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(ABSTRACT) 

Rational design of wood pallets requires estimates of 

average flexural properties of pallet lumber of many species 

and visual grades. The objective of this study was to 

develop procedures for estimating these design values for 

use in a first-order second-moment design format. 

Preliminary studies were performed to assess the 

effects of increased loading rates on in-grade flexural 

data, size effects between deckboard and stringer 

properties, and the effectiveness of the ASTM strength ratio 

concept as applied to pallet shook. An increased load rate 

(ten times the ASTM rate) resulted in an 8.0% increase in 

average MOR and a 4.7% increase in average MOE. No definite 

conclusions could be reached concerning the relative 

strength of deckboards vs. stringers. Several factors, 

other than a statistical size effect, may influence their 



relative strength. Estimated strength ratios (ESR) 

generally underpredicted the experimentally determined 

actual strength ratios (ASR). As knot size increased, the 

ESR increasingly underpredicted the ASR. 

Two approaches were used to 

values. The best is full-size 

commercial material. However, 

derive pallet shook design 

in-grade testing of 

only yellow-poplar and 

eastern oak species have currently been evaluated in this 

manner. For all other species, a modified procedure based 

largely on the methods of ASTM D 2555 and D 245 was 

recommended. This procedure yields conservative estimates 

of strength for grades allowing large knots. 
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l-Q INTRODUCTION 

The main objective of the four year Cooperative Pallet 

Research Program (PRP) was to develop a rational design 

procedure for wooden pallets based on load carrying 

capacity, stiffness performance, and durability. The design 

procedure, called PALLET DESIGN SYST~M (PDS), is a 

computerized, first-generation, reliability-based design 

procedure. PDS uses a first-order, second-moment approach 

and therefore requires estimates of the mean and standard 

deviation of both the load effects and member resistances. 

The member resistances are measured in terms of bending 

strength and stiffness. Unfortunately, little information 

is currently available on the flexural properties of cut-to-

size pallet shook. Two investigations (20,45) · of the 

flexural properties of yellow-poplar and eastern oak pallet 

shook were recently made at Virginia Tech. Other species 

must be researched to build a reasonable data base. 

However, it may be many years before these in-grade 

investigations of various species of pallet shook can be 

completed. For PDS to be immediately useful, design values 

for pallet shook of any species or combination of species 

1 
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must be estimated in some manner. Therefore, interim 

methods of developing estimates of design values from 

existing data are needed. The main objective of this thesis 

is to describe these methods. 

ASTM D 2555 (5) and ASTM D 245 (4) provide methods of 

establishing strength and stiffness working stress design 

values for any grade and species of lumber. However, these 

standard methods establish near minimum strength values as 

the basis for design and are not usually employed to 

establish the variability and mean of strength or stiffness 

values for relatively short full-size pallet lumber. 

Modifications to these standard methods are necessary to 

establish mean strength and stiffness values for pallet 

shook for use as PDS input. 

estimate the variability of 

values. 

Other methods are required to 

the strength and stiffness 

The ASTM D 245 (4) method of deriving design values for 

full-size structural lumber is based on the use of certain 

adjustment factors. One factor, the strength ratio, is 

defined as the ratio of the strength of the piece of lumber, 

including knots, cross-grain, splits, checks, and other 

strength reducing defects, to the hypothetical strength of 

the piece had it been clear and straight grained. These 
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strength ratios are used to modify the clear wood strength 

value in order to predict the strength of a piece with 

defects. This strength ratio approach could easily be 

incorporated into a method of deriving design values for 

pallet shook of both hardwood and softwood species. 

However, the effectiveness of the ASTM D 245 strength ratios 

in predicting the strength of hardwood pallet shook should 

first be determined since the strength ratios were developed 

for softwood structural lumber and have only recently been 

used with hardwoods. 

Extensive research on softwoods has shown that an 

increased beam depth results in decreased bending strength. 

Unfortunately, little or no information on similar effects 

with hardwood beams of sizes commonly used by the pallet 

industry is available. Results from Holland's (20) and 

Spurlock's (45) studies of hardwood pallet shook indicate 

that any depth effect on bending strength for hardwoods may 

vary by species. Holland tested yellow-poplar, a diffuse-

porous species, and found the average MOR of deckboards to 

be greater than that of stringers. This might be expected 

due to the greater depth of stringers. However, Spurlock 

tested oak, which is ring-porous, and found the average MOR 

of stringers and deckboards to be approximately equal. This 

would seemingly indicate a lack of depth effect on MOR. 
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ASTM D 245 uses a size f~ctor to adjust bending stress 

values for different depths. This size factor, F = (2/d)119 , 

assumes center point loading and a span-to-depth ratio of 

14. This formula is technically only valid for clear, 

straight-grained Douglas-fir at 12% moisture content (7). 

Its applicability to pallet shook needs to be investigated 

before the size factor is used to develop estimated design 

values and before these estimated values can be compared 

with experimentally obtained values of full-size shook. 

Research has shown that an increased rate of bending 

deformation used in testing may result in increased flexural 

strength and stiffness for clear material (19,46). However, 

research on full-size lumber with defects has shown that 

increased load rates lead to increased strength and 

stiffness only for the stronger pieces in a population 

(13,27). 

The two recently completed investigations at Virginia 

Tech on the bending properties of oak and yellow-poplar 

pallet shook (20,45) used loading rates approximately 10 

times greater than the ASTM loading rate. The data from 

these two studies may require adjustment for the rapid 

loading rate used in testing before it can be used in any 

derivation of design values or before it is compared to data 
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obtained at slower rates of loading. The evaluation of the 

effect of increased loading rates is also desirable since 

future testing of other species of full-size pallet shook 

will likely use increased loading rates. 



Z.Q OB:ECTIVES 

The overall objective of the research described in this 

thesis is to recommend methods of developing design values 

for pallet shook for use in the PALLET DESIGN SYSTEM. 

Three preliminary studies were required. The objective 

of the first study was to determine if increased loading 

rates during testing influence the bending strength and 

stiffness distribution of green hardwood pallet shook. If 

loading rate has a significant influence, then adjustment 

factors to account for the increased rates are required. 

The objective of the second study was to determine any 

depth effect on bending strength of green hardwood pallet 

shook. 

The objective of the third study was to evaluate the 

effectiveness of the strength ratios given in ASTM D 245 in 

predicting the effect of defects on bending strength of 

green hardwood pallet shook. 

The final objective was to recommend interim methods of 

developing estimates of design values from existing data for 

pallet shook of any species or combination of species and 

any grade or combination of grades for use in PDS. 

6 



.J_.Q OF LOADING STUDY 

3.1 INTRODUCTION 

Research has shown that increased bending load rates 

may result in increased flexural strength and stiffness for 

clear material (19,46). However, research on full-size 

lumber with defects has shown that increased load rates lead 

to increased strength and stiffness only for the stronger 

pieces in a population (13,27). 

Two recently completed investigations at Virginia Tech 

on the bending properties of oak and yellow-poplar pallet 

shook (20,45) used loading rates approximately 10 times 

greater than the ASTM loading rate. The data from these two 

studies may require adjustment for the rapid loading rate 

used in testing before it can be used in any derivation of 

design values or before it is 

The 

compared to data obtained at 

evaluation of the effect of slower rates of loading. 

increased loading rates is 

testing of other species of 

also desirable since future 

full-size pallet shook will 

likely use increased loading rates. 

7 
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The objective of this ntudy was to evaluate any effect 

of an increased bending load rate on the flexural strength 

and stiffness of full-size pallet shook. 
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3.2 REVIEW OF LITERATURE 

The term "rate of loading" implies a constant increase 

in the load applied to a specimen, whereas the term "rate of 

deformation" implies a constant rate of increase in the 

deformation or deflection. Research on loading rate effects 

is usually conducted using various rates of deformation 

measured in terms of unloaded cross-head travel of a testing 

machine. However, this is typically r'!fered to as "rate of 

loading" in the literature. Therefore, in this thesis "rate 

of loading" refers to rate of deformation of the specimen 

measured in terms of unloaded cross-head travel of a testing 

machine, unless specifically stated otherwise. 

Early research on small, clear specimens showed that 

bending strength of clear wood is affected by rate of 

loading. Tiemann (46) reported that the bending strength of 

clear wood increased with increased rate of loading, as did 

Wood (55). Liska (26) investigated rate of_loading effects 

on small, clear specimens of sitka spruce, Douglas-fir, 

birch, and maple at approximately 12% MC. · He found that the 

MOE was approximately the same for all loading rates but 

that MOR increased with increase in loading rate. Liska 

reported that if loading time changed by 100%, a change in 
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strength of 2.5% in the 0pposite direction was observed. 

Deflection at maximum load was the same for all loading 

rates in softwoods but increased as loading time decreased 

in hardwoods. Brokaw and Foster (11) also studied rate of 

loading effects on small clear specimens of sitka spruce and 

Douglas-fir at 12% MC. They, too, reported that MOE was not 

significantly affected but that bending strength increased 

with increased rate of loading. Deflection at failure was 

observed to be constant regardless of loading rate. 

James (21) investigated rate of loading effects on 

small, clear, matched specimens of sweetgum, yellow-birch, 

and red oak at both green and air-dry moisture contents. 

MOR was seen to increase with increased loading rate, with a 

greater increase in strength for the g,·een than the air-dry 

specimens. This is in agreement with Gerhards (19). James 

reported a small increase in MOE for faster loading rates, 

with a slightly higher increase in a~r-dry than green 

specimens. Stress at proportional limit increased with 

faster loading rates, again with a slightly higher increase 

for air-dry than green specimens. In a similar study of 

ponderosa and loblolly pine, James (22) reported a 7% 

increase in strength with a tenfold increase in loading rate 

for air-dry specimens but a 12% increase in strength for the 

green specimens. Stress at proportional limit increased at 
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faster loading rates with a greater increase seen for the 

green than for the air-dry specimens. MOE and deflection at 

maximum load were independent of loading rate. 

While early research was limited to small clear 

specimens, recent studies have dealt specifically with full-

size, commercially available lumber. Madsen (27) 

investigated rate of loading effects for dry lumber in 

bending using both defect free and No. 2 grade kiln-dried 

Hern-fir 2 x G's. In this study, rate of loading refers to a 

stepwise increase in load, or ramp loading. Madsen found 

that for No. 2 grade, the average MOE decreased with 

decreased loading rates, but for the clear material, the 

average MOE was fairly constant for all loading rates. The 

rate of loading effect was dependent on material strength; 

increased rates led to increased bending strength for the 

strong pieces but did not significantly influence bending 

strength of the weaker pieces. Spencer (44), in a study of 

bending of No. 2 and better Douglas-fir 2 x G's at 12% MC, 

also found that rate influenced the stronger pieces but not 

the weaker ones. 

Madsen (28) also investigated rate of loading effects 

on wet lumber in bending using No. 2 grade green Hern-fir 2 x 

6's and ramp loading. Results of this study were 
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essentially the same as results of the dry lumber study. 

There was a slight loading rate effect on MOE and the 

loading rate effect on bending strength was dependent on 

material strength. Madsen concluded that moisture does not 

significantly affect the influence of loading rate on the 

bending strength and stiffness of wood. 

In a report on the In-Grade Testing Program, Madsen 

(29) states that fast loading rates have not been shown to 

significantly affect bending strength values for commercial 

lumber, which are based on the lower fifth percentile. 

Thus, it is unneccessary to use slow rates of loading as 

called for by ASTM standards. DeBonis, Woeste, and McLain 

(13) recently investigated the rate of loading influence on 

bending tests of No. 2 Dense kiln-dried southern pine 2 x 

4's. Rates of loading of 0.2 in./min. and 5.0 in./min. were 

used. No statistically significant differences in MOE or 

MOR distributions were seen. While rate of loading did 

influence the stronger pieces, the weaker pieces were 

relatively unaffected by loading rate. This indicates that 

in-grade strength and stiffness data used in deriving 

allowable design values may not require adjustments for 

rapid testing rates if design values are based on a lower 

percentile. 
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3.3 MATERIALS AND METHODS 

Eighty yellow-poplar stringers (2 x 4 x 48 inch nominal 

size), 80 yellow-poplar deckboards (1 x 6 x 40 inch nominal 

size), 80 mixed oak stringers, and 80 mixed oak deckboards, 

all at green moisture content, were obtained for this study. 

These two species at green moisture content were selected to 

correspond directly to the two recent investigations at 

Virginia Tech (20,45). The shook was randomly sampled from 

inventory at Williamsburg Millwork Corporation in Bowling 

Green, Virginia. After wrapping in six mil polyethelene, 

the shook was transported back to the Sardo Laboratory at 

Virginia Tech. 

Once at the laboratory, the shook was randomly stacked 

and one edge of each stringer and one face of each deckboard 

were systematically marked to indicate the compression side 

during subsequent testing. Thus, the compression and 

tension sides were determined independent of the presence 

and location of defects. The shook was then re-wrapped and 

stored in a cold chamber kept at 34 ° F and 85% relative 

humidity. The shook remained wrapped and in the cold 

chamber at all times except when being measured, mapped, and 

tested. Before use, the shook was allowed to reach 
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equilibrium temperature with the laboratory (72 ° F) while 

remaining wrapped in plastic. After use, the shook was re-

wrapped and returned to the cold chamber. The shook was thus 

kept from drying or biodegradation during the several week 

span required to complete the study. 

All major defects expected to influence strength or 

stiffness were measured according to ASTM D 245 (4). The 

location and size of the defects within the piece were 

computer recorded. Appendix A gives a detailed description 

of the defect mapping and coding procedure. The cross-

sectional dimensions of each piece (width and thickness, 

each the average of three separate measurements within the 

middle third of the length) were recorded to the nearest 

0.001 inch with dial calipers. The MOE of each piece was 

determined non-destructively from the average of dead-weight 

deflection tests of both sides, with both stringers and 

deckboards tested flatwise (as a plank). Stringers were 

tested at a 45-inch span and deckboards were tested at a 

36-inch span. A dial gauge was used to record deflection at 

mid-span to the nearest 0.001 inch. A reference weight of 

6.87 lbs. and measuring weight of 22.07 lbs. were used to 

test deckboards. A reference weight of 6.87 lbs. and 

measuring weight of 56.50 lbs. were used to test stringers. 

These weights were chosen to cause a significant deflection 
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for accurate MOE computation while rem~:ining well below the 

proportional limit of the material. The reference weight 

was placed on the piece at mid-span and allowed to settle 

the piece on the supports for thirty seconds. The initial 

deflection reading was taken from the dial gauge. The 

measuring weight was then placed on top of the reference 

weight and a final deflection reading was taken immediately. 

The piece was then flipped over and the procedure repeated. 

The MOE of each side was calculated using the measuring 

weight and the difference between final and initial 

deflections. The MOE of the piece was computed as the 

average of the two sides. 

All shook data was entered and stored on computer disk. 

A computer program (Appendix D) was written 

calculate the estimated strength ratio (ESR) 

of shook using equations given in ASTM D 245. 

and used to 

for each piece 

The strength 

ratio of a piece of structural lumber is defined as the 

ratio of the strength of the piece, which may have knots, 

cross-grain, splits, checks, and other strength reducing 

defects, to the hypothetical strength of the piece had it 

been clear and straight grained. All shook within a 

particular species/size class was then ranked on the basis 

of MOE to the nearest 1000 psi. Pieces with the same MOE 

were then ranked according to the ESR. The material within 
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a particular species/size class was segregated into two 

equivalent groups, based on MOE and ESR, by grouping every 

other piece in order of rank. The desired end result of 

this ranking and segregation procedure was the establishment 

of two populations equivalent in terms of strength and 

stiffness. 

Procedures outlined in 

loading rate, were used 

ASTM D 198 (3), except for 

in testing both groups of a 

particular species and size. The first group was tested at 

the ASTM strain rate of 0.001 in./in./min .. This required a 

crosshead speed of 0.1 in./min. for stringers and 0.3 

in./min. for deckboards. The second group was tested at a 

strain rate of 0.010 in./in./min.. This required a 

crosshead speed of 1.1 in./min. for stringers and 3.2 

in./min. for deckboards. One-third point loading was used, 

with deckboards tested at a 36-inch span and stringers at a 

45-inch span. The testing procedures, including strain 

rate, span, and third-point loading, were selected to 

duplicate the procedures used in the recent testing of full-

size oak and yellow-poplar shook (20,45). The pieces were 

tested to failure on a Tinius-Olsen screw-driven testing 

machine, with load and deflection recorded continuously by a 

Tinius-Olsen chart recorder. The failure type and location 

were recorded as a 3-digit failure code (see Appendix B). 
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The defect which initiated failure was also noted. A 

specific gravity and moisture content specimen was taken 

from near the point of failure immediately after the test 

for every fifth piece. The specimen was weighed to the 

nearest 0.001 gram, oven-dried at 104 ° C for 48 hours, and 

re-weighed. The specimen was then coated with hot melted 

paraffin and its oven-dry volume determined by water 

immersion. 

After testing it was decided that the shook should be 

graded according to the scheme propose~ by Sardo and Wallin 

(42). This is also the grading procedure used by Spurlock 

in the oak study (45). Since defects had been mapped and 

recorded on computer, a computer program (Appendix C) was 

written to assign a grade to each piece. A complete grade 

description is given in Appendix I. 
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3.4 RESULTS AND DISCUSSION 

To evaluate the effect of loading rate on the strength 

and stiffness distribution of pallet shook, two equivalent 

samples of shook were tested at two different loading rates. 

By ranking all shook within a particular species and size 

class in order of non-destructively determined MOE, with 

ties broken by ESR, and then separating every other piece in 

order of rank, two presumably equivalent groups in terms of 

strength and stiffness were formed. Except for loading 

rate, both groups were tested in exactly the same manner. 

Therefore, differences between strength and stiffness 

distributions of the two groups is assumed to be the result 

of loading rate alone. 

The experiment is a balanced fact~rial design, with 

three factors (loading rate, species, size) and two levels 

of each (fast and slow, oak and poplar, deckboards and 

stringers}. The Statistical Analysis System (43} was used 

to perform a factorial analysis of variance to test for all 

main effects, as well as interactions, on MOR and MOE. 

Table 3.1 gives the results which indicate that loading rate 

had a significant effect on MOR at any reasonable level and 

a significant effect on MOE at alpha levels greater than 



TABLE 3.1 RESULTS OF FACTORIAL ANALYSIS OF VARIANCE 

PR> F ( 1 ) 
------------------

SOURCE DEPENDENT VARIABLE 
HOR HOE 

LOADING RATE 0.0016 0.0534 
SPECIES 0.0001 0.0024 
SIZE · 0.3237 0.0001 
LOADING RATE* SPECIES 0.9895 0.6711 
LOADING RATE* SIZE 0.5996 0.6919 
SPECIES* SIZE 0.1644 0.0014 
LOADING RATE* SPECIES* SIZE 0.9348 0.4046 

Cl> THE PR> F COLUMN GIVES THE ALPHA LEVEL CORRESPONDING TO THE 
F VALUE. THEREFORE, REJECT THE NULL HYPOTHESIS <NO EFFECT) 
AT ALPHA LEVELS GREATER THAN THE PR> F VALUE. 

I-' 
\0 
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0.0534. The alpha level indicates the confidence level at 

which the null hypothesis of no effect can be rejected. 

Species had a significant effect on MOR and MOE at any 

reasonable level while size only had a significant effect on 

MOE. The only significant interaction indicated by the 

analysis was a species-size effect on MOE. 

Table 3.2 lists the average and coefficient of 

variation (C.V.) for the MOR and MOE of each loading 

rate/species/size class. The non-parametric lower 5th 

percentile MOR is also listed but the small sample size 

makes this value questionable. The average MOR and the 

average MOE were greater at the fast rate of loading than at 

the slow rate of loading for all species/size classes. The 

lower fifth percentile MOR was greater at the fast rate of 

loading for all species/size classes except oak stringers. 

Table 3.3 lists the ratio of values at the fast rate to 

values at the slow rate for average MOR, average MOE, and 

lower 5th percentile MOR for each of the species/size 

classes. The general trend of increased MOR and MOE values 

due to increased loading rate is apparent. Table 3.3 also 

lists the average ratios for deckboards and for stringers, 

for poplar, and an overall the average ratios for oak and 

average ratio for all the shook. 



TABLE 3.2 - MECHANICAL PROPERTIES OF PALLET SHOOK FROM RATE OF LOADING STUDY 

-----------------------------------------------------------------------------------------------MOR MOE ---------------------------- ---------------SPECIES SIZE LOADING MEAN c.v. LOHER FIFTH MEAN c.v. N 
RATE <PSI> 00 PERCENTILE <KSI) (¾) 

(PSI) 

DECK BOARD FAST 7860 17 .6 5290 1649 19.9 40 
SLOli 7450 17 .3 5110 1530 20.8 40 

OAK N STRINGER FAST 7580 17. 7 3320 1267 17. 7 40 I-' 
SLOH 6990 22.1 3870 1230 19.7 40 

DECK BOARD FAST 5890 24.1 3740 1400 26.7 40 
SLOH 5460 18.0 3690 1364 24.3 40 

POPLAR 
STRIUGER FAST 6020 20.7 3520 1286 19.3 40 

SLOH 5460 25.0 2880 1222 21.9 40 -----------------------------------------------------------------------------------------------
M STRINGER MOE CORRECTED FOR SHEAR ASSUMING E/G = 16 



TABLE 3.3 - RATIOS OF MOR AND MOE AT FAST VS. SLOW LOADING RATE 

SPECIES SIZE 

DECKBOARD 
OAK 

STRINGER 

DECK BOARD 
POPLAR 

STRINGER 

AVERAGE RATIO 
FOR DECKBOARDS 
AVERAGE RATIO 
FOR STRIHGERS 

AVERAGE RATIO 
FOR OAK 

AVERAGE RATIO 
FOR POPLAR 

AVERAGE RATIO 

RATIO (FAST/SLOW) ----------------------------------------------MOR MOE --------------------------------- ------
MEAN LOWER FIFTH PERCENTILE MEAN 

1.05 1.04 1.08 

1.09 0.86 1.03 

1.08 1.01 1.03 

1.10 1.22 1.05 

1.066 1.024 1.052 

1.095 1.040 1.041 

l. 070 0.947 1.054 

1.091 1.118 1.039 

1.080 1.032 1.047 

N 
N 
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Figures 3.1 through 3.4 show cumulative distribution 

functions of the actual MOR data for each species/size 

class. The general trend of increased MOR at the faster 

loading rate is clear. This trend is very consistent 

throughout the range of MOR values for both oak and poplar 

stringers. For oak deckboards, the MOR values at the fast 

rate of loading are greater than the values at the slow rate 

in the higher as well as lower range of strength. However, 

the MOR values in the middle range of strength are nearly 

equal for both loading rates. For poplar deckboards, the 

MOR values in the lower range of strength are nearly equal 

for the two different loading rates. However, the MOR 

values at the fast rate of loading are greater in the middle 

and upper range of strength. 

Figures 3.5 through 3.8 show cumulative distribution 

functions of the actual MOE 

class. The general trend of 

loading rate is illustrated. 

data for each species/size 

increased MOE at the faster 

However, the increase in MOE 

is generally not as great as the similar increase in MOR. 

The increase in MOE at the fast rate is greatest for oak 

deckboards and is very consistent throughout the range of 

stiffness. For oak stringers, the increase in MOE at the 

fast rate is most consistent in the lower stiffness range 

with a somewhat less consistent increase in the upper 
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stiffness range. In the middle stiffness range, oak 

stringer MOE is approximately the same at both loading 

rates. The increase in MOE at the fast loading rate is 

evident at both the high and low stiffness range for poplar 

stringers. However, this increase is evident only in the 

very highest stiffness range for poplar deckboards, the 

species/size class exhibiting the lowest overall increase in 

MOE due to increase in loading rate. 

In conflict with the results of this study, which 

indicate that increased loading rate can affect MOR values 

throughout the full range of strength, are results reported 

by Madsen (27,28,29), Spencer (44), and DeBonis, Woeste, and 

McLain (13), which indicate that increased loading rates 

affect the MOR only for the stronger pieces of a population. 

Results reported by the above authors do indicate a slight 

loading rate effect on MOE for lower strength and stiffness 

material, but not for clear material. Results from the 

study reported here indicate that loading rate can affect 

MOE throughout the range of strength and stiffness, although 

the effect on MOE is less than that for MOR. 

There are several possible explanations for this 

conflict between results from other studies and the results 

from this study. The studies cited above were exclusively on 
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softwoods (hem-fir, Douglas-fir, and southern pine) while 

this study dealt with a ring porous hardwood, oak, and a 

diffuse-porous hardwood, yellow-poplar. There may be basic 

differences in the response to varied strain rates between 

hardwoods and softwoods due to anatomical characteristics. 

For example, Liska (26) reported that as loading rate 

increased, stress at proportional limit (SPL) increased more 

rapidly than MOR for softwoods, while MOR increased more 

rapidly than SPL for hardwoods. Table 3.4 shows that for 

this study of oak and poplar shook, the increase in SPL at 

increased loading rate was indeed less than the 

corresponding increase in MOR. In fact, the SPL for 

deckboards actually decreased with increase in loading rate. 

Previous studies of full-sized 

(13,27,87,44) tested only No. 2 or No. 

softwood lumber 

2 and Better 2 x 4 

and 2 x 6 inch commercial lumber. This study of oak and 

poplar pallet shook included all grades and therefore 

contained a wider range of defects. Pallet shook, 

especially deckboards, is also considerably different in 

dimensions than full-size 2 x 4's and 2 x 6's. The wider 

range of defects, coupled with any basic behavioral 

differences between softwoods and hardwoods due to anatomy, 

may be responsible for the observed differences in MOR and 

MOE response to increased loading rate compared to previous 



TABLE 3.4 STRESS AT PROPORTIONAL LIMIT 

--------------------------------------------------------------------
MEAN MEAN RATIO 

SPECIES SIZE FAST RATE SLOW RATE CFAST/SLOW) 
CPSI) CPSI) 

w ,.,.. 
DECK BOARDS 3440 3920 0.88 

OAK 
STRINGERS 2660 2740 0.97 

DECK BOARDS 4050 3980 1.02 
POPLAR 

STRINGERS 3480 3250 1.07 
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work with softwoods. The fact that the SPL of deckboards 

actually decreased with increase in loading rate may 

indicate the presence of some as yet unexplained size 

related phenomenon. 

All the previous work cited above, except one (28), 

dealt with dry lumber, while this study of pallet shook used 

only green material. Although Madsen (28) observed no basic 

change in the response of No. 2 grade hem-fir 2 x G's due to 

moisture content, a hardwood pallet shook population 

consisting of all grades at a lower moisture content might 

exhibit different trends in response to loading rate than 

the green shook used in this study. 

Although the total sample size for this study was 

fairly large at 320 pieces, there were only 40 pieces in 

each loading rate/species/size class. The ranking and 

sorting procedure used to establish two equivalent 

populations may have influenced the results. While it is 

not known if a larger sample size would have produced 

different results, more definitive conclusions could 

certainly have been reached. 

Nevertheless, this study does provide a preliminary 

evaluation of the effect of the increased loading rate used 

in the recent studies on oak and yellow-poplar shook at 
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Virginia Tech (20,45). The results of this study indicate 

that both the MOR and MOE values obtained at the increased 

rate of loading should be adjusted down in order to compare 

with values obtained at the ASTM rate or before they are 

used as design values. This adjustment could readily be 

made by dividing the strength or stiffness value obtained at 

the increased loading rate by the appro!,riate ratio given in 

Table 3.3. The ratios given in Table 3.3 allow specific 

adjustment by species/size class, specific adjustment by 

size class only, specific adjustment by species only, or an 

overall adjustment factor to be applied to all shook 

indiscriminate of species or size. Because of the limited 

sample size used in this study, it may be most reasonable to 

apply an overall adjustment factor to all shook. This 

factor, the average ratio given in Table 3.3, would not 

drastically over-penalize nor under-penalize any particular 

species/size class in adjustment of the average MOR or 

average MOE. The extreme range of ratios given for the 

lower 5th percentile MOR indicates the sensitivity of the 

distribution tails given the small number of samples (in 

fact, the lower fifth percentile is represented by the 

second lowest value.) Thus, these ratios are quite 

unreliable and not recommended. 
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3.5 CONCLUSIONS 

Bending tests were performed on green oak and yellow-

poplar deckboards and stringers at both the ASTM rate of 

loading and 10 times this rate. Results indicate that both 

MOR and MOE increase with increased loading rate and that 

this increase is reasonably constant throughout the range of 

strength and stiffness values. The average increase was 

8,0% for MOR and 4.7% for MOE. Not all species/size groups 

exhibited the same effects. In general, the stringers 

showed a slightly higher increase in MOR than deckboards, 

while the deckboards showed a slightly higher increase in 

MOE than stringers. The poplar shook had a slightly higher 

increase in MOR than the oak, but the oak shook had a 

slightly higher increase in MOE than the poplar. Given the 

small sample size and the inconsistent trends between the 

various species/size groups, an overall adjustment of the 

MOR and MOE for loading rate using the average values 

reported above may be most reasonable. 

This preliminary study has shown that full-size 

hardwood pallet shook at green moisture content may respond 

differently than full-size softwood lumber and that strength 

and stiffness values determined at increased loading rates 
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may indeed require adjustment before being used in deriving 

design values or comparing to data obtained at ASTM rates. 



~.Q DEPTH EFFECT fil!IDX 

4.1 INTRODUCTION 

Extensive research on softwoods has shown that an 

increased beam depth results in decreased bending strength. 

Unfortunately, little or no information on similar effects 

with hardwood beams in sizes commonly used by the pallet 

industry is available. The objective of this preliminary 

research was to explore a possible depth effect on bending 

strength of hardwood pallet shook. 

Results from Holland's (20) and Spurlock's (45) studies 

of hardwood pallet shook indicate that any depth effect on 

bending strength for hardwoods may vary by species. Holland 

tested yellow-poplar, a diffuse-porous,· relatively 

homogeneous species, and found the average MOR of deckboards 

to be greater than that of stringers. This might be 

expected due to the greater depth of stringers. However, 

Spurlock tested oak, a ring-porous, non-homogeneous species, 

and found the average MOR of stringers and deckboards to be 

approximately equal. This would seemingly indicate a lack 

of depth effect on MOR. 

39 
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The objective of this study was to determine any depth 

effect on bending strength of green hardwood pallet shook. 

This study investigated the depth effect for both a ring-

porous and a diffuse-porous species. The applicability of 

existing depth adjustment factors used in the derivation of 

design values for structural lumber was also investigated. 
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4.2 REVIEW OF LITERATURE 

It is well established that as the depth of a wood 

bending member increases, its bending strength, or modulus 

of rupture (MOR), decreases. However, most research on the 

effect of depth or size has been limited to clear specimens 

of softwood species. Any interaction that growth 

characteristics, such as knots, have with a depth effect is 

not known. Similar size effects with lumber of hardwood 

species is not documented. If there is a depth effect on 

bending strength for hardwoods, it may vary by species given 

the wide variation in anatomy and homogeneity. 

Newlin and Trayer (35) proposed a fiber support theory 

to explain the effect of depth on bending strength. They 

observed that a wood member in bending devel_oped a greater 

compressive stress at the extreme fiber than a wood member 

subjected to a uniaxial compressive force parallel to the 

grain. They assumed that the wood fibers ·in the member 

under axial compression acted as columns all bound together. 

Since these fibers were all subject to the same compressive 

stress, they offered each other little lateral support. 

However, for a bending member, the stress is non-uniform. 

The extreme fibers are under more stress than fibers closer 
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to the neutral axis. On the compression side of the beam, 

the extreme fibers are laterally supported by the lower 

stressed fibers closer to the neutral axis. There£ore, it 

was thought that the extreme fibers can sustain a greater 

compressive stress due to this support. 

The fiber support theory is best explained by comparing 

a shallow and a deep beam with equal extreme fiber stresses. 

The stress gradient over the cross-section is greater for a 

shallow beam than for a deep beam. In a shallow beam, 

fibers close to the extreme compression fibers are under 

much less stress than the extremes. Therefore, the extreme 

compression fibers of a shallow beam are laterally supported 

by adjacent fibers. In a deep beam, fibers close to the 

extreme compression fibers are under nearly as much stress 

as the extremes. Therefore, the extreme compression fibers 

of a deep beam are offered less lateral support by adjacent 

fibers than in the shallow beam. Consequently, the extreme 

compression fibers in a shallow beam may be expected to 

withstand greater stress than the extreme compression fibers 

in a deep beam. Accordingly, this would lead to greater 

modulus of rupture values for a shallow beam than a deep 

beam. 
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Newlin and Trayer (35) gave the following equation 

relating the modulus of rupture of a beam of depth, d, to a 

beam two inches deep: 

Rd/R2 = 1.07 - 0.07~ (4.1) 

Freas and Selbo (16) noted that equation (4.1) 

predicted MOR values for deep beams less than the 

compressive strength of the material. Furthermore, they 

found the equation was inconsistent with the data in their 

study. Based upon the fiber support theory, Freas and Selbo 

gave the equation: 

Fh = 0.81 (d2 + 143)/(d2 + 88) (4.2) 

For very large values of depth (d), the MOR of a beam as 

predicted by this equation approaches the compressive 

strength of the material as a limit. 

Weibull (52) developed a statistical approach to the 

strength of brittle materials. The basis of Weibull's 

theory is that there is a greater probability of a region of 

low strength occuring in a large volume of a material than 

for a small volume of the material. Weibull's theory, often 

called the "weakest link theory", assumes that a specimen 

under stress will fail when the stress exceeds the strength 

of the weakest element in that specimen. This is analogous 
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to a chain being only as strong as its weakest link. The 

weakest link theory assumes the links (or elements of a 

material) act in series. Weibull also considered the 

possibility of the links acting in parallel but concluded 

that the probability of failure is the same whether the 

links act in series or parallel. 

Bohannan (10) developed a relationship between beam 

depth and modulus of rupture based upcn the statistical 

theory of strength of materials suggested by Weibull (52). 

Bohannan concludes, however, that the elements of a cross-

section of a wood bending member act not as links in a 

series but as links in parallel. He recognized that when a 

link of depth fails, the section modulus of the beam is 

effectively reduced but must still support the same moment 

that caused failure of the weakest link. This may lead to 

failure of the next weakest link and the next, resulting in 

a cascade-type failure. Tension failure, the typical 

failure mode for wood beams, is a cascade-type failure. 

Bohannan's theory is the currently accepted explanation of 

the effect of depth on bending strength. However, it is 

still inconsistent with Weibull's theory since it is a 

function of only depth and span and not volume. 
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Bohannan related the modulus of rupture of a beam of 

depth, d, to a beam with a two-inch depth: 

Rd/R2 = (2/d)l/ 9 ( 4. 3) 

Technically this equation is only valid for clear, straight-

grained Douglas-fir at 12% moisture content with a span to 

depth ratio of 14 and center-point loading. 

It should be noted that Weibull's statistical strength 

theory, upon which Bohannan's work is based, is not intended 

to explain the strength reduction due to obvious defects 

such as knots and cross-grain. Instead, the theory is 

intended to explain the reduction in strength due to 

occurrences of regions of low density or strength which 

otherwise appear free of defects. 

The National Design Specification (34) and the Timber 

Construction Manual (1) require that a size factor be used 

to modify the value for extreme fiber stress in bending for 

structural glued laminated beams or sawn lumber exceeding 

twelve inches in depth. 

follows: 

where d equals depth. 

The size factor is calculated as 

Cf = ( 12/d,1/9 

This ·equation is based on the 

assumption of simple supports, uniformly distributed load, 
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and a span to depth ratio (1/d) of 21. Adjustments for 

other loading conditions or 1/d ratios are given. For 

stress-grades of lumber and timbers, the effect of depth has 

been incorporated into the grading process of ASTM D 245 

(4). Bohannan's formula, F = (2/d) 119 ,is used as the size 

adjustment factor. Although this equation assumes center-

point loading and an 1/d ratio of 14, no adjustments for 

other loading conditions or 1/d ratios are made. 

Fewell and Curry (15) analyzed four depth factor 

equations to determine the best overall fit to data from 

tests of various grades of several softwood species at 

depths of 100 to 300 mm. (3.93 to 11.8 in.) The following 

equations were analyzed: 

a. 

b. 

c. 

d. 

K = 0.73 (h2 + 923uu)/(h2 + 56800) 

K = (200/h)l/9 

K = (200/h)0.403 

K = 1.631 - 0.00316 h 

where h = beam depth in millimeters. 

(4.4) 

These equations are indexed to a factor of 1.0 for a depth 

of 200 mm. Equation 4.4a is the equation originally given 
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by Freas and Selbo (16) and presented as equation 4.2 

earlier in this thesis. Equation 4.4b is the equation 

originally given by Bohannan (10) and presented as equation 

4.3 earlier in this thesis. Equation 4.4c is an equation 

given by Bury (12), while equation 4.4d is an equation given 

by Madsen (30). 

Equation 4.4c was found to best fit the overall data for the 

species and grade mixtures contained. The fit was improved 

by rounding the exponent to 0.4. The authors concluded that 

for visually stress graded softwood lumber in sections from 

100 to 300 mm deep, the effect of depth on bending strength 

can be defined by the adjustment factor: 

K = (200/h)o. 4 (4.5) 

Doyle and Markwardt (14), in a study of full-size 

southern pine dimension lumber, found a reduction in bending 

strength with increasing depth for all grades. An average 

reduction in MOR of 2.4% per inch of depth was found with 

considerable variation between grades. The decrease in 

strength with depth was found to increase for lower grades. 

A 0.58% reduction in MOR per inch of depth was found for No. 

1 grade while a 6.15% reduction per inch was found for No. 3 

grade. The actual strength ratio (MOR of full size piece/ 

MOR of small clear piece) of a given grade was found to 

decrease as depth increased. 
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Recent research on hardwood pallet shook at Virginia 

Tech has generated results seemingly inconsistent with the 

accepted depth effect. In Holland's (20) study of the 

flexural properties of yellow-poplar pallet shook, 

deckboards were found to have an average strength greater 

than that of stringers. This would be expected due to the 

greater depth of the stringers. However, in a similar study 

of oak pallet shook, Spurlock (45) found the mean strength 

of deckboards and stringers to be approximately equal. The 

high quality stringers were stronger than the high quality 

deckboards, which is opposite of what would be predicted due 

to the depth effect. The reverse was seen for low quality 

material: low quality deckboards were stronger than low 

quality stringers. This reversal can at least partially be 

explained by the relative effect of defects on the 

deckboards and stringers. A knot would most likely occur on 

the widest face of the piece and would therefore tend to 

effectively reduce the width of deckboards and the depth of 

stringers. Since depth is a squared term in MOR computation 

and width has an exponent of unity, stringers should be 

weakened more by knots than deckboards. 

The difference in strength of the yellow-poplar and oak 

shook as related to depth may be attributable to differences 

in anatomy betweeen the two species. Yellow-poplar is 
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diffuse-porous and therefore more homogeneous than oak, 

which is ring porous and has large rays. On the basis of 

homogeneity, yellow-poplar might be expected to exhibit a 

depth effect similar to softwoods, which are also relatively 

homogeneous. 

Bodig and Jayne (9) give two reasons, other than 

probability of flaws, for the effect of specimen size on 

mechanical properties: material inhomogeneity and stress 

concentrations. Material inhomogeneity, such as large 

differences in density between earlywood and latewood, 

results in stress concentrations. As the specimen size 

decreases, the effect of inhomogeneity increases. This may 

provide insight into why the high quality oak stringers were 

stronger than the high quality oak deckboards. 
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4.3 MATERIALS AND METHODS 

To examine the hypothesis that depth effect is 

anatomically related, two shook populations from each of two 

species were obtained. The samples were equivalent except 

for depth. One-hundred four white ash stringers (2 x 4 x 48 

inch nominal size) and 104 eastern cottonwood stringers, all 

at green moisture content, were obtained for this study. 

These species were selected as representatives of a ring-

porous species and a diffuse-porous species, as well as due 

to their similarities to oak and yellow-poplar, 

respectively. The shook was randomly sampled from the 

production line at St. Charles Lumber Company in St. 

Charles, Michigan. The shook was wrapped in six mil 

polyethelyene and transported to the· Sardo Laboratory at 

Virginia Tech. 

Once at the lab, the shook was randomly stacked by 

species and one edge was systematically marked to indicate 

the compression side during subsequent testing. Thus the 

compression and tension side were determined independent of 

the presence and location of defects. The shook was then 

re-wrapped and stored in a cold chamber kept at 34° F and 

85% relative humidity. The shook remained wrapped and in 
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the cold chamber at all times except when being measured, 

mapped and tested. Before testing the shook was allowed to 

reach equilibrium temperature with the laboratory (72° F) 

while remaining wrapped in plastic. After use, the shook 

was re-wrapped and returned to the colQ chamber to minimize 

drying or biodegradation during the several week span 

required to complete the study. 

The cross-sectional dimensions of each piece (width and 

thickness, each the average of three separate measurements 

within the middle third of the length) were recorded to the 

nearest 0.001 inch with dial calipers. The MOE of each 

piece was determined non-destructively from the average of 

dead-weight deflection tests of both sides. The stringers 

were tested flatwise (as a plank) at a 45-inch span. A dial 

gauge was used to record deflection at mid-span to the 

nearest 0.001 inch. A reference weight of 6.87 lbs. and 

measuring weight of 56.50 lbs. were used. These weights 

were selected to cause a significant deflection allowing 

accurate MOE calculation while remaining well below the 

proportional limit of the material. The reference weight 

was placed on the piece at mid-span and allowed to settle 

the piece on the supports for thirty seconds. The initial 

deflection reading was taken from the dial gauge. The 

measuring weight was then placed on top of the reference 
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weight and a final deflection reading was taken immediately. 

The piece was then flipped over and the procedure repeated. 

The MOE of each side was calculated using the measuring 

weight and the difference between final and initial 

deflections. The MOE of the piece was computed as the 

average of the two sides. 

All pieces within a species class were then ranked 

according to MOE to the nearest 1000 psi. Every other piece 

in order of rank was then placed in a S'•parate group. Thus, 

two groups of equivalent strength distribution (estimated by 

MOE) were formed, each group containing one-half of the 

pieces of each species. One-half inch of material was sawn 

from both edges of all the pieces in one group. One group 

then had a depth of 3-1/2 inches and the other group had a 

depth of 2-1/2 inches. 

The pieces were tested to failure on a Tinius-Olsen 

screw driven testing machine, with load and deflection 

recorded continuously by a Tinius-Olsen chart recorder. 

Procedures outlined in ASTM D 198 (3), except loading rate, 

were used in testing. A strain rate of 0.009 in./in./min. 

was used, which required a crosshead speed of 1.0 in./min. 

for the 3-1/2 inch pieces and 0.7 in./min. for the 2-1/2 

inch pieces. One-third point loading was used, with the 
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3-1/2 inch pieces tested at a 45-inch span and the 2-1/2 

inch pieces tested at a 32-inch span (1/d ratio= 12.8). 

The failure type and location were recorded as a 

3-digit failure code (see Appendix B). The defect 

initiating failure was also noted. A specific gravity and 

moisture content specimen was taken from near the point of 

failure immediately after the test for every fifth piece. 

The specimen was weighed to the nearest 0.001 gram, oven-

dried at 104 degrees Centigrade for 48 hours, and re-

weighed. The specimen was then coated with hot melted 

paraffin and its oven-dry volume determined by water 

immersion. 

After testing it was decided that the shook should be 

graded according to the scheme proposed by Sardo and Wallin 

(42), which is also the grading procedure used by Spurlock 

in the oak study (45). Since defects had been mapped and 

recorded on computer, a computer program (Appendix C) was 

written to assign a grade to each piece. A complete grade 

description is given in Appendix I. 
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4.4 RESULTS AND DISCUSSION 

The ranking and segregation procedure yielded two 

equivalent samples in terms of strength and stiffness 

distributions. Re-sawing one group resulted in a different 

depth. Exactly what changes were made to the strength and 

stiffness of the re-sawn group is unknown. However, by 

removing only 1/2 inch of material from each edge, 

centerline knots remained centerline knots, and most edge 

knots were not totally removed. It was thus felt that 

overall the two groups would still be equivalent with any 

difference in strength attributable to difference in depth. 

This experiment is a balanced factorial design, with 

two factors (species and depth) and two levels of each (ash 

and cottonwood, 3-1/2 inch and 2-1/2 inch). The Statistical 

Analysis System (43) was used to perform a factorial 

analysis of variance to test all main effects, as well as 

interactions, on MOR and MOE. Table 4.1 gives the results 

of this analysis of variance. Species had a significant 

effect on both MOR and MOE. Depth had an insignificant 

effect on MOE but a significant effect on MOR at alpha 

levels greater than 0.0516. The alpha level indicates the 

confidence level at which the null hypothesis of no effect 



TABLE 4.1 RESULTS OF FACTORIAL ANALYSIS OF VARIANCE 

PR > F Cl> -----------
SOURCE DEPENDENT VARIABLE 

SPECIES 
DEPTH 
SPECIES* DEPTH 

HOR HOE 

0.0001 
0.0516 
0.6051 

0.0001 
0.3691 
0.6249 

Cl> THE PR> F COLUMN GIVES THE ALPHA LEVEL CORRESPONDING TO THE 
F VALUE. THEREFORE, REJECT THE NULL HYPOTHESIS (NO EFFECT> 
AT ALPHA LEVELS GREATER THAN THE PR> F VALUE. 

Ul 
VI 
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can be rejected. There was not a significant interaction 

between species and depth on either MOR or MOE. 

Table 4.2 gives the average and coefficient of 

variation (C.V.) for both the MOR and the MOE of each 

species/depth class. For both ash and cottonwood, the 

average MOR was greater at the 2-1/2 inch depth than the 

3-1/2 inch depth, while the C.V. was approximately the same 

at the two depths. Although insignificant, a slight 

increase in average MOE was seen 

trend opposite that for the MOR. 

greater at the 2-1/2 inch depth. 

at the greater depth, a 

The C.V. of the MOE was 

Table 4.3 shows a comparison between the observed 

depth ratio on MOR for this study and the predicted depth 

ratios using equations given by Bohannan (10), Fewell and 

Curry (15), Newlin and Trayer (35), Freas and Selbo (16), 

and Madsen (30). The observed depth ratio is calculated 

simply by dividing the MOR at the 2-1/2 inch depth by the 

MOR at the 3-1/2 inch depth. The predicted depth ratios are 

determined by using the equations given to calculate the 

depth factor for the 2-1/2 inch depth and the 3-1/2 inch 

depth (using the actual average depth measurements given), 

and then dividing the factor for the 3.5 inch depth by the 

factor for the 2.5 inch depth. 



TABLE 4.2 

SPECIES DEPTH 
< IN. > 

3.5 
ASH 

2.5 

3.5 
COTTONWOOD 

2.5 

MECHANICAL PROPERTIES OF PALLET SHOOK 
FROM RATE OF LOADING STUDY 

MOR MOE 
(PSI> (KSI) 

-------------- --------------
N MEAN c.v. HEAN c.v. 

( ¾) (¾) 

52 6760 31.8 1365 22.7 

52 7350 32. 1 1349 27.8 

52 5480 17.0 1054 18.5 

52 5820 17.2 1000 20.9 
-----------------------------------------------------------------
* MOE CORRECTED FOR SHEAR ASSUMING E/G = 16 

Vl 
-..J 



TABLE 4.3 - COMPARISON OF OBSERVED AND PREDICTED DEPTH RATIOS 

AVERAGE OBSERVED 
ACTUAL DEPTH CINCHES> DEPTH ------------------------ RATIO 

SPECIES 3.5" GROUP 2.5" GROUP [I] 

ASH 3.554 2.494 0.919 
COTTOll~IOOD 3.578 2.502 0.940 

ClJ CMOR 3.5"/MOR 2.5") 
(21 EQUATION IIUMBERS ARE AS GIVEN IN TEXT 

(4. 1) 

0.985 
0.985 

C4.l) - EQUATION GIVEN BY NEHLIN AND TRAYER C35) 
C4.2) - EQUATION GIVEN BY FREAS AND SELBO (16) 
C4.3) - EQUATION GIVEII BY BOHANNAN ClO) 
C4.4D> - EQUATION GIVEN BY MADSEN (30) 
C4.5) - EQUATION GIVEN BY FEHELL AND CURRY (15) 

DEPTH RATIOS PREDICTED BY THE 
FOLLOHIIIG EQUATIONS, (21 
(4.2) 

0 .977 

0 .977 

(4.3) 

0.961 
0.961 

(4.40) 

0.941 
0.940 

(4.5) 

0.868 
0.867 

Ul 
CXl 
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The observed depth ratios for ash, a ring-porous 

species, and for cottonwood, a diffuse-porous species, are 

fairly close. This would lead to the conclusion that there 

is no obvious difference in the effect of depth on MOR 

between ring-porous and diffuse-porous species, at least 

within this size range of stringers. The lack of a 

significant species-depth interaction in the factorial 

analysis of variance supports this conclusion. 

The depth ratio calculated using Madsen's (30) equation 

exactly predicts the observed depth ratio for cottonwood and 

comes nearest to the observed depth ratio for ash. Fewell 

and Curry's (15) equation underpredicts the observed depth 

ratio while the equations from Bohannan (10), Newlin and 

Trayer (35), and Freas and Selbo (16) overpredict the 

observed depth ratio. 

The equations that overpredict the depth ratio were all 

developed for clear wood beams, while the equations by 

Madsen (30) and Fewell and Curry (15) were developed from 

tests of various grades of full-size softwood lumber in 

depths from 4 to 12 inches. This would seem to indicate 

that the effect of depth on MOR for full-size lumber with 

defects is greater than the depth effect for clear wood. 

The results reported by Doyle and Markwardt (14) are 
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consistent with this idea, where the decrease in strength 

with depth was found to increase for lower grades of full-

size southern pine lumber. 

Table 4.4 presents MOR data and observed depth ratio by 

grade for the ash and cottonwood shook. A decrease in the 

depth ratio was found for the lower grades in this study. 

However, the results from the lower grades of cottonwood 

shook are not reliable due to the small number of pieces in 

Grades 3 and 4. The smaller observed depth ratio (greater 

effect of depth) for ash than for cottonwood may be due to 

the fairly large number of pieces of ash in the lower grades 

compared to the relatively few pieces of cottonwood in the 

lower grades. This also accounts for the much higher C.V. 

for the MOR of the ash compared to cottonwood. 

Figures 4.1 and 4.2 are cumulative distribution 

functions (CDF) of the MOR of the 3.5 inch group compared to 

the 2.5 inch group of each species. The decrease in MOR 

with increase in depth is evident. A greater difference in 

MOR between the two depths might have been expected for the 

lower strength range due to the greater observed depth ratio 

for lower grades. However, this trend was not evident from 

the CDF's. In fact, the CDF's for the ash stringers tend to 

overlap in the lower strength range. 



TABLE 4.4 MOR DATA BY GRADE 

3.5 INCH DEPTH 2.5 INCH DEPTH 

SPECIES 

ASH 

COTTONWOOD 

-------------
GRADE N MOR 

2&BTR 
3 
4 
CULL 

18 
10 

9 
15 

3&BTR 28 
4&BTR 37 
ALL SHOOK 52 

2&BTR 31 
3 19 
4 0 
CULL 2 

3&BTR 50 
4&BTR 50 
ALL SHOOK 52 

CPSI> 

7060 
7540 
6450 
6060 

7230 
7040 
6760 

5600 
5330 

4860 

5500 
5500 
5480 

N 

18 
13 

3 
18 

31 
34 
52 

32 
14 

3 
3 

46 
49 
52 

(l) OBSERVED DEPTH RATIO= (3.5" MOR/ 2.5" MOR) 

HOR 
CPSI) 

7100 
8130 
7200 
7080 

7530 
7500 
7350 

5900 
5600 
5390 
6410 

5810 
5790 
5820 

OBSERVED 
DEPTH 
RATIO 

( l J 

0.995 
0.927 
0.897 
0.856 

0.960 
0.939 
0.920 

0.950 
0.950 
-----
0. 759 

0.947 
0.950 
0.942 

m 
I-' 
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Although the results of this s·~udy indicate a 

significant effect of depth on MOR for 3.5 versus 2.5 inch 

hardwood stringers of both a ring-porous and diffuse-porous 

species, the effect of depth on MOR for stringers versus 

deckboards remains unsolved. Table 4.5 presents a 

comparison of the MOR between stringers and deckboards from 

several data sets. The observed depth ratio is inconsistent 

between the various data sets. An apparent lack of a depth 

effect was seen for the poplar shook from the Rate of 

Loading Study, presented in Section 3 of this thesis, as 

well as for the oak shook from Spurlock's (45) study. A 

slight depth effect was seen for the oak shook from the Rate 

of Loading Study, while a very substantial depth effect was 

seen for the poplar shook from Holland's (20) study. (The 

actual raw data for the various data sets can be found in 

Appendix H. ) 

A comparison between Spurlock's oak deckboards and 

stringers and those from the Rate of Loading Study may 

explain the difference in the observed depth ratio between 

these two studies. As seen in Appendix H, Spurlock's oak 

stringers and deckboards had the same average grade, and 

nearly identical specific gravity as well as MOR. The oak 

stringers and deckboards from the Rate of Loading Study had 

nearly identical specific gravity, but the deckboards had a 



TABLE 4.5 - DEPTH EFFECT ON HORI COHPARISQN Of DECKBOARDS AND STRINGERS 

AVERAGE ACTUAL DIHEHSIONS IINCHESI 
DATA STRINGERS DECKBOARDS 
SET SPECIES ---------------------- -------------------DEPTH HIDTH SPAN DEPTH HIDTH SPAN 

Rlf 
Of OAK 3.769 l. 714 45 0.801 5.753 36 

LOADING 
STUDY POPLAR 3,768 1.726 45 0.792 5.740 36 
l•I 

SPURLOCK 
111111 OAK 3. 740 1.600 45 

0.805 3.869 36 
0.825 5.819 36 

HOLLAND POPLAR 3.782 1.654 45 0.815 4.843 36 

I* I CottBIHED LOADING RATES I UNADJUSTED I 
111111 STRltlGERS VS. 4" DECKBOAROS AtlD 6" DECKBOARDS SEPARATELY 
111 I HOR STRitlGERS/tlOR DECKBOARDS I 
IZJ EQUATION NUf1DERS ARE AS GIVEN IN TEXT 

14 .11 - EQUATION GIVEN BY NEHLIN AND TRAYER 1351 
14. 2 I - EQUA TIOU GIVEH BY FREAS AUD SELBO 116 I 
14. 3 I - EQUATIOU GIVEN BY BOIIAtltlAN 110 I 
14 .40 I - EQUATIOH GIVEN BY HADSEN 130 l 
14. 51 - EQUATIOU GIVEN BY FEHELL AND CURRY 1151 

OBSERVED 
DEPTH 
RATIO 
llJ 

0.950 
1.011 

1.011 
0.988 

0.737 

DEPTH RATIOS PREDICTED BY THE 
FOLLOHING EQUATIOHS1 UJ 

-------------------------------------14.U 14.21 14.31 14.4D I 14.!itl 

0.950 0.949 0.842 0.848 0.538 
0.942 0.949 0.841 0.848 0.536 

0.950 0.950 0.843 0.850 0.541 
0.950 0.950 0.845 0.850 0.546 

0.950 0.950 0.843 0.848 0.541 

m 
U1 
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higher average grade and MOR than the stringers. The higher 

average grade indicates that the deckboards were of overall 

higher quality than the stringers. This explains the higher 

MOR of the deckboards and may also explain the difference in 

the observed depth ratios between the shook in Spurlock's 

study and the shook from the Rate of Lo~ding Study. 

Unfortunately, the difference in the observed depth 

ratio between the poplar stringers and deckboards in 

Holland's study and those from the Rate of Loading Study 

cannot easily be explained. The stringer MOR for the two 

studies was very close. However, Holland's deckboard MOR 

was 34% greater than the deckboard MOR from the Rate of 

Loading Study. Specific gravity and average grade are of no 

value in explaining this spectacular difference. 

A major problem in determining the MOR of green 

deckboards is that a large percentage never actually fail 

during the bending test, instead deflecting to the maximum 

limit of the testing apparatus. In this case, failure is 

characterized as excessive deflection and MOR is calculated 

using the maximum load attained. Spurlock and Holland were 

able to deflect deckboards a maximum of 5 inches. It was 

found in the Rate of Loading Study that after 4 to 4.5 

inches of deflection, there was little or no increase in 
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load with increasing deflection. Thus, although wood 

failure had not occurred at 5 inches of deflection, for all 

practical purposes the deckboard had failed and the maximum 

load had been reached. 

If the bearing plates and loading blocks of the testing 

apparatus are not free to slide as the deckboard deflects, 

excessive frictional forces will be developed between the 

load and support points and the deckboard's surface, and the 

measured load will be higher than that required only to 

deflect the deckboard in a bending test. Also, if the 

bearing plates cannot pivot freely as the deckboard 

deflects, the actual span will decrease. In either case, 

the calculated MOR will be erroneously high. If a load-

deflection graph is continuously plotted by a chart recorder 

during the test, the erroneous increases in load caused by 

either of the above two conditions can be detected by 

unusual deviations from the load-deflection curve. Since 

Holland tested most of his shook in the field, he did not 

have the convenience of such a chart recorder. It was thus 

hypothesized that his surprisingly high deckboard MOR might 

be attributable to a problem involving his testing apparatus 

and the relatively large deflections that occurred in 

testing the green deckboards. 
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To test this hypothesis, two groups of ten matched 

poplar deckboards, which were clear and at green moisture 

content, were tested in bending to failure or 5 inches of 

deflection, whichever occurred first. Both groups were 

tested on a Tinius-Olsen testing machine in third-point 

loading at a 36-inch span. However, one group was tested 

using the load and support set-up of the Rate of Loading 

Study, and the other group was tested using Holland's load 

and support set-up. Although potential problems existed 

with Holland's set-up, MOR results obtained with its careful 

use were the same as MOR results obtained using the Rate of 

Loading set-up. Therefore, assuming extreme care was taken 

in the use of Holland's testing set-up, the high deckboard 

MOR cannot be explained by erroneous results from his tests 

due to the set-up itself. 

The difference in poplar deckboard MOR between the two 

data sets may be attributable to the fact that the shook in 

the Rate of Loading Study was sampled from only one mill 

while Holland's shook was sampled from many mills over a 

large geographical area. 

The large deflections exhibited by the green deckboards 

during testing result in the violation of a very important 

assumption in Weibull's statistical strength theory, which 
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is valid only for materials exhibiting brittle failure. 

Assuming tension failure, which is a brittle failure, this 

theory can be applied to wood beams in bending. However, 

for those deckboards failing due to excessive deflection, no 

brittle failure occurs and Weibull's brittle link theory is 

violated. 

Those deckboards in Holland's study which failed from 

excessive deflection were eliminated and the MOR for the 

remaining deckboards was compared to the MOR of the 

stringers. However, the deckboard MOR was not 

substantially changed and thus the observed depth ratio was 

also unchanged. However, even those deckboards that 

ultimately failed in tension exhibited large deflections, 

which is uncharacteristic of brittle materials. Due to the 

violation of the brittle failure characteristic, Weibull's 

statistical strength theory may not be valid in explaining 

and estimating differences in strength between green 

deckboards and stringers. 

Spurlock (45) points out that in his study the high 

quality stringers were stronger than the high quality 

deckboards, while the reverse was true below the 40th 

percentile: low quality deckboards were stronger than low 

quality stringers. Spurlock attributed this reversal to the 
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relative effect of defects (particularly knots) 

moment of inertia of the shook. 

on the 

Spurlock suggested that ring orientation might explain 

the differences in clear wood strength between deckboards 

and stringers, and noted that the large ray volume of oak 

may in some way influence the relative strength between the 

two sizes. 

section, 

As stated in the literature review of this 

the inhomogeneity of oak leads to stress 

concentrations within the member. Since these stress 

concentrations would be more severe in a smaller member, 

deckboard strength may be affected more than stringer 

strength due to stress concentrations at the earlywood-

latewood interface. Unfortunately, the lack of research in 

these areas prevents definite conclusions on the effects of 

ring orientation, ray volume, and stress concentrations. 

An obvious difference between stringers and deckboards, 

other than the difference in depth, is the much greater 

width of deckboards, as well as the difference in span 

during testing. Bohannan (10) concluded that MOR is 

dependent on depth and length of a beam but independent of 

width. For simplicity, his equation, (2/d) 119 , which is 

indexed to 1.0 at a standard depth of 2 inches, assumes a 

constant 1/d (span/depth) ratio and the same method of 
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loading. If a constant 1/d ratio is not assumed, Bohannan's 

equation can be re-derived as follows to compare the MOR of 

stringers to that for deckboards: 

R . stn.ngers = 
Rdeckboards 

where: 

Adeckboa.rds 
A tr· s mgers 

1/rn 

R = Modulus of Rupture 

36 X 0.8 = ~45=-x---=3,..._-=7=5 

A= Aspect Area (depth x span) 

m = constant determined by Bohannan 

1/18 
= 0.906 

This ratio (0.906) is closer to the observed depth ratios 

than the equation assuming equal 1/d ratios. Bohannan's 

equation can also be re-derived assuming a volume effect. A 

volume effect takes depth and length, as well as width, into 

account. Assuming MOR is not independent of width, the 

following equation can be used to compare the MOR of 

stringers to that for deckboards: 

R tr· s mgers = vdeckboards 1/rn 36 X 0.8 X 5.75 = ...,.4.,,,.5 _x___,3,_.--7-=5-x-1-.--7--0 Rdeckboards V . stringers 

where: 

R = Modulus of Rupture 

V = Volume (depth x width x span) 

m = constant determined by Bohannan 

1/18 
= 0.970 
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This ratio (0.970) comes much closer to the observed d~pth 

ratio between deckboards and stringers for the majority of 

the data sets as presented in Table 4.5. 

Bohannan concluded that the MOR of a beam was 

independent of width not only because his data showed no 

effect of width, but because his equation based on volume 

effect (as above) indicated that a beam loaded on edge (as a 

joist) would have the same strength as the same beam loaded 

on its wide face (as a plank). Bohannan considered this to 

be inconsistent with the idea of a size effect on MOR. 

If the MOR of a beam is independent of width, then 1 x 

4 x 40 inch deckboards would be expected to have the same 

strength as 1 x 6 x 40 inch deckboards. However, this was 

not the case for the oak shook in Spurlock's study. Table 

4.6 compares the MOR for 4 inch versus 6 inch wide 

deckboards. The 4 inch wide deckboards were slightly weaker 

than the 6 inch deckboards for all grades as well as for the 

clear material. If the actual average dimensions for all 4 

and 6 inch deckboards (see Table 4.6) are used in Bohannan's 

(10) equation, (2/d)1/ 9 , then the ratio of the 4 inch MOR to 

the 6 inch MOR would be expected to be 1.003. If the actual 

dimensions are used in the volume effect equation given 

above, then the ratio of the 4 inch MOR to the 6 inch MOR 



TABLE 4.6 HOR OF 4 INCH VERSUS 6 INCH OAK DECKBOARDS (1) 

HOR <PSI> --------------------------
4 INCH 6 INCH 

GRADE DECK BOARDS DECK BOARDS RATIO (4 11 /6 11 ) 

CLEAR 8040 8420 0.954 --.J 
l,J 

ALL SHOOK 7100 7270 0.977 
2&BTR 7950 8160 0.974 
3 7320 7470 0.980 
4 6920 7010 0.986 
CULL 6180 6300 0.978 

(1) DATA SOURCE1 SPURLOCK (45) 
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would be expected to be 1.024. Thus the 4 inch deckbcards 

would be expected to have the higher MO~ when actually the 6 

inch deckboards were stronger. 

Following along lines of reasoning similar to that 

given by Bohannan (10), a possible explanation arises for 

the difference in clear wood strength for 4 inch versus 6 

inch deckboards. When an element of width fails, the stress 

in the remaining elements is increased by n/(n-1), where n 

equals the number of elements. This may or may not cause 

failure of the next weakest element; thus cascade failure 

may not occur. However, the increase in stress for a 4 inch 

deckboard will be greater than for a 6 inch deckboard after 

failure of the first element. Statistical theory implies 

that as the width increases, 

of a region of low strength 

the probability of occurrence 

increases. But as the width 

increases, the probability of a cascade failure across the 

width decreases. 

At this point in the- line of reasoning, Bohannan 

concludes that the net effect of these counteracting 

probabilities may be negligible. However, if the decrease 

in the probability of a cascade failure across the width is 

greater than the increase in probability of an occurrence of 

a region of low strength, then this would explain the 



observed 

deckboards. 
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behaviour of clear 6 inch versus 4 inch 

It may be possible to statistically calculate the 

decrease in probability of a cascade failure across the 

width with increasing width, as was possible for the 

increase in probability of an occurrence of a region of low 

strength. This may be a fracture mechanics problem, 

especially considering the anisotropic, heterogeneous nature 

of wood. 

There is another possible explanation for the greater 

strength of 6 inch versus 4 inch deckboards when defects are 

considered. It seems reasonable that 6 inch deckboards 

would have a greater MOR than 4 inch deckboards when defect 

size, particularly knot size, is considered. The average 

knot size would not be expected to be much larger for 6 inch 

deckboards than for 4 inch deckboards due to typical sawing 

practices for pallet shook, which is often resawn from cants 

or sawn ~rom small diameter, low quality logs. Indeed, for 

the 4 inch oak deckboards in Spurlock's (45) study, the 

average knot diameter was 1.44 inch while the average knot 

diameter was 1.54 for the 6 inch deckboards - only slightly 

higher. Therefore, the 4 inch deckboards would have their 

strength reduced much more by knots, on average, than the 6 
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inch deckboards. Note, however, that this trend of relative 

knot sizes between 4 and 6 inch deckboards may only be a 

random occurrence for this particular data set. 

ASTM D 245 uses Bohannan's formula, (2/d)1/ 9 , in the 

derivation of design values for lumber by adjusting clear 

wood strength values of 2 inch beams to the depth of the 

full-size piece. Since the 2 inch deep beams were tested 

using center-point loading and an 1/d ratio of 14, the 

adjustment for depth is technically valid only for these 

conditions. Full-size lumber typically has 1/d ratios 

larger than 14. It was shown earlier how Bohannan's formula 

could be re-derived to account for the different 1/d ratios 

between deckboards and stringers. 

not usually center-point loaded. 

Bohannan's equation can be used 

different 1/d ratios as well as 

size lumber. 

Full-size lumber is also 

A more complicated form of 

which accounts for the 

loading conditions of full-

For example, Bohannan's equation can be re-derived as 

follows in order to adjust the clear wood strength of 

center-point loaded 2 inch deep beams at a 28 inch span to 

3.5 inch deep stringers assuming a 45 inch span and third-

point loading: 



R . strl.Ilgers = 
~II beam 

= 

77 

[ (d x L) (1 + f 
[ (d x L) (1 + E' 

m) 11/m 
2" beam 

m) 11/m 
stringers 

((2.0 X 28) (1 + X l8)]l/l9 

((3.5 X 45) (1 + X 18)]l/lS 

= 0.847 

where: 

R = MOR 
d = depth 
L = span 
a = distance between load points 
m = constant determined by Bohannon (10) 

This is a larger reduction than obtained using (2/d) 1/ 9 : 

0.847 vs. 0.940. However, the correction for 1/d ratio and 

loading condition has historically been ignored in deriving 

design values for solid-sawn lumber less than 12 inches in 

depth. 
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4.5 CONCLUSIONS 

A decrease in strength with increased depth was seen 

for both ash and cottonwood stringers. No apparent 

difference was seen for the effect of depth on bending 

strength between the ring-porous and diffuse-porous species 

within the size range tested. Of the several depth factor 

equations analyzed, Madsen's (30) was seen to best predict 

the observed depth factor. However, Bohannan's (10) 

equation is currently used in the derivation of design 

values using the standard methods of ASTM D 245. 

No definite conclusions can be reached concerning the 

relative strength of deckboards versus stringers. From the 

currently accepted depth effect point of view, deckboards 

should be stronger than stringers. However, this was not 

consistently the case for the various data sets analyzed. 

Several factors, other than-depth, which may influence the 

relative strength of deckboards versus stringers have been 

discussed. These factors include: 

-excessive deflection of green deckboards during 

testing 

-effect of width on bending strength 

-effect of ring orientation on bending strength 
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-effect of stress concentrations due to material 

inhomogeneity 

-relative effect of defects on deckboards versus 

stringers 

In fact, all these fac~ors may influence the relative 

strength of deckboards and stringers, thus confounding the 

problem. It appears that the depth factor equation given by 

Bohannan (10) does not accurately account for differences in 

strength between deckboards and stringers. This may be due 

to the violation of the key assumption in the Statistical 

Strength Theory of a brittle failure. The excessive 

deflection of green deckboards during testing is 

uncharacteristic of brittle materials and violates the 

brittle failure requirement. 

Any size effect on the bending strength of lumber is 

probably composed of the relative effect of defects, the 

effect of anatomical charateristics, as well as the 

statistical occurrence of regions of low strength as 

expressed by 

Unfortunately, 

understood. 

the Statistical Strength Theory. 

such a size effect is not yet completely 
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Despite its apparent inconsistencies, it is recommended 
1/9 

that Bohannan's formula, (2/d) ,be used in the derivation 

of design values for pallet shook, without correction for 

span or loading condition. This recommendation is based not 

only on the historically successful use of the formula, but 

due to the lack of a rational alternative based on the 

limited available data. Since a depth effect was seen 

between 2.5 and 3.5 inch stringers, it is recommended that a 

depth factor be applied to stringers in the derivation of 

design values from tests of small clear specimens. However, 

in light of the controversy between strength of deckboards 

and stringers, a depth factor should not be applied to 

deckboards. This would be a conservative approach since a 

depth factor applied to deckboards would actually increase 

the small clear specimen value, which has a standard depth 

of two inches. 

Sufficient evidence exists to warrant further research 

on the effect of width on bending strength of wood. 



~-Q STRENGTH RATIO STUDY 

5.1 INTRODUCTION 

The ASTM D 245 (4) method of deriving design values for 

full-size structural lumber is based on the use of certain 

adjustment factors, including strength ratios. The strength 

ratio of a piece of structural lumber is defined as the 

ratio of the strength of the piece, with knots, cross-grain, 

splits, checks, and other strength reducing defects, to the 

hypothetical strength of the piece had it been clear and 

straight grained. These strength ratios are used to modify 

the clear wood strength value to predict the strength of a 

piece with defects. The ratios were developed for softwood 

structural lumber and have only recently been used with 

hardwoods. This strength ratio approach could easily be 

incorporated into a method of deriving design values for 

pallet shook of both hardwood and softwood species. 

However, the effectiveness of the ASTM D 245 strength ratios 

in predicting the strength of hardwood lumber has been 

questioned (24,41,51). Their effectiveness in predicting 

the strength of hardwood pallet shook should be determined 

before using in the derivation of design values. 

81 
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This study examined the use of ASTM str~ngth ratios for 

estimating the influence of defects on the strength of 

several species and sizes of hardwood pallet shook. This 

was accomplished by comparing the estimated strength ratio 

from ASTM D 245 for each piece of shook with the actual 

strength ratio determined through testing. The accuracy of 

the ASTM strength ratios in predicting the strength of the 

different species and sizes of shook for various types of 

defects was thus determined. 
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5.2 REVIEW OF LITERATURE 

Wilson (54) published strength ratio tables in his 

guide to the grading of structural timbers. The methods of 

ASTM D 245 (4), including the strength ratio approach, are 

based upon this guide. The effect of a defect on lumber 

strength depends on the type of defect and the kind of 

loading and stress to which the piece is subjected. The 

strength ratios of bending members with knots were derived 

as the ratio of moment-carrying capacity of a member with 

its cross section reduced by the largest knot to the moment 

carrying capacity of the member of full cross section. For 

simplicity, all knots are treated as either edge knots or 

centerline knots. Shakes, splits, and checks are assumed to 

affect only horizontal shear in bending members. Strength 

ratios for these defects were derived by assuming that a 

critical cross section is reduced by the amount of the 

shake, split, or check (4). The strength ratios of bending 

members with slope of grain were determined experimentally 

(53). 

Researchers often check the validity of estimated 

strength ratios (ESR) by testing a full-size piece of lumber 

to obtain an MOR and then testing a small, clear specimen 
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taken from the undamaged portion of the full-size piece 

(40). The ratio of the MOR of the full-size piece to the 

MOR of the small, clear specimen is the actual strength 

ratio (ASR). The ESR and the ASR can then be compared. 

Doyle and Markwardt (14) used this procedure to determine 

the ASR of full-size southern pine dimension lumber. The 

ESR was determined using strength ratios given in ASTM D 245 

(4). A correlation coefficient of 0.678 was found between 

the ESR and the ASR, indicating a moderately strong 

relationship. 

The methods of ASTM D 245 

typically used for the grading 

were developed and are 

of softwood structural 

lumber. Nevertheless, the potential use of the strength 

ratio approach of ASTM D 245 has been proposed for 

estimating the strength of hardwood structural lumber. This 

approach is, in fact, used to derive design values for 

certain hardwood species including yellow-poplar, 

cottonwood, and aspen. Knab et.al. (23) used the strength 

ratios provided in ASTM D 245 for knots, slope of grain, and 

other strength reducing characteristics in estimating the 

strength of mixed hardwood trenching lumber. Galligan (17) 

proposed that yellow-poplar lumber can be stress graded by 

existing standard procedures regularly used for softwoods. 
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Walters et.al. (51) compared the ESR and ASR of red oak 

and cottonwood lumber. The coefficients of determination 

ranged from .12 to .44. Since the degree of correlation 

between ESR and ASR was very low, the strength ratios were 

of little utility in estimating actual strength for red oak 

and cottonwood. The relationship between ESR and ASR was 

seen to vary with knot size and location. Orosz (40) 

suggests that the ESR should be a good predictor of strength 

for pieces with single large knots but that ESR would not be 

as good a predictor for pieces with several small knots. 

Rousis and Koch (41), in a study of yellow-poplar 2 x 

4's, found a higher degree of correlation between ASR and 

ESR than Walter's but less than that from most softwood 

studies. Later, Koch (24) again examined the prediction of 

bending strength of yellow-poplar 2 x 4's using strength 

ratios. Knot size was determined by the displacement 

method as well as by the knot diameter on the worst face. 

The mean displacement ESR was 1.5 times the mean worst face 

ESR, indicating the high degree of taper of knots in the 

yellow-poplar specimens. From a regression analysis, the 

worst face ESR was seen to be a better predictor of ASR than 

the displacement ESR. The relationship between ESR and ASR 

was similar to that found for oak and cottonwood (51). The 

ESR underpredicted the ASR for large knots and overpredicted 
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the ASR for small knots. Koch points out the upward 

branching pattern in yellow-poplar and other hardwoods, as 

well as the prevalent bark pockets around knots in yellow-

poplar. These features are not usual in softwoods. The 

grain distortion was found to be greater around yellow-

poplar knots than that around softwood knots of comparable 

size. Koch states that because there may be greater grain 

disorientation around knots in hardwoods than in softwoods, 

some modification may be necessary in the technique of 

measuring knots in hardwood lumber before it can be 

accurately stress graded using existing strength ratios. 

Spurlock (45) briefly examined the potential of using 

the strength ratio approach of ASTM D 245 in estimating 

strength of the oak pallet shook used in his study. The 

clear wood properties were determined from the full size, 

defect-free pieces of the shook sample. A 5% exclusion 

value of the clear wood MOR was computed and adjusted for 

normal load duration and a factor of safety. The clear wood 

MOE was adjusted for shear deformation only in stringers. 

Estimated allowable properties for each grade were 

determined by multiplying the clear wood MOR values by the 

minimum ASTM strength ratio for each grade. The clear wood 

MOE values were multiplied by the ASTM quality factor for 

each grade. Experimentally determined strength values were 
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computed as the 5% exclusion value modified for normal load 

duration and by a factor of safety. The average 

experimentally determined MOE values for each grade were 

adjusted only for shear deformation in the stringers. 

The allowable stresses obtained from ASTM D 245 were 

found to be consistently conservative: the experimental 

values were higher than predicted values. However, data for 

all shook with splits and for stringers with narrow face 

knots were deleted because these defects caused negative 

ASTM strength ratios. Spurlock concluded that the use of 

the strength ratio approach of ASTM D 245 for estimating 

strength of pallet shook warranted further study. 



88 

5.3 MATERIALS AND MFTHODS 

The main source of data for this study was Spurlock's 

(45) oak shook data involving 2811 stringers and deckboards 

at green moisture content. Other sources of data included 

the oak and poplar pallet shook tested in the Rate of 

Loading Study {Section 3 of this thesis) and the ash and 

cottonwood stringers tested in the Depth Effect Study 

{Section 4 of this thesis). 

For each piece of shook in the above studies, all 

significant defects were measured according to ASTM D 245 

(4) and their location was recorded. Appendix A gives 

complete details of the defect mapping and coding procedure. 

The 14 digit code used to identify and characterize 

each defect within a piece was entered and stored on 

computer. A computer program was written to calculate the 

strength ratio associated with each defect according to the 

equations and tables in ASTM D 245 for knots, checks, 

shakes, and slope of grain. 

included in Appendix D. 

A copy of this program is 

The estimated strength ratio {ESR) of the piece was 

taken to be the lowest strength ratio associated with any 
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defect within the piece. Pieces having only defects for 

which strength ratios do not exist (e.g. wane, decay) were 

not assigned an ESR. 

To calculate the actual strength ratio (ASR), the MOR 

of the full-size piece is typically divided by the strength 

of a small clear specimen taken from the full-size piece. 

However, this procedure was not feasible in this study. 

Instead, the clear wood strength was estimated by the 

average MOR of the clear, straight-grained pieces within a 

particular species/size class and data set. 

If a regression relationship could have been 

established between the MOR and specific gravity of the 

clear wood pieces, then this regression could have been used 

to predict an individual clear wood MOR for each piece 

containing defects based on its specific gravity. However, 

the relationship between the MOR and specific gravity of the 

clear wood pieces was very poor. The coefficient of 

determination was .30 for stringers, .OS for four inch 

deckboards, and .004 for the six inch deckboards. 

Therefore, the attempt to relate the clear wood MOR to the 

specific gravity was abandoned. 

There were too few clear pieces in the Rate of Loading 

Study to calculate a reliable clear wood value. Instead, 
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the clear wood MOR was taken from ASTM D 2555 (5). A depth 

factor (.93), calculated from Bohannan's (10) formula, was 

used to adjust the clear MOR for stringers. The ASTM clear 

wood value was left unadjusted for depth in deckboards. A 

rate of loading adjustment factor (1/1.08) was used to 

adjust the clear wood MOR for the data tested at the fast 

rate of loading (see Section 3). 

In determining the clear wood strength for the 

stringers in the Depth Effect Study, a reliable clear wood 

MOR could only be calculated for the 2.5 inch deep 

stringers. Therefore, to calculate the clear wood MOR of 

the 3.5 inch stringers, the 2.5 inch clear wood MOR was 

adjusted using the observed depth ratio for each species 

(see Table 4.3). This adjusted value was used as the clear 

wood strength value of the 3.5 inch stringers. Table 5.1 

presents the clear wood strength values used for each 

species/size class in this study. 

The ASR of each piece was then calculated as the ratio 

of the actual MOR of the piece to the average clear wood MOR 

determined for the respective species/size class. By 

comparing the ASR with the ESR, the effectiveness of the 

strength ratios in predicting MOR could be determined. 



TABLE 5.1 - CLEAR WOOD STRENGTH (USED AS BASIS OF ASR VALUES> 

MEAN 
DATA SET SPECIES LOADIHG SIZE CLEAR HOOD N 

RATE MOR 
<PSI) 

3.5" STRINGERS 8930 115 
SPURLOCK OAK iOOOE 4n DECK BOARDS 8040 120 

(41) 6" DECK BOARDS 8420 47 --------------------------------------------------------------------FAST 3.5" STRitlGERS 8260 MIOE 
6" DECK BOARDS 8890 ••• OAK 

SLOW 3.5" STRIHGERS 7650 ••• RAH OF 6" DECK BOARDS 8230 ••• LOADitlG ---------------------------------------------------------STUDY 

DEPTH 
EFFECT 
STUDY 

POPLAR 

ASH 

COTTOlll~OOD 

FAST 

SLOW 

MMMM 
IEIEIEM 

IEIEIEM 
IEIEIEM 

3.5" STRIHGERS 
6" DECK BOARDS 
3.5" STRitlGERS 
6" DECK BOARDS 
3.5" STRIHGERS 
2.5" STRIHGERS --------------3.5" STRIHGERS 
2.5" STRIHGERS 

5980 
6430 
5530 
5950 
8680 
9440 
6620 
7040 

IEIEIEIE LOADING RATE COLUMN APPLIES ONLY TO DATA FROM THE RATE OF 
LOADING STUDY 

IEIEM CLEAR HOOD VALUES DERIVED FROM ASTM D 2555 
DUE TO INSUFFICIENT HUMBER OF CLEAR HOOD PIECES 

••• ••• 
••• ••• 

MM 
3 

MM 
6 

MM CLEAR HOOD VALUES FOR 3.5" STRINGERS HERE DERIVED FROM CLEAR 
HOOD VALUES FOR 2.5" STRINGERS BY ADJUSTING FOR DEPTH 

I.O ...... 
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5.4 RESULTS AND DISCUSSION 

The method of determining clear wood strength used in 

this study requires much less time and expense than 

machining and testing a small clear specimen from the full-

size piece. The cost of the small clear method was 

prohibitive for this study, and in many cases a clear, 

straight-grained specimen could not be cut from 

destructively-tested pallet shook. 

The standard method does have the advantage of 

producing a clear wood strength value potentially more 

representative of the particular piece from which it came. 

The alternative clear wood strength values used in this 

study are averages and therefore underestimate the true 

clear wood strength of some pieces while overestimating it 

for others. This results in wider variation of the ASR, 

with values well over 100% common. Nevertheless, the 

average ASR for a particular species/size class should be 

fairly accurate since the overestimation of clear wood 

strength for some pieces is balanced by the underestimation 

for other pieces. 

Table 5.2 presents a comparison of the average ESR and 

average ASR by size and grade for Spurlock's eastern oak 



TABLE 5.2 - COMPARISON OF ASR AND ESR FROM SPURLOCK'S OAK SHOOK DATA 

----------------------------------------------------------------------
SPECIES SIZE GRADE ASR ESR RATIO N 

(¾) (¾) CASR/ESR> 

ALL SHOOK 82 66 1.24 1131 
3.5" 2&BTR 95 85 1.12 332 

OAK STRIHGERS 3 84 67 1.25 295 \0 
4 77 59 1. 31 262 w 

CULL 68 48 1.42 242 ----------------------------------------------------------------------ALL SHOOK 89 13 1.22 695 
4" · 2&BTR 99 93 1.06 231 

OAK DECKBOARDS 3 92 13 1.26 176 
4 84 62 1.35 119 

CULL 76 53 1.43 169 ----------------------------------------------------------------------ALL SHOOK 86 75 1.15 426 
6" 2&BTR 97 93 1. 04 127 

OAK DECKBOARDS 3 86 78 1.10 127 
4 84 63 1.33 76 

CULL 13 55 1.33 90 ----------------------------------------------------------------------



94 

shook data set. It should be noted that of all the data 

sets analyzed, Spurlock's provides the most reliable 

comparison of the ESR and ASR due to the large sample size. 

Although the average ESR is less than the average ASR in all 

sizes and grades for Spurlock's data, this conservatism in 

the estimation of strength does not appear unreasonable. 

The ratio of the ASR to the ESR is smaller for the higher 

grades than the lower grades, indicating that the ESR 

overpredicts the strength reduction for the more severe 

defects. 

Table 5.3 presents a comparison of the average ESR and 

ASR for the data from the Rate of Loading and the Depth 

Effect Studies. Due to the limited sample size and the 

method of determining clear wood values, a comparison of ESR 

and ASR is most reliable only as an average value for all 

grades of each species for these data sets. The ASR is 

generally much higher than the ESR for these data sets, 

also. Table E-1 in the appendix compares the ASR and ESR 

for the individual grades of these data sets. 

To provide a visual comparison of the accuracy of the 

ESR in predicting the ASR for different types of defects, 

line-plots of the ESR versus defect size were superimposed 

on scatter-plots of the ASR versus defect size. These plots 



TABLE 5.3 - COMPARISON OF ASR AND ESR FOR DATA FROM 
RATE OF LOADING STUDY AND DEPTH EFFECT STUDY 

DATA SET SPECIES SIZE ASR ESR RATIO N 
(¾) (¼) CASR/ESR) 

3.5" 
STRINGERS 91 71 1.28 80 

OAK 
6" 

RATE OF DECK BOARDS 89 87 1. 02 80 
LOADitlG -----------------------------------------------------------STUDY 3.5" 

STRINGERS 100 70 1.43 80 
Ul 

POPLAR 
6" 

DECK BOARDS 92 83 1.11 80 ---------------------------------------------------------------------
3.5" 

STRINGERS 77 54 1.43 51 
ASH 

2.5" 
DEPTH STRitlGERS 78 54 1.44 46 
EFFECT ------------------------------------------------------------STUDY 3.5" 

STRINGERS 82 71 1.15 46 
conommoD 

2.5" 
STRINGERS 83 68 1.22 51 

NOTE1 SEE TABLE E-1 IN THE APPENDIX FOR BREAKDOWN BY GRADE 
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were made separately for the various types of defects and 

shook sizes using Spurlock's eastern oak shook data and are 

presented in Figures 5.1 through 5.24. To be included in a 

plot for a particular type of defect, a shook piece had that 

particular defect as its only or its worst defect (i.e. the 

defect resulted in the lowest ESR for the piece). 

Immediately noticeable from these plots is the wide 

variation in the ASR for a given defect size. This is due 

in part to the use of an average clear wood strength value 

in determining the ASR. The general trend of conservatism 

in the ESR is also obvious. A regression analysis showed 

the degree of correlation between ASR and ESR to be nearly 

zero. 

Figures 5.1 and 5.2 are strength ratio plots of 

centerline knots and edge knots, respectively, in oak 

stringers. While ASTM strength ratios for centerline knots 

are applicable throughout the length of the piece, the 

strength ratios for edge knots apply o~ly to those knots 

within the middle one-third of the length. Therefore, only 

those edge knots within the middle one-third of the length 

of the oak stringers are plotted in Figure 5.2. For both 

centerline and edge knots in oak stringers, the ESR predicts 

the average ASR fairly well for small knot sizes. As the 
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knot size increases, however, the ESR becomes increasingly 

conservative. The edge knot ESR is even more conservative 

than the centerline knot ESR for large knot sizes (greater 

than 2 inches). The formula for calculating the ESR changes 

below an ESR of 45% for all sizes of members and all types 

of knots. This can be seen as a sudden shift of the ESR 

line at the 45% point in Figures 5.1 and 5.2, as well as the 

remaining plots comparing ASR and ESR for members containing 

knots. As seen in Figures 5.1 and 5.2, as well as other 

figures, this change in the formula below an ESR of 45% does 

not appear justifiable. However, only limited data are 

available for large defects. 

Figure 5.3 is a strength ratio plot of "elsewhere" 

knots. ASTM D 245 considers wide-face knots in stringers as 

either edge knots or centerline knots. However, Spurlock 

(45) defined a category of knots, which he termed 

"elsewhere" knots, that neither intersect the edge nor the 

centerline of a stringer. Some of these knots would have 

been considered edge knots according to ASTM D 245, while 

the others would have been considered centerline knots. The 

ESR line in Figure 5.3 was calculated using the formula for 

centerline knots and predicts the average ASR fairly well. 

Had the formula for edge knots been used instead, the ESR 

line would have been much steeper. 
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Unfortunately, a comparison of ASR and ESR for narrow 

face knots in stringers could not be made with Spurlock's 

data. This is because narrow face knots were not measured 

according to ASTM D 245 and could not be assigned an ESR. 

This explains why Spurlock erroneously obtained negative 

strength ratios for narrow face knots. 

The strength ratio equations given in ASTM D 245 for 

edge knots make no differentiation as to which edge 

(compression or tension) the knot occupies. However tension 

edge knots would be expected to reduce the strength much 

more than compression knots due to the more severe effect of 

grain disorientation on tensile strength. Separate strength 

ratio plots were made for tension and compression edge knots 

as shown in Figures 5.4 and S.S. As expected, the ESR 

underpredicts the ASR of compression edge knots much more 

than for the tension edge knots. A few of the stringers had 

large edge knots that intersected both the tension and 

compresion edges. Therefore, the ASR was plotted for these 

pieces in both Figures 5.4 and S.S. 

Figure 5.6 is the strength ratio plot for slope of 

grain in oak stringers. As for knots, the ESR is fairly 

conservative in predicting strength. However, the ESR does 

not appear to become increasingly conservative as the 

severity of the slope of grain increases. 
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Figure 5.7 is the strength ratio plot for splits in oak 

stringers. ASTM D 245 strength ratios for splits apply to 

horizontal shear. For a split of 5.25 inches in length, the 

ESR for stringers would be 50%. The ESR becomes a negative 

number after a split length of 10.5 inches. Since the ASR 

is the actual strength ratio of bending strength and thus is 

not directly comparable to the ASTM ESR, a lower bound of 

50% was set for the ESR for splits. As seen in Figure 5.7, 

the ASR is well above 50% for all but full-length splits. 

Figure 5.8 is the strength ratio plot for knots in four 

inch deckboards. The ESR calculated from ASTM D 245 is for 

knots anywhere in the wide face of boards one-inch in 

nominal thickness. A trend similar to that found for 

centerline knots in stringers is seen: the ESR predicts the 

average ASR fairly well for small knot sizes but becomes 

increasingly conservative as 

Although knot location is not 

ESR, figures 5.9 and 5.10 are 

the knot size increases. 

considered in calculating the 

plots of strength ratios of 

centerline knots and edge knots, respectively, in four-inch 

oak deckboards. No qualitative difference in the ASR-ESR 

relationship can be seen between the centerline and edge 

knots. 
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Figure 5.11 is the strength ratio plot for slope of 

grain in four inch oak deckboards. The ESR underpredicts 

the ASR for four inch deckboards with slope of grain even 

more than for stringers. However, as with stringers, the 

conservatism of the ESR does not increase as the severity of 

the slope of grain increases. 

Figure 5.12 is the strength ratio plot for knots in 

six-inch oak deckboards. Just as for four inch deckboards, 

the ESR predicts the average ASR fairly well for small knot 

sizes but becomes increasingly conservative as knot size 

increases. Figures 5.13 and 5.14 are strength ratio plots 

of centerline and edge knots, respectively, in six inch 

deckboards. As with four inch deckboards, no basic 

differences can be seen in the ASR-ESR relationship between 

centerline and edge knots. Figure 5.15 is the strength 

ratio plot for slope of grain in six inch deckboards. The 

ESR again underpredicts the ASR uniformly throughout the 

~ange of severity of slope of grain. 

The ESR as plotted for centerline knots in oak 

stringers and all knots in oak deckboards is valid for knots 

located throughout the length of the piece. However, since 

the shook was tested in third-point loading, the length of 

the piece between load points was subjected to the maximum 
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moment. To determine how the knots outside the load points 

affected the strength ratio plots for centerline knots in 

oak stringers (figure 5.1) and all knots in oak deckboards 

(figures 5.8 and 5.12), similar strength ratio plots were 

made including only knots between the load points of the 

bending test. These plots are presen~ed in Figures 5.16 

through 5.18. The variation in ASR is slightly reduced, and 

some of the outlying points are eliminated. However, there 

is no shift in position of data relative to the ESR line. 

Strength ratio plots were also made for the data from 

the Rate of Loading and the Depth Effect studies. 

Unfortunately, the sample sizes of these studies were small, 

and when data was further sequestered by species, size, and 

defect type, only a few points were available for any given 

plot. Therefore, most plots are not presented. However, 

the plots indicated ESR-ASR trends similar to those for the 

oak data. The ESR predicted the average ASR fairly well for 

small knots but became increasingly conservative as knot 

size increased. The ESR was more conservative with 

increasing knot size for edge knots than for centerline 

knots in stringers. The ESR for slope of grain was 

uniformly conservative throughout the range of severity of 

the slope. The trends between ESR and ASR were also 

consistent between the different species and size groups of 

these data sets. 
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The strength ratio plots for the Rate of Loading and 

Depth Effect studies that are presented are for narrow face 

knots in stringers and are given in Figures 5.19 through 

5.24. These are particularly useful despite the relatively 

few data points since the strength ratio for narrow face 

knots in Spurlock's data could not be determined. With some 

variation, the ESR predicts the average ASR fairly well, 

with no obvious differences between the different species or 

sizes. 



150 

140 

130 

120 

I I 0 

s 100 
T 
A 
E 90 
N 
G 
T 80 
H 

A 70 
A 
T 
I 60 

so 
% 

40 

30 

20i 
I 0 

0 

0.00 

121 

* 

* * * 

* 

* * * * 
* 

* 

0.25 0.50 0. 75 I.OD I. 25 1. 50 
KNIH SIZE I I NCHESI 

f"IGURE 5.19 - STRENGTH RATIO AS A FUNCTION OF KNOT SIZE 
F'OR NARROW FACE KNOTS IN 3.5 INCH ASH STRINGE:rtS 

* ,. ASR 
.. ESR 

!. 75 2.0G 



150 

140 

130 

120 

11 0 

s 100 
T 
A 
E 90 
N 
G 
T 80 
H 

A 70 
A 
T 
I 60 
I) 

50 
1/. 

LI 0 

30 

20 

101 

0 

0.00 

122 

* 

* * 

* 
* 

* 

0.25 0.50 0. 75 1.00 I. 25 I. 50 
KNl)T SIZE flNCHESI 

F'IGURE 5.20 - STRENGTH RATIO AS .1. F'uNCTION OF' KNOT S,ZE 
FOR NARROW FACE KNOTS IN 2.5 INCH ASH STRiNGC::RS 

* =- ASR 
= ESR 

I. 75 2.QC 



150 

140 

130 

120 

110 

s 100 
T 
R 
E 90 
N 
G 
T 80 
H 

R 70 
R 
T 
I 60 a 

50 
i'. 

40 

30 

20 

10 

0 

0.00 

123 

* 
* * 

* 
* * * * * 

0.25 0.50 0. 75 1. 00 I. 25 I. 50 1. 

KNOT SIZE I TNCHESI 

F'IGURE 5.21 - STRENGTH RATIO AS A F'UNCTION OF KNOT s:zE 
FOR NARROW F'ACE KNOTS IN 3.5 :NCH COTTONWCOD snJNGERS 

* = ASR 
O = ESR 

75 2.~~ 



150 

11.10 

130 

120 

1 1 0 

s 100 
T 
A 
E 90 
N 
G * T 80 
H 

A 70 
R 
T 
I 60 
0 

so 
% 

LIO 

30 

20 

10 

0 

0.00 

124 

* 

* * 

* 
* * * * * 

* * 

* 

0.25 0.50 0. 75 1. 00 1. 25 I. so 1. 75 

KNCJT SIZE r INCHES I 

F'IGURE 5.22 - STRENGTH RATIO AS A F'UNCTION Or KNOT SiZE 
FOR NARROW F'ACE KNOTS IN 2.5 INCH COTTONWCOD STRINGERS 

* =- ASR 
=- ESR 

2.00 



150 

140 

130 

120 

11 0 

s 100 
T 
A 
E 90 
N 
G 
T 80 
H 

R 70 
A 
T 
I 60 
CT 

50 
1/. 

40 

30 

20 

10 

0 

0.00 

125 

* 
* * 

* * 

* 

* 

0.25 a.so a. 75 1.00 1. 25 1. 50 1. 75 

KNCTT SIZE [ I NCHESI 

F"IGURE 5.23 - STRENGTH RATIO AS A F"UNCTION OF KNOT SIZE 
F"OR NARROW FACE KNOTS IN POPLAR STRINGERS 

* • ASR 
= ESR 

2.~o 



150.J 

1 L!O 

130 

120 

110 

s 101) 
T 
R 
E 90 
N 
G 
T 80 
H 

R 70 
A 
T 
I 60 

so 
1/, 

L!O 

30 

20 

10 ' l 
0 

0.00 

126 

* 
* 

* 
* 

0.25 0.50 o. 75 1.00 1. 25 1. 50 l. 75 

KNOT SIZE fINCHESl 

F'IGURE 5.24 - STRENGTH RATIO AS A F'UNCTION OF KNOT SIZE 
F'OR NARROW F"ACE KNOTS IN OAK STRINGERS 

* =- ASR 
a a ESR 

2. ::rn 



127 

5.5 CONCLUSIONS 

The estimated strength ratios of green hardwood pallet 

shook, determined according to ASTM D 245, generally 

underestimated the actual strength ratios, determined 

experimentally. 

made: 

The following specific conclusions can be 

-The ESR predicts the average ASR fairly well for 

small centerline knots and small edge knots in 

stringers but increasingly underestimates the ASR as 

the knot size increases. 

-The underestimation of the ASR with increasing knot 

size is greater for edge knots than for centerline 

knots. 

-The ESR underestimates the average ASR for 

compression edge knots more than for tension edge 

knots in stringers. 

-The ESR predicts the average 

small knots in deckboards 

ASR fairly well for 

but increasingly 

underestimates the ASR as the knot size increases. 
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-There is no apparent difference in the ESR-ASR 

relationship between centerline and edge knots in 

deckboards. 

-From limited data, the ESR predicted the average ASR 

fairly well for stringers with narrow-face knots. 

-The ESR consistently underestimates the ASR for slope 

of grain in stringers and deckboards throughout the 

range of severity of the slope of grain. The ESR 

underestimates the ASR more for deckboards with slope 

of grain than for stringers. 

-The average ASR for stringers with splits, checks, 

and shakes is well above 50% for all but full-length 

splits. 

-The change in the formula for calculating the ESR for 

stringers and deckboards with knots below an ESR of 

45% does not appear justifiable. 

If the strength ratio concept of ASTM D 245 is used in 

deriving design values for green pallet shook, conservative 

estimates of strength should be anticipated, particularly 

for pieces having or grades allowing large knots. 



Q.Q ESTABLISHING DESIGN VALUES f:QB PALLET SHOOK 

6.1 INTRODUCTION 

The PALLET DESIGN SYSTEM (PDS) requires estimates of 

the mean and standard deviation of the bending strength and 

stiffness of the shook used to produce a pallet. Two 

investigations (20,45) of the flexural properties of yellow-

poplar and eastern oak pallet shook were recently made at 

Virginia Tech. Other species must be researched to build a 

reasonable data base. 

However, it may be many years in the future before 

these in-grade investigations of various species of pallet 

shook can be completed. For PDS to be immediately useful, 

design values for pallet shook of any species or combination 

of species must be estimated in some manner. Therefore, 

interim methods of developing estimates of design values for 

pallet shook from existing data are needed. The objective 

of this chapter is to describe these methods. 

ASTM D 2555 (5) and ASTM D 245 (4) provide methods of 

establishing strength and stiffness design values for any 

129 
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grade and species of lumber. However, these standard 

methods establish near minimum strength values as the basis 

for design and are not usually employed to establish the 

variability and mean of strength or stiffness values for 

relatively short full-size pallet lumber. Modifications to 

these standard methods were necessary to establish mean 

strength and stiffness values for pallet shook for use as 

input to PDS. Other methods were required to estimate the 

variability of the strength and stiffness values. 

In the following sections of this thesis, the ASTM 

standard methods of establishing design values for visual 

grades of lumber are reviewed. The grading of pallet shook 

is discussed, and the procedures for developing pallet shook 

design values for PDS are presented. Finally, an evaluation 

of the pallet shook design values is presented. 
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6.2 REVIEW OF ASTM STANDARD METHODS OF ESTABLISHING DESIGN 

VALUES 

~-Z-1 Introduction 

The traditional method of establishing design values 

for structural lumber is outlined in ASTM D 245 (4). This 

process begins with strength and stiffness values from tests 

of small, clear, green specimens. These properties are then 

modified by a series of adjustment factors to account for 

the end-use characteristics of full-size structural pieces. 

The following is a review of the current standard 

method of establishing design values for structural lumber. 

Since only bending strength and stiffness design values are 

required for pallet shook, this review is restricted to 

those properties. 
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~-Z-Z Clear Wood Strength .and Stiffness Values 

ASTM D 2555 (5) provides tables of clear wood strength 

and stiffness values for individual species. These values 

are based on tests of small, clear, 

Procedures are given for establishing 

green specimens. 

clear wood values for 

a single species or any combination of species. 

There are two different methods for establishing clear 

wood properties. Method A involves the use of wood density 

surveys in combination with the clear wood strength and 

stiffness data. However, wood density surveys are only 

available for a limited number of species; Method Bis used 

for all other species. The Method B data come from a wide 

variety of tests on limited numbers of samples conducted at 

the U. S. Forest Products Lab. 

Average clear wood MOE is used as the basis for 

determining design MOE values. If values for a single 

species are desired, then the average MOE for the particular 

species can be taken directly from the tables in D 2555. 

However, if design values for a combination of species are 

desired, then a volume-weighted average value is determined. 

The volume-weighted average is the sum of the average MOE 

listed for each species in the combination weighted by the 
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ratio of standing timber volume for the species to the 

standing timber volume for the combination. Standing timber 

volume estimates are given for many species in D 2555. 

The MOE value assigned to a combination for Method A 

species is to be no more than 16% greater than the average 

MOE divided by the variability index for any included 

species. The variability index is a measure of the 

variability of the property for a particular species. The 

volume-weighted average assigned to a combination of Method 

B species can be no more than 10% greater than the average 

MOE of any included species. 

For either Method A or B, a species for which there is 

no standing timber volume estimate may be included in the 

species combination if its average MOE is 

equal to the volume-weigh~ed average MOE 

combination. 

greater than or 

for the 

The lower fifth percentile clear wood MOR is typically 

used as the basis for determining bending strength design 

values. The lower fifth percentile is determined from the 

mean and standard deviation given in the tables of ASTM D 

2555 for a single species by: 
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MOR (5% E.L.) = MOR - 1.645 s.d. 

where: 

MOR= average MOR value 

s.d. = standard deviation of MOR 

A normal or Gaussian distribution is assumed. For a 

combination of species, the 5% exclusion limit is determined 

by adding the areas under the standing timber volume-

weighted frequency distributions of each species at 

successively higher levels of strength until a value is 

obtained below which 5% of the area under the combined 

frequency distribution will fall (5). 

Restraints on the 5% exclusion limit for both Method A 

and B species are given in ASTM D 2555. For Method A 

species, a composite dispersion factor (CDF) shall not be 

less than 1.18 for any included species. The CDF is 

calculated as follows: 

CDF = ((Y/V.I.) - A)/s.d. 

where: 

Y = average MOR value for the species 

V.I. = variability index for the species 

s.d. = standard deviation 

A= the computed 5% E.L. MOR for the combination 
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For Method B species, the composite dispersion factor (CDF) 

shall not be less than 1.48 for any included species. The 

CDF is calculated as follows: 

CDF = (Y - A)/s.d. 

A species for which no timber volume data is available 

may be included in a combination if th~ 5% exclusion MOR 

value of the species equals or exceeds the 5% exclusion 

limit MOR value assigned to the combination. 

~-Z-l Adjustment Factors .E:o..: Clear li9.9,g Values 

ASTM D 245 (4) provides adjustment factors to be 

applied to the clear wood strength and stiffness values. 

These adj~stment factors account for the end-use 

characteristics of full-size structural pieces. 

The clear wood 5% exclusion MOR is adjusted for the 

effect of defects such as knots, splits, and slope-of grain. 

This is done by the use of strength ratios given in D 245. 



136 

The strength ratio of a piece of structural lumber is 

defined as the ratio of the strength of the piece with 

knots, cross-grain, splits, checks, and other strength 

reducing defects, to the hypothetical strength of the piece 

had it been clear and straight grained. The strength ratios 

used for knots depend on the property, the type of 

structural member, the knot location, and the relative size 

of the knot. The strength ratios for slope of grain are 

dependent only on the severity of the slope. The strength 

ratio to be applied to clear wood strength for a particular 

grade and type of structural member is the lowest strength 

ratio associated with any defect allowable in that grade. 

Therefore, the near minimum clear wood bending strength is 

further reduced by the strength ratio for the worst defect 

that could occur within the grade, resulting in a 

conservative strength value for the grade. This near 

minimum estimate is fundamental to the development of 

"working stress" design values. 

The modulus of elasticity of a piece is not affected by 

defects to the same degree as strength. The clear wood MOE 

is modified by a quality factor that is keyed to the bending 

strength ratio assigned to the grade. These quality factors 

were experimentally determined and are tabulated in D 245. 
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The clear wood bending strength 

were obtained from tests of 2 inch 

values of ASTM D 2555 

deep specimens. To 

adjust the values to other depths of structural members, the 

following formula is used: 

F = (2/d)l/9 

where: 

F = factor to be applied to clear wood MOR 

d = net surfaced depth of the structural bending member 

This formula is based on an assumed center-point load and a 

span-to-depth ratio of 14. 

The strength value is further modified by a load 

duration factor. A "normal" load duration factor of 0.625 

is typically used. This assumes the application of the 

maximum design load for 10 years either continuously or 

cummulatively, or the application of 90% of this maximum 

load continuously throughout the life of the structure, or 

both. If other load durations are applicable, then other 

factors are applied. 

A factor of safety, also called a "manufacturing and 

end-use factor", is applied to the bending strength value. 

This factor varies by property and is generally greater for 

hardwoods than softwoods. ASTM D 245 combines a 10-year 
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duration of load factor and the factor of safety into one 

value, which is given separately for softwoods and hardwoods 

and for the various properties. For bending strength, a 

combined factor of 2.1 results for softwoods and 2.3 for 

hardwoods. This translates into a factor of safety of 

approximately 1.3 for softwoods and 1.4 for hardwoods. 

Presumably the higher factor for hardwoods reflects greater 

uncertainty in property values or higher variability. 

ASTM D 245 provides a correction factor for MOE to 

account for the effect of shear deformation 

This factor (1/0.94) adjusts the ASTM D 2555 

in testing. 

MOE from a 

span-to-depth ratio of 14 to a span-to-depth ratio of 21 and 

assumed uniform loading. The adjusted MOE is free of shear 

effects and more nearly represents the true MOE of the 

material. 

ASTM D 245 provides for increases in allowable stresses 

and MOE for maximum moisture contents of 19% and 15%. The 

adjustment factors depend on the maximum moisture content, 

the property, and the size of the structural member. ASTM D 

245 also provides for an increase in allowable stresses and 

MOE for dense material of any species. 
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Below is a formula summarizing the adjustment ~actors 

.used to modify the clear wood values in the derivation of 

MOR and MOE design values via the methods of ASTM D 245. 

MJR xF . xF xF . (clear wood 5% E.L.) strength ratio depth lead duration 

X F ~C% X F density X F safety = Allowable MJR 

M)E(clear wood average) X Fquality X Fshear X Ft.C% X Fdensity 

= Allowable MJE 

After adjusting the clear wood properties, the 

resulting design values are termed "Allowable Properties". 

The allowable MOE is intended to be an average value for the 

grade. The allowable MOR is intended to be less than the 

stress permissible for 95% of the pieces in the grade. 

The rationale for the use of these allowable properties 

is as follows. If the allowable MOE overestimates the MOE 

of the full-size structural piece, then a serviceability 

failure may occur. A serviceability failure would include a 

possible excessive deflection. Serviceability failures due 

to the overestimation of. the MOE are relatively 

inconsequential. However, overestimation of the MOR could 
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result in a catastrophic 

of a structural member. 

failure involving complete failure 

This could result in loss of life 

and property and thus very severe consequences. 

the very conservative allowable MOR is used. 

Therefore, 
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6.3 VISUAL GRADING OF PALLET SHOOK 

Q-~-1 Purpose Qf Grading 

Pallet shook and other structural lumber, even of a 

single species, has a wide range of strength and stiffness 

largely due to the presence of highly variable strength 

reducing defects such as knots and slope of grain. 

Structural grades can be developed which limit the size and 

severity of the defects within a grade. Grades with strict 

limitations on defects will generally have higher average 

strength and stiffness values than grades with less 

restrictive defect limitations. The use of graded lumber is 

more efficient because the full potential of the lumber 

within a grade can be more nearly realized since the 

variability of the strength and stiffness is reduced. · The 

use of higher grades of pallet shook allows the production 

of pallets with greater load carrying capacity compared to 

pallets produced from ungraded shook. The use of lower 

grades of pallet shook allows the production of pallets with 

known lower load carrying capacity but without 

underutilizing the higher quality material. The use of 
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appropriate grades of pallet shook allows the production of 

pallets which economically and efficiently meet the 

requirements of the user. 

Currently there are no universally accepted grades or 

grading criteria for pallet shook in use in the United 

States. While the establishment of visual grades of pallet 

shook with limitations on strength reducing defects is not 

required to derive design values, this makes establishing 

design values a difficult task unless some lower quality 

limit is established or can be identified on a de facto 

basis. There are some quality criteria that are used by a 

sizeable portion of the pallet industry. These criteria can 

be used as a starting point for the purposes of this thesis. 

It is not the purpose of this thesis to recommend any 

particular grades or grading schemes for pallet shook. 

Rather, it is intended to show how design values have been 

derived using existing quality criteria. 
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Q-~-Z Pallet Specifications 

The National Wooden Pallet and Container Association 

has three current Pallet Grade Specifications. While these 

specify the grade of the pallet, they do include quality 

requirements for the pallet shook allowable in a particular 

pallet grade. These grade specifications include the NWPCA 

Hardwood Pallet Standards (38), the NWPCA Southern Pine 

Pallet Specifications (39), and the NWPCA West Coast 

Softwoods (36) and NWPCA White Woods (37) Pallet Standards. 

(The NWPCA West Coast Softwoods grades and the NWPCA White 

Woods grades are identical.) 

There are also two other grading schemes specifically 

for pallet shook that have some historical basis. The 

first, consisting of four visual grades, 

Wallin and Frost (50) at the onset of a 

was proposed by 

large Pallet 

Exchange Program study. The second and more recent, 

describes three visual grades and was proposed by Sardo and 

Wallin in the concluding report of the PEP study (42). The 

second criteria were designed to replace the scheme proposed 

by Wallin and Frost and were the result of much discussion 

with industry representatives at the end of the PEP study. 
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The restrictions on defects specified by these variouR 

grade descriptions are based on perceived differences in 

quality. These differences are in terms of durability, 

joint integrity, assembly ease, cosmetic factors relating to 

pallet marketability, as well as strength and stiffness. 

In keeping with the ultimate goal of obtaining flexural 

design values, it is useful to compare the specifications of 

the various grading schemes in terms of their segregation by 

bending strength and stiffness. Complete grade descriptions 

for each of the schemes are included in Appendix I. Table 

6.1 shows the minimum bending strength ratio, as determined 

from ASTM D 245, associated with a particular defect allowed 

within a grade for the various grades and grading schemes of 

pallet shook. 

By grouping the two highest grades (1 and 2) in the 

grading scheme from Wallin and Frost, the three resulting 

grades can be compared to the three grades from Sardo and 

Wallin. The main difference between these two grading 

schemes is the greater restrictions on slope of grain in the 

scheme from Wallin and Frost. 

The NWPCA Hardwood Pallet Grade specification consists 

of four grades: Precision, Premium, AA, and A. Howeyer, 

Premium and AA are identical in terms of bending strength 



TABLE 6.1 - COMPARISON OF MINIMUM STRENGTH RATIO OF EACH GRADE FOR ALL GRADING SCHEMES 

MltlIMUM DEFECT ASSOCIATED WITH 
STRENGTH RATIO(¾) MINIMUM STREIIGTH RATIO 

GRADitlG ---------------------- ----------------------------------
SCHEME GRADE DECKBOARDS STRitlGERS DECK BOARDS STRINGERS 

SARDO 2&BTR 61 61 SLOPE OF GRAIN SLOPE OF GRAIN 
AIID 3 53 50 SLOPE OF GRAIN EDGE KNOT 

1-IALLIN 4 40 26 SLOPE OF GRAIN EDGE KIIOT 

1 89 81 KtlOT EDGE KtlOT 
WALL IN 2 76 62 SLOPE OF GRAIN EDGE KtlOT 

AtlD 3 61 45 SLOPE OF GRAIN EDGE KtlOT 
FROST 4 40 26 SLOPE OF GRAIN EDGE KNOT ------------------------------------------------------------------------------------------------tu-lPCA 

HARDI-IDOD 
PAL LET 

SPECIFICATIONS 
tlllPCA 

SOUTHERN 
PIIIE PALLET 

SPECIFICATIONS -----------
111-JPCA 

1-IEST COAST 
SOFHIOODS 

AtlD 
IIMPCA 

1-IHITE MOODS 
PALLET 

STAIIDARDS 

PRECISION 
PREMIUM 

AA 
A 

SELECT 
SP-1 
SP-2 
SP-3 

PREMIUM 
STAtlDARD 
SHIPPIHG 

61 
53 
53 
40 

69 
61 
53 
34 

53 
40 
26 

61 
50 
50 
26 
69 
61 
50 
26 

50 
34 

7 

SLOPE OF GRAIN 
SLOPE OF GRAIN 
SLOPE OF GRAIN 
SLOPE OF GRAIU 
SLOPE OF GRAIN 
SLOPE OF GRAIN 
SLOPE OF GRAIN 

KNOT 

SLOPE OF GRAIN 
SLOPE OF GRAIN 

KNOT 

SLOPE OF GRAIN 
EDGE KtlOT 
EDGE KtlOT 
EDGE KNOT 

SLOPE OF GRAIN 
SLOPE OF GRAIN 

EDGE KtlOT 
EDGE KtlOT 

EDGE KtlOT 
EDGE KNOT 
EDGE KNOT 

f-' 

Ul 
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and stiffness of the shook since they differ only in th~ 

restriction of knots in the edge of deckboards. If these 

two grades are combined, the three resulting grades 

(Precision, Premium/AA, and A) are comparable to Grades 

2&BTR, 3, and 4, respectively, of the grading scheme from 

Sardo and Wallin. In terms of bending strength and 

stiffness of the shook, 

equivalent. 

these compared grades are 

The NWPCA Southern Pine Pallet Specifications define 

four grades: SP-Select, SP-1, SP-2, and SP-3. SP-Select is 

a very high quality grade and is particularly restrictive on 

knots. SP-1 defect limitations are comparable to those of 

Grade 2&BTR of the PEP Study scheme, with the exception of 

knots in deckboards. SP-2 and SP-3 are comparable to Grades 

3 and 4, respectively, of the PEP Study scheme, again with 

the exception of knots in deckboards. The Southern Pine 

grades are less restrictive on knots in deckboards than the 

PEP Study grades. SP-3 is also less re~trictive on slope of 

grain. 

The NWPCA West Coast Softwoods Pallet Standards and the 

NWPCA White Woods Pallet Standards define three grades: 

Premium, Standard, and Shipping. Premium is comparable to 

Grade 3&BTR in terms of defect restrictions. Standard is 
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equivalent to Grade 4 for slope of grain, but is more 

restrictive for knots. Shipping is a low quality grade 

which would be considered Cull in the PEP Study grading 

scheme. 

The end result of these comparisons is that despite the 

different sources, there is reasonable uniformity in the 

criteria for segregating shook on a visual basis. It seems 

reasonable to exploit this commonality in developing design 

values based on strength and stiffness for the various 

quality groups or grades. 

Q-~-~ Grade Mi3 Q.f Pallet Shook 

The grade mix of pallet shook is defined here as the 

relative proportion of the total population of shook that 

falls within each grade. The grade mix, which indicates the 

grade distribution of the shook, is essential to the 

procedure for developing design values presented later in 

this section. By using the grade mix, this procedure seeks 

to equitably account for the shook quality distribution in 

the derivation of design values. 
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Table 6.2 compares the grade mix of all available data 

sets of graded pallet shook. 

Grade Mix can be determined. 

From this data, an Average 

The Average Grade Mix is the 

best available estimate of the grade mix of a shook 

population and is calculated as the weighted average (based 

on number of shook pieces) of the grade mixes of all 

available data sets. Three of the data sets in Table 6.2 

were graded according to the scheme proposed by Wallin and 

Frost (so), but most were graded according to the scheme 

proposed by Sardo and Wallin in the PEP Study Report ( 42). 

As seen in Table 6.1 and the grade specifications in 

Appendix I, there are slight differences between the two 

schemes in the defect restrictions for the various grades. 

However, the effect of the differences between the two 

grading schemes on the grade mix was considered relatively 

minor and no differentation between the grading schemes was 

made in the calculation of the Average Grade Mix. Note that 

Grades 1 and 2 were combined in those data sets graded 

according to the scheme proposed by Wallin and Frost. The 

Average Grade Mix is based on the grade mix of both 

stringers and deckboards and both hardwood and softwood 

species. Therefore the Average Grade Mix is assumed valid 

for all shook sizes and species. 



TABLE 6.2 - GRADE MIX OF All AVAILABLE DATA SETS OF GRADED SHOOK 

GRADE MIX -----------------------------DATA SOURCE SPECIES SIZE ¾2&BTR ¾3 ¾4 ¾CULL N 

EASTERN 
OAK SHOOK OAK STRINGERS 25 25 25 25 1354 

STUDY DECK BOARDS 26 30 18 26 1430 
(45) 

OAK STRINGERS 34 40 11 15 80 
RATE DECK BOARDS 58 33 8 3 80 

OF 
LOADING 

STUDY POPLAR STRINGERS 54 34 6 6 80 
DECK BOARDS 48 39 9 5 80 ------------------------------------------------------------------------------------DEPTH 

EFFECT 
STUDY 

FOREST 
SERVICE 

(25) 

ASH 
COTTONWOOD 

EASTERN 
HARDI-IOODS 

(11 

S. PINE 
D. FIR 
TANOAK 

STRINGERS 
STRINGERS 

DECK BOARDS 

DECK BOARDS 
DECK BOARDS 

STRINGERS 
DECK BOARDS 

35 

61 

48 

48 
53 

67 
55 

22 
32 

31 

28 
26 
20 
24 

12 
3 

13 

17 
11 

9 
15 

32 
5 

8 

7 
10 

4 
6 

104 
104 

17817 

5372 
2749 

150 
225 

-------------------------------------------=============-====-----------------------<DATA SETS THIS PAGE GRADED ACCORDING TO SARDO AND HALLIN'S GRADING SCHEME) 
---=-=--------------------=--=-===================================================== 
(11 - SPECIES INCLUDE MAPLE, BEECH, BIRCH, OAK, AND GUM 

...... 

.i::,. 
I.D 



TABLE 6.2 (CONTINUED> - GRADE MIX OF ALL AVAILABLE DATA SETS OF GRADED SHOOK 

GRADE MIX -----------------------------DATA SOURCE SPECIES SIZE ¾2&BTR ¾3 ¾4 ¾CULL N 

YELL OH 
POPLAR POPLAR STRINGERS 44 30 15 11 448 
SHOOK DECK BOARDS 47 25 15 12 482 
STUDY 

(20) 

S. PINE DECK BOARDS 41 26 26 8 90 
HASHIUGTON D. FIR DECK BOARDS 44 18 24 13 90 

STATE HEMLOCK DECK BOARDS 47 17 27 10 30 
UNIVERSITY MAPLE DECK BOARDS 48 19 22 11 90 

(48) ASPEN DECK BOARDS 56 24 11 9 90 
OAK DECKBOARDS 48 23 20 9 90 ------------------------------------------------------------------------------------PEP 

STUDY 
(50) 

MIXED £21 MIXED C3 J 50 35 10 5 12478 

----------=-----------------==-===-=-=============================================== <DATA SETS THIS PAGE GRADED ACCORDING TO HALLIN AND FROST'S GRADING SCHEME> -=-=-=--------=--------------=-=-=-================================================= 
£21 - SPECIES INCLUDE MIXED HARDWOODS, SOUTHERN PINE, DOUGLAS-FIR, WESTERN LARCH, 

HESTERN HEMLOCK, AND CALIFORUIA BLACK OAK 
£31 - 10197 DECKBOARDS AND 2281 STRINGERS 

I-' 
Vl 
0 
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Table 6.3 gives the Average Grade Mix for all available 

data calculated using the information of Table 6.2. 

According to the Average Grade Mix, in a population of 

shook, 48% would be expected to be Grade 2&BTR, 31% would be 

expected to be Grade 3, 13% would be expected to be Grade 4, 

and 8% would be expected to be Cull. These are the expected 

percentages for the single grades. The expected percentages 

of the total shook population for composite grades are also 

given. Composite grades are grades containing more than one 

single grade. Therefore, 3&BTR, 4&BTR, and All Shook are 

composite grades. Note that 2&BTR is considered as a single 

grade. 

Composite grades are very important in the derivation 

of design values for pallet shook since they are more likely 

to be used in the production of pallets than are single 

grades. As shown later, deriving design values for single 

grades is a relatively simple procedure independent of the 

grade mix of shook. However, in deriving design values for 

composite grades, it is desirable to know the distribution 

of the single grades within the composite grade. 

While the Average Grade Mix gives the expected 

percentages of the single and composite grades within the 

total shook population, the Composite Grade Mix is defined 



GRADE 

2&BTR 
3 
4 

CULL 

3&8TR 
4&BTR 

ALL SHOOK 

TABLE 6.3 AVERAGE GRADE HIX 

EXPECTED¾ OF TOTAL SHOOK POPULATION 

48 
31 
13 

8 

79 
92 

100 

I-' 
Ul 
N 
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as the relative proportions of each of the single grades 

contained in the composite grade. The Average Grade Mix can 

be used to determine the Composite Grade Mix, which is given 

in Table 6.4. 

To calculate the percentages of the single grades 

contained in a composite grade, the expected percentages of 

the single grades in the total population of shook (Table 

6.3) are indexed to the expected percentage of the composite 

grade in the total population of shook. 

% SINGLE GRADE IN 

COMPOSITE GRADE 

For example: 

% GRADE 3 IN 

GRADE 4&BTR 

= 

= 

= 

= 

% SINGLE GRADE 
IN TOTAL SHOOK POPULATION 

X (100%) 
% COMPOSITE GRADE 

IN TOTAL SHOOK POPULATION 

% GRADE 3 
IN TOTAL SHOOK POPULATION 

X ( 100%)' 
% GRADE 4&BTR 

IN TOTAL SHOOK POPULATION 

31% 
X (100%) 

92% 

34% 

The Average Grade Mix was determined from all available 

shook data. This data was graded according to the schemes 



TABLE 6.4 COMPOSITE GRADE HIX 

¾ OF EACH SINGLE GRADE IN COMPOSITE GRADE -----------------------------------------
COMPOSITE GRADE 2&BTR 3 4 CULL 

3&BTR 61 39 0 0 t-' 
Ul 
,i::,. 

4&BTR 52 34 14 0 

All SHOOK 48 31 13 8 
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from Wallin and Frost (SO) and Sardo and Wallin (42). The 

parallel grading restrictions of the NWPCA Hardwood and 

NWPCA Southern Pine Standards makes the Average Grade Mix 

applicable to these grading schemes, also. However, the 

NWPCA West Coast Softwoods and White Wr:ods grades do not 

parallel Sardo and Wallin's grades. Thus, the grade mix 

under this grading scheme is not the same. However, it was 

possible to estimate the grade mix for West Coast Softwoods 

and White Woods grades from the Average Grade Mix by 

comparing the specifications of each grade of the West Coast 

grading scheme with the specifications of each grade from 

Sardo and Wallin's scheme. Based on the similarities of the 

strength ratio ranges for the various grades from the two 

schemes, Premium was assigned the combined proportions of 

2&BTR and 3, Standard was assigned the proportion of Grade 

4, and Shipping was assigned the proportion of Cull. The 

Average Grade Mix for shook graded under the West Coast 

Softwoods Standard or White Woods Standard is therefore 

79%/13%/8% for Premium/Standard/Shipping. Table 6.5 lists 

the Average Grade Mix of pallet shook for each grading 

scheme. Table 6.6 lists the Composite Grade Mix for the 

composite grades of each grading scheme. 

As seen in Table 6.2, there is reasonable uniformity in 

the grade mixes for the various data sets. In particular, 



TABLE 6.5 - AVERAGE GRADE HIX FOR EACH GRADING SCHEME 

GRADING SCHEME 

SARDO 
AIID 

HALLIN 

tlHPCA 
HARDl·IOOD 

PALLET 
SPECIFICATIONS 

tlHPCA 
SOUTHERtl PINE 

PALLET 
SPECIFICATIOIIS 

IIMPCA 
~IEST COAST 

SOFTl·IOODS / 
tlHPCA 

~IHITE MOODS 
PALLET 

STAIIDARDS 

GRADE 
2&BTR 

3 
4 

CULL 
3&BTR 
4&BTR 

ALL SHOOK 
PRECISION 

PREMIUM/AA 
A 

PREMIUM/AA&BTR 
A&BTR --------

SP-l&BTR 
SP-2 
SP-3 

SP-28.BTR 
SP-3&BTR 
PREMIUM 
STAIIDARD 
SHIPPitlG 

STAtlDARD&BTR 
SHIPPitlG&BTR 

EXPECTED¾ OF TOTAL SHOOK POPULATION 
48 
31 
13 
8 

79 
92 

100 
48 
31 
13 

79 
92 
48 
31 
13 

79 
92 
79 
13 
8 

92 
100 

I-' 
lJI 
CJ"\ 



TABLE 6.6 - COMPOSITE GRADE MIX FOR EACH GRADING SCHEME 

GRADING COMPOSITE 
SCHEME GRADE ¾ Of EACH SINGLE GRADE IN COMPOSITE GRADE 

2&BTR 3 4 CULL 
SARDO 3&BTR 61 39 0 0 

AtlD 4&BTR 52 34 14 0 
WALLIN All SHOOK 48 31 13 8 -----------------------------------------------------------------------------
NHPCA 

HARDWOOD 
PALLET 

SPECIFICATIONS 

tll-lPCA 
SOUTHERN PltlE 

PALLET 
SPECIF I CA TIO NS 

tlHPCA 
WEST COAST 

SOFHIOODS / 
NI-IPCA 

HHITE ~IOODS 
PALL ET 

STAtlDARDS 

PREMIUM/AA&BTR 
A&BTR 

SP-2&BTR 
SP-3&8TR 

STAtlDARD&BTR 
SHIPPING&BTR 

PRECISION 

61 
52 

SP-l&BTR 

61 
52 

PREMIUM 

86 
79 

PREMIUM/AA 

39 
34 

SP-2 

39 
34 

STANDARD 

14 
13 

A 

0 
14 

SP-3 

0 
14 

SHIPPING 

0 
8 

r-' 
U1 
-..J 
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there is a larger percentage of high qualtty than low 

quality grades. An exception is the eastern oak shook data 

set, which had approximately equal percentages of each 

grade. This may be explained by the furniture industry's 

demand for high quality oak at the time of sampling for this 

data set. The result is a greater percentage of low quality 

grades obtained from the oak used to produce pallet shook. 

Depending on the market demand at any given time, similar 

trends might exist for other species. The grade mix of 

shook may also fluctuate with time as a function of the 

overall quality of trees available for harvest. 

However, the Average Grade Mix and Composite Grade Mix 

are the best available estimates of the grade mix of a shook 

population. The significance and use of the Average Grade 

Mix, other than providing an indication of the grade and 

quality distribution of a typical shook population, is in 

calculating the Composite Grade Mix. The significance and 

use of the Composite Grade Mix will become apparent in the 

derivation of design values for composite grades of pallet 

shook as presented next in this ·thesis. 
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6.4 DEVELOPMENT OF PALLET SHOOK DESIGN VALUES 

Q-~-l Introduction 

The PALLET DESIGN SYSTEM (PDS) is a first-order second-

moment reliability-based design procedure which utilizes the 

mean and standard deviation of the load effect and 

resistance quantities. The resistance quantities are 

measured in terms of the MOR and MOE of the pallet shook. 

Thus, the resistance design values required by PDS are the 

mean and standard deviation of the MOR and MOE of the pallet 

shook. 

Two different approaches to the development of pallet 

shook design values are detailed here. The best approach is 

that of testing full-size in-grade lumber sampled from 

commercial material. However, to date only yellow-poplar 

and eastern oak shook have been evaluated through such a 

testing program, and thus design values can be derived from 

actual data for only these two species classes. 

The other approach is similar to the traditional method 

of establishing design values reviewed in Section 5.2 of 

this thesis. This approach uses strength and stiffness of 
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small, clear, green specimens modified by a series of 

adjustment factors to account for the end-use 

characteristics of the full-size shook. The major 

difference between the traditional method and the method 

described here for pallet shook is that the latter seeks 

estimates of the average strength and stiffness and the 

variability for a grade. The traditional method establishes 

near-minimum strength values and average stiffness values as 

allowable properties for a grade. 

~-~-Z Modified Clear tlQ2g Value Approach 

Species Classes 

Average clear wood values are required as a starting 

point for bending strength (MOR) and bending stiffness 

(MOE). In the development of pallet shook design values, 

average clear wood values for both MOR and MOE for either a 

single species or a combination of species are calculated 

using the procedure given in ASTM D 2555 (5) for calculating 

the average MOE. This procedure was explained in Section 

6.2.2 of this thesis. 
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For the PALLET DESIGN SYSTEM, several species classes, 

each containing from one to several species, were created. 

These species classes are largely based on those proposed by 

Wallin (49), but are separate for hardwoods and softwoods. 

The species included in a particular class have similar 

ranges of bending strength, stiffness, and specific gravity. 

Species commonly marketed together were included in the same 

species class. Table 6.7 lists the species contained in 

each species class. For some of the species listed, small 

clear values were unavailable from ASTM D 2555 but were 

available from the Wood Handbook (47). In this case, the 

values listed in the Wood Handbook were used. If 

unavailable in either D 2555 or the Wood Handbook, then 

small clear values were taken from USDA Technical Bulletin 

No. 479 (31). Standing timber volume estimates for several 

hardwood species were taken from the Forest Products Lab 

General Technical Report FPL 20 (8) when estimates for these 

species were unavailable in ASTM D 2555. Table 6.8 lists 

the clear wood MOR and MOE values calculated as above and 

assigned to each species class. Appendix G includes the 

specific calculations for each species class. 



HICKORY: 

BIRCH: 

MAPLE: 

ASH: 

ELH: 

l 

PEC.ON 
HATER 
HOCKERtlUT 
PIGtlUT 
SltAGBARK 
SIIELLBARK 
BITTERtlUT 
tlUTl1EG 
YELLOH 
SIIEET 

SUGAR 
BLACK 
RED 
GREEN 
HIIITE 
ROCK 
SLIPPERY 

AIIERICAN flEECH 
BLACK LOCUST 
BLACK CIICRllY 
RED AtlD tlllITE OAKS 
TAIIOAK ooc;:ooo 
PER5Illl1otl 
EUCALYPTUS 

z 
BIGLEAF HAPLE 
OREGON ASH 

6 

RED ALDER 

TABLE 6.7 - PDS SPECIES CLASSES 

3 

SliEETGUi 
TUPELO: 

BLACK 
HATER 

HAGNOLIA: 
CUC:Lt18ERTREE 
SOUTHERN 

PAPER BIRCH 

7 

YELLOH POPLAR 
EASTERN COTTOtllOOD 
ASPEN: 

CATALPA 
BUCKEYE 

BIGTOOTH 
QUAKIUG 

BUTTERtlUT 
AMERICAN BASSl·lOOD 

ft 

OREGON HHITE OAK 
CALIFORNIA BLACK OAK 
CASCARA 
CHIUQUAPIN 
HYRTLE 
HADRONE 

8 

COTTotk>OD: 
BLACK 
BALSAH POPLAR 

s 
ISR: 

BLACK 
PU1PKIN 

HACKBERRY 
SYCAMORE 
HAPLE: 

SILVER 
STRIPED 

BOXELDER 
SASSAFRAS 
SUGARBERRY t-' 

O'\ 
N 
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DOUGLAS-FIR: 
COAST 
ItlTERIOR HEST 
HITERIOR tlORTH 
IIITERIOR SOUTH 

HESTERN LARCH 
SOUTHERN PltlE: 

LOOLOLLY 
LOl!GLEAF 
SIIORTLEAF 
SLASH 

TABLE 6.7 ICONTINJEDI - PDS SPECIES CLASSES 

HEMLOCK: 

FIR: 

lZ 

HESTERN 
MOUNTAIN 
CALIFORNIA RED 
GRAtlO 
NOBLE 
PACIFIC SILVER 
HHITE 

13 

SP1illc£ I 

PINE: 

HHITE 
BLACK 
RED 
EtlGELHAm 
SITKA 
SUGAR 
HESTERtl HHITE 
LODGEPOLE 
POIIOEROSA 
11011TEREY 
JACK 
NORHAY 
EASTERN HHITE 

SOUTHERN PINE: 

FIR: 

PITCH 
POIIO 
SPRUCE 
VIRGIIHA 
SUBALPINE 
BALSAH 

BALDCYPRESS 
EATERN HEMLOCK 
HESTERN RED CEDAR 

14 

CEDAR: 
ALASKA 
INCENSE 
PORT ORFORD 
ATLANTIC HHITE 
NORTHERtl HHITE 
EASTERN RED 

I-' 
O"I 
w 



TABLE 6.8 SMALL CLEAR VALUES ( USED AS BASIS OF DESIGN VALUES > 

PDS AVERAGE AVERAGE 
SPECIES CLASS MOR MOE 

I * J (PSI) (KSI) 

1 8450 1430 
2 7500 1220 
3 7000 1230 
4 6800 760 
5 5950 980 
6 6550 1280 
7 5300 1020 
8 4300 910 

11 7450 1250 
12 6250 1250 
13 5150 1130 
14 4650 780 

l•J THE SPECIES CLASS NUMBER DISTINGUISHES THE VARIOUS CLASSES 
AND IS INPUT TO THE COMPUTERIZED PROCEDURE BY THE PDS USER. 
TABLE 6.7 LISTS THE SPECIES IN EACH CLASS. 

..... 
O"I 
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Grade Factors 

Grade factors are used to adjust the clear wood MOR for 

the effect of defects in the full-size pallet shook. The 

grade factors are based on the bending strength ratios given 

in ASTM D 245. While D 245 specifies that the minimum 

bending strength ratio be used for a grade, the grade factor 

for single grades of pallet shook is the average bending 

strength ratio for that grade. The average bending strength 

ratio is calculated as one-half the sum of the maximum and 

the minimum strength ratio associated with any defect 

allowable within a grade. For example, using the grading 

scheme from the PEP Study Report (42), the maximum bending 

strength ratio for Grade 2&BTR stringers is 100% (i.e. no 

defect) and the minimum strength ratio is 61%. Therefore, 

the grade factor for 2&BTR stringers is (100 + 61)/2 = 80.5 

or 81%. 

The minimum bending strength ratio for Grade 3 

stringers is 50%. The maximum bending strength ratio is 

taken as the minimum bending strength ratio of the next 

higher grade. Thus the grade factor for Grade 3 stringers 

is (61 + 50)/2 = 55.5 or 56%. 

This procedure was followed to establish grade factors 

for all single grades. The single grade factors were then 
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used in conjunction with the Composite Grade Mix (Table 6.6) 

to establish composite grade factors. 

To calculate the composite grade factors, the single 

grade factors were weighted by the proportions of the single 

grades contained in the composite grade and then summed. 

COMPOSITE GRADE 
FACTOR 

For example: 

GRADE FACTOR 
(4&BTR/STRINGERS) 

= I ( SINGLE GRADE 
FACTORS 

= ( GRADE FACTOR 
(2&BTR/STRINGERS) 

+( GRADE FACTOR 
(3/STRINGERS) 

+( GRADE FACTOR 
(4/STRINGERS) 

X 

X 

X 

X 

% SINGLE GRADE IN 
COMPOSITE GRADE ) 

100 

% 2&BTR IN 4&BTR ) 
100 

% 3 IN 4&BTR ) 
100 

% 4 IN 4&BTR ) 
100 

= (.81 X 52/100) + (.56 X 34/100) + (.38 X 14/100) 

= 0.66 

Table 6.9 gives the grade factors for all single and 

composite grades of each grading scheme for pallet shook. 



TABLE 6.9 - GRADE AND QUALITY FACTORS FOR EACH GRADING SCHEME 

GRADE FACTOR 
GRADING SCHEME GRADE ---------------------- QUALITY FACTOR 

DECK BOARDS STRINGERS 
2&BTR .81 .81 1.0 

3 .57 .56 .90 
SARDO 4 .47 .38 .85 

AND CULL .20 .13 . 80 
HALLIN 

3&BTR . 72 .71 .96 
4&BTR .68 .66 .95 

ALL SHOOK .64 .62 .93 ------------------------------------------------------------------------------PRECISION .81 .81 1.0 
NWPCA PREMIUM/AA .57 .56 .90 f--' 

HARDl·IOOD A .47 .38 .85 °' PALLET --.J 

SPECIFICATIONS PREMIUM/AA&BTR . 72 . 71 .96 
A&BTR .68 .66 .95 

SP-l&BTR . 81 .81 1.0 
NWPCA SP-2 .57 .56 .90 

SOUTHERN PINE SP-3 .47 .38 .85 
PALLET 

SPEC I FI CAT IONS SP-2&BTR . 72 .71 .96 
SP-3&BTR .68 .66 .95 

tll-lPCA PREMIUM .11 . 75 .96 
WEST COAST STANDARD .47 .42 .85 

SOFHIOODS / SHIPPitlG .33 .21 .80 
111-IPCA 

~IHITE WOODS STAtlDARD&BTR .13 . 70 .95 
PALLET SHIPPitlG&BTR . 70 .66 .93 

STAtlDARDS 
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The composite grade mix was used to establish composite 

grade factors in order to equitably account for the relative 

presence of both high and low quality single grades in the 

composite grade. The resulting composite grade factors are 

valid only for composite grades with a grade mix similar to 

that reported in Table 6.6. If the PDS user requires design 

values for composite grades with a radically different grade 

mix, then he can use his grade mix in conjunction with the 

grade factors for single grades to determine a composite 

grade factor. 

Quality Factors 

Quality factors are used to adjust the clear wood MOE 

values for the effect of defects in the full-size pallet 

shook. ASTM D 245 provides only three quality factors to be 

applied to the clear wood MOE values. These factors are 

related to the minimum bending strength ratio of a grade. 

It was felt that these quality factors would not adequately 

account for differences in the 

grades of pallet shook since 

provided. 

MOE between the various 

only three factors are 
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The quality factors recommended for use in PDS were 

derived from the eastern oak shook data set (45). The 

quality factors were based on this data set because it is 

the most complete data set available for graded pallet 

shook. There is also a fairly even distribution of shook 

between the grades in this data set ,.nd a consistent 

expected trend of decreasing MOE with decreasing grade. 

To calculate the quality factor for single grades, the 

average MOE for the shook (deckboards and stringers 

combined} of each single grade (2&BTR,3,4,and Cull) was 

divided by the average MOE for Grade 2&BTR. Table 6.10 

lists the MOE for each single grade of the eastern oak shook 

data set as well as the quality factor calculated for each 

grade. 

Since the eastern oak data set (45} was graded 

according to the Sardo and Wallin grading scheme, the 

quality factors are directly applicable to single grades of 

this grading scheme. Due to the parallel grading 

restrictions, the quality factors are also directly 

applicable to the single grades under the NWPCA Hardwood and 

the NWPCA Southern Pine specifications. The recommended 

quality factors were assigned to the NWPCA West Coast 

Softwoods and the NWPCA White Woods single grades according 



GRADE 
I * 1 

2&BTR 

3 

4 

CULL 

TABLE 6.10 - DERIVATION OF QUALITY FACTORS 
FROM 

EASTERN OAK SHOOK DATA SET 

MOE RATIO 
CKSI) CMOE/MOE-2&BTR) 

1406 1.0 

1295 .92 

1194 .85 

1098 .78 

(*] STRINGERS AND DECKBOARDS COMBINED 

RECOMMENDED 
QUALITY FACTOR 

1.0 

.90 t-' 
--.J 
0 

.85 

.80 



171 

to the similarity between the grade factors (and thus the 

grade specifications) for these schemes compared to Sardo 

and Wallin's scheme. Premium was assigned the quality 

factor for Grade 3&BTR, Standard the quality factor for 

Grade 4, and Shipping the factor for Cull. 

The composite grade quality factors were determined 

using the quality factors for single grades in conjunction 

with the Composite Grade Mix of Table 6.6. To calculate the 

quality factors for composite grades, the quality factors 

for the single grades were weighted by the proportions of 

the single grades contained in the composite grade and then 

summed. 

COMPOSITE GRADE 
QUALITY FACTORS 

= 
SINGLE GRADE 

QUALITY FACTORS 
X 

% SINGLE GRADE IN 
COMPOSITE GRADE 

100 
) 



For example: 

QUALITY FACTOR 
(4&BTR) 
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QUALITY FACTOR 
(2&BTR) 

QUALITY FACTOR 
( 3) 

+ ( QUALITY FACTOR 
( 4) 

X 

X 

X 

% 2&BTR IN 4&BTR ) 

100 
% 3 IN 4&BTR 

100 
% 4 IN 4&BTR 

100 

) 
) 

= (1.0 X 52/100) + (.90 X 34/100) + (.85 X 14/100) 
= 0.95 

The quality factors for single and composite grades of 

each grading scheme for pallet shook are given in Table 6.9. 

Note that while the grade factors for a particular grade of 

shook usually differ between stringers and deckboards, the 

quality factors for a particular grade of shook are 

applicable to both stringers and deckboards. 

The composite grade mix was used to establish composite 

grade quality factors in order to equitably account for the 

relative presence of both high and low quality single grades 

in the composite grade. The resulting composite grade 

quality factors are valid only for composite grades with a 

grade mix similar to that reported in Table 6.6. If the PDS 

user requires design values for composite grades with a 
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radically different grade mix, then he can use his grade mix 

in conjunction with the quality factors for single grades to 

determine a composite grade quality factor. 

Correction for Shear Deformation 

The small clear MOE values given in ASTM D 2555 are 

unadjusted for the effect of shear deflection during the 

testing procedure. The MOE values as given are therefore 

only apparent values. To obtain the true MOE values, an 

adjustment factor must be applied to the MOE values as given 

in order to correct for the effect of shear. 

For the ASTM test method used to determine the MOE 

values given in ASTM D 2555, and assuming the ratio of 

longitudinal MOE to the Modulus of Rigidity (G) is equal to 

16, the ratio of the apparent MOE to the true.MOE can be 

shown to be 0.911 (9). 

MOE (apparent)/MOE(true) = 0.911 

Therefore, an adjustment factor of 1.10 is applied to the 

small clear MOE values calculated for each species class. 
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The MOE values listed in Table 6.8 have been adjusted by 

this factor. 

Depth Factor 

The clear wood MOR values obtained from ASTM D 2555 and 

used as the basis of design values were obtained from tests 

of two-inch deep specimens. Research has shown that as the 

depth of a beam increases, the MOR decreases (10). To 

adjust the small clear MOR values to the actual depths of 

pallet shook, a depth adjustment factor is used. 

ASTM D 245 (4) gives the following equation to 

calculate the depth adjustment factor: 

F = (2/d) 1/ 9 

where: 

F = factor to be applied to small clear MOR values 

d = actual depth of design member 

This formula is based on an 

span-to-depth ratio of 14. 

clear Douglas-fir beams. 

assumed center-point load and a 

It is also based on tests of 
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Section 4 of this thesis describes a Depth Effect Study 

performed to investigate the effect of depth on hardwood 

pallet shook, including the applicability of the adjustment 

factor given above. The results of this study indicated 

that although there was a depth effect on the MOR of full-

size hardwood pallet shook, the formula (F = (2/d) 119 ) did 

not predict the effect as well as other possible formulas. 

Further, the depth effect equation did not account for the 

differences in MOR between deckboards and stringers. Since 

the depth adjustment factor would actually increase the 

small clear MOR base value for deckboards, it was noted that 

a conservative approach would be to use the factor only to 

adjust stringers. 

Although the Depth Effect Study indicated that (F = 

(2/d) 119 ) did not work as well as other equations, it was 

decided to use this formula nevertheless. This decision was 

based on the current and historical use of this formula and 

because a rational alternative is not available based on the 

limited available data. However, it was decided not to 

apply the formula to deckboards based on the recommendations 

from the Depth Effect Study. 

For a typical depth of 3.5 inches, the depth adjustment 

factor applied to the clear wood MOR values assigned to 

stringers is 0.94. 
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Load Duration Factor 

Research has shown that the strength of wood under 

short term loading is greater than under long-term loading 

(55). The clear wood MOR values given in ASTM D 2555 were 

obtained from a standard 5-minute duration test. ASTM D 245 

defines a "normal" load duration, which assumes the 

application of the maximum design stress either continuously 

or cumulatively for 10 years, or the application of 90% of 

the maximum design stress continuously throughout the life 

of the structure, or both. An adjustment factor of 0.625 is 

used to account for this normal load duration. 

Pallets, however, are not subjected to a 10-year 

duration of load. A duration of load of two months is more 

appropriate. From Figure 5 in ASTM D 245, the ratio of 

strength for a 2-month load duration to the strength 

obtained from a standard 5-minute test is 0.72. Therefore, 

a duration of load adjustment factor of 0.72 is applied to 

the MOR values to obtain design values for pallet shook. 

The load duration factor is based on engineering 

judgement. It is unknown whether the factor should be 

applied to all properties for all situations. Until the 

forest products industry develops a more rational means of 

assessing the load duration effect, this admittedly 

arbitrary factor should stand. 
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Summary of Adjustment Factors 

The formulas which include the series of adjustment 

factors used to modify the clear wood strength and stiffness 

values to design values are as follows: 

M)R(clear wcoci) X Grade Factor X Fdepth X Fload duration= MJR(design) 

M)E(clear v.eod) X Quality Factor X F h sear = !-lJE ( design) 

Adjustment factors prescribed by ASTM D 245 but not 

used for pallet shook are a moisture content factor, a 

density factor, and a factor of safety. A moisture content 

factor was not used because of the lack of information on 

the effects of seasoning on the MOR and MOE of pallet shook. 

Research on full-size lumber indicates that the effect of 

moisture content on strength is dependent on lumber size and 

quality while the effect on stiffness is independent of size 

and quality (32). Therefore, a conservative approach is 

taken by not applying a moisture content adjustment factor 

until more information on the effect of seasoning is 

available. A density factor was also not used due to lack 

of information on the relationship between the strength and 

stiffness and the specific gravity of the various species of 
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pallet shook. A density factor would not be practical at 

this stage of the developm~nt of design values for pallet 

shook since some sophistication in grading practice and 

experience is necessary. Finally, since PDS is a 

reliability-based design procedure, a working stress factor 

of safety is not used. 

Following is an example of the process PDS uses to 

compute design values. The user specifies the species class 

and grade of shook which he is using for a particular 

pallet. Let's assume he is using a mixture of dense 

hardwoods, such as hickory, ash, elm, and oak. He will 

input #1 as his species class. Assume also that he inputs 

Grade 4&BTR. PDS then calculates MOR r,nd MOE design values 

for both stringers and deckboards as follows: 

DESIGN CLEAR WOOD GRADE LOAD 
MOR = VALUE X FACTOR X DURATION 

(deckboards) (species (4&BTR FACTOR 
class fil) deckboards) 

= 8450 psi X 0.68 X o. 72 

= 4140 psi 
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DESIGN CLEAR WOOD GRADE DEPTH LOAD MOR = VALUE X FACTOR X X DURATION (stringers) (species (4&BTR FACTOR FACTOR class #1) stringers) 

= 8450 psi X 0.66 X 0.94 X 0. 72 

= 3775 psi 

DESIGN MOE CLEAR WOOD ~UALITY (deckboards = VALUE X ACTOR 
and (species (4&BTR) 

stringers) class #1) 

= 1430 ksi X 0.95 

= 1359 ksi 

(NOTE: CLEAR WOOD MOE HAS BEEN CORRECTED FOR SHEAR) 
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Estimating Variance 

An estimate of the mean and coefficient of variation 

(C.V.) of the MOR and MOE for a particular grade and species 

class is required for design purposes. The standard 

deviation of the clear wood MOR and MOE values for each 

species is given in ASTM D 2555. However, the variance of 

the MOR and MOE of full-size pallet shook is greater than 

the clear wood variance (45). The only way to determine the 

C.V. of a particular grade and species mix of pallet shook 

is to actually test samples from a shook population and 

calculate the C.V.. The limited data available on the 

strength and stiffness of graded pallet shook does not allow 

the calculation of the C.V. for all species classes or 

grading schemes. However, a reasonable estimate of the C.V. 

can be made. 

Table 6.11 lists the coefficient of variation of the 

MOR and MOE of each grade of eastern oak deckboards and 

stringers from Spurlock's study. The general trend of 

increasing variation with decreasing shook quality (grade) 

is evident. Since these numbers represent the best 

available information on the variation of MOR and MOE values 

for pallet shook by grade, they were used to estimate the 

C.V. of the MOR and MOE by grade for any species class of 

pallet shook. 



TABLE 6. 11 

GRADE 

2&BTR 

3 

4 

CULL 

3&BTR 

4&BTR 

All SHOOK 

COEFFICIENT OF VARIATION FOR EASTERN OAK SHOOK DATA 

COEFFICIENT OF VARIATION(¾) 

HOR 
----------------------
DECK BOARDS 

18.9 

20.0 

23.5 

29.3 

19.9 

21.2 

24.3 

STRINGERS 

20.l 

22.8 

25.1 

33.5 

22.2 

24.2 

28.2 

MOE 
----------------------
DECK BOARDS 

25.l 

23.6 

27.2 

29.7 

25.6 

24.7 

27.4 

STRINGERS 

25.0 

22.2 

25.2 

29.2 

25.2 

24.3 

27.2 

I-' 
00 
I-' 
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Table 6.12 lists the appropriate coefficient of 

variation of the MOR and MOE for each grade of deckboards 

and str.ingers from each of the four grading schemes. 



TABLE 6.12 - COEFFICIENT OF VARIATION FOR EACH GRADE OF All GRADING SCHEMES 

COEFFICIENT OF VARIATION C¾) ----------------------------
MOR MOE ---------------------- ---------------------

GRADING SCHEME GRADE DECK BOARDS STRINGERS DECK BOARDS STRINGERS 

2&BTR 19 20 25 25 
3 20 23 24 22 
4 24 25 27 25 

SARDO CULL 29 34 30 29 
AtlD 

1-IAL LIN 3&BTR 20 22 26 25 
4&BTR 21 24 25 24 

All SHOOK 24 28 27 27 ------------------------------------------------------------------------------- I-' 
PRECISION 19 20 25 25 co 

w NHPCA PREMIUM/AA 20 23 24 22 
HARDI-IOOD A 24 25 27 25 

PAL LET 
SPECIFICATIONS PREMIUM/AA&BTR 20 22 26 25 

A&BTR 21 24 25 24 -------------------------------------------------------------------------------SP-l&BTR 19 20 25 25 
tll-lPCA SP-2 20 23 24 22 

SOUTHER II PINE SP-3 24 25 27 25 
PALLET 

SPEC I FI CAT IOIIS SP-2&BTR 20 22 26 25 
SP-3&BTR 21 24 25 24 

111-IPCA PREMIUM 20 22 26 25 
1-IEST COAST STAIIDARD 24 25 27 25 

SOFHIOODS / SHIPPIIIG 29 34 30 29 
tll-lPCA 

1-IHITE HOODS STAIIDARD&BTR 21 24 25 24 
PALLET SHIPPillG&BTR 24 28 27 27 

STAtlDARDS 
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Full-Size In-Grade Testing Approach 

The best approach to the development of pallet shook 

design values is that of testing full-size in-grade lumber 

sampled from commercial material. Due to the constraints of 

time and money, only yellow-poplar and eastern oak shook 

have been evaluated through such a testing program. 

Therefore, design values can be derived from actual data for 

only these two species classes. 

The means and coefficient of variation of the MOR and 

MOE for the various grades from these two data sets can be 

input to PDS with relatively little adjustment. It is 

necessary to adjust the MOR and MOE values for loading rate 

during testing, to adjust the MOE of stringers for shear 

deflection, and to adjust the MOR for duration of load. 

Both the eastern oak and the yellow-poplar were tested 

at loading rates approximately 10 times greater than the 

ASTM loading rate. An investigation of the effects of this 

increased loading rate on the MOR and MOE is discussed in 

Section 3 of this thesis. The results indicated that the 

MOR was 8.0% greater at the increased loading rate compared 

to the ASTM loading rate, while a 4.7% increase was seen for 

the MOE. Therefore the MOR values obtained at the increased 
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loading rate were divided by 1.080 and the MOE values by 

1.047 to adjust to the standard ASTM loading rate. 

A duration of load factor is also applied to the 

experimentally determined MOR values. This factor adjusts 

the MOR from an approximate 5-minute test duration to a two-

month load duration. This factor, taken from Figure 5 of 

ASTM D 245 (4), is equal to 0.72. The load duration factor 

is used in addition to the rate of loading adjustment 

factor. 

Finally, the test MOE of stringers, with an span-to-

depth ratio of 12.9, requires adjustment for the effects of 

shear deformation. However, the MOE of deckboards requires 

no adjustment due to the large span-to-depth ratio, 48, and 

a minimal effect of shear. Bodig and Jayne (9) give the 

following equation relating the test MOE to the true MOE: 

MJEtest 
!-OEtrue = (l/d) 2 

(l/d) 2 + 15.05 

This equation is for rectangular beams subjected to third-

point loading and assumes the ratio of the longitudinal 

Modulus of Elasticity to the Modulus of Rigidity to be ln. 
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Since the stringers were tested at a span of 45 inches, and 

assuming a 3.5 inch average depth, the ratio of the test MOE 

to the true MOE can be shewn to be 0.92. Therefore, the 

test MOE for stringers should be divided by 0.92 to account 

for the effect of shear deformation. 

Table 6.13 gives a summary of the adjustment factors 

applied to the MOR and MOE values determined experimentally 

for each grade. Table 6.14 presents the design values used 

by PDS for each grade of yellow-poplar and eastern oak 

pallet shook. 



TABLE 6.13 ADJUSTMENT FACTORS FOR IN-GRADE TEST VALUES 

---------------------------------------------------------------------
LOADING RATE LOAD DURATION SHEAR 

PROPERTY SIZE FACTOR FACTOR FACTOR 

DECKBOARDS l/1.08 0.72 *** 
HOR 

STRINGERS l/1,08 0.72 *** I-' 
(X) 

--.J 

DECKBOARDS l/1,047 *** *** 
HOE 

STRINGERS l/1.047 *** l/0,92 

*** NOT APPLICABLE 



TABLE 6.14 - PDS DESIGN VALUES C IN-GRADE TESTING APPROACH) 
1 __________________________________________________________________________________ _ 

PDS 
SPECIES CLASS SIZE GRADE MOR c.v. MOE c.v. 

(PSI) (¾) (10D3 PSI) (¾) 

2&BTR 5350 19.0 1400 25.1 
3 4930 20.0 1300 23.6 
4 4640 23.5 1220 27.2 

CULL 4150 29.3 1120 29.7 
DECKBOARDS 

3&BTR 5120 19.9 1340 24.7. 
4&BTR 5000 21.2 1310 25.6 

I 21 All SHOOK 4780 24.3 1260 27.4 ------------------------------------------------------------------<EASTERN OAKS) 2&BTR 5670 20.l 1400 25.0 
3 5010 22.8 1270 22.2 t---' 
4 4560 25.1 1180 25.2 CX) 

CULL 3900 33.5 1060 29.2 CX) 

STRINGERS 
3&BTR 5340 22.2 1340 24.3 
4&BTR 5080 24.2 1290 25.2 

All SHOOK 4790 28.2 1230 27.2 ------------------------------------------------------------------------------------2&BTR 5020 24.8 1460 29.5 
3 5090 26.3 1340 26.4 
4 5100 24.0 1270 24.3 

CULL 4980 26.8 1340 24.4 
DECK BOARDS 

3&BTR 5040 25.3 1420 28.9 
4&BTR 5050 25.0 1390 28.5 

I 29 All SHOOK 5040 25.2 1390 28.1 ------------------------------------------------------------------<YELLOH-POPLAR> 2&BTR 4030 17 .6 1370 36.1 
3 3720 21. 7 1270 37. 0 
4 3390 25.2 1020 26.6 

CULL 2960 33.2 950 36. 5 
STRINGERS 

3&BTR 3910 19.6 1330 36.6 
4&BTR 3820 21. 0 1280 36.9 

All SHOOK 37 30 23.1 1250 37.8 ------------------------------------------------------------------------------------
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Q-1-1 Evaluation Qf Design Values 

The pallet shook design values can be compared with 

data from tests of full-size pallet shook to evaluate their 

accuracy and applicability. ASTM D 2915 (6) provides 

standard methods for evaluating allowable properties 

assigned to grades of structural lumber. 

Since the PDS design values are averages, they can be 

compared with a confidence interval for the mean of the 

actual data. ASTM D 2915 provides the following formula for 

calculation of the confidence interval: 

CI = x + 

where: 

(ts/.;n) ~-.; 

CI= confidence interval 

x = mean from data 

t = t statistic (dependent on n and confidence level) 

s = standard deviation from data 

n = number of data points 

Assuming that the population is normally distributed, a 

given percentage of all such intervals constructed in this 

manner should contain the true mean. If the design value 

falls within this confidence interval, then it is considered 
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verified with the associated confidence. Confidence 

intervals for any single or composite grade can be found in 

this manner and compared with the corresponding design 

value. 

Evaluation Data 

Several data sets from bending tests of graded pallet 

shook were used to evaluate the respective design values. 

Spurlock's (45) eastern oak shook data and Holland's (20) 

yellow-poplar shook data provide the two largest data sets 

of graded pallet shook available. The eastern oak and 

yellow-poplar shook from the Rate of Loading Study (Section 

3) and the ash and eastern cottonwood shook from the Depth 

Effect Study (Section 4) provide two more data sets. Also 

available are results of tests conducted at Washington State 

University (48) on 90 deckboards of each of the following 

species: mixed oak, red and sugar maple, aspen, southern 

pine, and Douglas-fir. Thirty deckboards of western hemlock 

were also tested. Results from bending tests conducted at 

Oregon State University (7) on red alder and bigleaf maple 
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pallet shook are also available, although the shook in thi~ 

study was not graded. All material was green except the 

deckboards tested at Washington State University, which were 

air-dry. 

To allow comparison, the design values and actual test 

data were reduced to the same level. This required 

adjusting the actual test MOR and MOE to the ASTM standard 

loading rate, as well as omitting the 

adjustment to the MOR design values. 

duration of load 

(Alternatively, the 

duration of load adjustment factor could have been applied 

to the MOR design values as well as the actual MOR data). 

The MOE for stringers from actual tests was also corrected 

for shear deformation before comparing to the design values. 

The tests conducted at Washington State University were 

on air-dry deckboards. Therefore, the design values 

compared to this data set were adjusted to a 19% maximum 

moisture content using the adjustment factors of 1.25 for 

MOR and 1.14 for MOE as given in ASTM D 245 for material 4 

inches and less in thickness. Due to the lack of 

information on the effects of seasoning for pallet shook, 

these adjustment factors are questionable. No adjustment 

for moisture content is made to 

use. The adjustment was made 

PDS design values in actual 

here to hopefully make the 

comparison of design values and actual data more realistic. 
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The design values to be compared to the actual shook 

data were based on small clear values for only the species 

represented by the test data and not necessarily the clear 

wood values for a particular PDS species class. For 

example, the test data for eastern cottonwood was compared 

with design values based on eastern cottonwood clear wood 

values and not clear wood values for PDS Species Class 7, 

which includes eastern cottonwood. 

Verification 

Figures 6.1 through 6.4 present a visual comparison of 

design values and confidence intervals for Spurlock's 

eastern oak shook data. Necessary adjustments to the design 

values and data are indicated in the figure footnotes. 

Table F-1 in the appendix presents a numerical comparison of 

design values and confidence intervals for data from each of 

the previously mentioned data sets, including Spurlock's 

data. Any necessary adjustments to the design values or 

data are indicated in the table footnotes. 



193 

A general trend evident from Figure 6.1 and 6.2 and 

Table F-1 is the increasing conservitism in the MOR design 

values for single grades as the shook quality decreases. 

Grade 2&BTR MOR design values are close to or within the 

actual data confidence interval, while Grade 4 and Cull 

design values are far below the confidence interval. These 

differences are explained by the general trends seen in the 

estimated and actual strength ratios shown in Section 5 of 

this thesis. The ASTM strength ratios were fairly close to 

the actual strength ratios for small defects but became 

increasingly conservative as the magnitude of the defect 

increased. Since the MOR design values are derived using 

ASTM strength ratios, the design values for higher grades of 

shook would more closely reflect the actual data than those 

for lower grades of shook. 

As indicated by the Average and Composite Grade Mix, 

the higher quality grades account for the largest percentage 

of pallet shook. The grade factors for the high quality 

single grades are therefore heavily weighted in the 

calculation of the composite grade factors. Therefore, MOR 

design values for composite grades containing lower quality 

single grades are much less conservative than the design 

values for the lower quality single grades themselves. 



MOR 
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FIGURE 6.1 - COMPARISON OF DESIGN VALUES AND CONFIDENCE 
INTERVALS FOR DECKBOARDS FROM OAK SHOOK STUDY (45) 

• DESIGN VALUE (UNADJUSTED FOR DURATION OF LOAD) 

95l CONFIDENCE INTERY AL LIMITS FOR DAT A 
(ADJUSTED TO ASTM LOADING RATE) 
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FIGURE 6.2 - COMPARISON OF DESIGN VALUES AND CONFIDENCE 
INTERVALS FOR STRINGERS FROM OAK SHOOK STUDY (45) 

• DESIGN VALUE (UNADJUSTED FOR DURATION OF LOAD) 

95% CONFIDENCE INTERVAL LIMITS FOR DA TA 
(ADJUSTED TO ASTM LOADING RATE) 
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As can be seen from Figures 6.3 and 6.4 and Table F-1, 

the MOE design values are generally within or are closer to 

the actual data confidence intervals than are the MOR design 

values. While the MOR design values never exceed the upper 

limit of the actual data confidence interval, the MOE design 

values occassionally do. The overestimation of the actual 

MOE is slight, however, and since even a gross 

overestimation of the MOE would only result in a possible 

serviceability failure, the MOE design values appear 

reasonable. 

Although the MOR design values are generally 

conservative, and are increasingly so with decreasing shook 

quality, this is certainly more desirable than 

overestimation of the MOR, which could lead to unacceptable 

failure. Given the known limitations of the strength ratio 

concept and the modified clear wood value approach in 

general, the MOR design values are judged acceptable until 

in-grade test data becomes available. Since design values 

for the lowest quality single grades will seldom be needed 

by most PDS users, the very conservative trend seen for the 

lower grade MOR design values should not pose a serious 

problem. A possible exception is the case of the West Coast 

manufacturer producing pallets from Shipping grade shook 

under the West Coast Softwoods or White Woods grading 
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FIGURE 6.3 - COMPARISON OF DESIGN VALUES AND CONFIDENCE 
INTERVALS FOR DECKBOARDS FROM OAK SHOOK STUDY (45) 

• DESIGN VALUE 

95% CONFIDENCE INTERVAL LIMITS FOR DA TA 
(ADJUSTED TO ASTM LOADING RATE) 
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FIGURE 6.4 - COMPARISON OF DESIGN VALUES AND CONFIDENCE 
INTERVALS FOR STRINGERS FROM OAK SHOOK STUDY ( 45) 

• DESIGN VALUE 

95% CONFIDENCE INTERVAL LIMITS FOR DA TA 
(ADJUSTED TO ASTM LOADING RATE, 
CORRECTED FOR SHEAR DEFORMATION) 
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scheme. Unfortunately, the lack of test data prJvents an 

evaluation of the design values for these species and 

grading schemes. Until such data is obtained, the design 

values, as derived, remain the best available. 
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CONCLUSION 

Estimates of the mean and standard deviation of bending 

strength and stiffness for any species of pallet shook are 

required as PDS input. Two different approaches were used 

to develop design values. The best approach is testing 

full-size in-grade lumber sampled from commercial material. 

Yellow-poplar and eastern oak shook have been evaluated 

through such a testing program, and thus design values based 

on actual data are available for these two species classes. 

The other approach uses strength and stiffness values 

of small, clear, green specimens modified by a series of 

adjustment factors to account for the end-use 

characteristics of the full-size piece. This approach is 

not as desirable as the in-grade testing approach due to the 

inherent uncertainty in the extrapolation of small, clear 

properties to those of full-size material with defects. 

However, for those species for which only small, clear 

specimen data is available, this is the only rational method 

of developing design values. 

Although there are no universally accepted grades or 

grading schemes for pallet shook in the United States, there 

are some quality criteria used by a sizeable portion of the 
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pallet industry. Therefore, these existing criteria were 

used in the development of design values for pallet shook. 

To simplify the modified clear wood value approach, 

several species classes were created, each of which includes 

one to several species. Small, clear, green strength and 

stiffness values were then developed for each species class. 

Grade Factors and Quality Factors are used to adjust the 

clear wood MOR and MOE, respectively, for the effect of 

defects in the full-size shook. While the Quality Factors 

were experimentally determined based on the oak shook data, 

the Grade Factors are based on the ASTM D 245 strength 

ratios. Grade and Quality Factors were developed for both 

single and composite grades (grades composed of two or more 

single grades). The composite factors are based on the 

factors for single grades as well as the grade mix of shook 

as determined from all available data. Other adjustment 

factors include a load duration factor for MOR, a depth 

factor for stringer MOR, and a shear factor for MOE. 

The design values developed via the modified clear wood 

value approach were evaluated by comparing to existing data 

from tests of full-size shook. The MOE design values were 

reasonably close to values from actual data, as were the MOR 

design values for high quality grades. The MOR design 
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values for lower quality grades were very conservative, 

however. This was attributed to the conservatism in the 

ASTM strength ratios (upon which Grade Factors are based) in 

predicting strength for pieces with large knots (see Section 

5). The MOR design values for composite grades, which are 

largely composed of the higher quality single grades, were 

much less conservative. Since design values for lower 

quality single grades will seldom be required by most PDS 

users, their conservatism should not pose a serious problem. 

A possible exception is the case of the West Coast 

manufacturer producing pallets from Shipping grade shook 

under the West Coast Softwoods or White Woods grading 

scheme. However, until test data for these species and 

grading schemes is obtained, the design values, as derived, 

remain the best available. 

Given the inherent uncertainties in the modified clear 

wood value approach, some degree of conservatism is 

desirable. Therefore, until in-grade test data becomes 

available, design values developed via the modified clear 

wood value approach are judged acceptable. 
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DEFECT CODE 
(FOURTEEN DIGIT NUMERICAL CODE 

USED TO RECORD TYPE, SIZEf AND LOCATION 
OF DEFECTS IN PALLE SHOOK) 

FIRST TWO DIGITS - RELATION TO LOAD POINTS AND SUPPORTS 

00 - TENSION SIDE BETWEEN LOAD POINTS 
01 - COMPRESSION SIDE BETWEEN LOAD POINTS 
02 - TENSION SIDE BETWEEN SUPPORT AND LOAD POINT 
03 - COMPRESSION SIDE BETWEEN SUPPORT AND LOAD POINT 
06 - COMPRESSION SIDE AT LOAD POINT 
07 - TENSION SIDE AT LOAD POINT 
08 - TENSION AND COMPRESSION SIDES BETWEEN LOAD POINTS 
09 - TENSION AND COMPRESSION SIDES BETWEEN SUPPORT AND LOAD POINT 
10 - TENSION AND COMPRESSION SIDES AT LOAD POINT 

THIRD AND FOURTH DIGITS 
DEFECT TYPE 

10 - CLEAR WOOD 

11 - NARROW FACE KNOT 
INTERGROWN 

12 - NARROW FACE KNOT 
ENCASED 

13 - NARROW FACE KNOT 
UNSOUND 

14 - WIDE FACE KNOT, CENTER LINE 
INTERGROWN 

15 - WIDE FACE KNOT, 
ENCASED· 

CENTER LINE 
16 - WIDE FACE KNOT, 

UNSOUND 
CENTER LINE 

17 - WIDE FACE KNOT, 
INTERGROWN 

EDGE 
18 - WIDE FACE KNOT, EDGE 

ENCASED 
19 - WIDE FACE KNOT, EDGE UNSOUND 
20 - KNOT HOLE, CENTER LINE 
21 - KNOT HOLE, EDGE 
22 - KNOT HOLH; NARROW FACE 
23 - GRUB OR RIDO HOLES 
24 - PIN HOLE 

FIF":H AND SIXTII DIGITS 
DEFECT SIZE 

00 

DIAMETER 
(FIFTH DIGIT= INCHES 

SIXTII DIGIT= ONE-EIGHTS 
OF AN INCH) 



33 - UNSOUND WOOD 
34 - DISTORTED GRAIN OR BURL 
41 - BARK POCKETS 
42 - SHAKE 

43 - SEASONING OR ROLLER CHECK 

44 - SPLITS 
45 - SKIP 
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47 - MANUFACTURING (MACHINED EDGE) 
49 - CROSSBREAK 
50 - SAW CUT 

51 - SLOPE OF GRAIN 
52 - WANE 

60 - LOCAL GRAIN DEVIATION 

61 - THICKNESS MISMANUFACTURE 
62 - PITH 

63 - SOUND EDGE KNOT CLUSTER 
64 - SOUND CENTER KNOT CLUSTER 
66 - UNSOUND EDGE KNOT CLUSTER 
67 - UNSOUND CENTER KNOT CLUSTER 
90 - MULTIPLE SMALL KNOTS 
91 - INSUFFICIENT SPACING BETWEEN KNOTS 

% CROSS SECTION 
DIAMETER 
MAXIMUM THICKNESS 
01 FOR LIGHT, NOT THROUGH 
02 FOR MEDIUM, NOT THROUGH 
03 FOR HEAVY, NOT THROUGH 
11 FOR LIGHT, THROUGH 
12 FOR MEDIUM, THROUGH 
13 FOR HEAVY, THROUGH 
01 FOR SURFACE 
02 FOR SMALL, THROUGH 
03 FOR MEDIUM, THROUGH 
04 FOR LARGE, THROUGH 
LENGTH IN INCHES 
01 FOR LIGHT 
02 FOR MEDIUM 
03 FOR HEAVY 
00 
% CROSS SECTION 
01 SAW CUT THROUGH EDGE 
02 ALL OTHER SAW CUTS 
RUN OF SLOPE 
FIFTH DIGIT= FOURTHS WIDTH 
SIXTH DIGIT= FOURTHS THICK 
RUN OF SLOPE 
(00 IF LESS THAN 1 IN 1) 
00 
01 FACE 
02 BOXED 
DIAMETER 

NUMBER OF KNOTS 
SPACING ( INCHES) 
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SEVENTH DIGIT - RELATIONSHIP BETWEEN DEFECT, FACES, AND EDGES 

1 - DEFECT INTERSECTS 1 EDGE O FACES 
2 - DEFECT INTERSECTS 2 EDGES, 0 FACES 
3 - DEFECT INTERSECTS O EDGES, 1 FACE 
4 - DEFECT INTERSECTS 1 EDGE 1 FACE 
5 - DEFECT INTERSECTS 2 EDGES, 1 FACE 
6 - DEFECT INTERSECTS O EDGES, 2 FACES 
7 - DEFECT INTERSECTS 1 EDGE 2 FACES 
8 - DEFECT INTERSECTS 2 EDGES, 2 FACES 

EIGHTH THROUGH TENTH DIGITS - X-AXIS COORDINATES OF DEFECT 

EIGHTH AND NINTH DIGITS - X-AXIS COORDINATE (INCHES) 
TENTH DIGIT - X-AXIS COORDINATE (ONE-EIGHTHS OF AN lNCH) 

ELEVENTH AND TWELVETH DIGITS - Y-AXIS COORDINATE OF DEFECT 

ELEVENTH DIGIT - Y-AXIS COORDINATE (INCHES) 
TENTH DIGIT - Y-AXIS COORDINATE (ONE-EIGH11fS OF AN INCH) 

THIRTEENTH AND FOURTEENTH DIGITS - Z-AXIS COORDINATE OF DEFECT 

THIRTEENTH DIGIT - Z-AXIS COORDINATE (INCHES) 
FOURTEENTH DIGIT - Z-AXIS COORDINATE (ONE-EIGHTS OF AN INCH) 
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FAILURE CODE 

(THREE DIGIT NUMERICAL CODE USED TO RECORD 
TYPE, LOCATION, AND INITIATOR OF FAILURE) 

FIRST DIGIT - LOCATION OF FAILURE 

0 = NO FAILURE 
1 = BETWEEN LOAD POINTS 
2 = BETWEEN SUPPORT AND LOAD POINT 
3 = AT LOAD POINT 

SECOND DIGIT - TYPE OF FAILURE 

0 = EXCESS DEFLECTION 
1 = TENSION 
2 = COMPRESSION 
3 = SHEAR 
4 = BRASH TENSION 

TIIIRD DIGIT - INITIATOR OF FAILURE 

0 = EXCESS DEFLECTION 
1 = FIRST DEFECT RECORDED 
2 = SECOND DEFECT RECORDED 
3 = THIRD DEFECT RECORDED 
4 = FOURTH DEFECT RECORDED 
5 = CLEAR WOOD 
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APPENDIX C 

Pallet Shook Grading Computer Program 
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le l, l4 l, l, ,\le* l, A le>', c/c Al, A A it/c /ch,\ hl( Jc I, le A A-lrlr/ .. /, >'< >'c A >'c /c /c-lrlciclc/c >'c )l /cl, I, A le A Jc le I, le le Jc A ,'rltit ff le le ,'c/c 

* * * * * * 

PROGRAM SHOOK GRADER 
WRIITEN BY JOHN A. MCLEOD III 

DECEMBER 1983 

* * * * * * * THIS PROGRAM DETERMINES THE GRADE OF PALLET SHOOK * * BASED ON THE GRADING SCHEME PROPOSED BY SARDO AND WALLIN * * IN THE PEP STUDY REPORT (42). IT IS SET-UP TO WORK WITH * * THE STATISTICAL ANALYSIS SYSTEM (SAS). * * REQUIRED INPUT DATA INCLUDES THE FOLLOWING: * * SIZE (DECKBOARD VS. STRINGER) * * CROSS-SECTIONAL DIMENSIONS Ot PIECE * 
~~~7.~~9.~f. ... 9.~J~L~££W~H ... ~f.f.f.~~~ ..... ,h***>'•>'•hl,/,l<lo',l,i<il~ 

DATA IN· 
INPUT SIZE$ 3 NUMBER 4-5 WIDTH 7-11 THICK 13-17 

#2 POSF 2-3 
TYPEF 4-5 SIZEF 6-7 EXTENTF 8 XF 10-12 YF 14-15 ZF 17-18 POSA 20-21 
TYPEA 22-23 SIZEA 24-25 EXTENTA 26 XA 28-30 YA 32-33 ZA 35-36 
POSB 38-39 TYPEB 40-41 SIZEB 42-43 EXTENTB 44 XB 46-48 YB 50-51 
ZB 53-54 POSC 56-57 TYPEC 58-59 SIZEC 60-61 EXTENTC 62 XC 64-66 
YC 68-69 ZC 71-72; 

GRADE = 1; 
IF TYPEF=lO THEN GO TO CLEAR· 
IF SIZE= 'S' THEN GO TO STRING; 
ELSE GO TO DECKBD; 
STRING: IF TYPEF GE 11 AND TYPEF LE 22 AND SIZEF GT 4 THEN GO TO SKNOT; 
IF TYPEF GE 63 AND TYPEF LE 67 AND SIZEF GT 4 THEN GO TO SKNOT; 
IF TYPEF = 34 THEN GO TO SKNOT; 
IF TYPEA GE 11 AND TYPEA LE 22 AND SIZEA GT 4 THEN GO TO SKNOT; 
IF TYPEA GE 63 AND TYPEA LE 67 AND SIZEA GT 4 THEN GO TO SKNOT; 
IF TYPEA = 34 THEN GO TO SKNOT; 
IF TYPEB GE 11 AND TYPEB LE 22 AND SIZEB GT 4 THEN GO TO SKNOT; 
IF TYPEB GE 63 AND TYPEB LE 67 AND SIZEB GT 4 THEN GO TO SKNOT; 
IF TYPEB = 34 THEN GO TO SKNOT; 
IF TYPEC GE 11 AND TYPEC LE 22 AND SIZEC GT 4 THEN GO TO SKNOT; 
IF TYPEC GE 63 AND TYPEC LE 67 AND SIZEC GT 4 THEN GO TO SKNOT; 
IF TYPEC = 34 THEN GO TO SKNOT; 
GO TO SSLOPE; 
SKNOT: Xl=O; X2=0· X3=0· 
IF TYPEF GE 11 AND TYPEF LE 
IF TYPEF GE 63 AND TYPEF LE 
IF TYPEA GE 11 AND TYPEA LE 
IF TYPEA GE 63 AND TYPEA LE 
IF TYPEB GE 11 AND TYPEB LE 
IF TYPEB GE 63 AND TYPEB LE 

X4=0; 
24 AND SIZEF GT 4 THEN Xl=XF; 
67 AND SIZEF GT 4 THEN Xl=XF; 
24 AND SIZEA GT 4 THEN X2=XA; 
67 AND SIZEA GT 4 THEN X2=XA; 
24 AND SIZEB GT 4 THEN X3=XB; 
67 AND SIZEB GT 4 THEN X3=XB; 
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IF TYPEC GE 11 AND TYPEC LE 24 AND SIZEC GT 4 THEN X4=XC; 
IF TYPEC GE 63 AND TYPEC LE 67 AND SIZEC GT 4 THEN X4=XC; 
GHAND: IF SIZE= 'S' THEN XX=14; 
If ~iz~T=o·~~NG~xo3~~D ABS x1 - x2j LT xx THEN GO To FLAG; 
IF Xl GT O AND X3 GT O AND ABS Xl - X3 LT XX THEN GO TO FLAG; 
IF Xl GT O AND X4 GT O AND ABS Xl - X4 LT XX THEN GO TO FLAG; 
IF X2 GT O AND X3 GT O AND ABS X2 - X3 LT XX THEN GO TO FLAG; 
IF X2 GT O AND X4 GT O AND ABS X2 - X4 LT XX THEN GO TO FLAG; 
IF X3 GT O AND X4 GT O AND ABS X3 - X4 LT XX THEN GO TO FLAG; 
IF TYPEF = 34 THEN Xl = XF; 
IF TYPEA = 34 THEN X2 = XA; 
IF TYPEB = 34 THEN X3 = XB; 
IF TYPEC = 34 THEN X4 = XC· 
IF SIZE= 'D' THEN GO TO DFATHl· 
XSECT = WIDTH"'THICK; GO TO SPA'I'Hl; 
SPATH!: IF Xl GT O THEN GO TO SRF; 
SPATH2: IF X2 GT O THEN GO TO SRA; 
SPATH3: IF X3 GT O THEN GO TO SRB; 
SPATH4: IF X4 GT O THEN GO TO SRC; 
GO TO SSLOPE· 
SRF: NUM=l; TIPE=TYPEF; EXTENT=EXTENTF; SZZE=SIZEF; X=Xl; GO TO SRSIZE; 
SRA: NUM=2; TYPE=TYPEA; EXTENT=EXTENTA; SZZE=SIZEA; X=X2; GO TO SRSIZE; 
SRB: NUM=3; TYPE=TYPEB; EXTENT=EXTENTB; SZZE=SIZEB; X=X3; GO TO SRSIZE; 
SRC: NUM=4; TYPE=TYPEC; EXTENT=EXTENTC; SZZE=SIZEC; X=X4; GO TO SRSIZE; 
SRSIZE: SS = INT(SZZE/10); 
SZE= SS + (SZZE/10 - SS) *10/8; 
IF TYPE=ll OR TYl'E=12 OR TYPE=13 OR TYPE=22 THEN ASZE=WIDTH>'•SZE/4; 
IF TYPE GE 14 AND TYPE LE 21 AND EXTENT LE 5 THEN ASZE=THICK"•SZt/2; 
IF TYPE GE 63 AND TYPE LE 67 AND EXTENT LE 5 THEN ASZE=THICK"•SZE/2; 
IF TYPE GE 14 AND TYPE LE 21 AND EXTENT GE 6 THEN ASZE=THICK*SZE/1.3; 
IF TYPE GE 63 AND TYPE LE 67 AND EXTENT GE 6 THEN ASZE=THICK*SZE/1.3; 
IF TYPE=34 THEN ASZE=THICK*SZE/2; 
IF TYPE=20 OR TYPE=21 OR TYPE=22 THEN ASZE=ASZE*2· 
IF (ASZE/XSECT) GT .25 AND (ASZE/XSECT) LE .33 ANb GRADE LT 2 

THEN LINK GRADE2; 
IF (ASZE/XSECT) GT .33 AND (ASZE/XSECT) LE .5 AND GRADE LT 3 

THEN LINK GRADE3; 
IF (ASZE/XSECT) GT .5 THEN LINK GRADE4; 
IF GRADE=4 THEN RETURN; 
IF TYPE NE 34 AND X GT O AND X LE 150 AND GRADE LT 2 

THEN LINK GRADE2; 
IF TYPE NE 34 AND X GE 330 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPE NE 34 AND X GT O AND X LE 150 AND (ASZE/XSECT) GT .25 

AND (ASZE/XSECT) LE .33 AND GRADE LT 3 THEN LINK GRADE3; 
IF TYPE NE 34 AND X GE 330 AND (ASZE/XSECT) GT .25 

AND (ASZE/XSECT) LE .33 AND GRADE LT 3 THEN LINK GRADE3; 
IF TYPE NE 34 AND X GT O AND X LE 150 AND (ASZE/XSECT) GT .33 

THEN LINK GRADE4; 
IF TYPE NE 34 AND X GE 330 AND (ASZE/XSECT) GT .33 



TREN LINK GRADE4· 
IF GRADE=4 THEN RETURN; 
IF NUM=l THEN GO TO SPATH2; 
IF NUM=2 THEN GO TO SPATH3; 
IF NUM=3 THEN GO TO SPATH4; 
IF NUM=4 THEN GO TO SSLOPE; 
SSLOPE: NUM=O· 
IF TYPEF=Sl THEN NUM=l; 
IF TYPEA=S 1 THEN NUM=2; 
IF TYPEB=Sl THEN NUM=3; 
IF TYPEC=Sl THEN NUM=4; 
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IF NUM=O THEN GO TO SDIST; 
IF NUM=l THEN SZZE=SIZEF; 
IF NUM=2 THEN SZZE=SIZEA; 
IF NUM=3 THEN SZZE=SIZEB; 
IF NUM=4 THEN SZZE=SIZEC· 
IF SZZE LT 10 AND SZZE GE 8 AND GRADE LT 2 THEN LINK GRADE2; 
IF SZZE LT 8 AND SZZE GE 6 AND GRADE LT 3 THEN LINK GRADE3; 
IF SZZE LT 6 THEN LINK GRADE4; 
IF GRADE= 4 THEN RETURN; 
SDIST: IF TYPEF=60 THEN NUM=l; 
IF TYPEA=60 THEN NUM=2; 
IF TYPEB=60 THEN NUM=3; 
IF TYPEC=60 THEN NUM=4· 
IF TYPEF=60 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPEA=60 AND GRADE LT 2 THEN LINK GRADE2· 
IF TYPEB=60 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPEC=60 AND GRADE LT 2 THEN LINK GRADE2; 
IF SIZE= 'D' THEN GO TO DSPLIT; 
SSPLIT: NUM = O· 
IF TYPEF=42 THEN NUM=l; 
IF TYPEA=42 THEN NUM=2; 
IF TYPEB=42 THEN NUM=3; 
IF TYPEC=42 THEN NUM=4; 
IF NUM = 0 THEN GO TO SSPLIT2; 
IF NUM=l THEN SZZE = SIZEF; 
IF NUM=2 THEN SZZE = SIZEA; 
IF NUM=3 THEN SZZE = SIZEB; 
IF NUM=4 THEN SZZE = SIZEC; 
IF SZZE NE 1 AND SZZE NE 11 AND GRADE LT 2 THEN LINK GRADE2; 
SSPLIT2: NUM = O· 
IF TYPEF=43 THEN NUM=l; 
IF TYPEA=43 THEN NUM=2; 
IF TYPEB=43 THEN NUM=3; 
IF TYPEC=43 THEN NUM=4; 
IF NUM = 0 THEN GO TO SSPLIT3; 
IF NUM=l THEN SZZE = SIZEF; 
IF NUM=2 THEN SZZE = SIZEA; 
IF NUM=3 THEN SZZE = SIZEB; 
IF NUM=4 THEN SZZE = SIZEC; 
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IF SZZE GT 3 AND GRADE LT 2 TIIEN LINK GRADE2; 
SSPLIT3: NUM = O· 
IF TYPEF=44 TIIEN NUM=l; 
IF TYPEA=44 THEN NUM=2; 
IF TYPEB=44 TIIEN NUM=3; 
IF TYPEC=44 TIIEN NUM=4· 
IF NUM=l THEN SZZE = siZEF; 
IF NUM=2 THEN SZZE = SIZEA; 
IF NUM=3 THEN SZZE = SIZEB; 
IF NUM=4 TIIEN SZZE = SIZEC· 
IF SIZE='D' THEN GO TO DSPLITE; 
IF NUM = 0 THEN GO TO SWANE; 
IF SZZE GT 12 AND SZZE LE 24 AND GRADE LT 2 TiiEN LINK GRADE2; 
IF SZZE GT 24 AND SZZE LE 36 AND GRADE LT 3 THEN LINK GRADE3; 
IF SZZE GT 36 THEN LINK GRADE4; 
IF GRADE=4 TIIEN RETURN· 
SWANE: IF TYPEF=52 ANb GRADE LT 2 TIIEN LINK GRADE2; 
IF TYPEA=52 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPEB=52 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPEC=52 AND GRADE LT 2 THEN LINK GRADE2; 
SDECAY: NUM=O· 
IF TYPEF=33 THEN SZZE=SIZEF AND NUM=l; 
IF TYPEA=33 THEN SZZE=SIZEA AND NUM=2; 
IF TYPEB=33 THEN SZZE=SIZEB AND NUM=3; 
IF TYPEC=33 THEN SZZE=SIZEC AND NUM=4; 
IF NUM = 0 THEN GO TO SPITH; 
IF SZZE LE 12 AND GRADE LT 2 TIIEN LINK GRADE2· 
IF SZZE GT 12 AND SZZE LE 25 AND GRADE LT 3 THEN LINK GRADE3; 
IF SZZE GT 25 THEN LINK GRADE4; 
IF GRADE=4 THEN RETURN· 
SPITH: IF TYPEF=62 THEN NUM=l; 
IF TYPEA=62 THEN NUM=2; 
IF TYPEB=62 THEN NUM=3; 
IF TYPEC=62 THEN NUM=4· 
IF TYPEF=62 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPEA=62 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPEB=62 AND GRADE LT 2 THEN LINK GRADE2; 
IF TYPEC=62 AND GRADE LT 2 THEN LINK GRADE2; 
RETURN; 
DECKBD: IF TYPEF GE 14 AND TYPEF LE 21 AND SIZEF GT 4 TIIEN GO TO DKNOT; 
IF TYPEF GE 63 AND TYPEF LE 67 AND SIZEF GT 4 TIIEN GO TO DKNOT; 
IF TYPEF = 34 THEN GO TO DKNOT; 
IF TYPEA GE 14 AND TYPEA LE 21 AND SIZEA GT 4 THEN GO TO DKNOT; 
IF TYPEA GE 63 AND TYPEA LE 67 AND SIZEA GT 4 THEN GO TO DKNOT; 
IF TYPEA = 34 THEN GO TO DKNOT; 
IF TYPEB GE 14 AND TYPEB LE 21 AND SIZEB GT 4 THEN GO TO DKNOT; 
IF TYPEB GE 63 AND TYPEB LE 67 AND SIZEB GT 4 THEN GO TO DKNOT; 
IF TYPEB = 34 THEN GO TO DKNOT; 
IF TYPEC GE 14 AND TYPEC LE 21 AND SIZEC GT 4 TIIEN GO TO DKNOT; 
IF TYPEC GE 63 AND TYPEC LE 67 AND SIZEC GT 4 THEN GO TO DKNOT; 
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IF TYPEC = 34 THEN GO TO DKNOT; 
GO TO DSLOPE; 
DKNOT: Xl=O; X2=0; X3=0; X4=0; 
IF TYPEF GE 14 AND TYPEF LE 21 AND SIZEF GT 4 THEN Xl=XF; 
IF TYPEF GE 63 AND TYPEF LE 67 AND SIZEF GT 4 THEN Xl=XF; 
IF TYPEA GE 14 AND TYPEA LE 21 AND SIZEA GT 4 THEN X2=XA; 
IF TYPEA GE 63 AND TYPEA LE 67 AND SIZEA GT 4 THEN X2=XA; 
IF TYPEB GE 14 AND TYPEB LE 21 AND SIZEB GT 4 TIIEN X3=XB; 
IF TYPEB GE 63 AND TYPEB LE 67 AND SIZEB GT 4 TIIEN X3=XB; 
IF TYPEC GE 14 AND TYPEC LE 21 AND SIZEC GT 4 THEN X4=XC; 
IF TYPEC GE 63 AND TYPEC LE 67 AND SIZEC GT 4 THEN X4=XC; 
GO TO GHAND; 
DPATiil: IF Xl GT O TIIEN GO TO DRF; 
DPATII2: IF X2 GT O THEN GO TO DRA; 
DPATII3: IF X3 GT O TIIEN GO TO DRB; 
DPATII4: IF X4 GT O THEN GO TO DRC; 
GO TO DSLOPE· 
DRF: NUM=l; t'YPE=TYPEF; SZZE=SIZEF; EXTENT=EXTENTF; X=Xl; GO TO DRSIZE; 
DRA: NUM=2; TYPE=TYPEA; SZZE=SIZEA; EXTENT=EXTENTA; X=X2; GO TO DRSIZE; 
DRB: NUM=3; TYPE=TYPEB; SZZE=SIZEB; EXTENT=EXTENTB; X=X3; GO TO DRSIZE; 
DRC: NUM=4; TYPE=TYPEC; SZZE=SIZEC; EXTENT=EXTENTC; X=X4; GO TO DRSIZE; 
DRSIZE: SS = INT(SZZE/10); 
SZE= SS + (SZZE/10 - SS) *10/8; 
ASZE=SZE/WIDTII· 
IF TYPE=20 OR 1'YPE=21 THEN ASZE = ASZE*2; 
IF ASZE GT .25 AND ASZE LE .33 AND GRADE LT 2 THEN LINK GRADE2; 
IF ASZE GT .33 AND ASZE LE .50 AND GRADE LT 3 THEN LINK GRADE3; 
IF ASZE GT .5 TIIEN LINK GRADE4; 
IF GRADE=4 THEN RETURN; 
IF X LE 30 OR X GE 390 

OR TYPE=17 OR TYPE=18 OR TYPE=19 OR TYPE=21 OR TYPE=63 
OR TYPE=66 TIIEN LINK IG· 

IF X LE 30 OR X GE 390 OR 1'YPE=17 OR TYPE=18 OR TYPE=19 OR TYPE=21 
OR TYPE=63 OR TYPE=66 TIIEN LINK IG· 

IF X LE 30 OR X GE 390 OR TYPE=17 OR 1'YPE=18 OR TYPE=19 OR TYPE=21 
OR TYPE=63 OR TYPE=66 THEN LINK IG; 

IF GRADE=4 THEN RETURN; 
IF NUM=l THEN GO TO DPATII2; 
IF NUM=2 TIIEN GO TO DPATH3; 
IF NUM=3 TIIEN GO TO DPATII4; 
IF NUM=4 THEN GO TO DSLOPE; 
DSLOPE: GO TO SSLOPE; 
DSPLIT: GO TO SSPLIT· 
DSPLITE: IF NUM=O TIIEN GO TO DDECAY· 
IF SZZE GT 11 AND SZZE LE 21 AND GRAbE LT 2 TIIEN LINK GRADE2; 
IF SZZE GT 21 AND SZZE LE 32 AND GRADE LT 3 THEN LINK GRADE3; 
IF SZZE GT 32 TIIEN LINK GRADE4; 
IF GRADE=4 TifEN RETURN; 
DDECAY: GO TO SDECAY· 
IG: IF GRADE LT 2 THEN LINK GRADE2; 
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IF ASZE GT .25 AND ASZE LE .33 AND GRADE LT 3 THEN LINK GRADE3; 
IF ASZE GT .33 THEN LINK GRADE4; 
RETURN; 
GRADE2: GRADE=2; DEF=NUM; RETURN; 
GRADE3: GRADE=3; DEF=NUM; RETURN; 
~RtiE~6REG~~~=~~EDg~r~~ ~iji!~; A CRITICAL SPACING THEN THE SUM * OF THE KNOT SIZES ARE USED TO CALCULATE THE APPROPRIATE GRADE. * IN THIS CASE, THE GRADE IS REPORTED AS "5". THE ACTUAL GRADE * (1 - 4) MUST BE DETERMINED BY HAND. 
FLAG: GRADt=5; 
RETURN; 
CLEAR: GRADE=l; DEF=O; 
CARDS; 
DATA NULL ; 
SET IN· -
FILE PUNCH NOTITLE; 
PUT @3 SIZE $1. @4 NUMBER Z2. @7 WIDTH 5.3 

@13 THICK 5.3 
#2 @ 30 GRADE 1. 
#3 @2 POSF Z2. @4 TYPEF Z2. @6 SIZEF Z2. @8 EXTENTF 1. 

26 EXTENTA 1. @28 XA Z3. @32 YA Z2. @35 ZA Z2. @38 POSB Z2. 110 XF Z3. @14 YF Z2. @17 ZF Z2. @20 POSA Z2. @22 TYPEA Z2. 
24 SIZEA Z2. 

40 TYPEB Z2. @42 SIZEB Z2. @44 EXTENTB 1. @46 XB Z3. @50 YB Z2. 
53 ZB Z2. @56 POSC Z2. @58 TYPEC Z2. @60 SIZEC Z2. @62 EXTENTC 1. 
64 XC Z3. @68 YC Z2. @71 ZC Z2.; 

I* 
II 
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APPENDIX D 

Pallet Shook Strength Ratio Computer Program 
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PROGRAM SHOOK ESR 
WRITIEN BY JOHN A. MCLEOD III 

SEPTEMBER 1983 
THIS PROGRAM CALCULATES THE ESTIMATED STRENGTH RATIO 

OF PALLET STRINGERS AND DECKBOARDS 
ACCORDING TO THE EQUATIONS GIVEN IN 
ASTM D 245 (4). IT IS SET-UP TO WORK 
WITH THE STATlSTICAL ANALYSIS SYSTEM (SAS). 

REQUIRED INPUT INCLUDES THE FOLLOWING: 
SIZE (DECKBOARD VS. STRINGER) 
CROSS-SECTIONAL DIMENSIONS 
NUMERICAL DEFECT CODE (SEE APPENDIX A) 

DATA IN; 
INPUT SIZE$ 3 NUMBER 4-5 WIDTH 7-11 

THICK 13-li 
#2 POSF 2-3 
TYPEF 4-5 SIZEF 6-7 EXTENTF 8 XF 10-12 YF 14-15 ZF 17-18 POSA 20-21 
TYPEA 22-23 SIZEA 24-25 EXTENTA 26 XA 28-30 YA 32-33 ZA 35-36 
POSB 38-39 TYPEB 40-41 SIZEB 42-43 EXTENTB 44 XB 46-48 YB 50-51 
ZB 53-54 POSC 56-57 TYPEC 58-59 SIZEC 60-61 EXTENTC 62 XC 64-66 
YC 68-69 ZC 71-72; 

GO TO RENAMEF· 
RENAMEF: TYPEl=TYPEF; SIZEl=SIZEF; Xl=XF; COUNT=l; 
GO TO START· 
RENAMEA: TYPEl=TYPEA; SIZEl=SIZEA; Xl=XA; COUNT=2; 
GO TO START· 
RENAMEB: TYPEl=TYPEB; SIZEl=SIZEB; Xl=XB; COUNT=3; 
GO TO START· 
RENAMEC: TYPEl=TYPEC; SIZEl=SIZEC; Xl=XC; COUNT=4; 
GO TO START· 
START: IF TYPEl=. THEN GO TO MISS; 
IF TYPEl=lO THEN GO TO CLEAR; 
IF TYPE1=51 OR TYPE1=44 THEN GO TO FIRST; 
SZE=SIZEl/ 10· 
SSZE=INT( SZE\· 
SZEl=SSZE+(SZE-SSZE)*l0/8; 
FIRST: IF SIZE='D" THEN GO TO DECKBD· 
IF TYPEl=ll OR TYPE1=12 OR TYPE1=13 OR TYPE1=22 THEN GO TO NFACE· 
IF TYPE1=14 OR TYPE1=15 OR TYPE1=16 OR TYPE1=20 THEN GO TO CENLINE; 

* * * * * * * * * * * * * * * * * 
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IF TYPE1=64 OR TYPE1=67 THEN GO TO CENLINE· 
IF TYPE1=17 OR TYPE1=18 OR TYPE1=19 OR TYPt1=21 THEN GO TO EDGE; 
IF TYPE1=63 OR TYPE1=66 THEN GO TO EDGE; 
IF TYPE1=51 THEN GO TO SLOPE; 
IF TYPE1=44 THEN GO TO SPLIT; 
ELSE ESR=lOO; 
GO TO LAST· 
CLEAR: ESR=lOO; 
GO TO LAST· 
NFACE: IF Xl GT 157 AND Xl LT 321 THEN GO TO NFACE2; 
~Xl/10· 
XX=INT(X); 
XXX=XX+(X-XX)*l0/8; 
IF Xl LT 160 THEN GO TO NFACEl; 
IF Xl GT 320 THEN GO TO NFACE3· 
NFACE2: ESR=l00*(1-(SZE1-<1/24\)/(THICK+(3/8)))k· 
IF ESR LT 45 THEN ESR=lOO*(l-(SZti-(1/24))/TtilC ); 
GO TO LAST· 
NFACEl: ESR=100*(1-((XXX/32*SZE1+SZE1/2)-(1/24))/(THICK+(3/8)))k· 
IF ESR LT 45 THEN ESR=lOO*(l-((XXX/32*SZEl+SZE1/2)-(1/24))/TtilC ); 
GO TO LAST· 
NFACE3: ESR=l00*(1-((SZE1-<XXX-32)/32*SZE1)-(1/24))/(THICK+(3/8))); 
IF ESR LT 45 THEN ESR=100*(1-((SZtl-(XXX-32)/32*SZB1)-(1/24))/11flCK); 
GO TO LAST· 
CENLINE: tsR=l00*(1-(SZE1-(1/24))/(WIDTH+(3/8))); 
IF ESR LT 45 THEN ESR=l00*(1-(SZE1-(1/24))/WlD11f); 
GO TO LAST; 
EDGE: IF Xl GT 157 AND Xl LT 321 THEN GO TO EDGE2; 
X=Xl/10· 
XX=INT(X); 
XXX=XX+(X-XX)*l0/8; 
IF Xl LT 160 THEN GO TO EDGEl; 
IF Xl GT 320 THEN GO TO EDGE3· 
EDGE2: ESR=100*(1-(SZE1-(1/24~)/(WIDTH+(3/8)))**2; 
IF ESR LT 45 THEN ESR=100*(1-(SZE1-(1/24))/Wl0TH)**2; 
GO TO LAST; 
EDGE!: ESR=100*(1-((XXX/32*SZE1+SZE1/2)-(1/24))/(WIDTH+(3/8)))**2; 
IF ESR LT 45 THEN ESR=100*(1-((XXX/32*SZE1+SZE1/2)-(1/24))/Wl0TH)**2; 
GO TO LAST; . 
EDGE3: ESR=l00*(1-((SZE1-(XXX-32)/32*SZE1)-(1/24))/(WIDTH+(3/8)))**2; 
IF ESR LT 45 THEN GO TO EDGE3S; 
ELSE GO TO LAST; 
EDGE3S: ESR=100*(1-((SZE1-(XXX-32)/32*SZE1)-(1/24))/WIDTH)**2; 
GO TO LAST· 
DECKED: IF TYPEl GE 14 AND TYPEl LE 19 THEN GO TO ONEINCH; 
IF TYPE! GE 63 AND TYPE! LE 67 THEN GO TO ONEINCH; 
IF TYPE1=51 THEN GO TO SLOPE; 
ELSE ESR = 100; 
GO TO LAST· 
ONEINCH: tSR=100*(1-(SZE1·(1/24))/(WIDTH+(3/8))); 
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IF ESR LT 45 THEN ESR=lOO*(l-(SZEl-(1/24))/WIDTH); 
GO TO LAST; 
SLOPE: IF SIZE! LE 6 THEN ESR=40; 
IF SIZE1=7 THEN ESR=46.5; 
IF SIZE1=8 THEN ESR=53; 
IF SIZE1=9 THEN ESR=57; 
IF SIZEl=lO THEN ESR=61; 
IF SIZEl=ll THEN ESR=65; 
IF SIZE1=12 THEN ESR=69; 
IF SIZE1=13 THEN ESR=71.5; 
IF SIZE1=14 THEN ESR=74; 
IF SIZE1=15 THEN ESR=76; 
IF SIZE1=16 THEN ESR=80; 
IF SIZE1=17 THEN ESR=82. 5; 
IF SIZE1=18 THEN ESR=85; 
IF SIZE1=19 THEN ESR=92.5; 
IF SIZE! GE 20 THEN ESR=lOO; 
GO TO LAST· 
SPLIT: ESR = 100*(1-SIZE1/(3*WIDTH)); 
IF ESR LT 50 THEN £SR=50; 
LAST: ESR=ESR+0.5; 
ESR=INT( ESR); 
GO TO PATH; 
MISS: ESR = . ; 
PATH: IF COUNT=l THEN GO TO Cl; 
IF COUNT= 2 THEN GO TO C2; 
IF COUNT = 3 THEN GO TO C3; 
IF COUNT= 4 THEN GO TO C4; 
Cl: ESRF = ESR; 
GO TO RENAMEA; 
C2: ESRA = ESR· 
GO TO RENAMEB; ' 
C3: ESRB = ESR· 
GO TO RENAMEC; ' 
C4: ESRC = ESR; 
GO TO ESTIMATE; 
ESTIMATE: ESR = ESRFi.CASE=lL_ 
IF ESR GT ESRA AND ESKA NE. !H.t.N DO; 
ESR=ESRA; CASE=2; 
END· 
IF ESR GT ESRB AND ESRB NE THEN DO; 
ESR=ESRB; CASE=3; 
END· 
IF ESR GT ESRC AND ESRC NE THEN DO; 
ESR=ESRC; CASE=4; 
END; 
FINAL: CONTINUE; 
CARDS; 
DATA NULL ; 
SET IN; -
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FILE PUNCH NOTITLE· 
PUT SIZE $1. @4 NUMBER Z2. @7 WIDTH 5.3 

@13 THICK 5.3 
#2 @2 ESR 3. @6 CASE 1. @8 ESRF 3. @ 12 ESRA 3. @16 ESRB 3. 

120 ESRC 3. #3 @2 POSF Z2. @4 TYPEF Z2. @6 SIZEF Z2. @8 EXTENTF 1. 
10 XF Z3. @14 YF Z2. @17 ZF Z2. @20 POSA Z2. @22 TYPEA Z2. 
24 SIZEA Z2. 

26 EXTENTA 1. @28 XA Z3. @32 YA Z2. @35 ZA Z2. @38 POSB Z2. 
40 TYPEB Z2. @42 SIZEB Z2. @44 EXTENTB 1. @46 XB Z3. @50 YB Z2. 

@53 2B 22. @56 POSC 22. @58 TYPEC 22. @60 SIZEC 22. @62 EXTENTC 1. 
@64 XC Z3. @68 YC 22. @71 ZC Z2.; 

I* 
II 
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APPENDIX E 

ASR vs. ESR by Grade for Data 
from Rate of Loading Study and Depth Effect Study 



TABLE E-1 - COl1PARISON OF ASR AND ESR BY INDIVIDUAL GRADES FOR DATA 
fROH RATE OF LOADIUG STUDY AND DEPTH EFFECT STUDY 

SPECIES SIZE GRADE ASR ESR RATIO N 
I% I I% I IASR/ESR I 

3.5" 2&BTR 98 85 1.15 27 
STRINGERS 3 91 73 1.25 32 

4 96 61 1.57 9 
CULL 76 45 l.69 12 

OAK ---------------------------------------------------------------6" 2&BTR 93 91 1.02 46 
DECKBOARDS 3 84 86 0.98 26 

4 87 64 1.36 6 
CULL 85 72 1.18 2 ----------------------------------------------------------------------3.5" 2&BTR 107 83 l. 29 43 

STRIUGERS 3 94 61 1.54 27 
4 81 38 2.13 5 

CULL 83 31 2.68 5 
POPLAR---------------------------------------------------------------

6" 2&BTR 94 94 1.00 38 
DECKBOARDS 3 92 81 1.14 31 

4 84 46 1.83 7 
CULL 82 69 1.19 4 ----------------------------------------------------------------------3.5" 2&BTR 81 70 1.16 18 

STRlllGERS 3 86 64 1.34 9 
4 74 43 1.72 9 

CULL 70 37 1.89 15 
ASH ---------------------------------------------------------------2.5" 2&BTR 74 69 1.07 16 

STRIUGERS 3 86 62 1.39 10 
4 88 68 1.29 2 

CULL 75 35 2.14 18 

3.5" 2&BTR 84 78 1.08 30 
STRitlGERS 3 79 63 1. 25 14 

4 -- -- ---- 0 
CULL 73 22 3.32 2 

COTTot-1-IOOD -----------------------------------------------------------2.5" 2&BTR 84 78 1.08 31 
STRitlGERS 3 80 61 1.31 14 

4 77 37 2.08 3 
CULL 91 26 3.50 3 

N 
w 
0 
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APPENDIX F 

Evaluation of Pallet Shook Design Values 



TABLE f-1 - EVALUATION Of PALLET SHOOI< DESIGN VALUES 

------------------------------------------------------------------------------------------------------------------------------DESIGN ACTIJAL DATA DESIGN ACTIJAL DATA 
DATA SOURCE SPECIES SIZE GRADE HOR llJ 95 % C.I. 12) N HOE 95 % C.I. [2 J N 

IPSI, I PSI, IKSI, IKSI, 

21BTR 5400 6740· 7190 227 1342 1407-1519 225 
3&BTR 4800 6820· 7190 349 1288 1376-1462 347 
4&BTR 4540 6850-7180 423 1274 1355-1431 421 

DECKBOARDS All SHOOK 4270 6850-7160 483 1248 1352-1422 480 
3 3800 6740-7400 122 1208 1275-1400 122 

YELLOH 4 3130 6680-7470 74 1141 1200-1343 74 
POPLAR CULL 1330 6450-7400 60 1074 1257-1427 59 

SIIOOK POPLAR ------------------------------------------------------------------------------------------------STUDY 2&BTR 4530 5470-5740 198 1342 1304-1444 196 
[3 ,9 J 3&BTR 3980 5310-5540 333 1288 1280-1386 327 

4&BTR 3690 5200-5410 402 1274 1233-1327 396 
STRINGERS All SHOOK 3470 5070-5290 448 1248 1202-1290 442 

3 3130 4980-5360 135 1208 1191-1353 131 
4 2130 4430-5000 69 1141 959-1089 69 

CULL 730 3710-4520 46 1074 850-1057 46 ------------------------------------------------------------------------------------------------------------------------------2&BTR 7460 7280-7570 369 1392 1361-1433 365 
31BTR 6630 7010-7210 794 1336 1320-1366 785 
4&BTR 6260 6860-7030 1057 1322 1291-1331 1048 

DECK BOARDS All SHOOK 5900 6550-6720 1430 1295 1242-1278 1414 
3 4410 6710-6970 425 1253 1267-1325 420 

EASTERN 4 4330 6260-6620 263 1183 1175-1255 263 
OAK CULL 1840 5590-5940 373 1114 1081-1149 366 

SIIOOK OAK ------------------------------------------------------------------------------------------------STUDY 
[3 ,9 J 

STRINGERS 

(1) UlADJUSTEO FOR DURATION Of LOAD 
121 X t ls.d.1/{n 

2&BTR 
3&BTR 
4!BTR 

All SHOOK 
3 
4 

CULL 

13) ACTIJAL DATA HOR AND HOE ADJUSTED TO ASTH LOADING RATE 
19) ACTUAL DATA HOE CORRECTED FOR SHEAR ONLY IN STRINGERS 

6270 
5490 
5110 
4800 
4330 
2940 
1010 

7710-8050 340 1392 1361-1433 338 
7290-7540 686 1336 1312-1360 681 
6960-7170 1017 1322 1265-1305 1006 
6550-6750 1354 1295 1212-1248 1340 
6790-7120 346 1253 1240-1300 343 
6160-6500 331 1183 1146-1210 325 
5210-5600 337 1114 1031-1097 334 

N 
w 
N 



TABLE F-1 ICONTit-AJEDI - EVALUATION OF PALLET SHOOK DESIGN VALUES 

DESIGN ACTUAL DATA DESIGN ACTUAL DATA 
DATA SOURCE SPECIES SIZE GRADE HOR [lJ 95 % C.I. ( ZI N HOE 95 % C. I. ( 2 I N 

IPSI I IPSI I IKSI I f KSI I 

2&BTR 7460 7310-8050 46 1392 1541-1716 46 
DECKBOARDS 3&BTR 6630 7090-7690 7Z 1336 1490-1634 7Z 

4&BTR 6260 7090-7670 78 1322 1484-1628 78 
ALL SltOOK 5900 7080-7650 80 1295 1483-1623 80 

OAK ------------------------------------------------------------------------------------------------2&BTR 6270 6950-7980 27 1392 1184-1345 27 
STRINGERS 3&BTR 5490 6810-7580 59 1336 1198-1314 59 

4&BTR 5110 6870-7560 68 1322 1194-1298 68 
RATE OF ALL SltOOK 4800 6650-7360 80 1295 1169-1271 80 
LOADIUG -------------------------------------------------------------------------------------------------------------STUDY 2&BTR 5400 5300-5850 38 1342 1305-1509 38 

(4,91 DECKBOARDS 3&BTR 4800 5270-5810 69 1288 1291-1453 69 
4t.BTR 45<t0 5230-5750 76 1274 1276-1434 76 

ALL SHOOK 4270 5200-5720 80 1248 1274-1426 80 
POPLAR ------------------------------------------------------------------------------------------------2&BTR 4530 5620-6260 43 1342 1220-1364 43 

STRINGERS 3&BTR 3980 5370-59't0 70 1288 1189-1307 70 
4&BTR 3690 5290-5860 75 1274 1174-1290 75 

ALL SltOOK 3470 5240-5800 80 1248 1169-1281 80 
2&BTR 7220 5570-7500 18 1549 1178-1485 18 

ASH STRINGERS 3&BTR 6330 5960-7430 28 1487 1240-1466 28 
4&BTR 5880 5900-7140 37 1470 1239-1433 37 

DEPTH ALL SHOOK 5530 5700-6810 52 1441 1221-1387 52 
EFFECT ---------------------------------------------------------------------------------------------------------------STUDY 
13,5,91 COTTotHXJD STRINGERS 

111 U!ADJUSTED FOR DURATION OF LOAD 
121 X+/-tls.d.1/fn 

2&BTR 
3&BTR 
4&BTR 

ALL SHOOK 

131 ACTUAL DATA t10R AND HOE ADJUSTED TO ASTH LOADING RATE 

4010 
3510 
3260 
3070 

141 ACTUAL DATA FROH COHBINED LOADING RATES AFTER ADJUSTING TO ASTH RATE 
15) 3.5 INCH STRINGERS DULY 
19 I ACTUAL DATA tlOE CORRECTED FOR SHEAR ONLY It4 STRINGERS 

4670-5510 31 1112 925-1061 31 
4850-5340 50 1067 950-1058 50 
4850-5340 50 1056 950-1058 50 
4830-5310 52 1034 955-1059 52 

N 
w 
w 



TABLE F-1 ICotfTitfJEDI - EVALUATION OF PALLET SHOOK DESIGN VALUES 

------------------------------------------------------------------------------------------------------------------------------
DATA SOURCE SPECIES SIZE 

SOUTHERN DECKBOARDS 
PINE 

DOUGLAS-FIA DECKBOARDS 

HEMLOCK DECKBOARDS 
HASHINGTON 

GRADE 

2&8TR 
3&BTR 
4&BTR 

ALL SHOOK 
2&BTA 
3&BTR 
48BTA 

ALL SHOOK 
2&8TA 
3&BTA 
4&BTR 

ALL SHoc»< 

DESIGN 
HOR ( 11 

I PSI I 

8570 
7620 
7200 
6780 
8620 
7670 
7240 
6820 
7450 
6620 
6250 
5880 

ACTUAL DATA 
95 % C.I. (2 J 

I PSI I 
7120-8820 
6670-7920 
6130-7350 
6050-7220 
7200-8670 
6920-8400 
6120-7390 
5840-7030 
5980-8380 
5820-7860 
5120-7000 
5420-6640 

N 

37 
60 
83 
90 

40 
56 
78 
90 
14 
19 
27 
30 

DESIGN 
HOE 

IKSI I 

1653 
1587 
1570 
1537 
1653 
1587 
1570 
1537 
1461 
1403 
1389 
1359 

ACTUAL DATA 
95 % C.I. (2 J 

IKSI I 
1205-1482 
1192-1400 
1143-1319 
1141-1321 
1407-1620 
1385-1573 
1312-1470 
1264-1416 
1210-1405 
1171-1373 
1081-1285 
1119-1255 

N 

37 
60 
83 
90 
40 
56 
78 
90 
14 
19 
27 
30 

STATE ---------------------------------------------------------------------------------------------------------------UIIVERSITV 2&BTR 10390 9490-11220 43 1719 1537-1729 43 
(6,7,8) HAPLE DECKBOARDS 3&BTR 9230 9240-10680 60 1650 1504-1622 60 

4&BTR 8720 8870-10110 80 1633 1451-1591 80 
ALL SHOOK 8210 8410-9670 90 1599 1393-1539 90 ---------------------------------------------------------------------------------------------------------------

ASPEN DECKBOARDS 

OAK DECKBOARDS 

(1) u-lADJUSTED FOR DURATION OF LOAD 
(21 X t ls.d.1/{n 

2&BTR 
3&BTR 
4&BTR 

ALL SIIOOK 
2&BTR 
3&BTR 
4&BTR 

ALL SHOOK 

(61 DESIGN HOR HAS BEEN ADJUSTED TO 19% H.C. 125% INCREASE I 
171 DESIGN HOE HAS BEEN ADJUSTED TO 19% H.C. 114% INCREASE I 
18) ACTUAL DATA FRON TESTS AT AIR-DRY H.C.% 

5880 
5230 
4940 
4650 
9330 
8300 
7840 
7380 

7160-8060 
6950-7740 
6880-7640 
6670-7430 

11530-13403 
11080-12550 
10330-11770 

9780-11290 

50 
72 
82 
90 
43 
64 
82 
90 

1043 
1001 

991 
970 

1587 
1523 
1507 
1476 

1335-1453 
1312-1408 
1313-1407 
1285-1381 
1669-1907 
1606-1792 
1537-1705 
1489-1657 

50 
72 
82 
90 
43 
64 
82 
90 

N 
w 
.i,. 



TABLE f-1 ICONTitlJEDI - EVALUATION Of PALLET SHOOt< DESIGN VALUES 

DESIGN ACTUAL DATA DESIGN ACTUAL DATA 
DATA SOURCE SPECIES SIZE GRADE tlOR [lJ 95 % C.I. (2 J N tlOE 95 % C.I. (2) N 

I PSI I I PSJ I 1 l<SI I 1 l<SI I 

DECKBOARDS ALL SHOOt< 4690 5120-5610 40 1191 128Z-U94 40 
RED 

OREGON ALDER 
STATE STRIUGERS ALL SHOOt< 3810 3890-4840 20 1191 994-1126 20 

LtUVERSITY ---------------------------------------------------------------------------------------------------------------(9) 
BIGLEAF DECKBOARDS ALL SHOOt< 4300 5230-6190 22 1118 1116-1294 22 N HAPLE 

------------------------------------------------------------------------------------------------------------------------------

(1) ~ADJUSTED FOR DURATION OF LOAD 
( Z J X /- t I s • d. I/ ,Jn 

(9) ACTUAL DATA HOE CORRECTED FOR SHEAR ONLY IN STRINGERS 
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APPENDIX G 

Small Clear Value Calculations for PDS Species Classes 
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SMALL CLEAR VALUE CALCULATIONS FOR PDS SPECIES CLASSES 

Followin$ is a listing of the species included in each 
PDS Species Class. The average small, clear MOR and MOE and 
the standing timber volume estimate for each species are given. 
These values are taken from ASTM D 2555 unless noted otherwise. 
The volume-weighted average MOR and MOE are given, as are 
the average MOR and MOE values determined according to 
limitations specified by ASTM D 2555 for Method A and 
Method B species. Finally, the clear wood values used 
by PDS for the Species Class are presented. 
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SPECIES CLASS 1 

STANDING 
TIMBER 

SPECIES MOR MOE VOLUME 
(psi) (ksi) (MMCF) 

HICKORY (AVE. OF 8 SPECIES) 10528. 1469. 11076. 
YELLOW BIRCH 8260. 1504. 4854. 
SWEET BIRCH 9390. 1650. 688. 
SUGAR MAPLE 9420. 1546. 8566. 
BLACK MAPLE 7920. 1328. 1801. 
RED MAPLE 7690. 1386. 6037. 
GREEN ASH 9460. 1400. 1282. ~B WHITE ASH 9500. 1436. 575. 
BEECH 8570. 1381. 6531. 
ROCK ELM 9490. 1194. 4. 
SLIPPERY ELM 8010. 1232. 161. 
BLACK LOCUST 13800.~2~ 1850. g~ 931. 1~ BLACK CHERRY 8000. 2 1310. 2853. 1 
OAK (AVE. FROM CLASS 21) 8228. 1268. 39736. 
DOGWOOD 8800. ?~ 1180. g~ PERSIMMON 10000. 3 1370. 
TANOAK 
EUCALYPTUS 

VOLUME WEIGHTED AVERAGE - 8720 1368 
METIIOD B LIMITATION (4) - 8459 1298 
PDS CLEAR WOOD VALUE (5) - 8450 1430 

( 1) SOURCE: 

( 2) SOURCE: 
( 3) SOURCE: 

FOREST PRODUCTS LAB GENERAL TECHNICAL REPORT 
FPL 20 (8) 

WOOD HANDBOOK (47) 
USDA TECHNICAL BULLETIN NO. 479 (31) 

(4) SEE SECTIONS 6.2.2 AND 6.4.2- OF TIIIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KSI 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 



239 

SPECIES CLASS 2 

SPECIES MOR MOE 
(psi) (ksi) 

BIGLEAF MAPLE 7390. 1095. 
OREGON ASH 8260. ( 2) 1504. 

AVERAGE - 7495 1113 
METIIOD B LIMITATION (4) - 8129 1205 
PDS CLEAR WOOD VALUE (5) - 7500 1220 

(2) SOURCE: WOOD HANDBOOK (47) 
(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF TIIIS TIIESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KS! 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 

STANDING 
TIMBER 
VOLUME 
(MMCF) 
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SPECIES CLASS 3 

STANDING 
TIMBER 

SPECIES MOR MOE VOLUME 
(psi) (ksi) (MMCF) 

SWEETGUM 7110. 1201. 10024. 
TUPELO: BLACK 7040. 1031. 8653. 

WATER 7300. 1052. 1864. 
PAPER BIRCH 6380. 1170. 3773. 
MAGNOLIA: SOUTHERN MAGNOLIA 6780. 1106. 234. 

CUCUMBERTREE 7420. 1565. 

VOLUME WEIGHTED AVERAGE - 6984 1124 
METIIOD B LIMITATION (4) - 7018 1134 
PDS CLEAR WOOD VALUE (5) - 7000 1230 

(1) SOURCE: FOREST PRODUCTS LAB GENERAL TECHNICAL REPORT 
FPL 20 (8) 

(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF TIIIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KSI 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 

(1) 

~B 
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SPECIES CLASS 4 

SPECIES MOR MOE 
(psi) (ksi) 

OREGON WHITE OAK 7700. 

rn 
790. 

rn 
CALIFORNIA BLACK OAK 6200. 740. 
CASCARA 6300. 630. 
CHINQUAPIN 7000. 1020. 
MADRONE 7600. 880. 
MYRTLE 

AVERAGE - 6960 812 
METHOD B LIMITATION (4) - 6820 693 
PDS CLEAR WOOD VALUE (5) - 6800 760 

(3) SOURCE: USDA TECHNICAL BULLETIN NO. 479 (31) 
(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF THIS TIIESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KS! 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 

STANDING 
TIMBER 
VOLUME 
(MMCF) 
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SPECIES CLASS 5 

STANDING 
TIMBER 

SPECIES MOR MOF'. VOLUME 
(psi) (ks:_) (MMCF) 

HACKBERRY 6480. 954. 560. 
SYCAMORE 6470. 1065. 643. 
SILVER MAPLE 5820. 943. 5507. 
SASSAFRAS 6000. g~ 910. 192. 
PUMPKIN ASH 7600. 1040. 3 
BLACK ASH 6000. 1043. 
STRIPED MAPLE 7200. ( 3) 1080. (3) 
BOX ELDER 238. 
SUGARBERRY 6600. ( 3) 810. (3) 
---------------------------------------------------------------

VOLUME WEIGHTED AVERAGE - 5939 954 
METIIOD B LIMITATION (4) - 6402 891 
PDS CLEAR WOOD VALUE (5) - 5950 980 

(2) SOURCE: WOOD HANDBOOK (47) 
(3) SOURCE: USDA TECHNICAL BULLETIN NO. 479 (31) 
(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF TIIIS TIIESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KSI 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 



SPECIES 

RED ALDER 
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SPECIES CLASS 6 

MOR 
(psi) 

6540. 

MOE 
(ksi) 

1167. 

PDS CLEAR WOOD VALUE (5) - 6550 1280 

(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 
MOE VALUE ROUNDED TO NEAREST 10 KS! 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 

STANDING 
TIMBER 
VOLUME 
(MMCF) 

5389 



SPECIES 

YELLOW POPLAR 
EASTERN COTTONWOOD 
ASPEN: BIGTOOTH 

QUAKING 
BASSWOOD, AMERICAN 
CATALPA 
BUCKEYE 
BUTTERNUT 
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SPECIES CLASS 7 

MOR 
(psi) 

5950. 
5260. 
5400. 
5130. 
4960. 
5200. 4800. 
5400. 

MOE 
(ksi) 

1222. 
1013. 
1120. 
860. 
1038. 
840. 980. 3 
970. 2 

VOLUME WEIGHTED AVERAGE - 5374 1017 
METHOD B LIMITATION (4) - 5456 924 
PDS CLEAR WOOD VALUE (5) - 5350 1020 

STANDING 
TIMBER 
VOLUME 
(MMCF) 

6753. 
1020. ( 1) 
2970. 
11093. 
2771. 

( 1) SOURCE: 

( 2) SOURCE: 
( 3) SOURCE: 

FOREST PRODUCTS LAB GENERAL TECHNICAL REPORT 
FPL 20 (8) 

WOOD HANDBOOK (47) 
USDA TECHNICAL BULLETIN NO. 479 (31) 

(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF THIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KS! _____ (ADJUSTED_FOR_SHEAR_-_SEE_SECTION_6:4.2) _________________ _ 
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SPECIES CLASS 8 

SPECIES 

COTTONWOOD: BLACK 
BALSAM POPLAR 

MOR 
(psi) 

4900. 
3900. 

MOE 
(ksi) 

1080. 
750. 

VOLUME WEIGHTED AVERAGE - 4282 876 
METHOD B LIMITATION (4) - 4290 825 
PDS CLEAR WOOD VALUE (5) - 4300 910 

STANDING 
TIMBER 
VOLUME 
(HMCF) 

394. 
637. (1) 

(1) SOURCE: FOREST PRODUCTS LAB GENERAL TECHNICAL REPORT 
FPL 20 (8) 

(2) SOURCE: WOOD HANDBOOK (47) 
(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF THIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KS! 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 
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SPECIES CLASS 11 

------------------------------------------------------------------STANDING 
TIMBER 

SPECIES MOR v. I. MOE v. I. VOLUME 
(psi) (1) (ksi) (1) (MMCF) 

DOUGLAS-FIR: COAST 7665. 1. 05 1560. 1. 05 58878. 
INTERIOR WEST 7713. 1. 03 1513. 1. 04 26602. 
INTERIOR NORTH 7438. 1. 04 1409. 1. 04 20408. 
INTERIOR SOUTH 6784. 1. 01 1162. 1. 00 3987. 

WESTERN LARCH 7652. 1. 04 1458. 1. 02 6914. 
SOUTHERN PINE: LOBLOLLY 7300. 1. 08 1402. 1. 08 27610. 

LONGLEAF 8538. 1. 07 1586. 1. 07 5534. 
SHORTLEAF 7435. 1. 04 1388. 1. 04 16328. 
SLASH 8692. 1. 09 1532. 1. 08 5017. 

------------------------------------------------------------------
VOLUME WEIGHTED AVERAGE - 7602 
METHOD A LIMITATION (4) - 7462 
PDS CLEAR WOOD VALUE (5) - 7450 

(1) VARIABILITY INDEX 

1479 
1278 
1250 

(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF THIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ADJUSTED DOWNWARD BASED ON DATA 
AND EXPERIENCE WITH SHOOK OF THIS SPECIES CLASS 



247 

SPECIES CLASS 12 

SPECIES MOR MOE 
(psi) (ksi) 

EST 00. 2 1310. 
MOUNTAIN 6270. 2 1038. 

FIR: CALIFORNIA RED 5800. 2 1170. 
GRAND 5800. 2 1250. 
NOBLE 6200. 2 1380. 
PACIFIC SILVER 6400. 2 1420. 
WHITE 5900. 1160. 

VOLUME WEIGHTED AVERAGE - 6237 1266 
METHOD B LIMITATION (4) - 6380 1142 
PDS CLEAR WOOD VALUE (5) - 6250 1250 

(2) SOURCE: WOOD HANDBOOK (47) 
(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF THIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KSI 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 

STANDING 
TIMBER 
VOLUME 
(MMCF) 



248 

SPECIES CLASS 13 

--------------------------------------------------------------STANDING 
TIMBER 

SPECIES MOR MOE VOLUME 
(psi) (ksi) (MMCF) 

SPRUCE: WHITE 4995. 1141. 2518. 
BLACK 6118. 1382. 1557. 
RED 6003. 1328. 4495. 
ENGELMANN 4705. 1029. 16437. 
SITKA 5660. 1230. 2018. 

PINE: SUGAR 4893. 1032. 5295. 
WESTERN WHITE 4688. 1193. 4598. 
LODGEPOLE 5490. 1076. 23040. 
PONDER OS A 5130. 997. 43056. 
MONTEREY 6625. 1420. 
JACK 6030. 1068. 1417. 
LODGEPOLE 5650. 1274. 23040. 
EASTERN WHITE 4930. 994. 6259. 

SOUTHERN PINE: PITCH 6830. 1200. 999. 
POND 7450. 1281. 1260. 
SPRUCE 6004. 1002. 405. 
VIRGINIA 7330. 1218. 2173. 

FIR: SUBALPINE 4900. (2) 1050. ( 2) 8463. 
BALSAM 5517. 1251. 6761. 

WESTERN REDCEDAR 5184. 939. 6358. 
BALDCYPRESS 6640. 1184. 3961. 
EASTERN HEMLOCK 6420. 1073. 4813. 
---------------------------------------------------------------

VOLUME WEIGHTED AVERAGE - 5362 1096 
METHOD B LIMITATION (4) - 5157 1033 
PDS CLEAR WOOD VALUE (5) - 5150 1130 

(2) SOURCE: WOOD HANDBOOK (47) 
(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF THIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KS! 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 
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SPECIES CLASS 14 

SPECIES MOR MOE 
(psi) (ksi) 

CEDAR: ALASKA 6450. 1135. 
INCENSE 6220. 840. 
PORT ORFORD 6598. 1297. 
ATLANTIC WHITE 4740. 752. 
NORTHERN WHITE 4250. 643. 
EASTERN RED 7030. 649. 

VOLUME WEIGHTED AVERAGE - 5342 766 
METHOD B LIMITATION (4) - 4675 707 
PDS CLEAR WOOD VALUE (5) - 4650 780 

(4) SEE SECTIONS 6.2.2 AND 6.4.2 OF THIS THESIS 
(5) MOR VALUE ROUNDED TO NEAREST 50 PSI 

MOE VALUE ROUNDED TO NEAREST 10 KS! 
(ADJUSTED FOR SHEAR - SEE SECTION 6.4.2) 

STANDING 
TIMBER 
VOLUME 
(MMCF) 
200. 
2916. 
250. 
104. 
3165. 
249. 
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APPENDIX H 

Shook Data from: 
Rate of Loading Study 

Depth Effect Study 
Yellow-poplar Shook Study 
Eastern Oak Shook Study 



TABLE H-1 - RATE OF LOADING STUDY DATA 

SPECIES SIZE LOADING GRADE N t10R c.v. HOE c.v. S.G. H.C. AVERAGE 
RATE Cpsi I I% I Cksil 1%1 I% I GRADE [lJ [ 2,3 J [3J 

2&8TR 26 8090 17.1 1692 20.0 ---- -- •• 
3 11 7170 17.0 1526 18.5 ---- -- •• 

FAST 4 2 8520 25.2 1890 22.2 ---- -- •• 
CULL 1 8150 ---- 1408 ---- ---- -- •• 

ALL SIIOOK 40 7860 17.6 1649 19.9 0.62 81 1.45 
DECKBOARD -------------------------------------------------------------------------------------------------2&8TR 20 7920 15.3 1645 16.0 ---- -- •• 

3 15 7070 17.3 1434 21. 7 ---- -- •• 
SLOH 4 4 6840 21.4 1330 36.9 ---- -- •• 

CULL 1 6330 ---- 1478 ---- ---- -- •• 
ALL SHOOK 40 7450 17.3 1530 20.8 0.65 83 1.65 

OAK ------------------------------------------------------------------------------------------------------------2&BTR 14 8070 16.8 1355 18.6 ---- -- •• 
3 13 7830 19.7 1270 16.2 ---- -- •• 

FAST 4 6 8320 10.9 1264 6,6 ---- -- •• 
CULL 7 5510 43.4 1089 19.4 ---- -- •• 

ALL SHOOK 40 7580 23.9 1267 17.7 0.68 73 2.15 
STRINGER ------------------------------------------------------------------------------------------------2&BTR 13 7450 18.7 1233 12.9 ---- -- •• 

3 19 6770 25.9 1272 21.5 ---- -- •• 
SLOH 4 3 6690 7.1 1139 16.3 ---- -- •• 

CULL 5 6760 23.2 1115 30.0 ---- -- •• 
ALL SHOOK 40 6990 22.2 1230 19.7 0.65 73 2.00 ---------------------------------------------------------------------------------------------------------------------------

•• NOT APPLICABLE 
(11 STRHIGER HOE CORRECTED FOR SHEAR ASSU1ING E/G = 16 

( 2 I O. D. l~EIGIIT /0. D. VOLU1E 

(3) BASED ON 8 SAHPLES 

N 
Ul 
I-' 



SPECIES SIZE LOADIUG GRADE 
RATE 

2&BTR 

3 

FAST 4 

CULL 

All SIIOOK 

TABLE H-1 - RATE OF LOADING STIJOY DATA 
I continued I 

N HOR c.v. HOE 
lpsil I% I lksil 

11 J 

16 6020 14.1 1489 

21 5960 29.8 1373 

z 4850 0.0 1064 

1 4370 ---- 1197 

40 5890 Z4.l 1400 

c.v. S.G. H.C. AVERAGE 
I% I I% I GRADE 

(Z ,3 J [3) 

22.0 ---- -- •• 
30.2 ---- -- •• 

7.Z ---- -- •• 
---- ---- -- •• 
26.7 0.51 88 1.70 

DECl<BOARD -------------------------------------------------------------------------------------------------2&BTR 22 5580 16.0 1396 2Z.8 ---- -- •• 
3 10 5430 16.1 1365 Z3.4 ---- -- •• 

SLOH 4 5 5210 30.6 1256 38.6 ---- -- •• 
CULL 3 5120 23.0 1304 24.4 ---- -- •• 

All SHOOK 40 5460 18.0 1364 24.3 0.59 101 1.73 
POPLAR -------------------------------------------------------------------------------------------------------------2&BTR 21 6370 16.5 1333 17. 7 ---- -- •• 

3 15 5860 22.1 1279 19.5 ---- -- •• 
FAST 4 2 5960 18.0 1206 25.l ---- -- •• 

CULL 2 3700 6.9 931 9.8 ---- -- •• 
All SHOOK 40 6020 20.7 1282 19.3 0.46 68 1.63 

STRltlGER ------------------------------------------------------------------------------------------------2&BTR 22 5580 16.0 1396 22.8 ---- -- •• 
3 ll? 4940 30.3 1125 25.7 ---- -- •• 

SLOH 4 3 3790 24.4 917 13.0 ---- -- •• 
CULL 3 5360 21.8 1267 5.3 ---- -- •• 

All SIIOOK 40 5460 25.0 1221 22.0 0.50 73 1.68 --------------------------------------------------------------------------------------------------------------------------
** UOT APPLICABLE 
( l J STRIIIGER HOE CORRECTED FOR SHEAR ASSU1ING E/G : 16 

(2) 0.0. HEIGIIT/O.D.VOLUl1E 

I 3 I BASED ON 8 SAHPLES 

N 
Vl 
N 



TABLE H-2 - DEPTH EFFECT STUDY DATA 

SPECIES SIZE GRADE N t10R c.v. HOE c.v. S.G. H.C. AVERAGE 
I psi I I% I lksil I% I I% I GRADE 

(1) (2,31 131 

2&BTR 18 7060 29.8 1394 23.3 ---- -- •• 
3 10 7540 26.8 1456 18.9 ---- -- •• 3.5" 

STRIUGER 4 9 6450 28.0 1344 23.6 ---- -- •• 
CULL 15 6060 39.9 1283 24.9 ---- -- •• 

ALL SHOOK 52 6760 31.8 1365 22.8 0.64 44 2.40 
ASH -------------------------------------------------------------------------------------------------2&BTR 18 7100 37.0 1313 31.9 ---- -- •• 

3 13 8130 25.9 1466 25.9 ---- -- •• 2.5" 
STRIUGER 4 3 7200 44.5 1300 36.4 ---- -- •• 

CULL 18 7080 31.2 1309 24.7 ---- •• 
ALL SHOOK 52 7350 32.l l,,349 27.8 0.67 42 2.40 --------------------------------------------------------------------------------------------------------------2&BTR 31 5610 17.0 1040 18.9 ---- -- •• 

3 19 5330 16.9 1071 19.2 ---- -- •• 3.5" 
STRitlGER 4 0 ---- ---- ---- ---- ---- -- •• 

CULL 2 4860 19.2 1115 9.7 ---- -- •• 
ALL SHOOK 52 5480 17.0 1054 18.5 0.42 104 1.48 

COTTotl'IOOD -------------------------------------------------------------------------------------------------2&BTR 32 5900 16.9 1019 21.2 ---- -- •• 
3 14 5610 19.6 951 21.3 ---- -- •• 2.5" 

STRltlGER 4 3 5390 15.l 938 22.7 ---- -- •• 
CULL 3 6410 11.l 1073 18.8 ---- -- •• 

ALL SIIOOK 52 5820 17.2 1000 20.9 0.41 124 1.56 ------------------------------·--------------------------------------------------------------------------------
•• NOT APPLICABLE 
(11 STRINGER HOE CORRECTED FOR SHEAR ASSUHING E/G = 16 

(21 O.D. HEIGIIT/O.D.VOLU1E 
[ 31 BASED ot4 11 SAtlPLES 

N 
u, 
w 



TABLE H-3 - YELLOH-POPLAR SHOOK DATA 

SPECIES SIZE GRADE N t10R c.v. HOE c.v. S.G. H.C. AVERAGE 
I psi I 1%1 lksil 1%1 I% I GRADE 

111 121 13) 

2&BTR 227 7520 24.8 1532 29.5 0.48 61 •• 
3 122 7640 26.3 1400 26.4 0.48 57 •• 

DECKBOARD 4 74 7640 24.0 1331 24.3 0.48 53 •• 
CULL 60 7480 26.8 1405 24.3 0.50 60 •• I\.) 

ALL SIIOOK 483 7570 25.2 1452 28.l 0.48 59 1.93 lJl 
POPLAR ----------------------------------------------------------------------------------------------------- .i:,. 

2&BTR 198 6050 17.6 1439 36.l 0.48 61 •• 
3 135 5580 21. 7 1332 36.9 0.48 61 •• 

STRIOOER 4 69 5090 25.2 1072 26.6 0.48 64 •• 
CULL 46 4440 33.2 998 36.5 0.50 60 •• 

ALL SIIOOK 448 5600 23.l 1304 37.9 0.48 61 1.92 ---------------------------------------------------------------------------------------------------------------•• tlOT APPLICABLE 

11 l SAMPLE SIZE HAY VARY SLIGHTLY BETHEEN PROPERTIES 

I 2 I STRltlGER t10E CORRECTED FOR SIIEAR ASSU-1100 E/G = 16 

131 0.0. HEIGIIT/0.D. VOLU1E 



TABLE H-4 - EASTERN OAK SHOOK DATA 

SPECIES SIZE GRADE N t10R c.v. t10E c.v. S.G. H.C. AVERAGE 
Cpsi I 1%) lksil 1%) 1%) GRADE 

111 (2) (3 J 

2&BTR 340 8510 20.l 1346 25.0 0.59 61 •• 
3 346 7510 22.8 1219 22.2 0.58 62 •• 

STRINGER 4 331 6830 25.l 1130 25.2 0.59 61 •• 
CULL 337 5840 33.5 1021 29.2 0.59 59 •• 

ALL SHOOK 1354 7180 28.2 1180 27.2 0.59 61 2.49 --------------------------------------------------------------------------------------------------
2&BTR 238 7950 27.2 1441 27.1 0.58 59 •• 

3 232 7320 20.3 1321 24. 7 0.58 60 •• 4" 
OAK DECKBOARD 4 160 6920 22.7 1239 26.8 0.58 61 •• 

N 
CULL 239 6180 29.4 1146 31.7 0.58 59 •• Ul 

Ul 
ALL SHOOK 869 7100 24.7 1291 28.9 0.58 59 2.47 --------------------------------------------------------------------------------------------------2&BTR 131 8160 17.0 1500 21.2 0.57 62 ** 

3 193 7470 19.7 1400 22.0 0.58 62 ** 6" 
DECKBOARD 4 103 7010 24.7 1325 27.3 0.58 65 ... 

CULL 134 6310 29.0 1205 26.l 0.58 63 •• 
ALL SIIOOK 561 7270 23.7 1364 24.8 0.58 63 2.42 ---------------------------------------------------------------------------------------------------------------... tlOT APPLICABLE 

(l J SAt1PLE SIZE HAY VARY SLIGHTLY BETtlEEN PROPERTIES 

l 2 I STRIIIGER HOE CORRECTED FOR SIIEAR ASSU1ING E/G = 16 
(3) O.D. HEIGHT/0.D. VOllJ1E 
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APPENDIX I 

Grading Specifications for Pallet Shook 
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GRADING SPECIFICATIONS PROPOSED BY SARDO AND WALLIN 

Grading criteria employed for deckboards 

Description 

Size of Knot 

Location of Knots 

Clusters of Knots 

Type of Knots 

Cross Grain 

Split, Check, 
and Shake 

wane 

Decay 

Pith 

Mismanufacture 

Maximum dimension 
across width of 
the board 

Knots in the edges 
and end 3" of the 
boards 

Knots over 1/2" in 
diameter spaced 3" 
or less apart are 
measured as 1 defect 

Knot holes, unsound 
knots, loose knots, 
and holes 

Slope of general 
cross grain 
Maximum dimension of 
local cross grain 

Maximum length singly 
or in combination 
Defects 3" or less 
are ignored 

Maximum portion of the 
cross section affected 
at point of deepest 
penetration 

Cross section 
deepest penetration 

In face of board 
Boxed 

Maximum 10" length: 
ar.d maximum cross 
section 

Grade!! of Parts 
2 & Better _3_ 

1/4 of 
board 
width 

1/2" 
diameter 

1/4 of 
board 
width 

l/8 of 
board 
width 

l" in 10" 

1/4 of 
bd. width 

l/4 of 
board 
length 

16 units 
1/16 of 
cross 
section 

None 
allowed 

None 
None 

16 units 
1/16 of 
cross 
section 

1/3 of 
board 
width 

1/4 of 
board 
width 

1/3 of 
board 
width 

l/6 of 
board 
width 

l" in 8" 

l/3 of 
bd. width 

1/2 of 
board 
length 

32 units 
l/8 of 
cross 
section 

32 units 

Full length 
l/3 length 

32 units 
1/8 of 
cross 
section 

EXCERPTION FROM C42). USED WITH PERMISSION. 

4 

1/2 of 
board 
width 

1/3 of 
board 
width 

l/2 of 
board 
widuh 

1/4 of 
board 
width 

l" in 6" 

l/2 of 
bd. width 

3/4 of 
board 
length 

48 units 
3/16 of 
cross 
section 

64 units 

Full length 
Full length 

128 units 
l/2 of 
cross 
section 
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GRADING SPECIFICATIONS PROPOSED BY SARDO AND WALLIN 
(CONTINUED> 

Grading criteria employed for stringers 

Description 

Size of Knot 

Location of Knots 

Clusters of Knots 

Type of Knots 

Cross Grain 

Splits, Check, 
and Shake 

Wane 

Decay 

Pith 

Mismanufacture 

Maximum portion of 
cross section 
affected 

over notch or in 
end 6" of the 
stringer 

Knots over l/2" in 
diameter spaced 3" 
or less apart are 
measured as l defect 

Knot holes, unsound 
or loose knots, and 
holes 

Slope of general 
cross grain 
Max. dimension of 
local cross grain 

Max. length singly 
or in combination 
Defects 3" or less 
are ignored 

Max. portion of 
cross section 
Portion of nail 
face width 

Maximum portion of 
cross section 

Length in face 
Length boxed 

Maximum portion of 
cross section, and 
maximum of 10" long 

EXCERPTION FROM (42). 

Grades of Parts 
2 & Better __ 3_ __4_ 

l/4 of 1/3 of 1/2 of 
cross cross cross 
section section section 

1/2" max. l/4 of 1/3 of 
diameter cross cross 

section section 

None l/3 of l/2 of 
cross cross 
section section 

1/8 of l/6 of 1/4 of 
cross cross cross 
section section section 

l" in 10" l" in 8" l" in 6" 

1/4 cross 
section 

1/4 of 
length 
of part 

16 units 

3/16 of 
of face 

None 

None 
None 

16 uni ts 

1/3 cross 
section 

1/2 of 
length 
of part 

32 units 

1/4 of 
of face 

l/8 of 
section 

Full length 
1/3 length 

32 units 

USED HITH PERMISSION. 

1/2 cross 
section 

3/4 of 
length 
of part 

48 units 

5/16 or 
of face 

1/4 of 
section 

Full length 
Full length 

48 units 
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GRADING SPECIFICATIONS PROPOSED BY WALLIN AND FROST 

KNOTS 6 HOLES, 
Su• 

End• and Eda": 
uu,., 

l;iv&nDt '.\' 
Spannc· 

SLOPE OF GRAIN, 

OISTORTI:ll GRAIN, 

CHECK. SHAKE. SPLIT, 
Ch«k· 
Shall• A. Sphl. 

PITH, 

WANE: 

DECAY: 

BowAC-0, 

MISMA.'<UF AC"ruRE, 
COMBL'<ED DEFECT, 

KN= 6 HOU:S, 
Sia,, 

Nocch A...: 
Nanawfa-= 
Y.-tde Fam: 

Q.an1uy: 
NOIC.h--= 
End.....: 
c..-

SLOPE OF GRAlN, 

DISTORTI:D GRAJN, 

CHECK. SHAKE. SPUT: 
Ch«kc 
Shau, 
Splie 

Pl'Tlt 

WANl:c 

DECAY, 

9TAIN, 

WAIU', 

PM"CH, 

MISMA.,;1:FAmJIIE, 

COM81SED OEFECT, 

Hardwood deickbuatrd irradinc r~•triction• 
tGrf'ftl matf'n•I - •"'· dlm : lh1cll,._., ;~[)• ti, 5-a, 8. 7-~'~ 1n. w1d•I 

Grad• I 'l Grad• J 

I 'l tn . I l '4 •C'tual width 114 act.ual width 
t ·:! 1n. I ' 4 1M:h111I w1dlh J/1~ acl\1al width 
Nu hm1t No rn1ne1.aon No rntncuon 
J IR. ffllftlfflUffl J 1n. m1n1mwn J 1n . m1n1mu.m 

I 1n 20 I 1n It) maa . l 1n IU maa. 

N ... l t M anul width 1 11<:Wal width 

:? 1n. lone. an:w ""'"..., 1n. lon,c, an,- numbtr No rNtnction 
N..,. Non• LMlsth 1 1/2 width 

Nono N- Norwtrietion 

1, 2 in. on W1dth 116 width, Wldth 
112 Uuc:&n ... l t t lhKlr.,.._, No hall thid1.n._, 

no,w1nnail•~ -•1nnailanu 

NOM NOM Maa, l / 4 of aou -No PNtricuon No racnctioa No rNVIC&ioo 

1/1 6 in. 111 faee No rNlric1aoa 
11 16 ta. m 6-111. faee l/ij in. ,n 6-111. rare 

1/ 2 i.n. 

Nono N.,. EqllaJ "° knot dd'ect 

Hardwood pallet cradinc 
(G""'"' malnlai - .,,.._ dun.: l.J/4 in. wMM. J.l / 2 LO J..3/4 ,a. deep) 

c .... , c .... 2 Gtade3 

N- N ... l / 2 in. mu.. any, ... 
Pia l / 4 of Cact wid&h 318 of r .. Width 
l l fkh o( c_.. wNIUI 1/4 of faN WldUI 3/8 of fan WldUI 

N ... - OaenotdlOl'lly o.. ......... OM. Nehen4 One,nch ffld N..,. ,..,._.,...., .. T ... ap,KM&lll. 

I iA 20 'IIIUUll111a I in 15 maaia- I inlO•uUII.._ 

N..,. None in~•,_ Noneinno1eh ..... 
I 18 of fam widUI off-. widUI -- ......... 

N .... Ono. tma.11. Hrfaft Ono. mtdiua.nrt ... 
N- N.,. None 
N<NM N..,. N<NM 

N- N..,. r-
118 width 118 width II & width, 1/ 4 of 
l / 8 UUC&IMM 1/ 8 lhica,_ thicknoN. I / 2 lfl\,ul 

N- N<NM N..,. 

Medium Medi- NorNa-ictaoe 

v.,,.,hchccrooll Lich<a-k Mecli111Bc:rook 

l..ichl. YffJ amaJJ Mediuffl, vet')' --11 H .. ..,.,, medi11111 ...,_k 
•U'H.11 or pocU& 11t'N&orpocM& or pockitt 

NON m nail face None ua nail race None in nail face 

N..,. N- NOM 

Hf'duc·\U,)ft Ill atrfflS\hoq\UYalfflt wa llnotdeff'Ct. 

Grlld• 

Jt8 actual Width 
I / ~ actual width 
No '"tnn1on 
J 1n . minimum 

I 1n6mu 

J/8 act11al Width 

No rntnetaon 
l..n,cth .a full width 

Nof'MU'ic1aon 

112 width 
Not full lhK'llMN, 
nCMM m naal areu 

Mu. 3/ 8 of CTDN -No.-lrict:ioft 

Norac:rid:ion 

3/4 ia. 

£qua! lo knot def.cl 

Grade4 

112 of (are Width 
112 of face wldUI 

o..--
One. •ach nd 
No rNcnc:oee 

1111, ....... 

Non• 1nnolch ..-
318 of ,_.. wich.b .... .... 
Noraaiccian 
Liclo• 
One, ahon 

lloud 

1/3 widlh. 1/ 3 of 
lh-1..U-

No-

No ralric1:ion 

Hnvy. 1.,.. •tnu ., ...... 
NorNU"ICUOft 

EXCERPTION FROM (33). USED WITH PERMISSION. 



Li•it•ll••• •f Pu• ... ll•I• P•lu&. 

I LUMut: N. 

A 4;, ... 

1. t.:NOTS 

1• 1 Sin 

1r.11..n<-a1ion 

IU Quanl1t r 

I . S l'I . ITS ANO SHAKt:S 

n1 Siu 

tl,1 l .ocal i"" ••J <, ...... ;,,. 

I . CHt::uis 

• · WANE 

UI Sia• 

U•I l .,,ralh•ll a n .. 
(lw••l•lr 

NWPCA HARDWOOD PALLET SPECIFICATIONS 

l'KECISIOS GKAIIE 

TM • .,., a111ot lhan,~l•r nu ••r•l•r 1t,,a11 un...-
..... ,.., th• •""'ina l '"'Milli, of,.,., pi.ca. 

Ntt l,11,.I 10 lo."" OUIU .-.illlP u,f aflJ • n,1. 
.. , .. . l,op " ' lk>l.1un1 4«k No •••I ii lu W 

,.,,..,. 1111.,.,.,11., li.11011 ia anr d.-dd,,,.,J, . 
Naib Ca ll W Jri.,r11 inlu ••-"n4 lr,nuU ill 
drinlf, •ra ,,, • lr•nti1•r Lua1d1 Ma•frr nu ,,_ 
4r,·lohl .. ,,i. ,.,.., ,-;., nail UI lo IN tlr1 •·.-11 
ln1,. ur Oiruu11ll lr.nu h ia l,l,,ck1 . 

N" - ••• lhall l•·u maa1m111n 111• l,.nuh or 
lhr,r ............. ,. , ia aa~- '"'•h•• ind1 l,-n.1lio. 
A,IJi1 .. ,nal .u,h l,nuh nunl lie ...,,,a,atNI 
I, . al lo·• ~I •i& IIHh.-.1 

1 ... -... 1 .. of crad, ur • r •u1 ••1,1 •raliun m,u1 
h• "" l•.n•n th•n ""••h•U •h• ..,. id1ll of 
•M l•i«_. ifl • ii dKlol .... rd•. •lrll••U 11-. .. rd•. 
•nd 11,l,.,c-1,•. and flu kon.,r •lli•n th,· w1dtlii 
uf lh• a,ioo 't' • in •In"••" · 

S•li•• rwnn in.- •hru.,•111 1 .. 11 1lloi<lr.111N1 ,,f 
•h<' p,.-c-.- •n•ll •u .... nfu , PII ... ,,. nail ~,.h•u •r• .... , 1..-rmi11..d ill ,11Jb..ar41 . " "I • 
•••I• olflfltctr b. ,arU . .... 1.•kt• 1lrin• • r• or 
1>1....-i.. l11,t4,, .. ,11, m ar r .. 111a•n .oa,l•la if 
••ndJhd 11, ,.a,11 

Sllo11i ... ,.. not pun,iuf'4 in ..nd• .. ••h . 
11 rin11rr ..... ,d,. ou1.,oidr llfln11•n ind ou• • 
... 1o- 11,1,., .... . ln11 ., .. ~rmiu•• In .... ,...,,, 
1hu1 _,.., in~iJc b,,.,d if c-.. ,.t a u•NI II)' 11111-
in•. 

N" li•oil•lioo•• in .. wan1i1, ur Mn••lrl 1,I 
du..,lio 1,1,.,,·iJiu• Ill••• at• no• la dirttl lin• 
"ilh •••I• "hirlii ..... ., ... c-•"•• . ....... .. ; ... of 
h1 • ••· .... h •••uhi .. 11 i .. ,1.- f•«I f'IUl'•l~nl hi 
11a,. 01,hh 

l'K EMIU)I loKAllE 

Ta,. aw•ro11r J••"""' 11u • " ·•I rr ll\1 11 on•• 
1aiui th• a • .mi .. •I .. ,d1)t. .. , lh• p..-rf' 

..... .. nul , .. b.- .... ........ ,~1,,, .. , •nr ...... . 
1,,,., .. . tup u r l,., .,. ,m dwl . No .. • ii ia lu 
b,, dn•·•n lhrou,:h l ...... on r 11,I J., ..... ,.,,b . 
t,la,la c-•a .... dr1 , ... , .. ,., ~"""" ...... 1, , .. 
1Uin11rn .,, •ltin•,r Ward,,., bl, ac- .. . 

t,I ., """' .. than, .. ., m •• I"'""' •11• ln .. La or 
lh.- 11 r11wi• a l .... 1 i• .,., fllf .. l inclii 1 ..... ,11i . 
A.Jdi• io,n•I ,.,rh .. n.-t• mw~I bf' ,.,,,.,at.-d llor •1 l, ·ad f.,.,, i11ch,... 

L .. 11.,h of crarllo ,., •••n• ••1>•r•1 iu11 """•' 
k • ., 1 ... ,,..., th•"' .......... , .... •tJllii of •Iii, 
pM-u i• ••I J« ... .. ,d,. ••ron11.-r .,_,.,d, •n4 
""• .. • · u ,d " " lunsu , .. an •h .. "iJ1h of lht 
pi..cf' i l'I 

t.•lila ro1••101 lhr.,.,•11 f.,11 lhic- .. n,..., of 1111, 
pit-ct 1not lo 1,,r , .. .. ,., • .-4 ..,.i,lli n•il 1phU• 
.,. fthl ...,,n,ilt..d 1ft • nJbuardt. Ollhid,r 
11,. .. . ..., "-•••••· .,ui.id,r ,1rin11,rn wr 1,1.,cl,a 
ln°.J, .,.,4, m•r cun la ,n •1•ht.. if ,1,addl.-4 .. , 11••·· 
Sliia .. u .,. ,...,. 1,u,ni11c'<II In ,nJt,,,.,J, . 
•lrin,r,r r b. .. ,d, . .. .,1,tek ,.,.,..,.,.. and ,,wl , 
1iol,• 1,1,..- .. , . 1.., 1 .,., •-•mill.-4 u, ,.. .. n,...-, . 
llii•n , ... ., in.i•I• bu•rlt• if c- .. n,•in..J llr 
,. • • 11 ... 

Nu •imiu1i.,n in .,. .. • nlilr u,- knsth of 
c-ht .· .. , 1n 4ttlil .. ,.,.I,. ~1,in,cu 1,, ,ar•h. a .. d 
dfl .. llHI. pro,iotinJI .... •n• .... c l,.b, ,a,,h ,h .. , 
ar,r .. , ,. •11 dir«I Ii,. .... ,, .. n •i! ..... i,h 
...... Id c- • u...., •••li•n l .. • u l fa,1.-n .. r1 ,..., .. 11 . 
i111 i11 d .. tn·t .. ,.,;, • l•·ft l lo 11••1 11,hh . ., .. . 
1.-., c-un,1,.· .. 1at...J f,,, llt· • dJiloun 1I n • i·• 
1cu,,·1..-d ""J .. , o a1I , 1,li1~1 C .. .,.. ... in 
............. , .. , ...... . ... ;1 . ........ '°"' ..... ,. 
nut .,.-rfflill...J 

" AA" GHAOt-: 

T .. • • • •• ••• d, . n, .. 1,-, "" 11,,. •• ,. , th• • o .... , .. ;, .. o,,. .,,.,..,., .... w,11 u l 1 .. r 1•i«• . 

s .... n,I • n .. i. . , .. .-..,m ,. , ,bl., in 11a il<n 111 •to·• 
bu1 " " .. • ii i• •u I,.., Jri••n ••n•uwh 1wrh 
...... u "" ... ,11.,,.,.h l"P "' L..,11 .. 111 d ,·c, I, • I .,.,, .,d .. . tru•o:•r• .. , a.,, ,.. ., , ., .. I•·•• c-0•11...-n-
aaa .. J I, ,, llo1· •11 • •l•hh. ,n•I .. . u. Nail~ r •n 
lw- J,., .... 1 .. ,., "' llu ,,u..-h auu .. J l .. n l a "" 
in•id• d,·c•t. ... ,J, ..... •II ,ui ..... , h.,ud, 
•llhuul • rum1•r11••linir ... ,1 N • il• r a 11 1..-
J,. ••n •olu """"" .. , .. .i ... , ......... ln .. 1 .,. .• , 
in •"7 pafl ,.f ... ,. ,, ,.., ... ,.,, l.lu.-1, 

Nu,.,.,,,. •h•n ,,.,. m•••m•m , i1,r ..... u . "' 
, .. ,i, ,,.,.,j, •l,r M . 111 ... , ,io '"' lo J,•n.:•h . 
AJ,hl..,.,•I • ur h •null m.,,, 1,.. ,.,·1••••••..J .. , .. ,, ..... , .... , ... , ..... 
I An111 .. ,,I rr • c .. o, .,,.i ........ , a, .,.,. "'""' 
b.. •u lvn•u ti..n on••h all ... ,. idth .. 1 .... 
1,1if'c,r 111 f'lld 4rc-kbt .. rd1 •114 •II .... ..,. , . •nd 
"" kon•wr . ... ,. •h• •iooll .. ., f lh.- 1•M-c- r ia 
1tr i ..... ,, . • llifl••r buauh •nd lfl•i•lr "'•••J• 

fi•lil• ,.,,. .. ;,.JI thruu•h fwll 1 .. ,c1i, .. ,·•• .. r 
pWC, , .... 1 tub.. c-,,11f1uNI •itlll "•i• 11,li11, 
111 c .. db.,.rd• . .. J i .. ,iJ, bo,.,d, "'"~' ba 
.tr•d,t •• -411 .. , .. .,1. S t,lih 1 .. ••" I• ,.f ""bi.I• 
a1,i1111•ra .. , l,lud, •• ,. . .... , • ..-,mi11.-J ., .. , •. , , 
., .,,., ..... ,.,..., f.,r a., • ,.,1,u,c airJ f••lrn•r ........ ,.,i ..... ni,1 ••• ,, .. , • • p1i1 . 

Sllo•lr.•• ••• ""' ,,..,..,;u,·ol i " .... 111 .... ,,1 •. 
olr i11 11,rr ...,_,J,. uut.aiJ• • • ,...,, •. ,., ao,I ,.ut-
,,,1,· M, .... .. 11 .. 1 .,. ,,.·,mil1Nt i• "" mun 
•h• o , .. ,.~ m , id• l,,,.rJa If c-u r11a inl'<I b J' 
... ,1; .. , 

..... ho,it•llon ift ,, .. a ft l ilJ or 1 .. , •• 111i of 

. ....... .. . in d«•t..•• rJ• . •lrin••·• ••••J1 . • "d 
11,in11 • ••· 1,ruw1< li1111 ., .. •n.S , ........ . .,,h th•, 
. ,.. ""' 11, J11,-.·1 Ii .. , ,., ,1 .. 111111• .. ·hirh 
• ·,..,IJ , • .,.,. •••~• .. in• ,.r •••••· .. •·h , .-. uh • 
in 1 ill J,.f .,..t ..,,.,,. ...... ,., I•• h lli i • l•h h . un• 
, • . ,. , ............... -J , .,, .. , .,1,1i1 ..... . . ,. . ;,. 
H ....... J Ull•h·r 11• il •••• , ,.,., . t'h...-l . ,n 
Ll,oc- .. , lh•I •·•& .. ••• • n•i• , houk lu ,;, .... •1• 
nu11,.-.mil•••• 

... , .. 1:UAIIE 

·rt•• •"·1•11• d••m..trr 11u 11r•at,r1 lh•a on•• 
half, .. ., .. ., .. ,,.,al .. ,.11h u l •h• .. ,.,.., . 

s .... ,.,1 .. """ • r• .... ,m,.,,1,1.- j,., ... ,11 .. 11 ••••· 
N••h ••" lw J,,,,n i11 1 .. "' 1 .. ,..,.,.-. ' ""'"' 
.. ,.,.h ., .. all d,·clll,,. ,• rJ,. •tr1n11.-r l,,,ard1 . 

.. , t, ... ,..ll •i• .. uul • C"••ffl t" ·n ••l i .. lJ 

N u fflUtf' lh• II '" " m •11,.,.m •ur lr.fluh "' 
, .... If .,,,., ~.1 .. 111 in •nt 1ia inc-II lfnJ1th 
.\,ltlui,,,oal , u,·h hfu,h '""•I bo, .,.,,.,., ... 1 
&., •I I•·•~• '""' i11t 1,.,~ 

1 ... .,111 .... , cnu·• ••• 11,ai .. • •1•••••i"a n1u11 
I..· 11 .. 1 .... .,. , than 1 .. · ... thir<f,; ..... •iJ1h uf 
Ill• .. ;...,., , .... n,t ,1 .... ~1 .. ,ar•I• aod Lk.- .. • ... d 
,, .. luo11ff , .... n ••·i,· ....... " ·idlh o, I , .. ., JOMect 
in ~lfinJl ,-r-. . . .,..,.,, , l,u•rll• •n4 i11,iJr ..... , .... 
S•lih rwnnin11 1h,.,u,c .. full , .. " .... .,. • .,f 
lh•· .. ,.r• 111,,t , .. II• r<, nlw~•d .. ·i•h ... ;1 
•l•l<IH .,., ,..,,o,ill r•I i fl •nr . .. ,.. .... , . 1,.,1 
,..h,·11 ••••• .. • 1111,: •n ,,.,11.,.,a ,Jt "'" '' b.· 
•• , • • 1.11,.J .. , ...... 

Sh• .. •• ., .. , ,.- ,nuttt>I In ,.,., 1•itt• If ron , 
l • i,,. ·d .. , n•1lio,r 

Nu limil•l ion in ., .. anlil)' . 1 .. 011th .. , 

ltulo,llo•u•h 1•d eh i••n lloea,U ; I I wt<f•h P•r~lloeud1 •11d .s,l111n ll,1ud1 : I i i ..-ld•lli lhrlillo••••• •11d 1hln••r llo.arda ; I , ..-i•h.. 0,..1,.11, • ., .. , • •· 1uia1u ... uda : 1f t ..-idth 
• I ... ., .. ,,.. •• unlin.,1,,d in lt-n•lh I , & , .. id,nto.• w .. limito-d in l.-r,1•11 ·• 1: 2 l .. id• :1no unlimitrJ jr, l,·111th. :: •:t lhi, .. uo•ift,it..J in k• .. Jlllii 

i.1,. ... .,, ., llol..-•-= I Ii .. ;,uh u f n• 1hna St,i"""' ., .,1"4"li.• : I , • ·••llh u f n•i li .. • 8h l•••n ., llol..-li.• : I. I .. ,Jill ul •• • i~i"• su,111rr• •• ·"'"'"' ' 1.-:1 wk11h , ., ... •lli1111 
fa r ,·• I I .. o,dclii ., f ... h .. , l1o r,-. • u11l1mi1.-d I••·..,. I I """11 .. , ,I .. , .. ,., f• cro ., .. fa r " 1, l "'"hh uf u lh,rr fa ,·.-.. w11l,.,11h•<f I•~••,- l •:t .. ,d1h .. 1 .,, .. ,.., fa,·N u.,i. .. ,11...a 
i .. 1,,..,t, in •.-1111 1h I" k•., 111h. lu 1 .... . , .. . 

N, • .., , ,. .. "" .. .,,1 J .,, 1,1,. •• ,J,. 1, ... or 1 .. ,11 .. ,n 
d.-.·t. a. or,•I ,, .. . .i.1,· ,1ru,J1 .. • • · ,1ri .. J1u ... , .,d~ 
,,, 1.1.,.·l~ l'l·an. ,_. .... ,m,11.,t "ithin 11.,.ri-
fi•~ l l,mi• • .. ,. .. ,. .. . ,, ,.,,., .. ,, r , .. ,.,., ni .. • .,,. ... , .• 
l'''""fi • • ii it-••a fl"I • l ' l " ·•f loll ,r, • .,_.., 
ou,f . .,· .. a htf " " ... ,I b ,l,1w•·• ...... II .. , 
.... ..... ,:1, ii 

"'°"""" •i• .. •n .,,..,11 i, IH"•m•n .. ·d "" .,., 
.. , .. , .• ,,, .,,·i•l•.,I ii .,, '"'' " "••I""'"' •wrbr• 
,,, ..... ,oa ... l .-d11• ••• .,..,, .. .,.,..1 u, •n•hl .,. .. 
, . , ..... , ..... n ., .. . ,1 •~Jr,.," i,,, .. ll .. , 1111, .... .,111 
h Nu nK•"" ...... ............ ,1.- r ., , .,;...-.-~ .,, 
•" i .. J,. jJual ,..11, 1 mo)' C"ul•l•ill ... ., .. 

Wa .... • •i1 .. ,n lonllh i• ••••fnulh..J un " "' 
1,ir,·• , ,,.,,i.kd ii " n,,t "11 ••• .. • •·•I •wrla,·r 
o r •••" " ••I .-l11r I•• 01•1,.., ,,J '" .. n ,h1 . •"d .,,.,.,;.1 ... 1 ,., , n••I ,.,lri.-,·n i ,,1 .. i i " ' 1hr• .. 11'(1l 
ii . Nu.,,.,,,. .... . , • ., ,. .. 1h11 ,I uf ,,,.., .,.,. uf ... 
iu,l,.·t< lu11I ,, .. I&.·• .. ,. , , . .,,.1.,n .. ,.,.~ 

EXCERPTION FROM (38). USED HITH PERMISSION. 

W;,n• ... ,l .. io linuh •• , ... ,,n iu .. 1 .. n •nr 
••i•····•·"•Wl,1 ... 1,1 , . ..... ..... .......... d,c••·' 
O•O•I J,•,•1,l~••rol, . \\° ;,O,f' flllf ··•·•••r U ll •Uf• 
f,. , .•. ,,, ,·,I,:,• uf ..... . , .,,.~ .. , 1 ... 1 in nv , ., ... 
••·•· ,. ., ,!~ ,,. t ... olro• • n i .. ,., "' , .. ,,..,.,h ....... 
r,111 "'"••· l .. 0 11 ...... ..... 11 uf 1 .... 1•ioo-«N i11 a11 
ilo,1, , idu•• 1,all, ·1 n ••I •· .. n11<1n • • "• 

N 
O'I 
0 



I . WARP 

,., s1,. 

I . DECAY 

'f. fiTAIN 

I . CROSS~0 RAIN 

I . CONUIN£O 
DEFECTS 

8 - 11.&.lor. C-h•t 

NWPCA HARDWOOD PALLET SPECIFICATIONS (CONTINUED> 

l'IIECI SION GRAllt; l'IIEmUM GRAUE • 0 AA" GHAUE ••_, .. ,atADE 

Nn i,uU•Ww•I a>i.c• ,.,, e11, one pall.a lit l.o N o ln4 i.,i,l<••I •'"'• ""' anr o"• pallet 6- ca Jiu in•i.-.Jua l 1'1.-Clt u11 .,. , 011 • t>•ll•I ia lo t,lo lndh·i.dual pl#u on an, " "• ..-11c1 la lo ....... •••·.io,., ,.,., lo""•'• • ·loKII NI ., .. ~r 1,u·e ••ial lo"' ,..,., Lo ... ,.. ,.;1,..r111 6. ,, .. 1ar Iii••• oll••ia190n ''"' lo • •l'JI wli,klll ill ar•ate, •• •• ,t., .. ,,1M, .. d" • tn ••••• .. 111«ti LI. , .,.,., 
Iha" I . c,f lu .,,,, .. .,, ... 4ionen•'°"· J •; of 111 .. "-"'•'°"'· Ui,011 I •~ of ilt ..,., .. .,,..a 4i••--•"· X•, .,f ha n,cu,uM dim•n1io11 . 

Po • - -11'.i 
c.--li----f.l 'k 
Cwp - 1,;~ 

tlo Nu, ,.,nnluN. 

P•rmi1Lr4. 

S1,,p,1' of •ni11 mu•I nol urH<t 1 ·· In It~ 
of k n•1li I• en.ti_,,,., udn•n boar4a. 
ow1,W,, a, .4 lol->C"lia . 1- i • , ~ h, 
unlu .,.,,. ln•i<k ...,_...__ 

Com .. inalton1 of 4•firc ... al or rHH tMlr 
liml1.a Mll•l 11<.>1 ucN4 on• con1ll,h11ttoll of 
• 11r lwo of lhe-e fffffb p,er pleu . 

t•;;·~::1ilri::i:.!" .. ~:::~-;~uc:..-i:~· .:~u:-,:: 
.... tlne4 .,__ If nul •J'ffiflrd °" Ille or4er 
•II p6ft" U· ; .,1 .. , or •inH , •,~, pro-
•Wrd lhe &ut•I nn•e ._ •ot .,_.,...,. , . .. 
.,. . ...,11 a4llni"" are 11,NI •• fhLe•inas. 

Bo w - · l .l 'J-
Crooli - U •A 
C1111 - 1 .l 'A 

Ho~.,. ..,.r•ht.-4. 

Pnm itt..cl 

St.,,,., .,f ,rain mu,1 1101 e ,u,·4 I "' ii• II ~ 
of 1,,-n•lh In rn4b .. or<h , alrins:u b,,.,,,. 0111. 
eide •lr in•.-•• ,n4 11,l,oeh U11lim11.-4 -
.. ..,,,.., a1rl11•"" a11d l"•-'• ...,_,d,. 
c ..... blnatM>n• of 4.-1.-cl.l at or 11.-ar tlri•lr 
lhnll.l """' ,..,. .,.,.,.. "'" combin••- af 
••r II"" of u, .. ., 4et«W per pl.ct. 

za·; to a.. co111i4t"rM .. •""'••• fw •II 
pifion at time al f,11,r lc•Uon •n• i111p.,..t k1111 
11ro .. Wh1• no •'"• eu....,_ :t1·;. 

Bo• - l .r k c,~ - 1., ., 
c ... - , ., ., 

Ho •••U7 p,ermittHI. 

r ....... 111.-.1 

s1.,.. nf '""~'not ... ,......, I " in, .. of 
lr"ath 111 ,ndbo•rlH, ,1, inau bond&. ,,u1.1ide 
1lrin•r11. and 11,l,,cl,o. i11 ...,nltr 
alrlna,n anJ in1id• l,..,er4• 

Comltin•tM>• of lt.nuU, wane ,nd 
11 or •••r their liffli1• mu, 1 nut e•u.,..d one 
u , .... in1l 6o11 of,,.,. t•·o of lh"" 4dKLI p,er 
p1irc1, Sphh .· 1h11t. .... t"hN-k a an<t wup ,,.. 
.-,miHe4 in a111 nurnb.-r .ol comltin,tiont , 
er ia corr,bineti.u• whlri tlw •"°" e drlect• 
.. lhnit..cl . 

Tu .... COM*'"" •••• .i •••• , liffll of 
fal>rlution .,,o, lntp«tlo11 : 

4•1 Dffltboarde and alrln1111 bond• · tt·; 

tlt1 S1rln11,,.. or Hloch - Unllrr,itN . .. 

EXCERPTION FROM (38). USED HITH PERMISSION. 

Ro• - t •~ 
Crook - l 'i 
Cup - 1•1 

No dKa)I' ""'"'iHNI in rndbno, .. or ou1,i41 
,1,ina•••· ll«• r - , n. id.- bt,erd, lirniw-ol 
lo o rir -tllirO, 1lio• width al pi,c• an4 1111 •o 
"'"'• thaa lhr .... bt,1r41 a nO, fflu1l flOI b.- ill 
n •ilin• au, . 

Prrmilh-4 

51.,J'f' uf an,n "'""' "'" ruN'd I H h, I H 
o f lr n•th ifl rndt..,.rd, . 1lrin11rr boer0,1. 
-1•..t ,- 11,in•n• . ,nd ll,'-,c-h . Unlirr,ltl'd I• 
H"'"' tlflnKH• a nd in1i,le boar4a. 

Con1l,il't al t<•• of ._ not , . wan• anO, ,,..,. •• , ,111 
• I or nrar thr ir limit.I mu1t ••.t •• , ..... on, 
otumbi nal iun ,,f anr twu ol th,... O,d«ll ..-r 
piru. Spl111 , 1llakH, tllttkt and warp are 
t,umi11.-d in 1nr numb.-r of ot.-l,in:aliufl t . 
or in cfln'lbin1t iun wit h lllll •bo•e drhotta 
H limitf'd. 

Unllmlted Jilo ieture Co11l t"ftl fnt" •II pi« ... 

l'v 
O'I 
1--' 



NWPCA SOUTHERN PINE PALLET SPECIFICATIONS 
SP-SELECT Sl'-1 sr.2 8 1'-3 

KNOTS-
Drckboard1 and Stringers: 
In pallet part.a lhe 1ize of• knot ia measured by ila grealcat dimension across the widlh of the piece, 11nd limited by cross seclionnl diapl&ct!mc nt. 

are to be aound, finn, encased, if Knole ere lo he sound, firm, encRaed Well 11paced of any quality are \\'ell 111utn·d knots of uny qunlily 
litchl nnd well knota are not to ,md pith knots, if tight nnd well apRcc,f permitted in sizes not to t!Xcced the pcnnillcct in s i1.eR not lo eucNi 

11rc 
the 

exceed the following or equivalent dia- in »iz~ not lo l':u:ecd t.he following or followinK or equivRlcnt Ji,..plttccmcnl: following or c,1uivnlcnl di9plnccmcn l : 
pllu-cmcnl : equivnh•nl diHplucemcnl : 
1/ 6 nominul croas section. J,,; nomin11I cr088 11ccl inn : 

Knoll on edge of widt> face of 
Unsound or loose knots t1nd h oles. 

a) Qunnlity : The of the eizce of ~:l?~:d irwi::y U~eivdLmt:;e~c~,t~ft:i!u~ 
ainJ:lc knot allowed , hut two knula of 
mnximum permi~ible size are not al~ 
lowed in the aamc 6" length. 
b) 1,ocalion: No knola ahall be allowed 
that interfere with the nailing or ex-
posed edge• or any deckboard1. 

¼ nominal cross section : 
Knole along center line of wide face of 
atrinKere. Dec khoards. 

The sum of 1he sizes of knolB in nny 
given 6" length not to exceed twice the 
dinmcter of mnximum aingle knot al-
lowed, hut two kno t.a of mnximum 
permissible . size t1re not allowed in the 
aame 6" of length. 
No knots 1h11II he 111lowed that inlerfere 
with the nailing or exposed edges of any 
deckboarda. 

SPLITS, SHAKES & SEASONING CHECKS-
Dt--ckboard, 011d Stringers: 
(a) Size: Surface checks not over 1/16" 
wide x Jl thickness. 
Surfoce ahakea not over 1/32" wide x 
}"t thickness. 
No through aplila. 
(b) Location: Confined Lo center hair or 
width or piece. 

PITCH-
Deckboards and Stringer,: 
Medium pitch ia permitted. Pitch alreaka 
¾ width or equivalent in heavy pitch. 

Through oplito( throuKh checko, through 
heart ength equal to width of 
piece. 

Confined lo center hair or width or piece. 

Unlimited . 

SURFACING-SMOOTH SAWN SKIPS-
Deckboard, and Stringer,: 
Occaoional light okip (1/32" deep.) Medium hit and miss (1/16" 

deep). 

EXCERPTION FROM (39). 

jf.,J;~'i!'6•1• ~~c.':i~:)1~J~h nnrl wider. 
r:i nominal cros..q sec tion : 
Knots on edge of wirlc foct' of totringerR. 
llolcat in 4" nominal wi,lth nnd IL'R-'i. 
Ji nmninnl crosa sec lion : 
Knots along cent er line of wide foce or 
1tringers. Deckboards. 
The sum of the aiz t>s of knots in any 
.-::iven 6" of len1,:lh not l o f'X<'ecfl twit.- t> 
the diame-lcr u( m:ndmuin t.inMle knot 
11ll11wed hut two knots of maximum 
pcrmisRible size are not n llowed in I he 
at1mc 6" of lcn~lh. 
No knolfl ah,"l ll be Allowed thnt interfere 
with the nailing or exposed of ,my 
deckboarda. 

Through checks, and heart shakes, 
length equal lo 1 l-2 limes the width of 
piece. 

Confined to center hat( of width of piece. 

Unlimited. 

Hit and miss (1/16" deep); ·in addition 
6% of piece• may be hit or miso (1/16 br, 
length of piece), or heavy 1kip O I ' 
deep• }i length) . 

USED HITH PERMISSION . 

H nominal croM l!leclion : 
llulr:, in G'' n11minal width and widt•r. 
1 nominal cross 8<'cl ion : 

K1111ls on t'd ,<e of wide focc of slrin,:ent. 
llulc!l in -t '' 11111ninal wifllh nnrl l,~s..:. . 
~.I nominnl cros.~ st•r.licm : 
Knols ttlo ug ccnh!r lim• of wide fa t:c of 
stringerA. ()ee k hc111 rd~. 
The- 1tum of lhc si1.e!l of knob in nuy 
given G" l1~n,-:lh nut lo cx,·<'1~d l.wit:e 1hr. 
diame ter of m a 11i111111n 1,inglt' knot nl-
lowt• rl, bol two knols of mn11imu111 pcr-
rnh•si hlc ~izc nre 1101 &IIO\q•c l in tlw t.utm· 
G" of lt-nglh. 
S,und knots nre permitted in th1? nnilin~ 
aren . 

llnlimilt!d , provided it docs not divide 
memlic r into two or more pieces. 

No reslriclion provided it does not run 
out of the width of the piece. 

Unlimited . 

Hit or miss (1/16" by lenJ:th of piece), 
and in addit ion 10% of pieces may have 
heavy skip. 

N 

°' N 



NW P'C A SOUTHER N P I NE PAL LE T SPEC I F I CAT I ON S (CONTINUED> 

SP-SELECT 

TORN GRAIN-
D«kboarJ, and Strfoger,: 
Permitted, no more tham ! •" deep. 

WARP-
Deckboanl, & String~r, : 
(a) Cup .. . H" in 6" of width. 
(b) Crook .. . hi" in 24" or lenglh. 

PIN WORM HOLES-
v~-c•board, & String,•rs: 
Scattered 12 per 1urface fool. 

STAIN-
Declrboard, & Stringer,: 
Light 1htin medium on 25% of face. 

DENSITY-
Doclrboards & String,·rs: 
Medium grain- four rin.: s per inch. 

GRAIN DEVIATION-
Deckboard, & String,•rs : 
Deviation of grain must not exceed I" 
dt!viulion in each 12" of lentcth exct:pt 
for 11hort loca l deviat icm~. 

WANE-
Deckboard, & Strin1er1: 
Ji" wide 11 ¼" deep. 

UNSOUND WOOD-
D,dboard, & Strinsen: 
N one pem1illed . 

SP-I 

Nol limited , 

¼" in 6" of widlh. 
i•" in 24 " of length. 

Scattered 12 per aurface foot. 

Unlimited. 

Mediu'!I arain-four rin11 per inch. 

Deviation o( 1rain not eaceed 1" 
deviat ion in each 10" o( length except 
for s hort local d ~viationa. 

¾ th ickneu, ¼ width. 6 % of the piecee 
nu,y ha ve werne up lo i, thickness and 
½ width . 

None permilled . 

EXCERPTION FROM (39) . 

SP-2 

Nol limited. 

¼" in 6 " of width. 
! M" in 24" of length. 

Scattered 16 per foot . 

Unlimited. 

No reatriction. 

Deviation of grain muat not e11ceed 1" 
deviation in each 8" of length except for 
ahort local deviations. 

H thicknesa • H width. 6% of piece• 
:iJth~ave wane up to J~ thickneita, ½ 

~ 0 ~,r~hi1~~ee'!ai~J3i:~1~ie8:, h:~,,t2;~~~! 
not over½ widlh or thicknctNI. 

USED WITH PERMISSION. 

S1'-3 

Not limited . 

l'" in 6" of width. 
3/16" in of length. 

Scattered 22 per audace foot. 

Unlimited. 

No restriction. 

Deviation o( grain must not eaceed l" 
deviation in each 4" of length except for 
ahorl local devialion11. 

½ lhickneu • ½ width. 6% ol piecea 
:rJ..h~ave wane up to V. thicknesa, !( 

In apota or atreak•. Limited to J~ c r088 
section al end o( piece and along t he 
length. M not dca.lroy edge and muat 
ht: for nailin1 throughout. 

N 
O'I 
w 
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NWPCA WEST COAST SOFTWOODS 
AND 

NWPCA WHITE WOODS PALLET STANDARDS 

Shipping 

B. Knots and Holes 
Sound knots-no greater 
than ~. the nominal w1dlh of 
piece. 
Unsound knots and holes-
'• width of sound knots. 
Spike knots-permitted 11 v1s-
1ble on only one lace ot piece. 

C. Splits, Shakes and 
Checks 

Deckboards-perm11ted pro-
vided does not divide piece 
,n10 more than 2 pieces. 
Stringers, deckboards, and 
blocks-perm11ted provided 
11 does not d1v1de the piece. 

D. White Speck 
All pieces-unhm1led e•cept 
honeycomb shall not e•ceed 
25"i> of surface. 

E. Wane 
Oeckboards - '·'' nominal 
width and full depth ot piece 
perm111ed 1>rov1ded the aver• 
age w,c!lh of piece not less 
lllan 7511b of nominal w1dlll. 
Stringen. stringerboards, 
and blocks- •t, nominal w1dlll. 
2.-'J Ille thickness and lull length 
of piece permitted. 

F. Slope of Grain 
N/A 

G. Unsound Wood 
NIA 

H. Pitch 
N/A 

Standard Warehouse 
B. Knots and Holes 
Sound knots-average diam• 
eter no greater than 2•1,· tor 
nominal 6"' board and 1 w· lor 
nominal 4"' board. 
Unsound knots and holes-
no greater than ", size of 
sound knots. 

C. Splits, Shakes and 
Checks 

Oeckboards-line. s1ra1g111 
through 'I, the length of the 
pilfee permitted bul must be 
confined to center half of w1dlh 
of piece. 
Stringers, strlngerboards. 
and blocks-maumum per• 
milted not to e•ceed 1n length 
the nominal width of lhe piece. 

D. White Speck 
All pieces-in sound wood 
lim1le!.I lo 5% of surlace arPa 
bul no honeycomb permitted. 

E. Wane 
Oeckboards - ¼ nominal 
width½ Ille 1111ckness. and full 
length of piece permitted. 
Stringers, strlngerboards, 
and blocks-¼ nominal w1dlll. 
''• Ille thickness. and full length 
of piece perm11ted. 

F. Slope of Grain 
Must not exceed 1" dev1a11on 
in eacll 6" of length except tor 
local deviation. 

G. Un•ound Wood 
Treat as unsound knot. 

H. Pitch 
Oeckboards-small pockets 
or streaks not over 6" ,n 
length. 
Strlngen, stringerboards. 
and blocks-small pockets 
or streaks not over 3·· 1n 
length. 

Premium Warehouse 

B. Knots and Holes 
Sound knots-average a,am• 
eter no greater than 11, the 
nominal width of ::,1ece. 
Unsound knots and holes-
,., size of sound knots. No 
knots in na1hng area or ex• 
posed edges of end deck• 
boards. No more than two 
maximum size knots per 8" 
length and separated by 4" of 
sound wood. 

C. Splits, Shakes and 
Checks 

Oeckboards-line. straight 
through '., the length of the 
piece permitted but must be 
confined lo center hall of width 
of piece. 
Stringers. stringerboards, 
and blocks-none perm11ted. 

D. White Speck 
All p1eces-,n sound wood 
hm,led to so;, ol surface area 
bul no honeycomb perm1lled. 

E. Wane 
Oeckboards-", width. 11, lhe 
thickness. and full length of 
piece permitted. 
Stringers. stringerboards. 
and blocks- '/• width. '.', lhe 
thickness and no more than•·, 
lhe length perm111ed. 

F. Slope of Grain 
Must not exceed 1"' dev1Rt1on 
in a·· of length except tor local 
dev1allon. 

G. Unsound Wood 
Oeckboards-1r.,at as un-
sound knot. 
Stringers. strongerboards. 
and blocks-not permitted 

H. Pitch 
Oeckboards-smRII pockets 
or str"a~s not over 6" ,n 
length 
Stringers. strongerboards, 
and blocks-small pockets 
or stre:iks not over 3"' long on 
w1dlh al piece bul nol per• 
m1ss1ble on thickness. 

EXCERPTION FROM (37). USED WITH PERMISSION. 
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