. In Canada, Plewes (1) first articulated possible causes 

of the problem and made estimates of uplift which might occur for a given set 

of conditions. These compared favorably with uplift found in two different 

case studies, one involving bowstring trusses in a mobile home and the other,

Howe trusses in a single family residence. Percival and Cornus (2) have recently 

reported on current research on the problem at various institutions and suggested 

possible solutions. Some of the efforts underway are of an experimental nature 

to demonstrate that truss uplift occurs when environmental conditions for top 

and bottom chords are different. Other work is associated with field inspection 

of houses having this problem and of attempts to correlate various factors with 

the fact that uplift was occuring. The field studies have generally been 

inconclusive but have identified that most of the cases studied could be attributed 

to "arching" of the roof trusses, as opposed to settling of foundations.

The Eastern Forest Products Laboratory (EFPL) has been monitoring 

the moisture content and deflection of trusses in the HUDAC research house, 

designated as the Mark XII project (3). In this study, it was found that the 

bottom chord dried out to a relatively low moisture content and did not vary 

much over the period of observations. The top chord on the other hand, picked 

up moisture from the air in the winter and dried out in the summer. This



- 2 -

corresponded to the rise and fall of the ceiling. The monitoring has been 

underway for two years during which experimental techniques have been modified 

to improve the quality of measurements obtained. It is expected that monitoring 

will be continued for one additional heating season to obtain a full set of 

data.

EXTENT OF THE TRUSS UPLIFT PROBLEM IN CANADA AND THE UNITED STATES

The true extent of the problem has not been documented in any precise 

way. Reports continue to come in and some builders have modified their 

construction details to obviate the appearance of separation between the
4

ceilings and partitions. Thus, the actual number of roofs that would otherwise 

represent a problem is being minimized in some areas of the country where these 

practises are being used.

According to the Truss Plate Institute in the U.S.A., in 1977 about 

500 cases were reported in a total industry output of about 50 million trusses.

If one assumes that there are 25 trusses in a roof, the reported truss uplift 

incidence is calculated as 0.025 percent. It is very likely that many more 

occured than were reported to the TPI. Indeed, in a telephone conversation,

D. Percival at the Illinois Small Homes Council said he inspected 40 houses having 

this problem during the month of January (1980) in the Illinois area alone.

It is believed that the problem may be just as severe in some locations in 

Canada as in the U.S.A.

Minutes of the HUDAC/TRC Subcommittee meeting on warranty problems in June 

1979 show that truss uplift appeared on the list of warranty problem in Atlantic 

Canada, Quebec, and Ontario but not in Alberta or British Columbia.

The research to date and the areas of the country from which more 

complaints are coming suggests that climatic conditions are partly responsible 

for the problem. These conditions partly control the climatic conditions
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experienced by trusses within a roof space. The use of increased attic insulation 

is also thought to contribute to the problem because insulation influences the 

local environment experienced by the bottom chords of trusses.

CONTRIBUTING CAUSES TO TRUSS UPLIFT

It is generally acknowledged that truss uplift is caused by a moisture 

content differential between the top and bottom chords of roof trusses.

This differential is seasonal in nature and is probably aggravated by increased 

levels of insulation in ceilings. If the cause were only that a moisture content 

differential occurs between the top and bottom chords of trusses, we should
A.

expect a very high incidence of reported cases. Instead, the problem is 

spotty and more severe in some parts of the country than in others.

It is concluded that the quality of the lumber combined with the moisture 

content differential is the prime cause of truss uplift. Lumber containing 

a substantial amount of reaction wood (compression wood) and/or corewood 

(juvenile wood) experiences larger than normal shrinkage. The overall quality 

of lumber being produced in Eastern Canada has been slowly declining because 

smaller and smaller trees are being used in lumber production. It is likely 

that this may help explain why the problem is more severe in Eastern than in 

Western Canada. It is reasonable to assume that the incidence of truss uplift 

will not decline unless something is done to correct the problem.

SOLUTIONS FOR TRUSS UPLIFT

I. Existing Houses

We have to admit that a direct solution to the problem is not available 

for homes which are experiencing truss uplift. Trusses that fluctuate in 

elevation will continue to do so. The only possible solution for the builder
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is to hide that fact. In effect, the solution is one for the carpenter. Since 

most of these situations involve fluctuating separation from year to year, 

patching the gaps with plaster is not sufficient. A molding which is attached 

to the ceiling and rises with it is the simplest solution. Sketches of various 

details along these lines could be included in a pamphlet that HUDAC is hoping 

to get out to builders. The time frame for action on this is dependent on 

HUDAC who are organizing a task force to prepare the information.

II. New Housing

Two possible solutions are foreseen as practical.

(a) Attachment of the gypsum board ceiling to the bottom chords of the trusses 

but not nailing within 18 inches of any interior partition. The edges of 

gypsum board ceilings within the room are held by clips to the interior 

partitions. If the trusses deflect upward, the gypsum board ceiling 

flexes and does not separate from the interior partitions. Some builders 

have referred to this solution as "floating the ceiling".

(b) A variation on this solution includes the use of 1 x 3 wood strapping 

which is nailed to the bottom chords of the trusses and which is allowed 

to flex between some point of attachment to the truss and the wall where 

the straps are securely attached. In this case, the gypsum board is nailed 

to the wood straps as needed in the normal way. Although this requires the 

use of more material, the use of strapping provides a smoother finished 

ceiling because the strapping makes up for slight differences in elevation 

between trusses. Some builders prefer this technique for ceilings for 

this reason.

Prestressing trusser by humping them over interior partitions and 

anchoring them down to the exterior walls may be one solution but it is not 

recommended because stress reversal may occur in diagonals and the tension chord 

may be overstressed in bending. Building trusses with a camber is not seen 

to be of any benefit.



Detailing of either of these measures is not difficult and awaits action 

by a task group to be set up by HUDAC. Supplementary to these techniques, advice 

should be included to protect trusses that are in storage or awaiting erection 

to avoid excessive pickup of moisture.

III. Basic Solutions

The following suggestions are directed at eliminating or minimizing the 

cause of truss uplift. Not enough is known to be able to predict their usefulness. 

Some experimentation and research on these topics might be useful to pursue.

(a) Ventilation - Most roofs are vented to prevent moisture from accumulating 

in the attic space. The greater the venting area provided, or the greater the 

effectiveness of the venting, the smaller the difference between outside 

temperatures and those in the attic. Most roof spaces suffer extreme temperature 

ranges. Effective ridge ventilation combined with soffit ventilation, or the 

use of other effective venting techniques may assist in alleviating these 

temperature extremes and prevent large moisture content swings between summer 

and winter. Indeed, given sheltered exterior conditions, wood should attain a 

moisture content of from 12 to 15 percent. In winter, the level of moisture 

attained is expected to be as high as 19 percent but may be lower if good 

ventilation prevents to deposition of frost on the lumber within the roof 

space. This range is low compared to what is common now. At present, no study 

has been done to prove that ventilation would be of benefit. Although the 

Mark XII roof has very adequate ventilation and the degree of venting can be 

modified, it is not possible to plan an effective research program using this 

roof to demonstrate the effectiveness of ventilation in minimizing truss uplift.

At least two separate comparable roofs are required, and ideally, monitoring 

for two years is necessary —  one year to demonstrate that the roofs are comparable, 

and one year to show if there is a difference in performance when the ventilation 

of one roof is modified while the other is not. The time frame to study this
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solution is from 2 to 3 years and should involve from 2 to 4 houses, possibly 

in from 2 to 3 areas of the country where climatic conditions are distinctly 

different.

(b) Sealing of lumber to inhibit moisture pick-up and loss —  The degree of 

effectiveness of a vapour barrier applied to the outer surface of lumber to 

prevent any loss or gain of moisture would have to be very high. However, even 

an imperfect vapour barrier will modify the rate at which moisture transmission 

will take place. If sufficient phase lag can be achieved, the seasonal effect 

coupled with the size of the member may be sufficient to modify the moisture 

content range in attic lumber. In practice, the lumber is expected to be sealed 

following kiln drvinq or prior to truss fabrication. Research on the selection 

of appropriate sealants can take place in the laboratory. Various materials 

are presently being used for dip treatment of southern pine lumber in the 

southern and eastern USA and are said to have assisted in minimizing shrinkage.

The time frame for this work is in the order of one year. Demonstrating the 

effectiveness of this technique in houses would require additional time and 

effort in the order of that for ventilation solutions.

(c) Drying of Lumber — There is some evidence to suggest that if lumber is 

dried to a low enough level before it is put into a structure, that it is 

stabilized with regard to dimensional changes to a greater degree than if the 

lumber were not so treated. Whether this would have sufficient effect to justify 

the increased expense of drying would have to be studied. Initially, an examination 

of the literature should be undertaken in order that an estimate of the effectiveness 

of drying be obtained. A three to four month period would be required for this.

The overall time frame for experimental work is not suggested at this time. However, 

since laboratory studies are required initially, it is estimated that a one year
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time frame is appropriate for studying the effect of kiln drying schedules on 

modifying shrinkage of compression wood.

(d) Grading -  It may be possible to grade out lumber that is more susceptible 

to shrinkage. The possibility exists that, with sufficient training, truss 

fabricators could learn to discard chord material that would lead to problems. 

Unfortunately, in some regions, the proportion of juvenile wood produced is 

high. Techniques of rapidly identifying only those growth characteristics that 

lead to problems are required. Development of an identifying stain for this 

purpose would be of benefit. No time frame for work in this area can be proposed 

at this time as it is of a fundamental nature.

The use of the above 'basic' solutions may individually, or in concert 

result in the elimination of the problem except in extreme cases. Before any 

solution can be promoted for use by the producing industries solid evidence will 

have to be provided to show that the measures will be of use.

CONCLUSIONS

There are several solutions to the truss uplift problem. Some are 

cosmetic while others attempt to bypass the problem. These can be available to 

the building industry in the near term. More basic solutions have been suggested 

which will affect the material which is used for trusses and which may, in the 

long term, be preferable. At the present time, they cannot be recommended without 

research to show that they are sufficiently effective to justify their implementation.
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