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ABSTRACT 

The performance of structural I-beams 

and box beams is highly dependent on the 
shear properties of the web materials. Some 
wood-base panel materials such as hardboard 
possess shear properties that indicate a good 
potential for such applications. Reports of 
the performance of hardboard-webbed I-
beams are encouraging, although specific 
information necessary for design and for 
predicting their behavior is scarce. Also, the 
effects of two important factors, long-term 
loading and loading environment, have not 
been fully determined. 

This research expanded previous work 
conducted at the Forest Products Laboratory 
by including the effect of other important 
factors, such as mode of failure (as affected 
by span length) and type of web material, 
and by providing additional data. In addition, 
data will serve as a base for judging the 
effects of long-term loading and loading en­
vironment on similar I-beams made from 
the same lot of material. 

Results indicate that the behavior of 
hardboard-webbed I-beams subjected to 
short-term loading can be predicted reason­
ably well using fundamental engineering 
theory together with the properties deter­
mined from small specimen evaluations. 
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INTRODUCTION 


The performance of structural I-beams 
and box beams is highly dependent on the 
shear properties of the web materials. Some 
wood-base panel materials, such as hard­
board, possess shear properties that indicate 
a good potential for use as web materials 
in beams. These and other products are being 
investigated for use in composite structural 
members. Although basic data are available 
on the mechanical properties of both hard­
board and particleboard, engineering design 
with these materials is now severely limited 
because design values have not been estab­
lished for their properties. Also, because 
structural components made from wood-base 
panel products are coming to be accepted 
for commercial use, their performance under 
service conditions needs to be demonstrated. 

Encouraging reports have described the 
use of hardboard-webbed I-beams in Europe 
(4,5,7),4 but specific information necessary 
for design of large structural components 
with wood-based materials is sparse. Also, 
the effects of long-term loading and of the 
loading environment have not been fully 
determined. An earlier study conducted at 
the Forest Products Laboratory indicated that 
the short-term behavior of three 34-foot I-
beams with hardboard web material agreed 
with that predicted using standard design 
theory and properties obtained from small 
specimen tests (11). This earlier study was 

limited to three identical beams subjected 
to short-term loading; therefore, the effect 
of other factors, such as span, type of web 
material, duration of load, and loading en­
vironment could not be determined. 

The purpose of the research set forth in 
this paper has been to expand previous work 
conducted at the Forest Products Laboratory 
by considering other important factors, such 
as mode of failure (as affected by span 
length) and type of web material, and to pro­
vide such additional data as would be help­
ful in evaluating results. In addition, data 
from this study will serve as a basis for 
judging the effects of long-term loading and 
loading environment on similar I-beams 
made from the same lot of materials. The 
results of the long-term load study will be 
reported in the future. 

1 Condensation and revision of an advanced independent 
study, “Prediction of Shear Properties of Hard­
board-Webbed I-Beams,’’ by Terry J. Ramaker as a 
prerequisite for the Master of Science degree (Civil 
Engineering) at the University of Wisconsin, 
Madison, Wis., 1975. Research was conducted at 
the Forest Products Laboratory. 

2 Acknowledgement is made to H.M. Montrey, Engineer, 
for his assistance with theoretical analysis. 

3 Maintained at Madison, Wis., in cooperation with the 
University of Wisconsin. 

4 Italicized numbers in parentheses refer to literature 
cited at the end of this report. 
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Dimensions, rosette gage locations, and 
typical cross section of the hardboard-
webbed I-beams used in this study are shown 
in figure 1. 

The two commercial hardboards selected 
for web material were material A, a 1/4-inch­
thick, dry-felted, dry-pressed, high-density 
tempered hardboard, and material B, a 1/4­
inch-thick, wet-felted, wet-pressed, high-
density tempered hardboard. These particu­
lar materials were selected because their 
shear properties indicate a good potential 
for use in structural I-beams and box beams. 
In addition, the mechanical properties of 

similar materials are known (9), and it is 
believed that the results of this study can 
be extended to include other wood-base ma­
terials that behave similarly, such as ran­
domly oriented flake particleboard. 

The I-beam flanges were cut into the 
required size from parallel laminated 
Douglas-fir wood veneer panels 15 feet long, 
25 inches wide, and 1-1/2 inches thick. Web 
stiffeners were cut from nominal 2-inch-thick 
construction grade lumber. A phenol-re­
sorcinol adhesive was used to bond all ma­
terials. No nails or mechanical fasteners 
were used. 

Figure 1.-Details of I-beams. (M 143 780) 

RESEARCH METHODS 
board specimens were cut to size, randomlyEvaluation of the Web selected, and tested in accordance with

and Flange Materials ASTM Standard D 1037-72 (2) and D 3044-72 
The parallel -Iaminated veneer materia I (3), except that conditioning was at 68Á F 

was cut to size and conditioned to equilib- (20° C) and 50 percent relative humidity. 
rium moisture content at 68° F (20° C) and The results of these evaluations are listed in 
50 percent relative humidity. Small hard- table 1. 
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Table 1.-Basic    strength and elastic properties of two types of 1/4-inch-thick, high-density tempered hardboard 

A nondestructive test method was used method was 3 percent greater than that de­
to determine the modulus of elasticity for termined by standard test. 

each piece of the flange material. Each 1-1/2- An average value of 92,000 pounds per 

by 2-1/8-inch by 12-foot-long piece with lam- square inch (Ib/in.2) for the modulus of 

inations (2-1/8-inch dimension) vertical was rigidity (plate shear modulus) of the flange 

simply supported at the ends and vibrated material was determined in accordance with 

transversely at its natural frequency. The ASTM Standard D 3044-72 (3). Five 24- by 

elastic modulus was estimated using the 24-inch specimens were sawn from one nomi­

measured vibration frequency, weight, and nal 1-1/2- by 25-inch by 15-foot panel. The 

specimen dimensions. The pieces with the specimens were planed to 3/4-inch thickness 

four closest values of elastic moduli were and conditioned at 50 percent relative hu­

then matched in groups of four for use in midity and 68° F (20° C) prior to testing. 

the same beam. The average elastic modulus 

of each group of four was used to calculate Design and Construction of I-Beams 

the deflection of the beam in which they Beams for a 12-foot span were designed 

were used. to carry 100 pounds per lineal foot without 

This approach enabled us to better eval- exceeding an allowable web shear stress of 
uate the behavior of the hardboard web ma- 250 Ib/in.2, which is the allowable value 
terial, because additional variability or un- for plywood for shear perpendicular to the 
certainty would be introduced if one average plane of the plies. The 100-pound-per-lineal­
value of elastic modulus were used for all foot load is based on a 50-pound-per-square­
flange material. To indicate the reliability foot floor load and a 24-inch joist spacing. 
of the data obtained by nondestructive tests, The purpose of fabricating the shorter, 6-foot 
the modulus of elasticity of 11 pieces of beams was to include specimens having a 
flange material was determined using the high probability of web shear failure. 
nondestructive transverse vibration method, Twelve 12-foot-long and sixteen 6-foot­
and then each piece was tested (destruc- long beams were fabricated using material 
tively) as described by ASTM Standard A as the web material and an equal number 
D 198-67 (1). The average elastic modulus using material B. After conditioning to equi­
determined using the nondestructive test librium moisture content at 50 percent rela­

-3-



tive humidity and 68° F (20° C), the flanges, 
the web, and the web stiffeners were bonded 
using a phenol-resorcinol adhesive. After fab­
rication, the beams were returned to the 50 
percent relative humidity and 68° F (20° C) 
conditioning room for 2 weeks. Eight 12-foot­
long and eight &foot-long beams were then 
tested to failure and the remainder saved 
for long-term load evaluations. The results 
of the long-term study will be included in a 
subsequent report. 

Experimental Procedure 
and Loading Method 

A pulley and cable system was used to 
load the simply supported 12-foot I-beams 
(fig. 2). Tensioning of the cable that passed 
over the pulleys applied load at five equally 
spaced points. The loads were transmitted 
from the pulleys to the top flange via flat 
3-1/2- by 3-1/4-inch wooden blocks. Total 
load was measured with a 10,000-pound-

Figure 2. -Pulley  loading system for 72-foot I-beams. 

(M 142 288) 
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capacity load cell located at each support. 
Comparison of the measured load at each 
reaction indicates that the loads distributed 
to each load point were essentially equal. The 
same procedure was used for loading the 
shorter beams spanning 6 feet except load 
was directly applied at the midspan with an 
18-inch radius load block by methods de­
scribed in ASTM D 198-67 (1). Maximum load 
for each specimen was attained in less than 
15 minutes. 

Center-span deflection of each 6-foot 
beam was measured relative to the supports 
with a linear variable differential transformer 
(LVDT) and a yoke. Center-span deflection 
of each 12-foot beam was measured relative 
to the supports with a wire deflectometer. 

SR-4 rectangular rosette gages were 
used to measure strain in the hardboard 
webs. The gages were mounted on one side 
of the web at locations shown in figure 1. 
Signals from each transducer were monitored 
with a 100-channel recorder. The output from 
each transducer was observed on a digital 
voltmeter which had an accuracy of ±3 micro­
volts on a 100-millivolt range. A coupler-
controller switched the voltage values to a 
calculator where they were converted into 
engineering units. The coupler-controller 
also directed the calculator output to teletype 
and punch paper tape recording systems for 
immediate observation of data and for later 
computer analysis. 

THEORETICAL ANALYSIS 


Strength and Elastic Values 
Used in this Study 

Strength and elastic values were esti­
mated to determine load levels for long-term 
loading and to compare the behavior of the 
I-beams with that predicted by theory. The 
determination of the elastic moduli of the 
flange material using nondestructive test 
methods and 24- by 24-inch plate shear tests 
has been previously discussed. The elastic 
moduli values of the hardboard-web material 
listed in table 1 are the average of the values 
obtained from 24 small specimen tests. All 
calculations for this study were made using 
these values. 

Determination of Stresses 
and Deflections 

Built-up structural components, made by 
rigidly gluing pieces with different engineer­
ing properties together, can be analyzed 
using the transformed area method. Such a 
procedure for plywood-webbed I-beams is 
presented in the Wood Handbook (12). Using 
this procedure for hardboard-webbed I-
beams, the area of wood in the flanges was 
transformed to an equivalent area of hard­
board. This was accomplished by multiplying 
the area of wood (Aw) by the ratio of the 

average modulus of 
pieces of wood flange 
average modulus of 
board (E ).

H 

elasticity of the four 
material (E ) to the 

w 
elasticity of hard-

where N is 

E
HC 

is average modulus of elasticity of 
hardboard in compression, and EHT is aver­
age modulus of elasticity of hardboard in 
tension. 

The section properties of the trans­
formed section were then calculated and in­
corporated into the elastic beam theory to 
determine stresses and deflections. The 
modulus of rigidity and the breadth of the I-
beam flanges differed substantially from that 
of the web; therefore, it was necessary to 
calculate a shear deflection coefficient for 
each I-beam. The procedure used for estimat­
ing the shear deflection coefficient is similar 
to that described in Research Note FPL­
0210 (10). 
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ANALYSIS OF RESULTS 
Twelve-Foot I-Beams The lower stress level was selected based on 

The results of the static bending tests of the work of Lundgren (7), who suggested a 
the 12-foot I-beams are presented in table 2. 15 percent stress level as a maximum for 
The first two loads listed for each beam are beams exposed to the elements for extended 
the loads that would cause theoretical shear time periods. A stress level of approximately 
stresses of approximately 15 and 25 percent 25 percent would be an upper limit for de­
of the shear strength of the web material. sign. The actual design stress level will in-

Table 2-Comparison    of behavior of 12-foot long hardboard-webbed I-beams with behavior predicted using 
elastic beam theory 
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clude consideration of factor of safety, load­
ing environment, and long-term load be­
havior. The effects of these factors are cur­
rently being investigated as an extension of 
this study; the results will be reported later. 

The third load listed for each beam is 
the maximum load that each beam did sus­
tain. The 12-foot beams with web material A 
failed at an average load of 12,100 pounds 
and the beams with web material B at an 
average load of 15,800 pounds. Load-deflec­
tion and load-strain curves for the hard­
board-webbed I-beams were essentially lin­
ear below a load level equivalent to 60 per­
cent of the rail shear strength determined 
from small specimen tests. Final failure of 
each beam occurred in the tension flange 
with essentially no inelastic deformation 
prior to failure. Buckling of the web material 
did not occur prior to failure of the beam 
flange. A typical load-deflection curve for 
the 12-foot I-beams is presented in figure 3. 

Comparisons of measured and theoreti­
cal values of shear stress and deflection are 
also presented in table 2. The theoretical 
values calculated using elastic beam theory 
compare reasonably well with the measured 
values. The difference between shear stress 
calculated using simple beam theory (para­

bolic shear stress distribution) and shear 
stress obtained from rosette analysis ranged 
from 6.8 to 18.3 percent, with an average of 
12.8 percent. The theoretical shear stress 
was greater for each of the eight beams. The 
percent difference between theoretical and 
measured deflection ranged from -2.2 to 16.5, 
with an average of 5.0. The theoretical value 
for deflection was greater than that measured 
for all beams except two. 

The difference between measured and 
theoretical values for the 12-foot beam is 
probably due in part to the variation of ap­
proximately 7 percent in the elastic properties
of the web material. (Average values of the 
elastic properties obtained from small speci­
men evaluations had been used for convert­
ing stresses to strains and for deflection 
calcuIations.) 

Six-Foot I-Beams 
The results of the static tests of the 6-foot 

I-beams are presented in table 3. The method 
for establishing the load levels used for com­
paring stresses and deflections is the same 
as that described for the 12-foot beams. As 
with the 12-foot beams, load-deflection and 
load-strain curves for the 6-foot beams were 
essentially linear below a load level equiva-

Figure 3.-Comparison of measured and calculated midspan 
for typical 72-foot hardboard-webbed I-beams. 

(M 143 781) 
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lent to 60 percent of the rail shear strength 
determined by small specimen tests. The 
failure mode for all of the 6-foot beams was 
web shear. A typical shear failure in a web 
is shown in figure 4. A typical load-deflection 
curve for the 6-foot I-beams is presented in 
figure 5. 

The 6-foot beams with web material A 
failed at an average load of 11,800 pounds 
and the beams with web material B at an 
average load of 15,400 pounds. Of interest 
here is the safety factor for a design shear 
stress of 25 percent of the ultimate shear 
strength determined by small specimen tests. 

Table 3-Comparison   of behavior of 6-foot long hardboard-webbed I-Beams with behavior predicted using 
elastic beam theory 
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Figure 4. -Shear failure in 6-foot hardboard- webbed I-beams. (M 141 032) 

Figure 5. -Comparison of measured and calculated midspan deflection 
for typical 6-foot hardboard-webbed I-beams. 

(M 143 782) 
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To calculate this safety factor, the ultimate 
load for each beam was multiplied by 0.48 
to account for a 10-year load duration (8). 
This quantity was then divided by the load 
that would theoretically produce a shear 
stress in the web equal to 25 percent of the 
shear strength of the small specimens. This 
resulted in an average factor of safety in 
shear of 1.87 for material A and 1.51 for 
material B. 

A comparison of measured and theoreti­
cal deflection and shear stress for the 6-foot 
I-beams is also presented in table 3. Meas­
ured and theoretical stress and deflection 
for the 6-foot beams did not compare as well 
as for the 12-foot beams. The percent dif­
ference between theoretical shear stress and 
shear stress obtained via rosette analysis 
ranged from 0.7 to 19.3 with an average of 
9.9. The theoretical shear stress was greater 
for each of the eight beams. The average per­
cent difference between theoretical and 
measured deflections was 16.2. Theoretical 
deflections were greater than measured for 
all of the 6-foot beams except one, and 
differed from the measured deflections of 
two of the 6-foot beams by as much as 33 
percent. 

Part of this difference can be attributed 
to variation in elastic properties. In addition, 
Mohr’s circle analysis of the state of stress 
near center span at the point where the 
flange and web materials join indicates that 
the maximum principal stress and maximum 
shear stress are approximately equal. Short 
deep beams do not behave in accord with 
the dictates of simple bending theory. Also, 
the magnitude of the deflection of the 6-foot 
beams is such that the inherent or experi­
mental error would affect the comparison 
more. 

Possible Design Approaches 
Results of this study indicate that the 

stresses and deflections calculated using 
elastic beam theory are usually larger than 
the measured values, i.e., elastic beam theory 
tends to be slightly conservative for this 
particular investigation. But i f  the elastic 
moduli are normally distributed and the aver­
age value is used for design, at least 50 per­
cent of the structural components can be 
expected to exceed the deflection require­
ments when subjected to design loadings. 
For design it may be necessary to reduce the 
probability of exceeding the allowable de­
flection; therefore, a lower design value for 
elastic moduli would be required. One such 
approach described by the Nordic Committee 

on Building Regulations5 recommends a 
characteristic stiffness for use in calculating 
the deformation of wood-base material. The 
characteristic stiffness value is defined as 
the value above which 70 percent of the 
stiffness values are found. If the stiffness 
values are normally distributed, the char­
acteristic value, as defined by the Nordic 
Committee, would be approximately equal 
to the average minus one-half the sample 
standard deviation. 

In order to investigate possible design 
stress levels and to establish stress levels 
for use in this study, “near minimum” rail 
shear strengths of 2,730 Ib/in.2 for hard­
board A and 3,180 Ib/in.2 for hardboard B 
were estimated using a nonparametric or 
distribution-free technique (table 1) (6). 
These values, which were obtained from a 
sample size of 24, are at the lower end point 
of a tolerance interval with 95 percent con­
tent and 72 percent confidence. “Near mini­
mum” values of compression and tension 
parallel to the surface, also listed in table 1, 
were estimated using the same technique. 
The sample size for these values was 10; 
therefore, the confidence is very low. Struc­
tural applications will require a higher con­
fidence which would necessitate increasing 
the sample size. 

The “near minimum” strength values 
were then multiplied by 0.48 to account for 
a 10-year duration of load and divided by 
15/10, a factor of safety to account for un­
known or unforeseen conditions (11). The 
0.48 duration of load factor is based on the 
following formula for 1/4-inch-thick tem­
pered hardboard by McNatt (8). 

where S is the stress level expressed as a 
percent of the static strength determined 
using ASTM Standard D 1037-72, and T is 
the duration of stress to failure in seconds. 

Strength values adjusted for duration of 
load and unforeseen conditions are presented 
in table 1. These values were derived to illus­
trate a possible method for determining de­
sign stresses. Establishment of general 
design stresses would require additional 
testing. 

5 Nordic Committee on Building Regulations, Recom­
mendations for Strength and Rigidity of Flooring 
and Roof Sheathing. (Preliminary report for pro­
posed publication.) Copenhagen. 1972. 
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SUMMARY 

1. The behavior of hardboard-webbed 

I-beams subjected to short-term loading can 
be reasonably predicted using elastic beam 
theory, the method of transformed areas, 
and basic strength and elastic properties 
determined from small specimen evalua­
tions. The behavior of 6-foot I-beams does 
not adhere as well to simple bending theory 
as does that of the 12-foot I-beams. 

2. How environment and long-term 
loading affect the performance of built-up 
members of wood-base panel materials is not 
known. These important factors are currently 
being evaluated and the results will be 
reported. 

3. For a design shear stress of 25 per­
cent of the shear strength determined by 
small specimen tests, the average factor of 
safety in shear for the hardboard-web ma­
terial was 1.87 for material A, a 1/4-inch­
thick, dry-felted, dry-pressed, high-density 
tempered hardboard, and 1.51 for material 
B, a 1/4-inch-thick, wet-felted, wet-pressed, 
high-density tempered hardboard. These fac­
tors of safety were calculated by multiplying 
the average ultimate load for the 6-foot I-
beam by 0.48 to account for duration of 
load, then dividing by the load that would 
produce a shear stress in the web approxi­
mately equal to 25 percent of the shear 
strength. 

4. Load-deflection and load-strain 
curves for the hardboard-webbed I-beams 
were essentially linear below a load level 
equivalent to 60 percent of the rail shear 
strength determined from small specimen 
tests. Failure of the 12-foot I-beams occurred 
in the tension flange; there was very little 
inelastic deformation in the flanges to warn 
of failure prior to attaining the ultimate 
load. 

5. Buckling of the 1/4-inch tempered 
hardboard web was negligible with stiffeners 
spaced 3 feet on center. 
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