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Abstract 

The purpose of this study was to detemine the behaviour of biaxially Ioaded, 4- 

ply, spliced, nail laminated timber assembiies, under simply support& and fixed end 

support conditions. The shidy builds upon Amencan work and utilizes the modem 

Canadian In-Grade Test h g  approach. 

The study tested 33 cornmercidy manufactured S-P-F # 2 grade timber assernblies 

built up from eight individual 2 x 8 sections with the spiice region off-set towards the base 

of the poa. The four test series conducted involved two point lateral loading and a simply 

supponed condition, a fixed end condition, and a k e d  end condition with the addition of 

two separate axial loads of 1000 Ibs and 2000 Ibs. 

Results indicate that the support conditions had a very signincant effect on poa 

bending performance and that axial loading in this range had no effect. There was joint 

motion detected in ail cases of the k e d  end support condition by the design deflection 

Lirnit. Conventional structural theory was used to develop simple modfiers for predicting 

simil ar post performance under both nippon conditions. 

This study concludes, that curent design values based on sirnply supported t ea  

conditions may be overly conservative, and that they do not fairly represent the capacity of 

a poa in its probable end-use conditions. 
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Introduction 

Poa fiame construction is a cornmon, practical, and economical method of 

producing agricuitural and light industrial buildings in North Amerka. In nich a design, 

the poas are of critical importance, and there has been considerable research effon given 

to understanding their characteristics and performance. Initial research focussed on solid 

timbers, but as building scale grew and solid timber became more expensive and less 

available, the practical effectiveness of larninated posts became apparent and research 

shified to this new and more complex area. These large section, long length tirnber 

assemblies, are built up fiom smailer laminates in such a way that they perform sirnilar to, 

or even better than, a solid pon. Whether mechanically or glue laminated, the process of 

engineering the* assemblies promotes a greater control over the finished qualities of the 

poa. This element of control is in direct contrast to the natural variability found in large 

section timbers that m u a  simply be accepted, and dealt with in design limits. The positive 

economics of using larninated posts is well accepted, as demonstrated by their almost 

universal utilization by North American builders. 

Post M e  builders in Manitoba agree with the need for continueci research into 

the performance of la-ated pons, and three companies have joined together with the 

Department of Biosystems Engineering at the University of Manitoba to address this, and 

other questions, in timber design. In 1995, Olympic Building Systems, Newton 

Enterprises, and Goodon Industries have wllaborated with elements of the university to 



create the Western Poa  Frame Buildings Association, and have provided it with h d i n g  

to conduct research h o  tirnber design. These builden are interestesi in building stronger, 

more wonornical posts in longer lengths than they are airrently using. Towards that end, 

this thesis is the association's £üst research project. 

In the greater context of timber research, this work represents a new step in the 

research on mechanically iaminated, spliced, timber assemblies. Mechanical lamination, as 

distinct fiom glue lamination, usualiy implies the use of nails aione to hold the different 

layers of an assembly together. Other means, such as bolts in conjunction with split rings? 

and toothed shear plates are also used but are generally not as common. Current work on 

mechanical lamination, done largely in the United States, has focussed on nail laminated, 

simply supporteci posts with symmetrically placed splices. The posts were loaded in 

bending under a two point load with no axial loads applied. The results of this work have 

been consolidated into an engineering practice on post design (ASAE 1995), for cornmon 

use in the United States. in Canada, a different perspective has developed under the term 

In-Grade Testing, largely due to the work of Borg Madsen (1992). This approach 

focusses on practical testing procedures that simulate, as closely as possible, the realistic 

in-use conditions of the rnateriai or structure to be tested. The nipport conditions and 

acnial loading pattern seen by a post in &ce for example, become important test 

parameters. 

This present experiment buiids upon the American work and, for the first t h e ,  applies the 

Canadian approach to the testing of mechanically laminated tirnber posts. 



Objectives 

The research foiIowed the pradcal approach of the In - Grade testing philosophy 

with these specific objectives : 

1. To determine the effects of combined axial and bending loads on four-ply, naii 

laminateci posts. 

2. To compare poa performance under fixeci end bendlig load and sirnply 

supported bending load conditions. 

3. To compare fixeci end post performance under biaxid loadhg and simple 

bending load conditions. 

4. To compare experimental results with structural theory and develop a simple 

relationship between them that facilitates strength and stifhess predictions 

for design purposes. 

Scope 

The sape  of this m d y  included the foliowing : 

1. The experiment used commercially manufactured, 24', four-ply, spîiced, nail- 

Iaminitted, S-P-F posts, that were fabricated under normal working 

conditions. 

2. Post design was based on a nimmary of Amencan research presented in a drafl 

copy of ASAE X559: Design Requirements And Bending Properties For 

Mechanidy-Laminateci Poas, October 1 995 (ASAE 1995). 



3. Ambient temperature and moisture conditions were measured and assumed to 

closely simulate in-service conditions. 

4. The experiment and report utilize imperid units because they are the industry 

standard and the literature is largely American work. Analysis was done in 

SI units and converted to imperial for reportuig, with the exception of 

temperature measurements and caiculated E values. 

Research Review 

Principal Players 

Relevant Canadian research in tirnber concems the In-Grade Testing philosophy 

that is currently accepted in the National Building Code and championed by B. Madsen, a 

Professor Exneritus &om the University of British Columbia. The research specificaily 

done on nail laminated post behaviour has been done largely in the United States of 

Arnerica during the 1980's and 1990's. The people principaily involved were: Professor 

D.R. Bohnhoff at the Agriculturai Engineering Department, University of 

Madison, RC. Moody, a S u p e ~ s o r y  Research Engineer, USDA Forest Service, Forest 

Product s Research Laborat ory, Madison, Wisw min, Professor F. E. Woeste at Vuginia 

Poly-Technical University, and Professor H.B . Manbeck, at Pemsylvania S tate 

University. 



Canadian Research 

In - Grade Testing 

Current Amencan and past Canadian research was dependent on traditional wood 

design values derived fkom testing methods £ira developed in the 1920's. In the 198O's, 

Canadian In-Grade Testing procedures were developed that were sigruficantly difTerent 

than past procedures, in both practice and intent. They were different to such an extent 

that this approach essentiaily forms a new philosophy for the development of wood design 

values. In essence, this more recent approach advocates full s d e  testing of wooden 

structural elements under loading and wppon conditions that reflect the end use of the 

produa. Testing regimes are to be largely non-destructive and hence would allow large 

sample sizes, with the intent to produce a percentile design value for each property of 

interest. This ' r d  Me' teaing contrasts direaly with the abstractions of traditional wood 

design values. 

In the conduct of full scde testing, traditional design values were derived fkom the 

extrapolated results of testing done on srnail, prepared, clear grain wood samples. A small 

piece of wood however, does not behave the same as a large piece of timber. " ï h e  two 

products - wood, in the sense of clear defect-fiee wood and timber, in the sense of 

commercial timber - have to be considered as two separate materials, and that must be 

respected when strength properties are developed for engineering purposes " (Madsen 

1992). The results of traditional full scale testing are therefore predicated on an 

abstraction that may not accurately represent the reality of the material being teaed. 

When determining loading and support conditions for an experiment testing is 

5 



usudy conducted in accordance with weil established amdards set out by test agencies. 

These standard conditions do not however dways acairately reflect the 'real iife' 

conditions that a stmcnirai element may be subjected to. Another level of abstraction 

must therefore be introduced in compensation. With h-Grade Testing, " the test results 

should, as closely as possible, reflect the structural end use conditions to which the timber 

products wouid be subjected" (Madsen 1992). The Miber should be tested as it is to be 

used. Current Amencan research procedure is to test laminateci poles as simply supported 

beams in bending under a two point Ioad with no axial loading. This approach is effective 

in generating conservative design values, but it is simply not the Ioading reality the post is 

subjected to in actual use. The post is actually in a cornplex condition of composite 

loading and ditferential mppon conditions. in service use, in a post h e  building for 

example, the post suffers both axial and bending loads simultaneously, with one end fixed, 

and the other end simply supported. A testing apparatus that closely simulates these 

conditions would adhere to the in-grade testing philosophy. 

The practical approach of in-grade testing affects four other aspects of 

experimental procedure; rate of loading, rnoisture content, temperature, and proof 

loading. 

Current Amencan testing standards dictate a loading rate to produce fdure in 5 - 

15 minutes for wood sampies. An extensive test program conducted by Madsen (1992) on 

rate of loading however, indicated that only strong timber had bending values sensitive to 

rate of loaduig. Weak timber members showed Iittle sensitivity to rate of loading. At the 

5 percentile design value for strength, there was hardly any noticeable effect from 



differentiai loading rates. Testing programs can therefore be structureci to produce sample 

failures in the practical time of one minute, and any smaii variations fiom that time will 

have no sigmficant eEect on resuits. 

Moisture cornent and temperature are variables that are usually closely wnvolled 

under laboratory conditions because they can have a significant effect on timber properiies 

(Desch and Dinwoodie 1996). Precisely controlled conditions, however, are not aiways 

practicai to produce and do not reflect the variability of in-se~ce use. There is also 

evidence (Madsen 1992), that moisnire contents in the comrnon in-service range of values 

may have virtually no effect on the design strengths of wood. With the pragmatic intent of 

the in-grade testing philosophy as a guide then , it would be acceptable to simply rneasure 

moimire content and temperature whde conducting a test series in conditions that closely 

sirnulate in-service use. 

The concept of proof loading is derived fiom the desire to conserve material, and 

the need to understand only how weak a matenai might be, and not how strong it could 

be. Design strength of a material or stxuctural component is predicated on a reasonable 

guarantee of minimum strength, which in most cases is the 5 percentile of strength 

distribution. This indicates that 95% of the material wiil be stronger than the given 

design value. in testing then, only 10% - 15% of a sample set need be loaded to fdure in 

order to gain a clear indication of materiai behaviour at the 5 percentile. By extending 

this idea to the area of service limits, where deflection restrictions are often the goveming 

parameter in design that occur weii before strength limits are approached, it is possible to 

develop an accurate understanding of deflection - load values at the 5 percentiie without 



extravagant testing to failure of numerous samples. Proof loading of the samples to an 

arbitrary deflection limit weli beyond the accepted senrice limit, usuaiiy set at 

length (L) / 180, would not damage any but the very weakest members of a sample set 

and the bulk of the materiai couid be returned for reguiar use. Experience has proven that 

the returned material d e n  no il1 effects fiom proof loading to the 10 - 15 ' percentiie 

of strength distribution. (Madsen 1992). 

Canadian Codes 

Canadian design values for laminated poas are derived eom a process that makes 

no attempt to account for possible variables in poa design. The Limit states design process 

in the Canadian Building Code (CSA 1994), states that the strength of built up members 

is simply 60% of an equivalently sized solid timber. Three layer, spliced, buiit-up columns 

are detailed in the standard, but there is no mention of four layer assemblies. The factored 

bending resistance in the splice region of a spliced member is defmed to be simply 40% 

that of an unspliced, built-up beam. The performance and construction of composite 

members is a much more complex problem than is implied by these design critena, and the 

building code mua continue to be updated fkom ongoing research. 

American Research 

Principle Findings 

Three ply post research results are summarized in Bohnhoff et ai. ( 199 1 ), and it is 

generdy concluded that three ply, nail larninated poas are reasonably weii understood 

assembiies. The research confirrned that lumber quality and lamination, splice length and 
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arrangement, but& joint reinforcement, and nail pattern and type, dl have an effect on poa 

strength. This understanding of three ply post behaviour was used to guide further 

research into four ply post behaviour, which is generaiiy regarded as being considerably 

more cornplex (Williams et al. 1992). 

Research is ongoing into four ply post behaviour but there are several areas where 

wnclusions can be drawn. It should be noted that all these conclusions are derived fiom 

testing done on simply supported posts in bending under a two point load, with the spiiced 

region equidistant between supports. This test arrangement was used because of its 

inherent sirnplicity, and because " lateral (bending) loads nich as wind, can induce 75% or 

more of the maximum dowable fibre stress in a post" (Williams et al. 1992). A sumrnary 

of these findings for design purposes can be found in the ASAE drafl Engineering Practice 

X559: Design Requirements And Bending Properties For Mechanicaiiy - Laminated Posts, 

October, 1995 (ASAE 1995). 

Lumber Quality and Lamination Effects 

As might be expected, post "strength properties are related to lumber grade" 

(Bohnhoff et al 199 l), and better grades of wood yield stronger posts. The process of 

lamination into a single assembly can however augment the effectiveness of lower grade 

timber. The multiple layers in the assernbly compensate for local wood defects in any given 

layer and yield a "somewhat increased mean strength for lower grade lumber" (Bohnhoff et 

al 199 1). Top grades of laminated timber however, showed no increase in mean strength 

over quivalent single members. The variability in strength and stifniess values for 



assemblies composed of all grades of Iurnber were si@wtly reduced when compared to 

solid member values. fhis resdts in a significant increase in the 5 ' percentile ailowable 

design values over those derived fiom an quivalent solid post (Bohnhoff et al. 199 1 ). 

The orientation of a mechanically laminated poa is of critical importance to its load 

bearing capacity. Unlike solid or glue laminateci assembiies which can bear reasonable 

loads nom any direction, a mechanicaily laminateci post must be loaded in a direction 

parallel to its laminations an aiignment referred to as a verticdy laminated post 

(ASAE 1992). Sufficient lateral support for the weak bending axis is usually provided by 

blocking or g r t s  as a regular part of the building design. 

Preservative treatment is used on timber in contact with the ground or in wet 

service conditions to prevent rot and deter insa-  attack. In poa h e  construction, the 

section of post in, or close to the ground, is required by mon building codes to be treated. 

Treated timber coas more than regular timber and hence a splice is often introduced into a 

post siightly above ground level to rninimize the overall expense. In general "the treatment 

of timber with wood preservatives does not significantly affect its strength propenies and 

can be ignored for design purposes " (Desch and Dinwoodie 1996). Taylor et ai. (1992) 

found no significant ciifference between treated and untreated spliced posts made front 

yeilow popular and red rnaple when they were treated with creosote. The Canadian 

National Building Code (NBC 1994), does not require any reduction in design strength for 

preservative treated lumber, but it does require a 1 û?/o design strength reduction for lumber 

treated with a chernical fire retardant. 



Splice Length and Arrangement 

Splicing a nail laminated poa together between top and bottom sections will reduce 

its strength immensely nom that of a solid or unspliced poa of equivalent length. Results 

from four ply, unreinforced butt jointed, spliced post testing, demonstrateci strength 

reductions ranging f?om 29 - 63 % of unspliced poa strength (Williams et ai. 1992). In the 

unreinforced three layer assemblies of a different test, spliced design strength values were 

found to be less than 45% of unspiiced values, and mean sàffness values were only 60% of 

unspiiced assemblies (Bohnhoff et al 1990). This strength and stiffness reduction is due to 

the unequal distribution of stresses between the lamina+ and the much higher nail forces 

that develop within the splice area. In general terms then, it is apparent that approximated 

engineering design values for spliced posts should only be in the order of 50% of the 

maximum values currently calculated for unspliced posts. 

Splice length is defined as the distance from first to last butt joint dong the length 

of the poa, and has significant effects on post strength. Shorter splices create greater lever 

forces acting within the splice itself, as the post in bending tries to 'Pivot" about the 

fûicrums that develop at each end of the spliced section (Williams etal. 1993). These 

'short um of the lever' bending forces within the splice itself are resisted by the nails 

present, as they work to transfer the forces to an adjacent, solid, lamination. Failure is 

usually due to tension perpendicular to the grain, as nail shear forces work across the wood 

grain to resist bending forces in the poa. Longer splices reduce the lever forces acting on 

the nails by lengthening the 'short arm of the lever', and by producing a larger surface area 

for the transfer of forces between la-ae. A greater transfer a r a  means more nails can be 



involved in load transfer, there is a reduction in shearing force per nail, and there is more 

wood material available to absorb the total apptied load. The optimum splice length is a 

balance between minimum lengths with extreme nail forces, and practical maximums, 

Lunitecl by board length and economics. Recommended minunurn overall splice lengths, 

(from fint to last butt joint) , are dependent on face width of the laminations and are 

presented in Table 1. 

Table 1. Recommended o v e d  splice lengths for four-ply, butt jointed posts. 

Nominal Size S~l ice Lenath 

(ASAE 1995) 

Splice arrangement in a spliced poa is imponant for providing an even stress 

distribution across the post section. There is a natural tendency in aii larninated posts for 

the central layers to be the most highly stressed because they have two conneaion planes, 

while the outer layers only have one. T e h g  has demonstrated that it is usually the center 

layers that fail, and specific splice arrangements are focussed on balancing the relative 

stiffness of this central region, with the variable stiffness of the outer layers. The outer bun 

joints may be left alone or reinforceci and made stiffer by the addition of 18 or 20 gauge 

steel spiice plates secureci across the joints. Ofthe eight possible combinations of a four-ply 

post, two partïcular combinations were found the most effective (Williams et al. 1993). In 



Fig. 1, post A is most effective when outside butt joint reinforcement is useci, and post B is 

recomrnended for use without reinforcement. The longer centre splice of post A produces 

a Mjoint  plane that will attract more of the load, unless it is baianced by reinforcing 

plates on the outside of the poa. Poa B is a balanced arrangement that produces an more 

even distributon of forces within the post, but its effectiveness is sensitive to proper splice 

length. A four foot splice length test of unreinforceci 2 x 10's using arrangement B proved 

30% weaker than arrangement A (Wiiams et. ai. 1 992). 

Post A Post B 
Un-eorc8d 

Figure 1. Best splice arrangements for a four-ply, 
spliced post (Williams et. al 1993). 

Further testing at a six foot spiice length however, indicated that arrangement B was 

preferable for unreinforceci assemblies (Wiilliarns at al. 1 993). Designing a poa with at least 

the minimum suggested spiice length will dIow the joint to reach its maximum capacity 

with a distributed contribution fiom aii layers. 

DSerent splice arrangements will react in different ways to rein force men^ and 



some arrangements WU receive more of a benefit than others. In teshg wnducted by 

Wfiarns et al. (1992), poa A demonstrated a 26% mean increase in bending strength 

when reinforced, but post B was not tested with reinforcement because it was considered a 

more balanced arrangement. In related three-ply poa testing, reinforcing plates created a 

14% increase in mean bending strength values with a 28% increase in design strength. 

Mean &ess increased by 25% fkom unreinforced values (Bohnhoff et al 1991). A 

significant effea of reinforcing is a great reduction in variability of strength values with a 

resultant increase in allowable design values at the 5 percemile. Post arrangement A was 

found to have a 26% increase in mean post strength, and a 40% increase at the 5 

percentiie when it was reinforced with 16 gauge plates. The same post had a mean stfiess 

increase of 1 7% (Bohnhoff 1 994). 

Nail Pattern and Type 

Mechanicaiiy laminated assemblies typically utilize nails for load transfer between 

individual post layers. Some research has been done on using shear transfer plates (a.k.a. 

metal tmss plates), or bolts to connect the separate laminae, but nailing is the predominant 

commercial method of manufacture (Bohnhoff et. ai. 1993). A proper nail pattern is 

intendeci to evedy distribute the load across the face width of the poa with specific 

attention to the spiice region. In an unspliced laminated post, the nails transfer Little shear 

between the laminae and work essentiaily to hold the post together d u ~ g  loading. The 

assumption being that the different layers have the same moduius of elasticity and deflect 

to the sarne degree naturally. Any composite interaction within the poa does not 



significantly efféct mean strength values for any but low grade posts. The variabiiity of 

both strength and stitness results is, however, significandy reduced in cornparison to single 

board values, and there is a subsequent increase in dowable design values that makes a 

laminated poa 'greater than the mm of its parts' (Bohnhoff et al. 1991). In spliced poas 

however, the nails becorne critical components in the splice region, and nail forces m u t  be 

b a l a n d  against wood resistance, particularly in tension perpendicular to grain. There are 

also certain minimum spacings to be observed in order to prevent spiitting at end grain and 

between nails (ASAE 1992). Practical limits on nail density is another largely commercial 

concern that is not always reflected in some of the extremely dense nail patterns found in 

research. Recornmended nail spacings related to nail diameter are found in Table 2. Nail 

length is dependent on whether nails are driven from both sides or ody one. It is common 

practice to have the nails of sufficient length to penetrate at least three laminae and two 

planes of lamination. This geornetry of double shear makes maximum use of the nail's 

resistance potential. Nail type and stifniess can significantly affect the performance of a 

laminated assembly (Woeste et al. 1989), and it is suggeaed that nail test results be 

reported with laminated post testing. Nad diameters of from 2/ 16" to 3/16"? but not 

exceeding one eighth of the lamination thickness, are recommended (ASAE 1995). Larger 

naii diameters than these may split the wood, and diameters near the small end of the 

range should be checked for stifiess by the Morgan Impact Bend-Angle Nail Tester 

(MIBANT) (ASAE 1992). 



Table 2. Recommended naii spacing for nail laminated assemblies. 

End distance : A 5 nail diameters 
Edge distance : 1 O nail diameters 
ParaIlel-to-grain spacing : 20 nail diameters 
Perpendicular-to-grain spacing 

- in-line rows : 1 O nail diameters 
- staggered rows : 5 nail diameters 

(ASAE 1995) 

Observations fiom current bending research on spliced posts indicate failures are 

generally tension related, either wood splitting around nail holes, or reinforcing plate 

failure on the tension side of the post. The addition of axial loads to the bending loads may 

change the dynamic response of the poas in a sigrilficant way. "Although not substantiated 

by a test, it is quite likely that the addition of a s m d  compressive force may actually 

increase the bending capacity of a spliced post, much like the addition of a smd 

compressive load to a reinforced concrete member increases the bending capacity of the 

concrete mernber" (ASAE 1992). This axial force wouId decrease tension forces in 

general, and cornpress the butt joint gaps, allowing for greater load transfer across the joint 

and a more even distribution of load between the poa layers. If such an increase in load 

bearing capacity occurs, then the existing design values and strength reductions for spliced 

poas would be overly consenrative. 



Materials and Methods 

Materials 

Test Frame 

A full scale, bi-axial loading test name was constniaed for this research. The 

machine is dustrated in Fig. 2. A detailed description, engineering sketches, operating 

instructions, and the data control program are provided in Appendix B. The machine was 

designed to load a post sirnultaneously in benduig and axial compression while recording 

deflection at a single point. Hydrauiic systems and a centralized control cabinet allow the 

operator to visually monitor poa performance and real time load-deflection data while 

operating the machine. The data recording rate can be changed within the control program 

code and data can be recorded to disk for later analysis. Machine capacity is limited to an 
c 

8" x 12" section post &om 6' - 28' long. Maximum axial load is 8,000 Ibs with two lateral 

point loads of 3000 Ibs each. Loading force accuracy in both directions is * 2% of load. 

Maximum meamrable deflection, as recorded by a hear potentiometer, is restricted to 10" 

with an accuracy of * 0.0 1 ". Rate of loading and flow balance between the two lateral 

load cylinders is controled by manual flow wntrols using the procedures detailed in 

Appendix B. Laterai support was provided to the tested assembly by three T eflon iined 

braces located at quater points dong the span. 



Figure 2. Biaxial foading test frame. 

Data Acquisition System 

The data acquisition system components are represented in Fig. 3 .  The automated 

part of the synern includes two 3000 tb load cells, one 25000 Ib load cell. a Iinear 

potentiometer. a Taurus One data acquisition system, and a 286 cornputer. The manual 

components of the system utilize ten pieces of O. 1 " graph paper cards. black thread. a tri- 

square, and a rnetal d e r .  The automated data readout was used to monitor centre span 

deflection and hence control the step loading procedure which is detailed below. The 

graph paper cards were tacked across the centerline of the pon at 2' intervals dong the 

length of the unsupported span of the post. MI distances dong the post were measured 

f?om the base. or fked end of the post, and begin where the timber ernerges from the 

metal of the suppon or directly over the simple support at that end. The thread was 



stretched taunt between nails driven into the centeriine of the post directly above the 

simple supports, or as close as possible to the fixed end support. It was assumai that this 

thread would provide a constant reference üne from which post deflection wuld be 

measured. The data recordeci at each interval was rounded to the nearest 0.05" to account 

for thread thicknas and estimation mors. The tri-square was placed on the poa d a c e  

and extended out to the thread, thereby provïding a sighting plane to reduce parallax 

mors in the deflection readings. 

Tamis h a  Dam Acquisitian Systan 

Drill I 

Figure 3. Data acquisition system components. 



Moimire content sarnpling was done imrnediately foilowing each test. The process 

used an electric drill and a 1" auger bit to drill hoiizontally through all four layers of the 

poas at once. The sampling hole was driUed through the approximate centre on the face 

width of the posts. The resultîng wood chips were coiiected as they feu in a tin can and 

immediately taken for analysis. 

Joint motion data were collecteci during each test by measuring top and bottom 

spacing of each joint with a metal d e r .  Meanirements were rounded to the nearest 1/16". 

Photographs of each joint were taken at the end of each test to record their final displaced 

arrangement and nail patterns. 

Post Fabrication 

Posts were fabricated of S-P-F No. 2 or better lumber by a commercial buiider to 

the specifications in Fig. 4. No special conditions of manufacture were imposed. Fully 

100% of the posts had at least one joint that could not be considered a closed butt joint 

and most of the posts arrived with signifiant variations in the nailing pattern. Primary 

changes in the nail pattern occuned when the manufacturer applied the original desired nail 

pattern to the wrong side of the poa. Since all nails were hand driven 4" x 5/32" spiral 

naiis, additional nails were added on site to the extemal joints, ( J1 and J4 ), to standardize 

them as six nail joints. The two intenor joints (J2 and J3), did not have the majonty of 

their nails in double shear across two lamination planes because the nails only penetrated 

three laminations. Although this is a weaker joint than intendecl, it was felt to be 

suniciently strong for experimental purposes and only the outside joints were reinforced on 



Nail Laminated Post Specifications (Mod-) 
24' x 4 - Ply x (2 x 8). S-P-F Grade 2 or better. 
4- Spnl iipib 0 = N a d n o m n g l i t a r w ~  + =NulfmmUtaiQrde 

Base Spiice Region Top Region 

Splice Region ( Top View ) 

Figure 4. Post design specifications. 

site. The nail pattern iiiustrated in Fig. 4 is the final, as tested, configuration. For axial 

loading both ends of each post were cut flush with a reciprocating saw and any slight 

variations were taken up by a %" "buffalo board" pad placed between the loading faces 

and each poa end. Variation also occurred at the point of contact between the simple 

supports and the posts where al1 four laminations did not always sit flush against the 

suppodng plate. Since  however, there were nails through the assembly in close proximity 

to the support which distributed forces across al l  four laminations, this detail was not 

considered to be a problem. 



Methods 

Experimental Program 

There were three test series of ten poas each, and one series of 3 posts. Each series 

evaluated the pons under dinerent loading and nippon conditions as illustrated in Fig. 5. 

Series A was wnsidered a badine set of data that closdy simulated previous t e a  

conditions in earlier studies. ïhese pons were simply supporteci and subjected to equal 

bending loads at third points dong their span. The major unavoidable ciifference from 

earlier work was the offset splice region of these poçts as compared with other work 

Series A - loads and supports. 

Series B - loads and supports. 

Series C & D - loads and supports. 

Figure 5. Experimental loading and support conditions. 



having a symmetrically placed splice. Commercial poas have the splice region in the lower 

third section of the post to Limit the Iength and expense of pressure treated lurnber. This 

offset splice location was used in all testhg series to d o w  cornparison of resuits, and to 

satistjl the spirit of the in-grade testhg philosophy. Series B was a fked end, sirnply 

supported combination with similar bending loads applied. Note that series A and B had no 

axial loading. Series C was a h e d  end, simply supported combination with the addition of 

a 1000 Ib constant axial load. Series D was similar to Series C but with a 2000 1b axial 

load. Series D only had three posts tested because of sensing equipment failure. The results 

of series D however, were so consistent with other trends in the data that they were 

included for analysis wirh the other completed senes. 

The firn three posts of each series, and d l  of Senes D, were tested to failure to 

give an estimate of post behaviour throughout their entire range of deflection. The 

remaining seven posts in each series were tested to a 2" rnidpoint deflection. This midspan 

deflection ihi t  was chosen to be weU past the L / 180 limit, (of 1-49, comrnonly accepted 

for structurai member performance, yet it was not so much as to result in any permanent 

darnage to the posts. Axial loads were chosen to be representative of moderate roof loads 

and are weil below the cntical stmctural load for such posts. An approximation of this 

critical load using Euler's column equation and the assumption of a solid cross section post 

is 43,000 lbs (see Appendix A6). 

Procedure 

Throughout the experiment and for 30 days prior, the lumber sat indoors at room 



temperatures of approxirnately 22°C. Temperature was not continually monitored, but the 

test room was in constant use during working hours throughout the test penod. The 

lumber arrived with some apparent d a c e  moisture on it but it maintained a relatively 

constant moisture content of 16.5%, dry bais, (db) with a standard deviation. (s-d) of 1.9, 

throughout the four months of testing. 

Pnor to loading, the machine had the nuid flow to both lateral load cylinders 

balanced by the method described in Appendk B. nie poa was then positioned in the 

machine and the ends secured as required for the individual test. Open span length was 2 1' 

for all test series. The initial 3' of each 24' post was fked for series B, C, and D. The lateral 

load cyhders were positioned at thirci points across the open span of the poa with their 

attached linkages containing load ce11 A at the 7' mark and load ceil B at the 14' mark. The 

clamp assernblies joining the post and load ce1 linkages were clamped tightly at 14', but lefl 

loose at the 7' mark because it was directly over the splice area. Preliminary testing 

indicated that a tight clamp in this area would restrict joint motion and ariificially reinforce 

the area. There was no differential motion between the laminates at the 14' mark so this 

clamp was tightened to maintain positive control over the sarnple. The 10 graph paper 

cards were then tacked to the centerline of the post at 2' intervals. The card for the 14' 

mark was actualiy placed at the 14' 6" mark because of interference fiom the loading clamp 

in that area. The reference thread was then stretched between naiis driven into the 

centerhe of the poa over the supports. Initial readings were taken at aii 10 points and 

fiom the midpoint potentiometer. For axial loading tests, initial readings were taken before 

and after the axial load was applied. ï h e  setup was then complete and ready for the step- 



loading procedure of the test proper to begin. 

The step loading procedure of each test involved operating the laterd load 

cylinders unti1 the midspan linear potentiometer indicated a 0.02" increase in deflection 

fiom the previous r d m g .  Loading was then stopped and manual readings were recordeci 

at d of the 2' intervals dong the beam. In the case of axial loading, adjustments were made 

to the axial toading cylinder as required to maintain a steady load. In no case did these axial 

adjustments have a meamrable effect on deflection readings. This procedure was repeated 

util a midspan deflection of 2" was reached , or  until fdure for the first three of the 10 

posts in each series. 

Joint motion was measured when the post reached %", 1 ", 1.4", and 2" rnidspan 

deflection. Photos were taken of each joint at the end of each test before unloading. 

Moisture content samp1ing was done for each post on completion of testing by the 

core samphg method indicated above. The samples were andysed by the oven drying 

method on a dry mass basis as specified by ASTM D 201 6. Drying tirne varied as 

convenient to the experiment, but due to the large surface area of the chipped sample, any 

time d e r  three hours was sufficient to achieve steady nate conditions at 130" C. Sample 

mass was determined to within the * 0.2% accuracy required by the standard on an 

electronic laboratory scale with an accuracy of 0.005 g. 

Anaiysis 

Coiiected data was transferred to a Quattro Pro spreadsheet program for analysis 

and interpretation. Analysis was done at four values of midpoht deflection; 0.4", 1 .O", 



1.4", and 2.0". These points were chosen to yield a clear picture of  post performance 

before, at, and after, the standard allowable deflection limit for a poa of this length 

(ie. L / 180 = 1.4"). General observations and conclusions were drawn fiom the graphical 

interpretation of the data at other points of deflection as required. Standard deviations are 

recorded in Appendix A but not on any of the figures in the text. Generally, the standard 

deviations on aii the data are l e s  than the physical size of the symbols used to represent 

each data point, and graphical reporting of the deviations would connise the figures. 

For the analysis of series C and D, the off-centre bending moment effects nom axial 

loading were ignored. A 2000 Ib axial load for example, that is 2" off-centre due to 

rnidpoint deflection, would produce approlùmately 32 Ibs of equivdent lateral load at 

midspan. This additional load is only a very srnall percentage of the total lateral load 

applied and was therefor assumed to have no independent effect. 

Predictions relating to structurai behaviour were derived f?om standard beam tables 

assuming the posts to be solid members with standard design values of S-P-F #2 grade 

tirnber (CWC 1995). 

With the exception of temperature measurements and E values, the experiment was 

conducted and reported in irnperial units because that is still the construction industry 

standard, and it d o w s  direct cornparison with previous research. Analysis was executed in 

SI units and converted where required to imperial units. 



Results 

A summary of results is included below with raw and analysed data reported in 

Appendices Al, A2, A3 and A4. 

The sirnply supporteci test series A results are sumrnarized graphically in Fig.6, 

Fig.7, and Fig.8. Figure 6 iilustrates the signdïcant ciifference between the mean load I 

deflection values of load ceIi A and load cell B. This result was expected due to the 

asymmetry of the splice region between the supports. Load ceil A was located within the 

splice region of the post which was known to be the moa flexible part, ail other things 

being equd, and it did display a greater deflection for a given load. The analysis of 

variance (ANOVA) across series A detailed in Appendk A2, is a comparison between 

load ceUs A and B performed at the four deflection points of analysis. This analysis 

delivered an F - value well above the critical comparison value which not only confirrns 

that loads at A and El are different, but that the trend between the two loads is to maintain 

a consistent difference between themselves. This consistency is dso evident fiom the 

graphitai interpretation of the data. A comparison of load values at the four deflection 

points chosen for analysis indicated that the mean of load A was a rnean 15% less than the 

mean of load B after 1 .O" rnidpoint defiection. Figure 7 and Fig. 8 indicate the 

load / deflection values for load cells A and B respectively. Series A is du, represented in 

the poa  profiles of Fig. 9. The asymrnetry of post deflection behaviour is evident fiom 

these figures. Measurement points on the splice end of the posts deflected more than 

those on the solid end for a given applied load, thus confimiing that the splice region is the 



weakea section of the poas in bending. 

O o z  0 4  a i  oa 1 12 i~ r i  t a  2 u ~l ZI tl 3 fi SA as SJ A 4 2  4 4  rd 4) s u 

Deflection - Midpoint (in) 
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Figure 6. Simply supported bending, mean load deflection values 
of Series A. 

Figure 7. Simply supported bending - mern defieetion vs load ce11 A vdues. 
' Senes are measured h m  base of post. 



Load Cell B (Ibs) 

Figure 8. Simply supported bending - mean deflection vs Ioad ceii B values. 
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Figure 9. Post series pmfdes at 1.4'' midpoint deflection. 



The fixed end / simply supportai series B and aiaiiy loaded series C and D had a 

different behaviour pattern between the load ce11 values than was found in series A. As 

illustrated in Fig 10 and calculatesi with ANOVA across all senes in Appendix A2, there 

was no signiscant ciifference between load values within a series, or between all the series, 

for series B, C, and D. T-tests were conducted independently for load c e U  A and load cell 

B values at the four points of analysis with an alpha of 0.05. A significant difference was 

found however between series A Ioad values and the correspondhg values of series B, C, 

and D. An F-test conducted across all series for each load ceil, using an alpha of 0.05, 

indicated that a ciifference existed between the series. This difference was confïrmed 

between senes A and each k e d  end senes with separate t-tests conducted at an alpha of 

0.05. Table 3 lias the combined loads required to produce given midpoint deflections for 

ail of the test series, and the percentage mean increase in Ioads due to the ditferent support 

conditions. Al1 of these redts niggest that the moa important element producing a 

strength or stfiess diierence in the p o a s  is the introduction of a fixed end condition. 

Table 3. Combined load required for midpoint deflection (Ibs). 

Midpoint Series Mean 
Deflection A B C D Increase ( % ) 

Cambiad lord of foad d A and load od B values. 
** Meaa in- in load hm s8iply suppatad onditim to fixai md 0[]i1ddicm : 
[ (Mean (BK-D)) / A 1 100 



The addition of an axial load has M y  no apparent effect at the loads tested. The poa 

profiles of series B, C, and D, in Fig. 9 graphically iliustrate the stiffening effect in the 

splice region of the fixed end condition. The load / deflection values of series B in Fig. 1 1 

and Fig. 10 are representative of ail the nxed end senes. After an initial stifferiing effect of 

the support found in the fint few feet of the post, the remaining deflection measurements 

are quite symrnenical about the midpoint of the poa. Table 4 presents the difEerence in 

deflection of corresponding measurements dong the poas of series B, C, and D at 1.4" 

midpoint deflection. This çymmetrical relationship is tme for ail of the fixed end series at 

all four points of analysis. This symmetry may indicate that the fuced end, off-centre, 

spliced poas might behave in deflection as simply supported posts of shorter span. 

O 0 2  O 4 0 6 0 8  1 1 2  1 4  16  1 8  2 2.2 2 4 2 6  2 8  3 3 2 3 4  3 6  38 4 

Deflection - Midpoint (in) 

Figure 10. Fued end series and simply supported series - load 1 deflection 
values. 
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Figure 11. Fixed end series B - mean deflection vs load ceil A. 

Load Cell B (Ibs) 
t 

Figure 12. Fùed end series B - mean deflection vs load ce1 B. 



Table 4. Deflection dinenaces of componding measurements, series B, C, and D 
at 1.4" midpoint deflection (in). 

Comsponding Series 
Position B C D 

2'- 20' 0.015 0.020 0.050 

The joint data are detailed in Appendix A3 and joint motion results are summarized 

at a midpoint deflection of 1.4" in Table 5. There were some rninor ciifferences between 

the series, but the primary result is that aii of the fixed end condition posts showed 

noticeable joint motion in at least one joint when the poa reached the design deflection 

lunit. The simply supponed series showed somewhat less motion at 1.4". midpoint 

deflection, but by 2.0", ail the senes A pons had show si@cant joint motion as well. 

There was no general dserence in joint performance between the auiaiiy loaded series C 

and D, and senes B. This result, and generai observations during testing, indicate that axial 

compression of the joints to fonn a tight butt joint did not occur. The predominant form 

of motion within the joints was rotation as illustrated in Fig. 13. This fonn of motion could 

have been restricted by clan and solid butt joints, but that quality of joint simply did not 

exist with any regularity in the commerciaily made posts that were tested. Nail slip or joint 

shear, as illustrated in Fig. 14, was the other form of observed motion that occurred with 

slightly less fiequency than rotation. In approlàmately 5 % of the cases a distinctively 

predomùiant form of motion could not be defined and both nail slip and rotation were said 

to occur. 



Table 5. Joint motion data summap. 

Series A ( 8 sainples* ) Series B, C, & D. ( 23 samples ) 

Total movement by 1.4 in deflection ** Total movement by 1.4 in deflection. 

1 Rot' O Rot 2 Rot 2 Rot 9 Rot 4 Rot 15 Rot 17 Rot 
1 NS: O NS O NS 2 NS 10 NS 10 NS 5 NS O NS 

Motion distribution Motion distribution 
J i  J2 53 J1 JI J2 53 J4 

22% O 33% 44% 2696 i 9% 2 7% 28O/O 

In total 9 / 24 joints moved = 38.00% In total 71 / 92 joints moved = 80.00% 

Rotation occurred in 5/23 joints = 21.00% Rotation occurred in 45/92 joints = 49.00°h 
NS occurred in 3/21 joints = 12.50 % NS occurred in 25/92 joints = 27.00% 
Both occurred in 1/24 joints = 4.00% Both occurred in 5/92 joints = 5.00% 

Sample A l  and A2  omRted due to lack of data. 
" If bath motions m u r .  motion is counted as NS 
' Rot refers to rotation. ' NS refers ta nail slip. 

I Ratatlon Jpg 

Figure 13. Example of joint motion - rotation. 
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Figure 14. Example of joint motion - nail slip. 

When considenne individual joints, the fixed end senes? as a combined set. 

demonstrated far more joint motion than the sirnply supponed series. Appro'rimately 80% 

of the joints in the fixed end series moved compared to about 38% of the joints in the 

simply supported senes. This indicates that the joints of series B, C, and D. suffered higher 

stresses than senes A, and that suppon conditions therefor have a major effect on joint 

performance. The stress distribution between the joints of a post was estimated by the 

statistical distribution ofjoint motion across the splice region - essentially. which of the 

joints. JI. J2.13, or J4 moved the most often was taken to be indicative of which joint 

suffered the mon stress. This motion distribution is presented in Table 5 .  Usine this 

method, the stress distribution across the splice region was fairly even for the fked end 

pons, but showed a distinct concentration of stresses towards the midpoint (J3 and J4), 

for the simply supponed series. This concentration in the joint motion distribution 



correlates to the increased combination of moment and shear forces expected towards the 

centre of a simply supporteci post. The k e d  end poas have a more complex f d b a c k  

reaction fkom their k e d  support, including a point of innection between J1 and J2. This 

reaction serves to even out the joint stresses and to generaily increase the forces present 

in the splice region due to the increased stiilhess redting fiom the iked end support. The 

h e d  end condition data ùidicates a pattern of joint motion mechanics indicative of what 

was expected in theory. Bending stresses, as indicated by rotation, predominate towards 

the centre of the poa at 13 and 14, white shear messes, indicated by nail slip, concentrate 

towards the fixed end at J 1 and J2. 

General observation of the weaker joint aberrations in the data, where nails were 

omirted or misplaced, (poas Ag, B3, B4, and Cg), does not indicate that they are 

particularly poor performers in cornparison with other joints. The one dEerent splice 

arrangement, post B 10, was also not particularly outstanding 60m the other data in terms 

ofjoint motion or overd performance. The similarity of these accidental results with the 

overall results confirms the inherent variability of wooden assemblies, and suggeas that 

the complexity of interactions within them may compensate for any minor variations in 

their stmcture. 

The moisme content data (%db) are reporteci in Appendix A4. The moisture 

content mean of 16.5 %, with a standard deviation 1 . go !  did not Vary subaantidy over 

the four months of the test. This moisture content is within the normal range expected for 

this type of assembly and hence was not considered to have any unusual effkct on the 

expenrnent. 



Discussion 

To M y  understand the experimentai results it is necessary to discuss the 

Merences between the test series thernselves, how the resuits and stnictural theory 

interrelate, and to comment on the effects of poa geometry. 

Inter - Test Comparisons 

The two primary observations conceniing the test series are the similarity of results 

among the fxed end pons, whether axiaiiy loaded or not, and the ciifference in 

performance of simply supported verses fixed end posts. 

With no significant ciifference between any recorded deflection values in series B, 

C, and D, the addition of an axial load of up to 2000 lbs. had no effect on post 

performance. Although subaantiaiiy less than the calculated critical column load of 43,400 

lbs, (see Appendix A6), the axial load ail1 represents a rewnable in-service load of 16 

psf for a typical60' wide building with posts 4' on centre. It was previously hypothesized 

that this type of loading would cornpress the butt joints in the splice region, and / or 

reduce the extreme fibre stresses in the tension side of the post. Both effects would have 

increased poa strength, but such did not prove to be the case as there was no observable 

dserence in post behaviour. For any joint compression to occur there would need to have 

been substantial deformation at the nail - wood interface for each nail dong the entire 

length of the particular plies in question. The force required to effectively shear one ply 



relative to the other in the longitudinal direction would be dependant on nail number and 

shear capacity. Such a force would be quite substantiai, and probably weli beyond any 

design capacity of the post. The reduction of extreme fibre stress, though it rnay have 

occurred, had no observable effêct, and again it may oniy be relevant at much higher axial 

loads wbere column innability becomes an issue. 

The dinerences between the simply supporteci and fixed end conditions is 

imrnediately evident nom an examination of Table 3 and Fig. 10. There is generally more 

than a 200% mean increase in the laterd load required to produce a desired deflection 

with a fixed end p s t  when compared to a simply supported post. If the lateral loading 

criterion is the critical design parameter, as is suggested in the literature, then this finding 

has sigruficant implications in engineering practice. To nirther investigate the different 

suppon conditions, they can be compared by looking at their effect on the relative niffness 

of the poa assemblies. S t e e s s  is generally defmed as EI / L, where; E is the material 

modulus of elasticity, 1 is the cross section moment of inertia, and L is the exposed length 

of a member. A comparison of nifiess quickly becomes a comparison of the apparent E 

values for ail the posts if other factors are held constant. The term 'apparent E value' is 

used to distinguish a denved value that refers to the composite assembly as a whole fiom 

the regular usage of E, which refers to a property of the material itself The apparent E 

values calculated in Appendix A7 from the experirnental Ioad / deflection results are 

summarized in Table 6 and illusvat ed in Fig .15. 



Table 6. Summary of apparent E values in MPa (psi).* 

0.4 in 1.0 in 1.4 in. 2.0 in. 

f i  2 or batr S-P-F. E = 9500 5fPa (65.3 p) (CSA 1994). 
' A vit = M a  A wugtrlcd valua. 

1 O 20 30 40 50 60 
Midpoint Deflection (mm) 

Figure 15. Calculated apparent E values. 



The initial assurnption for analysis was that each lateral (bending) point load, A and B, 

wntributed equally to the midpoint deflection, and that axial loads were insigdicant in 

effect. These assumptions worked weil for the fked end series but were not an effective 

simplification for the shply supported series. The testing i, series A produced difEerent 

values for load A and load B that were too distinct to simpi@ in this manner. The 

proportiodty of the loads therefore was used to estimate each load point's contribution 

to a cornmon midpoint deflection. Each load was said to produce as much of the total 

deflection as was its proportional contribution to the total load, regardess of its location 

on the bearn. Load A was located over the splice region for example, but any effect nom 

this was assumed to be insigdcant. This approach was referred to as, Series A weighted. 

Both analysis approaches are reported in Table 6 and Fig. 15 for cornparison, but only the 

weighted analysis is used further because it is the more Wcely representation of reality. A 

ratio of series A weighted over the mean of series B, C, and D, suggests that the simply 

supported condition produces an assembly that is effectively only about 59% as aiff in 

bending as the k e d  end condition. Such a result is to be expected fiom theory, but it 

confirms that the assernbly behaves in a predictable manner. The significance of this result 

is to demonstrate again the ciifferences between support conditions and their consequent 

efféct on post performance. Existing design values based on simply supported testing may 

therefor be too conservative and may not adequately reflect the in-service capabilities of 

the posts. 



The intentionally unsymmetricai splice regioo in these test series introduces a major 

depamire from established testing procedure, where the spliced joints are expected to be 

whoily within the constant moment region of the post. By diverging nom estabfished 

practice in the effort to more closely simuiate realistic conditions, it was necessary to 

develop a slightly Werent approach to facilitate analysis and develop a predictive 

capacity. Similar to what has been proposed in the ASAE X559 draft proposal, strength 

and stifniess modification factors were developed, but the ones presented here utilize a 

much simpler procedure. The modification factors derived are only direaly applicable to 

the type and design of poas tested, but since these were designed by the guidelines of the 

above engineering practice, and built to a minimum commercial standard, the modification 

factors may be conservatively expanded to include other sirnilar, if not identical, pons. 

The primay dinerence in approach f?om previous work was to treat the post as a single 

unit and not break it down into spliced and unspliced regions for analysis. Practical 

engineering design requirements are concerned with the ultirnate performance of the post 

assembly as a whole and the demands of efficiency would see design values anived at 

directly, in as few steps as possible. Although some precision will inevitably be los with 

this simplification, it does follow the practicai tenants of the in-grade testing philosophy, 

and produces a reasonable estimation of poa behaviour. 

Structural theory predictions of solid post behaviour under the different conditions 

tested are calculated in Appendix A8 and Summarized with comparative expehental 

values in Table 7. These predictions are based on a soiid poa of similar dimensions 



Table 7. Structural theorv ~redictions and com~arisons with actual values. 

Deflection at midspan From 
experimental loads (in). 

Lords required for given midpoint deflection (Ibs). 

Analysis Points Analysis Points 
0.4" 1.0'' 1 A" 2.0" 0.4" 1 .O" 1.4" 2.0" 

Simply Supported 

Fixed End (Seriea B) 

Ratio - Predicted/Actunl 
(Mean) : 0,74 0.72 0.71 0.68 
(5 th perceritile mean)': 

h u m a  n m a l  distribution. 
' ( 1  m d  A)(hndU) - predidai valuca mainiain rrarne d i f i m m  ratio as mcanured mean valircs. 
' Ratios calculated uaing mean had valueri of A and 11. 
' h9umcs 1 nad A lnad R 



to the actual lamuiated posts. They use standard E values fiorn the Joists and Pianks Table 

5.3.1 4 S-P-F # 2 in section 086.1 -94 of the NBC (CSA 1 994), and they use standard 

beam tables found in the CWC Wood Design Manual, (1995). The prediction equations 

used two unequal loads locared at third points dong the span with the appropriate 

support conditions. Anal loading was ignored as it was found to be insignificant at the 

ranges tested and the poas essentidy fùnctioned as bearns under similar restraint 

conditions. The ratio between predicted and actual pefiomiance forms the basis for the 

proposed modification factors. In Table 7, the correspondhg ratios of deflection and mean 

load are the reciprocals of each other, and the 5 percentiles of distribution for the 

experimental loads are denved values used for design purposes. The assumption of a 

normal distribution for this calculation may not be entirely accurate, (Madsen, 1992), but it 

is a conservative assumption cornmonly used to simpliS, the analysis. AU the ratios foliow 

a trend that increases the distinction between the predicted and actual values with 

hcreasing mid point deflection. This inaccuracy of prediction is explained by the decreasing 

of apparent E values with increasing rnidpoint deflection evident in Fig. 15. The posts 

become proportionately less a i a a s  they continue to be loaded, probable due to local 

crushing of the wood around the nails with a consequent loss in holding power. For design 

purposes it is prudent to work fiom the weakest condition encountered, which in this 

experiment occurs at a micipoint deflection of 2.0" in al1 cases, so this is the ratio used to 

develop the modiers. The deflection and load modification factors, summarized on Table 

8, are simply the ratios of predicted to actual performance wnverted to an appropriate 

multiplier that can be applied to the structural beam table prediction equations. 



Table 8. Deflection and load modifiers for tested posts using standard beam tables. 

Deflection b a d  Capacity ' 
Simply supported : 1.32 0.65 

Fixeci End : 1.46 0.60 

The modifiers, are used as follows: 

(Beam table predicted deflection) x (Defleaion modifier) = (Actual deflection) 

(Beam table predicted load capacity) 

x (Laad capacity modifier) = (Actual load capacity) 

Simple b a r n  theory anticipates an increase in load carrying capacity resulting fiom 

the h e d  end condition over the sirnply supported condition. The cornparison of total 

predicted and total actual loads, summarized in Table 9, indicates a more than two-fold 

increase in capacity that corroborates the direct iink between simple beam theory and 

achial post behaviour. 



Table 9. Bending load cornpuison between simply supported and fued end posts 
using predicted and actual values. 

Anaiysis Points 
0.4 in 1.0 in 1.4 in 2.0 in 

Simply Supported 
Predicted (lbs)* : 368 918 1286 NWI 

Actuai (lbs)** : 338 753 1019 1403 

Fixed End*** 
Predicted (Ibs)* : 890 2230 3 120 5560 

Actuai (Ibs)* * : 66-1 1599 2203 30% 

Ratio (FE / SS) : 
Predicted : 2.32 2-43 2.43 2.42 

Amal : 1-96 2.12 2.16 2.17 

Taal of loads .4 and B. Assums solid w d  sacrion wah E = 9500 bfpa (65.5 psi). 
** Taal of loab A and EL mean vahrts. 
*" said B 

The consistency of the comparison to the second decimal place is evident at the greater 

levels of midpoint deflection which are of greatest concern for design purposes. The actual 

magnitude of the capacity increase is less for the tested assernblies than theory would 

suggea. This could be due to the inherent weakness of a spiiced pon, and the fact that the 

fixed end condition has its greatest effect towards the base of the post where the offset 

splice region is located. The predicted values assume a solid, 'HiU size", and continuous 

cross &on, while the actual pon is effêctively only a 3/4 size section at each joint due 

to a discontinuity in one lamination. The duence of these four points of weakness may 

account for some of the ditference between predicted and actual values, and it may also 

account for the restncted increase in actual post capacity between the sirnply supported 

and fixed end conditions. The Merence between actual and predicted values appears to be 



consistent however, and the spread between them can be accounted for effectively with a 

simple modification factor. For poas of standard design under normal conditions then, the 

beam tables appear to be useable with a modification factor to directiy predict poa 

behaviour for design purposes in the critical deflection ranges with some degree of 

confidence. 

Post Geometry 

Post geometry includes a generai discussion about joint motion and nail pattern, 

splice location effects, and the variability of the poas themselves. 

The fact that h a U y  ail of the posts showed joint motion by the design deflection 

limit is of significant concern. Although not investigated, such motion mua involve 

localized wood fibre cmshing, the enlarging of nail holes, and the progressive weakening 

of the joints, as indicated by the decreasing relative stiffhess of the assembly under 

increasing deflection. Repetitive loading conditions, as would exia under senice 

conditions, could only exacerbate this problem. The nail pattern tested, although perhaps 

not optimum, was still within reasonable design lirnits, yet it proved ineffective at 

preventing joint motion. A possible remedy for this situation, would be to reinforce al1 the 

joints with a greater nail density or perhaps with supplementary adhesive. Nail density has 

an upper limit, and the use of adhesive, either locally at each joint or throughout the splice 

region, may be the most effective option for improving performance. Adhesive rnight be 

moa practidly used in a prefabrication d o ,  as a field application of it could prove 

difEcult. A nail pattern that emphasizes the placing of nails in double shear across each 
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partida. joint, something that was not done in this work , would probably have increased 

the resistive capacity of the joints to some extent but it rnight have only a k t e d  effect on 

poa performance. Only the imerior joints, (J2 and J3), would benefit fiom this 

arrangement, while the outer joints, (J 1 and J4), wouid see no benefit at d because they 

cannot be created with naas in doubIe shear. Examination of the data indicates that motion 

in either of these outer joints occurred in most of the poas tested, and hence the post as a 

whole would N11 suffer some joint motion. 

The offsetting of the splice region that occurred in these experiments had a 

moderating effect on the forces acting on the joints. By moving the joints away fiom the 

region of maximum moment there is an effective increase in the capacity of the poa as a 

whole, if the splices are rightly considered to be the weakest section of the poa assembly. 

For the fixed end condition, the offset position allows the splice region to straddle a point 

of stress inflection theoretically iocated at approlamately the 4' mark, between J I  and J2. 

Observation of the counter rotations in joint J1 and J2 support this theoretical location. By 

straddiing a point of inflection, the set of joints themselves are subjected to a minimum of 

bending moment while the maximum moment occurs at the unspiiced base of the post. For 

the simply supported condition, the offset position moves the splice region away from the 

maximum moment o c c d g  at centre span. The offsetting does move the joints imo a 

region of greater shearing forces, but shear is easier for the joints to deal with than 

moment forces. In shear, all  nails in the affkcted region, hcluding those on the centrai axis, 

wiii contribute their maximum resistance, whereas nich is not the case in bending. 

The variations in post geometry, such as warping, joint gaps, difFerent nail 



pattern, different splice patterns, and other rninor Werences across ail the samples did 

not produce any marked effect on the results. These minimum quality posts produced 

highly consistent results in v h d y  ail areas of analysis. An explanation for this behaviour 

may be that these types of composite assemblies d e r  complex stress distributions within 

thernselves that resuit in a very consistent, averaged, extenial performance for the 

assembly as a whole. This consistency of results has been evident in previous research that 

utilized specially made pons, but it is sigdicant to note that the resdts are also resilient to 

the effects of the many uncontrollable variables inherent in a commercially made poa. 

Conclusion 

This experiment has taken another step in the analysis of rnechanically laminated, 

spliced timber posts. After utilinng previous research to design and build commercial 

quality posts, it investigated their behaviour under a simulation of in-senice conditions. 

The experiment introduced an unsymmetrical spiice region and a fixed end conditioe in 

addition to the usual simply supported tesùng procedure. No unspliced posts were tested. 

The posts were loaded in two point bending with moderate axial loads added in later test 

series- Force / deflection data were recorded and comparesi across support conditions and 

across axial loads. Joint motion data were collected and commented on in a qualitative 

marner. Data analysis connected the results with mctural theory and developed a 

sirnpMed procedure for predicting post performance under similar conditions. Based on 



the tests conducted, the foilowing conclusions were reached: 

1. Support conditions have a significani effect on post strength and realistic testing 

procedures are imperative to producing accurate design values. Fked end verses 

simply supported conditions produced more than a 100% increase in resistive 

capacity. 

2. Renilts indicate that curent design values based on simply supported conditions 

are overly conservative. 

3. Axial loading to a moderate level has little or no effèct on post performance, and 

bending load capacity is the primary design parameter. Axial loading did not 

cornpress the butt joints or increase the strength of the splice region in any 

discemable way. 

4. Some joint motion will invariably occur by the design deflection Iimit under 

fixed end conditions, even with a reasonably well designed nail pattern. With the 

given splice pattern, ali joints showed a propensity to move and should be 

reidorced. 

5 .  Standard anicniral theory can be simply adjusted with experimentdy derived 

values to produce acceptable design values regarding the strength and deflection 



performance of the posts. These modifiers can be consewatively applied beyond 

this test series to other posts of similar design and size. 

6. Cornmercially produced post assemblies produced highly CmSi~ent results. 

7. The practical in-grade testing philosophy of testhg achial commercial products 

and assemblies, as produced, under realistic conditions, is appropriate and effective 

for testing this type of assembly. 

Research Recornmendations 

This experiment chailenged some existing assumptions and explored new 

procedures in the investigation of timber post behaviour. In doing so however, Like al1 

research, it invites still more questions and because of its uniqueness' requires further 

validation of its own procedures. Recornmendations for continuing research would be: 

1. Furiher testing of the sarne 4-ply, 2 x 8, pons at different lengths to obtain 

basic data and to vaiidate the predictive capacity of 'the beam table equations with 

modifiers' approach. 

2. Test full length, unspliced posts using hger-jointed lumber and compare the 

results with spliced values. 



3. Increase the axial load Eigmficantfy and investigate the effects on post 

performance. 

4. Reduce the number of posts per test to three fiom the original ten. Statistical 

requirements not withstanding, the results were so consistent that much time and 

effort wuld be saved in the repetitive depth of a test series and invested into 

m e r  new test series. 

5. Limit deflection data collection to the midpoint only. Other measurement points 

dong the poa proportionately reflected midpoint motion and give a dynamic 

picture of the post during testing, but they are not required for further analysis. 

6. Test other designs and sizes of posts for cornparison purposes and to develop 

other modifiers. 

7. Investigate the perfomiance of joint reinforcement effect s under redistic suppon 

conditions. The use of adhesives on each joint or throughout the splice region 

should be investigated. 

8. Investigate the effects of cyclic loading on post performance and joint 

behaviour. 
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Figure A 1 Series A - Measured ioad deflection values. 
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Figure Af Series A - Measured deflection vs load ceil A values. 
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Figure A3 Senes A - Measured deflection vs load c d  B values. 
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Figure A5 Series B - Measured deflection vs load ce1 A 
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Figure A6 Series B - Mea~u~ed  defiection vs load celi B values. 
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Figure A7 Series C - Measured deflection vs load ceil A. 
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Figure A10 Series D - Measured load / deflection values. 
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Figure A13 Composite series - ?est profiles at 1 .O" midpoint deflection. 
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Figure A14 Composite of series - post profile at 0.4" midpoint deflection. 
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Figure A15 Composite series - poa profdes at 1.4" midpoint deflection. 
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Figure A16 Composite series - post profiles at 2.0" midpoint deflection. 
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J I  32 J3 54 J1 J.2 J3 54 
O O 1 Rat O 1 R d  2 R d  5 Rol  4 Rol 

4NS 3 NS 1 NS ONS 
(3 bah) 

Total mouemant by1.4 h ddbctbn. Toînimousmsnt by1.4 hda(bcthn. 
J1 J2 53 54 J1 J2 53 J4 

218 O18 3 18 4 18 1 9 l n  14 123 20123 21 l n  
1 Rat O R d  2 RoQ 2 R d  9- 4 R d  15 Rol 17 Roi 
1 NS O N S  O NS 2 NS 10 NS 10 NS S N S  O N S  

Motion didilbutlon Moüon dlstrlkitton 
22% O 33% 44% 26% 19% 27% 28% 

In tdaf 9 124 joints moved = 38.00% In total 74 1 92 Jdntt moved = 80.00% 
Type : 5 Rot, 3 NS, 1 Bdh. Type:iSRot,2SNS,SBoth. 



m r e  Conîent of Ail Test 



Nail Laminated Post Specifications (Mod.) 
24' x 4 - Ply x (2 x 8), S-P-F Grade 2 or better. 
4" Spiral nails = Nail from right outer siâe + = Nail from left outer side 

Base Splice Region Top Region 
+ 54" 1 108" 126"- 

- 
Splice Region ( R Side ) 

I 

t spli& Region ( TOP View ) I I 



Slender Column Axial Load Analysis 

Column Length - L (mm) : 6400 
Column Wdth - b (mm): 152 

Depth-h(mm): 184 
Effective Length - Le (mm): 5120 

End Cond'ftions 
Pmned: Le = L 
Pin / Rigid: Le = 0.8L 
RigidlRigid: Le = 0.65L 
Free/Rigid: Le = 2L 
Ref: CSA 086.1-94 Tbl. A5.5.6.1 

Radius of Gyration - r : 
r = S Q R ( I / A )  
(r for rect x section = 0.29h ) 

Slenderness ratio : 
S R = L e I r  

( Must be c 170 for wood ) 
Ref. Stnichiral Basis of Architecture, 1992 

Slenderness ratio : 
S R = L e I h :  
( Must be c 50 - colurnn resbained tateraliy ) 
Ref CSA 086.1 - 94 5.5.6.2 

€der Load Equation ( N ) 

Euler Stress ( N 1 mm ) 
Breaking Stress : 
Stress = Pb / Area : 

Critical load in kg : 
Critical load in Ibs of force : 

19684 kg 
43409 Ibs 

Em Value ( MPa ) : 6500 
I value (mm4 ) : 78907051 

Eos for S-P-f # 2 = 6500 MPa 
R e f  Wood Design Manual, 1995 



O+nwil Inputs : 

D d l =  t.0 in. 
Yra(mm)= -25.4 

Pt (Nb= 1833 P; (N) = 1516 
t.tmn)= 4286 ccmni- a34 
b. (mw= 2t34 ktnmj= 42% 

Simply Suppofted Apparent E Values 
I 

1 0 2 0 3 0 4 0 5 0 6 0  
M i d m  Deflecbon (mm) 



- M M  
-a i r i l en  

iiiI L IU  

I> . U N  
M i l  .Wb 
O b  .YU 



Predicted Beam Defiedion 
Loads A 8, B 

Moment Diagram 
Load A & B 



- - -  - . -  

Predicted Beam Denecfion 
Loads A & B 

000 a' 
\ - 

O 1 0 0 0 a w o ~ r o a , w x u , s w o T o o o  
Beam Length ( x =  mm) 

-;rO *. l h  * a m i  i c i n  
Tati) I - 

Moment Diagram 
LoadA8B 



Et-!. mœ 
4 s -  rp 

L m .  im 

Predicted Beam DeBection 
L a d s  A 6 B 

Moment Diagrarn 
Load A 8 B 



m-3mQDC DDP n- 
W-3ü D = - 
PD.=D ar . W-  

- *O W.: mi -  
-3mc C * - 

c..iC- LiIICII - = m u &  



L 'O  
L'O 1 





Dcfledon Sum 

X Vdwmrn) Surn ( mm ) 
O 000 

Mommt Sum 



ik ikcth Sum 

Moment Sum 

9 M I )  M A  + C ~ T U ~ ~ W  

Nac:x=Oatrimpkmppa< 

Moment Diagram 
Load A 8 6 



û d h c t h  Sum 

Moment Sum 

tno 
Sum s.rkr 

o m r o o  O 
ZWE-06 O 
4 16E-06 O 
61rE106 O 
83SE4û O 
6- O 

6 t0E+Q6 O 

s z e a  O 

4roE+o6 O 
3- O 
211€46 O 
-2WE+08 O 
dt7E08 O 
-1 os507 O 

Moment Diagram 
Load A & 6 



DeIkction Sum 

X V.lin(mm) Sum ( mm ) 
O 000 

Momcrit Sum 

Predicted 6eam Denection 
i o a â s A & B  

Moment Diagram 
Load A & B 



Appendix B . Biaxial Loading Test Frame 

BI: Biaxial Test Frame Description and Design N~te~o~~~~~rn.~.~rn~mm.a 94 . 98 

. B2 : Engineering Sketches ..........,.................................................. 99 110 

B3: Operating Instructions ......................................................... 1 1 1 O 113 

B4: Biaxial Loading Test Frame Data Control Program ......... 114 O 120 



Biaxial Test Frame Description and Design Notes 

Machine Description 

The biaxial Ioading test fiame is 30' long, 4' wide, by 7' hi& and weighs 

approxïmately 3000 Ibs. It is designed to apply axial and bending loads shdtaneously to a 

test sample while recorduig load / deflection results. It was created to test poa or beam 

type assemblies under simply supporteci or fked end conditions, but it could be easily 

modifieci to other configurations. The spine of the machine is fixe. and leveiied in place, 

but all other elements are flexible and can be adjusted as required for different test 

scenarios. Sketch drawings of the different structural elements, linkage details, and 

hydraulic circuits, are illustrated in Appendk B2. 

Major Components 

1. Steel spine and superstructure. 

2. Loading cylinden: 6 "0 x 6" throw axial compression cyiinder, 2 x 3" 0 x 20 " 

throw tension bending cylinders. 

3. Oildyne series 500 hydraulic power unit, ( bidirectional motor, pump, 

and reservoir ). 

4. Oildyne flow control valve (micromet er controiled). 

5 .  Preexisting hydraulic circuit for axial compression that indudes a motor, pump, 

flow control filter, and an electncally operated directional valve. 

6. Strainsert 25,000 lb universal flat ioad c d .  

7. Strainsert 3,000 Ib S-shaped load celis ( x 2). 

8. Linear potentiometer (1 0" maximum deflection). 

9. Taunis One eight channel data acquisition system. 

10. Signal amplifier and interpretation circuit. 

11. 80286 cornputer and amber monitor. 



Machine Capacity and Limitations 

1. h i a l  load capacity of 8000 Ibs. This maximum is lllnited by slip and 

deformation of the restraiaing bar clamp under a tension load. Ultimate capacity would be 

limiteci by the capacity of the load celi and the coupliug nuts on the reinforcing tension 

rods. 

2. Bending load capacity of 2 x 3000 Ibs. is limited by the S - shaped load celis. 

Ulhate capacity could be greatly expanded and limited oniy by system pressure and the 

cylinder diameter. A single load point using only one tension cylinder is easiiy manged. 

3. Sample length may vary fiom a few feet to 28' . 

4. Cross sectional size of 12 in. high by 8 in. wide is limited by the size of the bua 

plate on the end support sleeve and the clamps on the tension cylinders. Spacer blocks 

may be required in the end support sleeve to raise the centre h e  of srnail sarnples in order 

to prevent eccentric axial loading. The simple support structure is verticaily adjustable a 

few inches up and down. 

5. Lateral support provided by three movable fiames is Limited to a 14 in. depth 

measured fiom the base of the end support sleeve. 

6. Deflection measurements are limited to 10 in. and considered accurate to 0.0 1 ". 

7. h i a l  load measurements are compression oniy and considered accurate to +/- 

1.5%, with a minimum load of 35 Ibs. Best accuras, from occurs korn 100 - 8000 Ibs. 

8. Bending loads cm be tension only and are considered accurate to +/- 2.0 %, 



with a minimum load of 25 lbs. Best accuracy occurs nom 100 - 2500 Lbs. 

Projeet Budget 

The project was developed with the assistance of industriai funding f?om the 

Western Poa Frame Builden Association. Major materials purchased were valued at 

16 10,000. Several major items were available &om existing resources and have been 

acquired at no direct cost to the project. These items include: cornputer and rnonitor, 

Taurus One data acquisition system, both 3,000 lb load cells the instrument cabinet, and 

the entire hydraulic compression circuit less cylinder. The eaimated value of these 

components is % 3,000. A very conservative estimate of design and construction t h e  is 18 

months. The designer's salary and substantial technician time during this period is 

enimated at $25,000. Total projected con in a commercial environment would therefore 

be not less than $37,000. 

Designer 's Notes 

Hydraulie Systems 

1. Both the compression and tension systerns are designed to 3000 psi. with the 

exception of the tension system flow rate calibration (pressure), gages. These are equipped 

with cutoff valves for use only in unloaded conditions. Unial operating pressure for these 

experiments was up to 800 psi in compression and 850 psi in tension, but both systems are 

variable by set screws up to the system maximum. 

2. Oil temperature in the compression system is not a problem, but the tension 

system reaches 80 OC f&ly quickly under conthuous operation due to  the severe 



restrictions in flow required for slow cylinder motion. No apparent problems exia during 

short terni or aep loading types of operation. Kigh temperature hydraulic fluid (87 O C )  is 

available for the system ifrequired. 

3. Differential fiction forces in the two tension cylinders wmplicated the issue of 

symmetric loading with parailel cylinders. Not only was there a difFerence between the 

cylinders, but there was a difference within each cyhder depending on its immediate 

position. This Werential friction wodd be M e r  aggravateci by changing hydraulic tluid 

conditions. Simple flow controls and pressure gages set to maintain a predetennined 

pressure differential were tried but not found to be accurately repeatable. The gages 

presently on the tension circuit are therefor of limned use. The solution for this work was 

to set the overd flow, and then balance the cylinders manuaily across the desired range of 

motion with a bubble level. This caibration was combined with a shon spurt, step loading 

process to minimize heat buildup in the circuit. These two processes together produced a 

workable, accurate, and repeatable procedure for applying the desired loads. 

4. Future uses of the machine may demand that the two tension cylinders produce 

a similar and d o m  displacement. This can be easily accomplished by linking the 

cylinders in senes with appropnate resizing of the second cylinder. 

5. Maintainhg constant pressure fiom the axial compression cylinder during 

sample bending was of concern do to end rotation and retraction across the simple 

support. Such motion away fiom the load face did occur and reguiar adjuments were 

required on the axial cylinder. The sep  loading procedure followed facilitateci this 

adjustment very well. A constant pressure valve instaiied in the circuit at a future time 

could deviate this problem. 



Structural System 

1. The a x d  loads are Limited by deformation of the restraining clamps that secure 

the tension rods to the main beams. These clamps fail at 8,500 lbs of axial load and 

swerely reduce the capacity of the machine, which could be at the 25,000 Ib limit of the 

axial Ioad ceIl. The clamps slide dong the beam and rotate due to eccenaic loading. 

Reinforcing these clamps should be the fim modification done on the machine to enhance 

its performance. If these clamps function properly, the coupling nuts on the reinforcing 

rods are the next weakea Iùik because they are made of ody mild steel. The rods 

themselves are of high tende steel, (120,000 psi), but no high capacity coupling nuts 

were locaiiy available. 

2. The lateral supports fùnctioned weil but they could be reinforced ifrequired by 

tyhg them together across their tops. 

3. An expansion plate may be required to raise the axis of the compression cylinder 

for centerline loading of larger samples. Such a plate would bolt through the existing slots 

and verticdy extend the compression cylinder end brace. 

Software Control Program 

Appendix B4 is a p ~ t o u t  of the software program ' CONTROLI'. It is written in 

QBasic to interpret the data acquisition system output into meaningful values for the 

machine operator. The prograrn displays and records data on force, deflection, and time on 

a continuos basis. Archiving data to a selected text nle is an option for exporting data to 

be analyseci. The program is a passive read only program and has no feedback to the 

machine's physical operation in any way. 'CONTROL1' is not compiied but runs fi-om the 

QBasic prograrn withui any DOS cornputer. The sampling rate rnay be changed by 

manually adjusting a rime delay DO LOOP within the main body of the program. 
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Biaxial Loading Test Frame ' Hydrauiic Circuit - Tension Cylinders 

Flow 
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: Tension 
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, Motor - 
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Seperate electricai switch for power and direction. 



. Composite Loadxng Test Frame 

. Hydraulic Circuit - Compression Cyiinder 

Pressure 
Reiief c. EfWc 
Valve , Bidirection 
. - - .  d Vafve 



Operating Instructions 

These operating instructions offer guidance on the use of the biaxial loading test 

fhme. Due to the unique, prototypical nature of the machine, new procedures may evolve 

with time but these were found to be successful for the experiments conduaed. The 

primary concern is that TKERE ARE NO S A F E T Y  STOPS ON THE. MACHINE. It is 

easily possible to overload the instruments or bend the axial loadùig assembly if care is not 

taken to monitor Ioad and defiection levels as they are being applied. Aside f?om that, 

there are no 'hidden gremlins' in the machine and it is generdy easy to use and works 

well. 

1. Engage main power switch. ( Cornputer, data acquisition system, tension 

cylinder circuit, compression circuit has its own power). 

2. Enter QBasic environment and load CONTROLI. FolIow program through 

intro screens untii instmcted to 'press any key to begin data recording'. 

3.Load sample and align machine for testing. Simple supports rnay be used or the 

fixed end clamp assembly installed on the end nippon frame. Buffalo board 

inserts on both ends of the poa ensure good axial contact ifrequired. 

Lateral supports may be placed as desired dong the sample length. At least 

one bending load clamp should be M y  attached to ensure positive control 

of the sample. 

4. Run program. 

5. Manually operate loading cylinders until desired load or deflection is obtained. 

L e t s  of loading are determineci fiom observation of sample and 

observation of cootinuous data readout. DO NOT quickly flip the 

bidirectional cyhder control switches back and forth or they may burn out. 



6. Stop program ( Fl), and archive data n>n to desired file name ifrequired. 

7. Manually operate cylinders to unload the sample. DO NOT overextend the 

tension loading cyhders and 'push up' the sample. The linkages were 

designed for tension ody and may be easily damaged by compression 

loads. 

8. The pump and wntrol cabinet may be discomecteci and moved easily by 

unplugging the power cables, the instniment cables, and uncouphg the 

hydraulic lines. 

Calibrating Tension Cylinders 

This method was utilized wrth a step loading procedure whi& avoided the major 

difficulties associated with heat build up in the hydraulic fluid. It addresses the ciifficubes 

concerning differential fiction h e e n  the cyhders and compeasates fbr difikrential fiction 

witbin the tbrw of each cyiinder by d y  using the displacement range required for the experirnent. 

1. Ensure prssure gages are closed off frorn the system and nm bath cyiinders out to fiill 

exteasion. NOTE: The large pressure gages attached to the tension circuit are na 

used in this procedure and would be damaged by maximum systern pressures. 

2. Set the primary Oildyne flow -01 valve to desired s&g. This seering is determineci 

by experimentation and wiU remam set fbr the entire experirnental series. ïhis 

setting is generally deterrnined by discunnecting one cylinder and timing the 

displacement of the cantracting cyiinder to determine toadrng rate. Gisure that 

secondary fiow controls are fûiiy open. Slow this measured rate by one halfwhen 

bath cyimden are to be used. 

3. Place a bubble level with wooden extension across bath cyhder heads and tape in 

position. 



4. Begin contraction of cyimders to begmning of desired test range. Rougti balancmg of the 

cylinders can be done at this point wÏth the two seconâary flw -01s Iocated on 

the edge of the ~ o l  cabmet. Bahcing is dme by observing the position of the 

bubble and op- or c l k g  the fiow colitrols as rpquued. Generaliy it is 

simplest to leave one flow control set and adj- the cher one to centre the bubble. 

S. Fine adjusmient of the flow baiance between the cyhders ocnirs just M r e  the desired 

range o f  defiectim. I f  the defiection range is short, ( ie. 2" ), then the cylinders will 

remaineci balanced through the entire range. Larger ranges wiil nat necessanly be 

baland, but Ioad forces wiii generaIiy o v e d e  friction forces at g m r  

deflections and consequmtly the finctim fbrces becorne irrelevant . 

6. Fmal fine adjustmeot of up to 1 % " is made wnh the nimbuckie of the tension ùnkage. 

This is usefbl as it dows flexibilrty as to the exact 'beguinmg* of the teshg 

range. 



Biaxial Loading Test Frame Data Control Program 

- Bi-Axial Loaduig Test Frame Data Control Program - 
- Created by : David A Strong, 14 August 1996 

- Utilizes: Taurus One Data Acquisition System 
I 8086 Computer Syaem wmard disk 
1 Q Basic 
9 Title : CONTROL I .BAS 
1 ( Last amended : 29 Oct 97 ) 
I 

- - - - - - - U - - - - - U - P  --- 

Begin: 

CLS : nopchk = O: ' SCREEN 9: COLOR 7, 1 

PRIM : PRINT " Composite Loading Test Frarne Data Control Program" 

PRINT " -----------.-.-----------" 

PRIM' : PRIM " Program wiU collect data at 2.0 sec. intervals untilt' 

PRINT " F1 is pressed or the auto stop occurs. " 

P W  " ( When there is no fùrther deflection for 5 sec.)" 

PRINT : PRNI' l' There is an option to store the current data run ont0 the" 

PRINT " hard disk under any given name." 

P M  " Data wilI be stored as a comma delimited text file. ( *.TXT) " 

PRINT : PRINT : PRINT " Press any key to continue." 

DO: LOOP WHlLE -Y$ = "" 

CLS 

LOCATE 5 , l  

PRINT " Align machine for testing." : PRINT 



PRINT " Press F1 anytime to stop data recording": PRINT 

PRIM " Press any key to begin recording data at 2.0 sec. intewals." 

P m  

DO: LOOP WHILE =Y$ = "" 

- MAIN PROGR4h4 - 

TOM1 :96OO,N,8,lJS" FOR RANDOM AS # 1 ' Open Taurus corn port 

PRINT #1, "$A0 1 UC CA(18,lO)"' Set message terminator 

LINE INPUT #1, TANS$ ' Taurus retum message goes here 

PRINT #1, " $A0 1 AS CL !0,0,4)" * Analog Setup of Channel 14 

LINE M U T  #1, TANS$ 

OPEN "testdata" FOR OUTPUT AS #2: ' Taurus Data goes to this fiie 

KEY( 1 )  ON: ON KEY(1) GOSUB Endchoice 

ON ERROR GOTO Errortrap 

CLS : LOCATE 5 , l  ' Header printout 

PRINT "DATA READOUT FROM TAURUS ONE" 

" --------------- * ---- ": P m  

P M "  LPOT 3Ka 3Kb 25K T m "  

PRINT " (in) (lbs) (Ibs) (Ibs) (sec) " 

LOCATE 22, l  

PRINT " Press F1 to stop data recording." 

Timestart = TIMER 

DO 

Start! = TlMER 

GOSUB Readdata 

GOSUB Convert 

GOSUB Endcheck 

G û S ü B  Writedata 



GOSUB Printdata 

DO: ' - T h e  delay set for 2.0 sec. 

Finish! = TTMER 

LOOP WHILE (Finish! - S m !  <= 1.971) 

LOOP 

Fiaal: 

CLOSE 

END 

Readdata: ' - Reading data from Taurus system 

PRINT # 1 ,  "$A0 1 AA (1 ,O)" ' Comd to Taurus to send data - Analog Acquisition 

LINE INPUT #1, TANS$: LINE INPUT #1, TANS$ 

PFUNT # l ,  "$A0 1 AR NU (4)" ' Analog Report 

INPUT #1, id$, A$, B%, CS, D$, NUL$ ' Data returned as string var. 

data1 = VAL@$) ' Datai = LVDT 

data2 = VAL(A$) ' Data2 = 3Ka 

data3 = VAL@$) ' Data3 = 3Kb 

data4 = VAL(C$) ' Data4 = 25K 

data5 = TIMER - Tirnestart 

R E r n  

Convert: ' -Converts retuniing mV signals to pound 
I and displacement values. (data 1 a etc.) 

datala = (1947 - datal) / 194.4 

data2b = (-data2 + 10.6124) 1 -73999 ' 2 step conversion of mv to Ibs. 

data2a = (-02109 * data2b) - 12.5455 + data2b 

data3a = (-data3 + 5.21959) / -72689 ' Min load of 100# +/- 2% 



data4a = (data4 - 30.5847) / -07443' Min load of 100# +/- 1.5% 

IF datala <= -09 THEN datala = O ' Zero's output to screen 

IF data2a <= IS TfiEN data2a = 0' and tiIe for start of cuve 

IF data3a <= 1 5 THEN data3 a = O 

IF data4a <= 44 THEN data4a = O 

datal a = (CN(data1 a * 100)) 1 100 ' Rounds off at 2 decimals 

data2a = (CINT(data2a)) 

data3 a = (CINT(data3a)) 

data4a = (CINT(data4a)) 

datda = (CN(data.5 * 10)) 1 10 

RETLTRN 

Printdata: ' - P ~ t s  converted data to screen 

'Pm 

LOCATE 1 1 , l  

PRINT USING "#####.##"; datal a; 

P W  USING "#######"; data2a; data3a; 

PRIM'  USING "-"; data4a; 

PRINT USING "W.#"; datasa 

RETURN 

Endcheck: ' -Checks end condition - if displacement 
1 variable (data 1 a) has not changed in 
t 10 repetitions of the data reading 
1 cycle. (ie. for 5 sec.) 

IF (stopchk = 9) THEN 

PRINT : PRINT' " Program termbated" 

GOTO Endchoice 

ELSEE (Olddata - INT(data1 a * 10) = 0) THEN 



stopchk = stopchk + 1 : ' 

RETURN 

END IF 

Olddata = INT(data 1 a * 10) 

stopchk = O 

RETURN 

Continous run loop if this line deleted 

Writedata: ' -Wntes data sequentiaiiy (with commas) 
t to file #2 

WRITE #2, datala, data&, datda, data4a, data5a 

RETURN 

Archivedata: ' -Optional storage of data to hard disk. 

Archive: 

PMNT : CLOSE 

INPUT " Do you want to store this data run on disk (Y/N)"; ans$ 

IF ((ASC(ans$) = 89) OR (ASC(ans$) = 12 1)) THEN 

P M  : INPUT " What Fiiename do you want on drive c:\ "; dskfile$ 

OPEN "c:\" + dsMe$ + ".TXTW FOR OUTPUT AS #9 

OPEN "testdata" FOR INPUT AS #3 

DO UiVTIL EOF(3) 

INPUT #3, data 1 b, dataîb, data3b, data4b, datasa 

WRITE #9, data 1 b, data%, datdb, data4b, datasa 

LOOP 

PRINT 

PRIM " Data trader complete to file CA"; dskfile!§; ".TXT" 

GOTO Endchoice 

ELSE IF ((ASC(ans$) = 78) OR (ASC(ans$) = 110)) THEN GOTO Endchoice 

END IF 



P m :  

PRINT " Invalid Choice" 

GOTO Archive 

RETURN 

Endchoice: ' -Options to end program. 

Choice: PRINT 

INPUT " Do you wish to End, Restart, or Archive Data. @ R A )  "; e$ 

SELECT CASE (UCASE$(e$)) 

CASE "EN 

CLS : CLOSE 

LOCATE 12,29 

PRINT "Program Terminated" 

GOTO Final 

CASE "R" 

CLS : CLOSE 

GûTO Begin 

CASE "A" 

CLS 

GOSUB Archivedata 

GûTO Choice 

CASE ELSE 

PRINT 

PRINT " Invalid Choice" 

GûTO Choice 

END SELECT 

RETURN 



Erromp: ' -Errer trapping - ie. when "retumnis 
1 

used but letter is requked for input. 

PRINT : P R N ï  " Error in Program, data rnay still be d e . " :  PRINT 

RESUME Choice 

RETURN 

I - END - 
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