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1.0 SUMMARY: WORK STATEMENT

The objective of the project is to study the behavior of laterally 
loaded mechanically fastened connections in wood. Current design 
information is based only on single-fastener test data, complemented 
with " engineering judgment" . Reliability-based design, which is 
increasingly accepted, requires more comprehensive information on 
mechanically fastened connections.

As part of an agreement with the U.S. Forest Products Laboratory (F.P.L.) 
at Madison, WI, Forintek Canada Corporation proposes to concentrate on 
nailed joints while F.P.L. considers bolted connections.

Under the proposed program of work, Forintek will characterize the 
formation of flaws in wood as a function of nail characteristics, 
wood species, moisture content, drying and installation procedure.
Work will be carried out to determine the applicability of using 
photomicroscopic techniques to determine flaw (crack) size as a 
function of nail size and, subsequently, other relevant parameters.
The effects of nail spacing and end-distance will be investigated.
The use of acoustic emissions to signal crack propagation will be 
evaluated in cooperation with F.P.L. Research will also be carried 
out on developing a database on the load-slip behavior of nailed 
joints in service, as such information, although critical to design, 
is not currently available.

The work will provide adequate information to evaluate and calibrate 
computer models for multiple-fastener connections.

This phase of the program, which is covered by a Forintek - F.P.L. 
agreement, will terminate in 1990. If any further research is 
necessary, it will be identified in the final year of the agreement.
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2.0 INTRODUCTION

2.1 Background

The philosophy towards engineering design in wood is changing from 
the traditional single-member approach to a design approach 
accounting for a vital role in the overall structure's performance. 
Typical connections contain more than one mechanical fastener.
However, design information is based only on data acquired from 
single-fastener tests. Current design criteria and models to 
predict the performance of a group of mechanical fasteners evolved 
on the basis of limited data on bolted, shear plate and split ring 
joints in conjunction with considerable " engineering judgment" .
The load-deformation behavior and strength of groups of mechanical 
fasteners are necessary to predict systems behavior through an 
accurate assessment of the composite action between components.

In addition to considering composite performance of systems, the 
design philosophy is changing from deterministic methods to methods 
which account for the variability in loads and resistances to be 
expected during a structure's lifetime.

Canada has adopted a limit states design method for wood and the 
United States is also moving toward a reliability based design 
format. The result is an increased need for more comprehensive 
information on all mechanically fastened connections. Load dis
placement behavior and failure characterization is essential for 
these types of design.

The properties of connections contribute to the strength and 
serviceability of the structure. The strength limit state relates 
to safety while the serviceability limit state determines an 
acceptable slip at the design load under given service conditions. 
Currently, there are no recognized analytical methods to predict 
with any accuracy the behavior of connections containing mechanical 
fasteners. Factors such as load distribution among fasteners, 
spacing and end distance, and field conditions, affect connection 
behavior.

Historically, research on similar mechanical fasteners— notably bolts, 
nails, and screws— was considered independently, resulting in a lack of 
consistency between design criteria for similar fastener types. Since 
the number of variables affecting performance is too large to be dealt 
with independently, one must try to group them into similar types in 
modelling and apply the same general modelling technique. Because 
there are similarities in the load-deformation behavior and failure 
modes of the dowel-type fasteners— nail, bolt, and screws— a 
universal model should be developed for these fasteners. The 
result should be consistency and continuity between resulting 
design criteria.
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2.2 Relevance

Traditionally, much effort has been devoted to the behavior of 
wood members, but it is clear now that trustworthy information 
on the performance of joints, and thus of fastener behavior, is 
essential if the wood industry is to convince the designers that 
wood-based systems are suitable for the new non-residential or 
multifamily markets which are so critical to its future.
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3.0 JOINT CANADIAN - U.S. PROGRAM
A collaborative research program on the behavior of Mechanically 
fastened joints in wood under static loading has been developed 
by the Forest Products Laboratory, Forest Service, U.S. Department 
of Agriculture and Forintek Canada Corp. A description of the 
full program is included under Appendix II. The Canadian portion 
of the program is detailed in this proposal.

3-! Canadian Objectives 1985-1990

To characterize the formation of flaws in wood due to insertion 
of dowel-type fasteners.

To develop a database onload-slip behavior of nailed joints in 
light—frame structure.

To characterize the load—slip behavior of nailed joints in service.

To cooperate with the U.S. Forest Products Laboratory to develop 
a fracture mechanic model for multiple-bolt and multiple-nail joints, 
which incorporates the effects of end distance and spacing.

3.2 Statement of Work

Load Distribution and Load Deformation of Multiple-Fastener 
Connections ~

Initially, the variability in single-fastener strength and 
stiffness needs to be addressed both experimentally and as a 
function of variables which contribute to the basic modelling 
of the fastener, the wood and their interactions. These variables 
include wood (or wood-based material) density, moisture content, 
grain angle, connection size and configuration, species and 
fastener type. Ideally, a computer-based model can simulate 
all of the possible combinations of variables which must be 
considered in connection analysis and give some bounds on 
performance as well as generate mean and minimum strength and 
stiffness.

The multiple-fastener connection can be studied as a function 
of variability in single-fastener behavior. This research will 
attempt to quantify the variables which affect multiple-fastener 
connection behavior. The model to be developed will predict 
load distribution among fasteners in a multiple-fastener 
connection on the basis of fastener type, fastener stiffness, 
connection geometry, material property, and grain angle as 
applicable.

Research to be conducted at Forintek Canada includes generating 
load-slip data for single-nail connections in a variety of solid 
wood and wood-based materials, (including plywood, waferboard and 
OSB). This data will include parameters which affect connection 
performance and which are useful to the development of a model 
for multi-fastener connections such as material properties 
and connection geometry. The variability as predicted from 
single-fastener performance will be compared to additional test
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data to be generated from testing multiple-nail connections. 
Load-deformation behavior, load distribution among fasteners, 
and failure mode will be collected for the multiple-nail 
connection tests. As this information is also required 
for common fasteners other than nails (i.e. screws and staples), 
such fasteners will be examined in a later phase of the study.

3.2.2 Spacing and End Distance

Optimum design of connections in timber structures provides 
adequate end and edge distance to ensure that no failure 
initiates from the ends or edges. Typically large deformations 
occur due to fastener yield or wood crushing and give warning of 
connection failure. However, inadequate spacing or end distances 
may result in premature connection failure due to cracks propaga
ting. This second type of failure can occur suddenly and give 
little warning of connection failure. Both types of connection 
failure should be considered in safety and reliability designs 
of wood structures.

Current design information for mechanically-fastened 
connections is extrapolated from single-fastener test 
data.^ Published design information for bolted connections 
contains minimum fastener spacing and end distance at code design 
load. Reducing the code design load allows a reduction in spacing 
between fasteners. Published design information for nailed 
connections include rule-of-thumb nail schedule or spacing " to 
avoid unusual splitting of the wood" . Very little test data 
supports the published information on mechanical fastener 
spacing. Emerging design techniques require a better under
standing of connection spacing effect.

The relationship between spacing of fasteners and load 
distribution among fasteners determines what type of failure 
is likely to occur. Fracture mechanics can predict crack 
propagation in wood with known applied stress field. Fracture 
mechanics relates stress field, geometry, and material 
properties.

The material property of particular interest in fracture 
mechanics analysis of wood connections is termed the 
critical stress intensity factor. The critical stress 
intensity factors which are applicable to crack propagation 
depend on the mode of failure, connection geometry and load 
geometry. Critical stress intensity factors will need to be 
determined for the wood connections to be analyzed using 
fracture mechanics.

The stresses in the vicinity of a mechanical fastener will be 
modelled to determine another fracture mechanics parameter— the
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stress intensity factor. This value relates to the
^ ress®s.a*: a crack, and when compared to
the critical stress intensity factor of the material 
lt.is used to determine if the stresses are at a critical
P°^n1t-5° cause the crack to propagate. Finite element modelling canbe used to calculate stress intensity 
factors for pm-loaded fastener holes having small 
cracks along the grain.

“ ed?d f°r the fracture mechanics analysis 
h , f ni51f1 crack size due to driving nails and drilling 
olesfor bolts. Some experimental as well as analytical § 

techniques will be developed to determine the proper 
assumptions for initial crack sizes for the different tastener types.

tîn!a^ h t0 be COnducted at Forintek Canada includes evalua- ng the parameters which influence the failure of multiple-nail
tonLei s°beSin/5e-e Pa~ me1terS inGlude induced cr.ck size due to nails being driven into test materials and the critical
stress -tensity factors. Forintek will use the failure
model provided by FPL to compute stress intensity factors
and to determine failure modes of multiple-nail connections
This analysis will help calibrate and verify the model to be
developed at FPL for multiple-nail connections.

Forintek will also generate test data on multiple-nail
tonbeCusedSrWlth1 â variety of nail spacing and end distance to be used to calibrate and verify the model.

3.2.3 Field Conditions

A connection containing mechanical fasteners may be subjected 
to conditions in the field which affect the performance of the 
connection. The majority of research on fasteners has been 
conducted in the laboratory where conditions are either 
idealized or simulated for the purpose of the experiment. 
Researches needed to actually determine how connections 
perform in the field and what percentage of initial strength 
and stiffness is retained at various times during their service 
life, and under a wide variety of environmental conditions.

Research to be conducted at Forintek Canada includes assessing 
the performance of mechanically fastened connections in existing 
structures or in similated end-use conditions. This information 
will be helpful in verifying and improving our design assumptions.

Research to be conducted at Forintek Canada and FPL includes 
cooperating towards an effective transfer of the research 
results to industry and researchers, both in Canada and the 
United States.
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3.3 Benefits

Because of the extreme importance of wood in the Canadian economy, 
Canadians at large will gain from a research effort which aims 
at a better understanding of the performance of wood-based 
systems so that they may retain and improve their market 
position. These markets are essential to the wood products 
industry, and, without them, employment levels, export 
earnings and tax contributions would be gravely affected.

A better understanding of the systems performance is also 
essential to an optimization of our forest resource utilization, 
combined with increased reliability in design, and public safety.

Because the project is a cooperative effort with our U.S. 
counterparts, it contributes to the continued acceptance of 
Canadian wood products on the U.S. market.

3.4 Cooperation

In addition to the already mentioned cooperation with the U.S. 
Forest Products Laboratory, it is anticipated that some support 
may be obtained from the fastener industry, which will be called 
upon to donate the fasteners necessary to the study.

3.5 Technology transfer

The information developed in this project will be published in the 
appropriate technical journals. It will be used by the CSA 086 
Committee responsible for the " Code for Engineering Design 
in Wood" , which influences the National Building of Canada 
and the design community. In the U.S., the results will 
shape the development of reliability—based design and, 
through, the model codes, impact on all design in wood in 
a manner parallel to Canadian development.
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4.0 TECHNICAL PROPOSAL 1985-86

4.1 Objectivés fût 1985-86 are:
1. To develop an image analysis technique for characterizing 

the size of wood cracks.

2. To prepare specimens for the crack size characterization 
studies which include studies of species, nail size, moisture 
condition, and spacing effect.

3. To investigate the feasibility of using acoustic emission to 
signal crack propagation.

4. To start up a study which determines the residual strength 
and stiffness of nailed floor joints after having subjected 
them to a period of load cycling.

4.2 Statement of Work

Initially, work will be carried out to determine the feasiblity 
of using laboratory staining techniques to reveal cracks created 
by nailing. Since the crack surface is irregular in shape, a 
means of characterizing it efficiently will be needed. This will 
be based on a digital image processing technique available with 
the IBM PC and a Chorus Data System image digitizer board. The 
necessary image analysis software will be developed.
Preliminary experimental work will be carried out to determine 
the best experimental procedures and sampling methods for the 
crack size characterization studies. Materials and equipment 
required for the crack characterization studies will be obtained. 
Preparation of the wood samples of spruce and Douglas-fir will be 
inititated. Nails will be obtained from an established fastener 
manufacturer.

Cooperation with FPL on the use of acoustic emission to signal 
crack propagation will be maintained. Literature on acoustic 
emission will be studied and feasibility studies may be carried 
out on loaned units from suppliers. The project leader will 
attend a course on AE measurement and instrumentation.
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Joint load-slip data in service is difficult to obtain because 
actual specimens will have to be taken from occupied structures 
for testing. Research will be carried out on how to obtain 
realistic data. T-beams made of typical sheathing and joist 
materials and fastened with nails will be constructed and 
tested in an experiment designed to simulate the in-service 
load effect on nailed joint stiffness.

4.3 Project Schedule
*

The research identified above in item 3.0 is expected to terminate in 
1990. A schedule of work showing the timing of the different 
phases is attached as Table 1. The research under item 4.0 will 
terminate March 31, 1986.

4.4 Reports

Progress reports will be submitted at the end of each 
contract year, and research reports will be submitted at the 
end of research phases. Progress reports will summarize 
available data and provide general information on research 
achievements and the evolution of the overall project. Phase 
research reports will provide full information on methods, 
results analysis and significance.At completion of the study, 
a final summary will be produced to highlight the main findings 
and their significance to the wood industry and the design 
community; the summary will also show recommendations for 
further research if warranted.

4.5 Key personnel

The proposed experimental work and analysis will be performed 
by the following key staff members of the Eastern Laboratory 
of Forintek Canada Corp:
Mr. P.L. Lau 
Mr. J.C. Garant 
Mr. P. George
Mr. J.C. Garant Technologist
Mr. P. George Technologist

Research scientist, Project leader

A temporary computer programmer will be hired to assist withthis project.

In addition, advice and guidance will be sought from Ms.
M. Patton-Mallory, who is responsible for the U.S. part of 
the program at FPL, and with an ad-hoc task group consisting

Dr. J.D. Barrett,
Dr. R. Foschi,
Dr. E. Varoglu,
Dr. L. Palka,

University of British Columbia 
University of British Columbia 
Forintek Canada Corp.
Forintek Canada Corp.
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5.0 MANAGEMENT PROPOSAL

5.1 Project organization

The administrative and overall business and financial supervision 
of the research project will be carried out in the Eastern Laboratory 
of Forintek Canada Corporation, by Mr. H.P. Vokey, Manager, Wood 
Using Technology Group, and of Mr. J.C. Havard, Manager, Building 
Construction Technology Department. Mr. P. Lau will act as the 
project leader. He will supervise the financial and technical 
details of the project from planning to implementation and report 
writing.

Mr. P. Lau's curriculum vitae is provided in Appendix I.

5.2 Personnel and contacts

In addition to the individuals already mentioned, the research 
group will be supported by a team of other engineering and 
electronics technologists with many years of experience in 
wood engineering studies, and supporting staff, including 
a photographer, a draftsman and secretaries.

All personnel assigned to the project can be contacted at:

Forintek Canada Corp.,
Eastern Laboratory,
800 Montreal Road,
Ottawa, Ontario 
K1G 3Z5 
(613) 744-0963
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6.0 COST ESTIMATES

Even though the entire phase of the work is spread over five 
years, the present proposal covers only work to be performed 
during the 1985-86 fiscal year.

In undertaking the project, there will be five major sources of 
costs: (1) personnel salaries, (2) testing equipment, (3)
building/rental of testing space, (4) travel, and (5) materials 
and supplies. All non-labour charges will be levied at cost.

6 •1 Cost Summary - 1985/86 (See details in tables 2 and 3)

Labour

Professional 48,443
Technical 14,853
Support 10,153
Fee at 5% of labour 3,672
Contingency for 4% salary 2,856
increases
Total labour costs $79,977
Equipment

Image analysis system to analyze crack characteristics on 
wood to determine attributes such as average crack length,
maximum length, minimum length, etc. $15,423

Materials and supplies 1,200

Computer charges 1,500

Travel
- one person trip to Orlando, Fla. 

to attend workshop on acoustic
emission 1,900

Estimated Total Cost $100,000
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6.0 COST ESTIMATES

Even though the entire phase of the work is spread over five 
years, the present proposal covers only work to be performed 
during the 1985-86 fiscal year.

In undertaking the project, there will be five major sources of 
costs: (1) personnel salaries, (2) testing equipment, (3)
building/rental of testing space, (4) travel, and (5) materials 
and supplies. All non-labour charges will be levied at cost.

6 •1 Cost Summary - 1985/86

Labour (see details in Table 2)

Professional 53,697 
Technical 15,598 
Support 12,183 
Fee at 5% of labour 4,074

Total labour costs 85,552

Equipment

Image analysis system to analyze crack characteristics on 
wood to determine attributes such as average crack length, 
maximum length, minimum length, etc. $15,435

Materials and supplies 1,200

Computer charges 1,500

Travel
- one person trip to Princeton, New 
Jersey to attend workshop on acoustic 
emission

Estimated Total Cost

1,900

105,587
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Table 1. Proposed Schedule of Work

Task

Fiscal Year

Year
Month

Program Planning 
In-Service Effect(simulated)

. Test apparatus load-slip 

. Effect of load cycling

. Effect of wood drying

Crack characterization
. Imaging analysis technique 
. Effect of wood variables
. Effect of nail variables
. Effect of spacing

Fracture Mechanics Model 
. Coordination with FPL
. AE instrumentation 
. Experimental testing 
. Evaluation and Calibration

U.S./Canada Summary

Code Implementation

Estimated Costs

1st year

1985-86

6 8 10 12 2
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Table 2. Labour Cost Summary

Position Man hours Hourly 
rate(1)

Total amount

Professional

J-C Havard Manager, Building Construction Technology 75 72.76 5457*
P. Lau Research Scientist 630 46.79 29478

Computer Programmer 375 36.02 13508

Total professional 1080 48443

Technicians 360 41.258(2) 14853
Support 319 31.828(2) 10153

Total 1759 73449
Fee at 5% 3672
Contingency for 4% 
all salaries except

increase on 
as marked(*)

2856

Total labour 79977
(1) hourly rate is based on actual salary + benefits (13.2%) + overhead (100.65%)
(2) average



Table 2. Labour Cost Summary

Position Man-days Total amount

Professional

J-C Havard Manager, Building Construction Technology 10 $ 5,729
P. Lau Research Scientist 84 30,951

Computer Programmer 60 17,017

Total professional 154 $53,697

I—1LO Technicians 48 15,598
Support 48 12,183

Total 250 $81,478
Fee at 5% 4,074



Table 3. Proposed invoicing schedule

Dec/Jan 
85/86

Labour 40,000

Materials and supplies
- 1000 bd.ft. of lumber
- 50 lb. of glulam rivets
- acoustic emission signal 

sensors

500
200

Digital image processor
- PC eye image digitizer
- image color separator board
- IBM PC/XT computer
- high resolution B/W camera
- miscellaneous

1 , 1 0 0
800

9,500

Computer charges 
(internal)
12.5 CPU hours at 
$1 2 0. per hour

500

Travel to Orlando,Fla. 
(Acoustic emission workshop)
fee
transportation
accommodation
meals

TOTAL 52,600

Feb 86 March 86 On acceptance
of report Total

2 0 , 0 0 0 9,977 1 0 , 0 0 0 79,977

500 1 , 2 0 0

3,500
523 15,423

500 500 1,500

600
700
400
200 1,900

25,023 12,377 10,000 100,000
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RESUME

Name :

Education :

Experience : 

1981

1979-81

1977-79

Recent 
Projects :

Publications :

P . Lau

B.Sc.F., M.Sc. F. University of Toronto 
Wood Science and Forest Products

Forintek Canada Corp., Eastern Laboratory, Ottawa 
Research Scientist, Building Construction Dept.

Forintek Canada Corp., Eastern Laboratory, Ottawa 
Research Scientist, Composite Products Dept.

Environment Canada, Eastern Forest Products Laboratory 
Forestry Officer, Dept, of Composite Products

Behaviour of mechanically fastened joints in wood 
under static loading

Strength properties of nailed joints of sheathing 
materials fastened to spruce lumber

Factors affecting the behaviour and modelling of 
metal-plate joints

Computer aided engineering design in wood

Authored or co-authored 3 journal papers and 15 
technical reports
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Résumé

Name : Jean-Claude Havard

Education : Diplôme d'ingénieur de l'Ecole Supérieure du B 
Paris, France
(18 years of education, with specialization in 
processing)

Experience :

1984 Forintek Canada Corp., Eastern Lab, Ottawa 
Manager, Building Construction Technology 
Department

1980-84 Northwood Mills Ltd., Pointe Claire, Québec 
Manager, Technical Services

1979-80 Northwood Pulp and Timber Ltd., Chatham, N.B. 
Special advisor on process and quality control 
for waferboard plant

1970-80 Northwood Mills Ltd., Pointe Claire, Québec 
Research scientist, Wood technology

Member of the CSA Committee on Waferboard and Strandboard

Member of the Standing Committee on Housing and Small Buildings 
for the National Building Code of Canada
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APPENDIX II

U.S./CANADA LIGHT FRAME STRUCTURES RESEARCH PROGRAM 
COLLABORATIVE RESEARCH ON

BEHAVIOR OF MECHANICALLY FASTENED JOINTS IN WOOD UNDER STATIC LOADING

INTRODUCTION

The philosophy towards engineering design in wood is changing from the 
traditional single-member approach to a design approach accounting for 
components acting together as a system. Connections between components play 
a vital role in the overall structure's performance. Typical connections 
contain more than one mechanical fastener. However, design information is 
based only on data acquired from single-fastener tests. Current design 
criteria and models to predict the performance of a group of mechanical 
fasteners evolved on the basis of limited data on bolted, shear plate and 
split ring joints in conjunction with considerable "engineering judgment".
The load-deformation behavior and strength of groups of mechanical fasteners 
are necessary to predict systems behavior through an accurate assessment 
of the composite action between components.

In addition to considering composite performance of systems, the design 
philosophy is changing from deterministic methods to methods vrhich account 
for the variability in loads and resistances to be expected during 
a structure's lifetime.

Canada has adopted a limit states design method for wood and the United States 
is also moving toward a reliability based design format. The result is an 
increased need for more comprehensive information on all mechanically fastened 
connections. Load displacement behavior and failure characterization is 
essential for these types of design.

The properties of connections contribute to the strength and serviceability 
of the structure. The strength limit state relates to safety while the 
serviceability limit state determines an acceptable slip at the design load under 
given service conditions. Currently, there are no recognized analytical methods 
to predict with any accuracy the behavior of connections containing mechanical 
fasteners. Factors such as load distribution among fasteners, spacing and 
end distance, and field conditions, affect connection behavior.

Historically, research on similar mechanical fasteners— notably bolts, nails, 
and screws— was considered independently, resulting in a lack of consistency 
between design criteria for similar fastener types. Since the number of 
variables affecting performance is too large to be dealt with independently, 
one must try to group them into similar types in modeling and apply the same 
•general modeling technique. Because there are similarities in the load- 
deformation behavior and failure modes of the dowel-type fasteners— nail, 
bolt, and screws— a universal model should be developed for these fasteners.
The result should be consistency and continuity between resulting design 
criteria.
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RESUME

Name :

Education :

Experience : 

1981

1979-81

1977-79

Recent 
Projects :

Publications :

P. Lau
B.Sc.F., M.Sc. F. University of Toronto 
Wood Science and Forest Products

3

Forintek Canada Corp., Eastern Laboratory, Ottawa 
Research Scientist, Building Construction Dept.

Forintek Canada Corp. , Eastern Laboratory, Ottawa 
Research Scientist, Composite Products Dept.

Environment Canada, Eastern Forest Products Laboratory- 
Forestry Officer, Dept, of Composite Products

Behaviour of mechanically fastened joints in wood 
under static loading

Strength properties of nailed joints of sheathing 
materials fastened to spruce lumber

Factors affecting the behaviour and modelling of 
metal-plate joints

Computer aided engineering design in wood

Authored or co-authored 3 journal papers and 15 
technical reports
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APPENDIX II

U.S./CANADA LIGHT FRAME STRUCTURES RESEARCH PROGRAM 
COLLABORATIVE RESEARCH ON

BEHAVIOR OF MECHANICALLY FASTENED JOINTS IN WOOD UNDER STATIC LOADING

INTRODUCTION

The philosophy towards engineering design in wood is changing from the 
traditional single-member approach to a design approach accounting for 
components acting together as a system. Connections between components play 
a vital role in the overall structure's performance. Typical connections 
contain more than one mechanical fastener. However, design information is 
based only on data acquired from single-fastener tests. Current design 
criteria and models to predict the performance of a group of mechanical 
fasteners evolved on the basis of limited data on bolted, shear plate and 
split ring joints in conjunction with considerable "engineering judgment”.
The load-deformation behavior and strength of groups of mechanical fasteners 
are necessary to predict systems behavior through an accurate assessment 
of the composite action between components.

In addition to considering composite performance of systems, the design 
philosophy is changing from deterministic methods to methods which account 
for the variability in loads and resistances to be expected during 
a structure's lifetime.

Canada has adopted a limit states design method for wood and the United States 
is also moving toward a reliability based design format. The result is an 
increased need for more comprehensive information on all mechanically fastened 
connections. Load displacement behavior and failure characterization is 
essential for these types of design.

The properties of connections contribute to the strength and serviceability 
of the structure. The strength limit state relates to safety while the 
serviceability limit state determines an acceptable slip at the design load under 
given service conditions. Currently, there are no recognized analytical methods 
to predict with any accuracy the behavior of connections containing mechanical 
fasteners. Factors such as load distribution among fasteners, spacing and 
end distance, and field conditions, affect connection behavior.

Historically, research on similar mechanical fasteners— notably bolts, nails, 
and screws— was considered independently, resulting in a lack of consistency 
between design criteria for similar fastener types. Since the number of 
variables affecting performance is too large to be dealt with independently, 
one must try to group them into similar types in modeling and apply the same 
general modeling technique. Because there are similarities in the load- 
deformation behavior and failure modes of the dowel-type fasteners— nail, 
bolt, and screws— a universal model should be developed for these fasteners.
The result should be consistency and continuity between resulting design 
criteria.
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Design approaches which include system interaction and reliability concepts 
may promote more efficient use of wood in building construction as well as 
increase wood's competitiveness with other non-woodproducts in the marketplace.

OBJECTIVES

Canada and United States, through their respective Forest Services, have 
agreed to a cooperative research'effort in the general area of light frame 
structures. Mechanically fastened connections in wood falls naturally 
within the scope of the research program.

The objective of the present agreement is to undertake collaborative research 
on laterally loaded mechanically fastened connections in wood between the 
United States and Canada, with the U.S. Forest Products Laboratory at 
Madison, WI, and the Eastern Laboratory of Forintek Canada Corp., at 
Ottawa, Ontario, acting as the primary research agencies.

This research consists of individual as well as cooperative efforts to:

1. Model the load-deformation behavior of laterally loaded connections 
containing multiple mechanical fasteners.

2. Model the load distribution among fasteners in multiple-fastener 
connections.

3. Model the failure of multiple-fastener connections to determine 
the effects of spacing and end distance.

4. Develop a data base for both single-fastener and multiple-fastener 
connections in laboratory and in service.

The work described in this agreement will be completed by December 1990.

STATEMENT OF THE RESEARCH TO BE UNDERTAKEN

Load Distribution and Load Deformation of Multiple-Fastener Connections

Initially, the variability in single-fastener strength and stiffness needs to 
be addressed both experimentally and as a function of variables which contri
bute to the basic modeling of the fastener, the wood and their interactions. 
These variables include wood (or wood-based material) density, moisture content, 
grain angle, connection size and configuration, species and fastener type. 
Ideally, a computer-based model can simulate all of the possible combinations 
of variables which must be considered in connection analysis and give some 
bounds on performance as well as generate mean and minimum strength and 
stiffness.

The multiple-fastener connection can be studied as a function of variability 
in single-fastener behavior. This research will attempt to quantify the 
variables which affect multiple-fastener connection behavior. The model to
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be developed will predict load distribution among fasteners in a multiple- 
fastener connection on the basis of fastener type, fastener stiffness, 
connection geometry, material property, and grain angle as applicable.

RESEARCH TO BE CONDUCTED AT FORINTEK CANADA includes generating load-slip data 
for single-nail connections in a variety of solid wood and vood-based materials, 
(including plywood, waferboard and O S B ) . This data will include parameters which 
affect connection performance and' which are useful to the development of a model 
for multi-fastener connections such as material properties and connection geometry. 
The variability as predicted from single-fastener performance will be compared to 
additional test data to be generated from testing multiple-nail connections. 
Load-deformation behavior, load distribution among fasteners, and failure mode 
will be collected for the multiple-nail connection tests. As this information 
is also required for common fasteners other than nails (i.e. screws and staples), 
such fasteners will be examined in a later phase of the study.

RESEARCH TO BE CONDUCTED AT THE FOREST PRODUCTS LABORATORY (FPL) will include 
modeling the behavior of connections containing multiple mechanical fasteners. 
Behavior to be predicted by the model includes load distribution among 
fasteners, load-deformation behavior of the connections, and variability in 
connection performance as a function of single fastener performance. This 
would include material properties and connection geometries which affect 
connection behavior.

FPL will also test connections with a single bolt and with multiple bolts to 
establish a data base for modeling the performance of multiple-bolt connections. 
The test data will include material properties and connection geometries which 
affect connection behavior. Load-deformation behavior, load distribution 
among fasteners, and failure mode will be determined for all tests of bolted 
connections.

Spacing and End Distance

Optimum design of connections in timber structures provides adequate end and 
edge distance to ensure that no failure initiates fron the ends or edges.
Typically large deformations occur due to fastener yield or wood crushing and 
give warning of connection failure. However, inadequate spacing or end 
distances may result in premature connection failure due to cracks propagating. 
This second type of failure can occur suddenly and give little warning of 
connection failure. Both types of connection failure should be considered in 
safety and reliability designs of wood structures.

No method currently exists to analyze the effect of fastener spacing on joint 
strength. Current design information for mechanically fastened connections 
is extrapolated from single-fastener test data. Published design information 
for bolted connections contains minimum fastener spacing and end distance at 
code design load. Reducing the code design load allows a reduction in spacing 
between fasteners. Published design information for nailed connections 
include rule-of-thumb nail schedule or spacing "to avoid unusual splitting of 
the wood.” Very little test data supports the published information on 
mechanical fastener spacing. Emerging design techniques require a better 
understanding of connection spacing effects.



The relationship between spacing of fasteners and load distribution among 
fasteners determines what type of failure is likely to occur. Fracture 
mechanics can predict crack propagation in wood with known applied stress 
field. Fracture mechanics relates stress field, geometry, and material 
properties.

The material property of particular interest in fracture mechanics analysis 
of wood connections is termed the critical stress intensity factor. The 
critical stress intensity factors which are applicable to crack propagation 
depend on the mode of failure, connection geometry and load geometry.1 Critical 
stress intensity factors will need to be determined for the wood connections 
to be analyzed using fracture mechanics.

The stresses in the vicinity of a mechanical fastener will be modeled to 
determine another fracture mechanics parameter--the stress intensity factor. 
This value relates to the stresses at the tip of a crack, and when compared 
to the critical stress intensity factor of the material it is used to deter
mine if the stresses are at a critical point to cause the crack to propagate. 
Finite element modeling can be used to calculate stress intensity factors 
for pin-loaded fastener holes having small cracks along the grain.

Another parameter needed for the fracture mechanics analysis is the initial 
crack size due to driving nails and drilling holes for bolts. Some experi
mental as well as analytical techniques will be developed to determine the 
proper assumptions for initial crack sizes for the different fastener types.

RESEARCH TO BE CONDUCTED AT FORINTEK CANADA includes evaluating the parameters 
which influence the failure of multiple-nail connections. These parameters 
include induced crack size due to nails being driven into test materials and 
the critical stress intensity factors. Forintek will use the failure model 
provided by FPL to compute stress intensity factors and to determine failure 
modes of multiple-nail connections. This analysis will help calibrate and 
verify the model to be developed at FPL for multiple-nail connections.

Forintek will also generate test data on multiple-nail connections with a 
variety of nail spacing and end distances to be used to calibrate and verify 
the model.

RESEARCH TO BE CONDUCTED AT THE FOREST PRODUCTS LABORATORY will include 
modeling the failure of mechanically fastened connections due to cracks 
propagating in the regions between fasteners. FPL will also evaluate induced 
crack size at bolt holes due to drilling, and generate test data on multiple- 
bolt connections having a variety of bolt spacings and end distances to be 
used to calibrate and verify the failure model.

FPL will study the feasibility of using acoustic emission testing to evaluate 
crack propagation in wood.
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Field Conditions

A connection containing mechanical fasteners may be subjected to conditions 
in the field which affect the performance of the connection. The majority of 
research on fasteners has been conducted in the laboratory where conditions 
are either idealized or simulated for the purpose of the experiment. Research 
is needed to actually determine how connections perform in the field and w’hat 
percentage of initial strength and stiffness is retained at various times 
during their service life, and under a wide variety of environmental conditions. 
This would include the performance of mechanical fasteners in preservatively 
treated wood both as a function of the chemical and the moist conditions in 
which these connections are used.

RESEARCH TO BE CONDUCTED AT FORINTEK CANADA includes assessing the performance 
of mechanically fastened connections in existing structures or in simulated 
end-use conditions. This information will be helpful in verifying and 
improving our design assumptions.

Forintek will evaluate performance of mechanically fastened connections in 
preservatively treated wood subjected to high moisture content. This data 
will be used to include any strength-reducing factors in the design of 
mechanically fastened connections used with preservatively treated wood.

RESEARCH TO BE CONDUCTED AT BOTH LABORATORIES includes cooperating towards 
an effective transfer of the research results to industry and researchers, 
both in Canada and the United States.

The Forest Products Laboratory and Forintek Canada Corp. intend to promote 
the free flow of ideas between their research staffs by encouraging regular 
meetings at either of the two laboratories among the personnel involved in 
the research effort.

FUNDING AND TIMETABLE

Funding for the research project will be secured individually in Canada and 
in the United States by the respective agencies. Work will proceed following 
the attached timetable as soon as funding is obtained and project coordination 
is achieved between the two laboratories.
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TIMETABLE FOR MECHANICAL FASTENER RESEARCH

Task Responsibility Year(s)

Computer Models:
Load-deformation and 

load distribution FPL 1985-1987
Fracture mechanics FPL 1985-1987
Evaluate and calibrate 

computer models FPL & Forintek 1986-1989
Prepare final documen

tation and propose 
additional research FPL & Forintek 1989-1990

Connection Testing: 
Single- and multiple- 
nail connections, 
load-deformation Forintek 1985-1988

Induced crack size 
— nailed joints Forintek 1985-1986

Spacing effects 
--nailed joints Forintek 1987

Induced crack size 
— bolted joints FPL 1986-1987

Spacing effects 
--bolted joints FPL 1986-1987

Connections in Service: 
Field performance Forintek 1985-1989

Identify
Research on 
other fasteners FPL & Forintek 1989-1990
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