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ABSTRACT 

IMPROVING SAWMILL RESIDUE CHIP QUALITY 

by 

Robert D. Wallace 

The primary objective of this study was to improve 

residue chip quality at high production southern pine 

Sawmills. A general economic analysis suggested that 

improving sawmill residue chip quality could be beneficial 

to both pulp and sawmills. 

Studies were conducted at several sawmills to determine 

methods of improving residue chip quality. The first study 

examined the composition of material entering a residue 

chipper. Trim ends and oversize chips contributed the most 

pieces, but only 10% of the residue weight. Two-foot trim 

blocks accounted for the remaining material, 90% by weight. 

A number of these pieces resulted from slashing entire 

boards or cutting longer trim lengths into 2-foot pieces to 

clear them from the mill. 

Two studies were conducted to examine the possibility 

of leaving trim in longer lengths to improve piece 

orientation and stability. Both studies found significant 

improvements in chip quality, the overthick chips decreased 

while the percentage of acceptable chips increased. Chip 

quality improved with each incremental increase in trim 

length, but increasing trim length to four feet alone



accounted for 50% of the overall improvements. Four-foot 

trim lengths would generate an additional 4-5 tons of 

acceptable chips per day for the sawmill. 

Feed conveyor loading was found to affect chip quality. 

Highest chip quality was achieved when the feed conveyor was 

half-full, two or three pieces entering simultaneously. An 

overloaded conveyor produced higher percentages of large 

chips, whereas chipping single pieces increased the 

percentage of smaller chips. 

The effect of seasonal temperatures on pin chip and 

fine production at southern pine and hardwood chip mills was 

examined as a secondary objective. The pin chip and fine 

content at the hardwood mills increased as temperatures 

decreased, but variability in species and inventory obscured 

the relationship. Southern pine chip mills experienced 4-5% 

increases in the pin chip and fine content during winter 

months. Pin chips and fines increased 1% for every 10°F 

drop in temperature.



ACKNOWLEDGEMENTS 

My sincerest thanks to my advisory committee, Drs. C. 

Gene Haugh, Richard G. Oderwald, and William B. Stuart. Dr. 

Stuart deserves special recognition for his invaluable 

assistance, guidance, and patience throughout the project. 

The following research sponsors, and all those 

associated with them, also deserve special recognition: 

Chesapeake Corporation, Federal Paperboard, Metcalf Lumber 

Company, Westvaco Corporation, and Weyerhaeuser Corporation 

(formerly Proctor & Gamble Cellulose). This project would 

not have been possible without their support, cooperation, 

and guidance. 

Finally, I would like to thank my family, especially 

Mom and Dad. Their support helped get me through many 

difficult times. Thanks also to fellow students, friends, 

and the staff in Cheatham and at the harvesting lab for 

their support and helping making this a truly memorable 

experience. 

iv



TABLE OF CONTENTS 

CHAPTER 1. INTRODUCTION 
BACKGROUND 
OBJECTIVES 

CHAPTER 2. LITERATURE REVIEW 
CHIPPERS 

INFEED . 
Horizontal. 

Gravity 
FEEDING 
CHIP FORMATION 
DISCHARGE 

IMPACT OF CHIP QUALITY “ON PULPING 
KRAFT PULPING oe 
SULFITE PULPING 

TRIM BLOCKS 
TEMPERATURE 

CHAPTER 3. METHODS AND PROCEDURES 
IMPROVING RESIDUE CHIP QUALITY 

RESIDUE COMPOSITION . 
EFFECT OF PIECE LENGTH . . 
EFFECT OF CONVEYOR LOADING 

EFFECTS OF TEMPERATURE 

CHAPTER 4. POTENTIAL CAPITAL FOR IMPROVEMENT 
INTRODUCTION 
ECONOMIC MODEL 

CURRENT COSTS AND POTENTIAL SAVINGS 
FOR THE PULP MILL . . 
DISTRIBUTION OF PULP MILL’ S “SAVINGS 

FIRST INCENTIVE PLAN - PRICE FOR QUALITY 
IMPROVING FROM 70 TO 80 PERCENT ACCEPTS 

Pulp Mill’s Savings . 
Sawmill’s Annual Revenue to 
Improve Chip Quality 

Distribution of Annual Revenue 
Sawmill’s Capital for Improvement 

IMPROVING FROM 85 TO 95 PERCENT ACCEPTS 
Pulp Mill’s Savings . 
Sawmill’s Annual Revenue and 
Capital for Improvement . . 

SECOND INCENTIVE PLAN - BASE PLUS INCENTIVE 
IMPROVING THE ACCEPTABLE CHIP 

FURNISH 10 PERCENT 

O
V
W



Pulp Mill’s Savings . 
Sawmill’s Annual Revenue and 
Capital for Improvement 

SUMMARY AND CONCLUSIONS 

CHAPTER 5. COMPOSITION OF TRIM BLOCKS 
INTRODUCTION 
METHODS AND PROCEDURES oe 

COLLECTING SAWMILL RESIDUE 
CHIPPER . 
CHIP SAMPLING... 
CHIP CLASSIFICATION 

RESULTS AND DISCUSSION 
CLASSIFICATION 
CHIP ANALYSIS 

POSSIBLE SOLUTIONS 
LARGE SAWMILLS . . 

SUMMARY AND CONCLUSIONS 

CHAPTER 6. EFFECT OF TRIM BLOCK LENGTH ON 

CHIP QUALITY 

INTRODUCTION .. 

EFFECT OF LENGTH ON CHIP QUALITY 

METHODS AND PROCEDURES... . 
FIRST STUDY - CENTRAL GEORGIA. 

Trim Blocks 
Chip Sampling 
Chip Classification 
Statistical Analysis. 

SECOND STUDY - SOUTH GEORGIA 

Chip Sampling and Classification 
Statistical Analysis 

RESULTS AND DISCUSSION 
REPLICATION EFFECT 

LENGTH EFFECT . 
Estimated Effect on Residue 
Chip Output 

WIDTH EFFECT . 

LENGTH/WIDTH RATIO EFFECT 
PIECE WEIGHT EFFECT 
THICKNESS EFFECT . 

SUMMARY AND CONCLUSIONS 

CHAPTER 7. EFFECT OF CHIPPER SPOUT LOADING 
INTRODUCTION . 
METHODS AND PROCEDURES . 

CHIP SAMPLING AND CLASSIFICATION 
STATISTICAL ANALYSIS 

RESULTS AND DISCUSSION 

vi 

47 

49 
49 

52 
52 
52 
53 
55 
55 
56 
56 
56 
64 
68 
68 
71 

73 
73 
75 
76 
76 
76 
80 
80 
81 
82 
84 
84 
85 
86 
86 

92 
94 
94 

101 
103 
107 

109 
109 
109 
110 
111 
lil



SUMMARY AND CONCLUSIONS 

CHAPTER 8. EFFECTS OF TEMPERATURE ON PIN CHIP AND 
FINE PRODUCTION AT SOUTHERN PINE CHIP 
MILLS 

INTRODUCTION .... . 
METHODS AND PROCEDURES 

STATISTICAL ANALYSIS 
RESULTS AND DISCUSSION 
SUMMARY AND CONCLUSIONS 

CHAPTER 9. EFFECTS OF TEMPERATURE ON PIN CHIP AND 
FINE PRODUCTION AT SOUTHERN HARDWOOD 
CHIP MILLS 

INTRODUCTION 2 oe 
METHODS AND PROCEDURES 

STATISTICAL ANALYSIS 
RESULTS AND DISCUSSION 
SUMMARY AND CONCLUSIONS 

CHAPTER 10. SUMMARY AND CONCLUSIONS 
IMPROVING TRIM BLOCK CHIP QUALITY 
EFFECTS OF TEMPERATURE ON CHIP QUALITY 
RECOMMENDATIONS . ....... 2.2. ~. 
FOCUSES FOR FURTHER RESEARCH 

LITERATURE CITED 

APPENDIX A Number of Trim Blocks Needed for Each 

Trial in Central and South Georgia 

APPENDIX B Chip Classifier Set-up and Chip Class 
Size-Fractions for Central and South 
Georgia 

APPENDIX C Chip Distributions for the Trim Length 
Studies Cee ek ke ke ke 

APPENDIX D T-Test Results in the Overthick and 
Pulpable Chip Classes between Length/Width 
Ratios Ce ee kk ee kk 

APPENDIX E T-Test Results in the Overthick and 
Pulpable Chip Classes between Piece 
Weights 

VITA 

Vil 

115 

116 
116 
116 
117 
118 
124 

125 
125 
126 
127 
127 
136 

137 
137 
140 
141 
143 

145 

149 

150 

152 

159 

161 

163



Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

LIST OF FIGURES 

Spout locations in relation to a 
clockwise rotating disc 

Above the shaft horizontal infeed 
spout with log entering at the correct 
angle 

Chipping components with correct infeed 
angle and clearance angle for desired 
chip lengths 

Top discharge chipper with blowing vanes 
attached to disc rim 

Bottom discharge with card breakers on 
back of the disc 

Thickness of commercial chips and 
laboratory chips required to produce 
equal pulp yields . 

Rank order of the average acceptable chip 
furnish from each residue type 

Average amount of overs produced by 
each size residue 

Average percentage of undersize chips 
produced by each material form 

View of the chipper and tapered infeed 
conveyor used for the study in South 
Georgia 

The effect of trim block length on the 
overall chip distribution in Central 
Georgia 

Percentage of overthick and pulpable 
chips produced by the tested lengths in 
the Central Georgia study . 

Percentage of the overthick, oversize, 
and fines produced by each tested length 
in South Georgia . ee oe ee 

viil 

10 

13 

14 

17 

19 

27 

65 

65 

66 

77 

87 

87 

90



Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

.10. 

.11. 

12. 

.13. 

14. 

.15. 

16. 

Percentage of acceptable chips produced 
at each tested length in South Georgia 

The effect of trim block width on 
overthick chips at the Central and South 
Georgia studies Lee ee 

The effect of trim block width on 
oversize chips at the Central and South 
Georgia studies 

The effect of trim block width on 
acceptable chips at the Central and South 
Georgia studies Soe ee ee ee 

Relationship between trim block 
length/width ratios and the percentage of 
overthick chips in Central Georgia 

Relationship between the percentage of 
pulpable chips and trim block tength/width 
ratios in Central Georgia - oe ee 

Percentage of overthick chips produced 
by each trim block dimension in Central 
Georgia 

The effect of length/width ratio on 
the overthick chip furnish in South 
Georgia 

Relationship between the percentage of 
overthick chips produced and trim block 
piece weight in Central Georgia 

Percentage of oversize chips produced 
by each trim block piece weight in South 
Georgia Soe ee ee 

Percentage of acceptable chips produced 
by trim block piece weights in South 
Georgia toe eee ke 

The effect of trim block thickness on 
chip quality and t-test p-values at each 
chip classification in Central Georgia 

Lx 

91 

95 

95 

96 

96 

97 

99 

102 

102 

105 

105 

106



Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

The effect of chipper spout loading on 
the distribution of chips in each size 
class 

Seven-day rolling aver of pin chip and 
fine production over a one-year period 
at a Georgia piedmont chip mill 

Pin chip and fine production at a South 
Carolina coastal plain chip mill over 
a one-year period 

The percentage of pin chips and fines 
produced during the course of a year 
at South Carolina piedmont chip mill 

Linear regression line and data points 
for the Georgia piedmont mill 

Linear regression line and data points 
for a South Carolina coastal plain chip 
mill 

Linear regression line and data points 
for a South Carolina piedmont chip mill 

Percentage of pin chips and fines produced 
with relation to daily temperatures at 
a North Carolina piedmont chip mill 

The pin chip and fine content and 
daily temperature at a North Carolina 
piedmont chip mill 

The percentage of pin chips and fines 
produced at a North Carolina piedmont 
chip mill 

The percentage of pin chips and fines 
produced by a North Carolina coastal 
plain chip mill 

112 

119 

119 

120 

122 

123 

123 

129 

129 

130 

130



Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

LIST OF TABLES 

Effect of chip quality parameters in 
pulp processing . 

Qualitative effects of chip quality on 
kraft pulping woe eee 

Price paid for a ton of acceptable chips 
ranging from 70 to 100 percent accepts 

Example pay scale based on chip quality 

Annual revenue and capital money made 
available by improving from 70 to 80 
percent acceptable chips using the price 
for quality incentive plan 

Annual revenue and capital money made 
available by improving from 85 to 95 
percent acceptable chips using the price 
for quality incentive plan re 

Annual revenue and capital money made 
available by increasing the acceptable 
chip furnish 10% using the base plus 
incentive plan 

Time and duration of each sampling period 

Breakdown of each dimension by trial 

Weight of each trim block class per 
trial and the amount of boardfeet slashed 
per MBF 

Total weight of trim and the weight per 
MBF for each trial Loe . . 

Weight of trim blocks, pounds per MBF, 
and percentage of production by the new 
categories woe ee ee 

Total pieces of lumber produced, trim, 
and their ratio for each category 

X1 

21 

25 

40 

42 

44 

48 

50 

54 

57 

59 

61 

61 

63



Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

Table 

-Table 

-10. 

11. 

.12. 

Effect of increasing maximum trim 
length on trim block piece count per 
day - 2x4’s only 

The 17 tests conducted in Central Georgia 

Testing order in Central Georgia 

The 12 tests conducted in South Georgia 

Testing order in South Georgia 

Fisher’s LSD test results between trim 
block lengths in the overthick chip class 
in Central Georgia re 

Fisher’s LSD test results between trim 
block lengths in the puipabie chip class 
in Central Georgia . . . 

Significant p-values from Wilcoxon Rank 
Sum tests between trim block lengths in 
the overthick chip class in South Georgia 

Number of 2x4, 2x6, 2x8, and 2x10 boards 

trimmed 2, 4, 6, 8, 10, or 12 feet each day 
at a 90 to 100 MMBF per year sawmill 

Tons of trim blocks and pulpable chips 
produced at trim lengths of 2, 4, 6, 
and 8, feet , ee ee ee ee 

Length/width ratios and piece weights 
for the trim blocks tested woe 

Wilcoxon Rank Sum test results for 
differences in the overthick chip 
furnish among trim block piece weights 
in South Georgia oo 

Results of the one-way ANOVA in each chip 
size fraction for chipper spout loading 

Summary of the regression analysis for 
the three southern pine chip mills 

Summary of the regression analysis for 
the four hardwood chip mills 

X1i 

74 

78 

79 

83 

83 

88 

90 

91 

93 

93 

100 

104 

114 

122 

132



CHAPTER 1 

INTRODUCTION 

Sawmills produce several by-products in the course of 

producing lumber, of which residue pulp chips usually have 

the greatest market value. Sawmills are in business to 

produce lumber and, until recently, have not given much 

consideration to residue chip quality. During good times, 

sawmill managers view residue chips as a way to dispose of 

Sawmill waste, not a valuable product. During tight 

economic times however, residue chip sales often provide a 

Sawmill’s profit margin. 

Sawmill residue chips are a major component of the pulp 

mill chip furnish. Approximately 35% of the weight of a 

pine log entering a sawmill leaves in the form of chips, 

accounting for over 73 million tons of residue chips yearly 

(Leary and Stuart, 1991). In 1988, sawmill residue from 

southern pine sawmills constituted 25% of the total raw 

material supply for southern pulp mills (Dubois et al., 

1991). 

A pulp and paper manufacturer benefits in several ways 

from sawmill residue chips. Wood chip production and 

purchase constitutes the single largest cost of pulp 

production (Hatton, 1987; Forbes, 1984). Residue chips can



be purchased at a nominal cost since sawmills are looking 

for ways to dispose of their residues. Residue chips also 

provide a flow of raw material that is usually unaffected by 

short-term weather patterns. The majority of residue chips 

produced are "clean" chips, free of contaminants such as 

bark or sand that affect pulping. 

Chip quality has a direct effect on both pulp yield and 

pulp quality (APA, 1992). Individual pulp mills, within the 

past decade, have refined their definition of optimum chip 

size and are continually re-evaluating chip quality as 

pulping processes and requirements evolve. They have 

documented the effects of unacceptable chip size fractions 

on the pulping process and pulp quality. 

Overthick chips (generally greater than 8-mm thick) 

need more than one pass through the digester to dissolve all 

of the lignin. Extra passes reduce the mill’s digester 

efficiency. Pin chips and fines (undersize chips) produce 

lower pulp yields and the resulting pulp has considerably 

less strength. Smaller chips also blind recovery screens 

and create handling problems.



BACKGROUND 

This project originated, in part, from the findings of 

two previous studies investigating southern pine sawmill 

residue chip quality which explored the effects of chipper 

disk speed, knife angle, and anvil condition. Different 

forms of mill residue were used in each test including 6"x 

6" cants (control), edgings, and trim blocks. Under all 

conditions tested, trim blocks consistently produced the 

worst quality chips. Trim blocks produced the highest 

percentage of overthick chips, along with large quantities 

of pin chips and fines. 

Improving chip quality from trim blocks was determined 

to be equally beneficial to both pulp mills and sawmills. 

Sawmills could enhance their chip revenues and pulp mills 

could increase their pulp yield per ton of chips. 

Trim blocks result from trimming a "finished" green 

board to length or removing excess wane to yield a higher 

grade board. Modern sawmills currently produce four types 

of trim (zero, top, grade, and slashing), each 

differentiated by length or the trimming objective. Trimmer 

optimizers utilized at these mills generally produce the 

trim in two lengths: less than six inches and two feet in 

length. The short trim (zero and some top) results from 

removing normal trim allowance from lumber that meets grade 

specifications. Some 2-foot pieces (grade and some top 

3



trim) are produced when trimming the lumber by multiples of 

two feet to remove wane. Two-foot pieces are also produced 

from slashing entire unacceptable boards to clear them from 

the mill. 

Previous studies by Leary and Stuart (1991) and Edelman 

(1992) examined the effect of wood temperature on sawmill 

residue chip quality. Both studies found that wood chilled 

(36°F) and frozen (below 32°F) produced higher percentages 

of pin chips and fines than wood at ambient temperature. 

The difference in pin chip and fine production from wood 

chilled and frozen was not significant however. Increases 

in the percentage of pin chips and fines produced from both 

tree-length and residue material that freeze in northern 

climates is well known (Hatton, 1975). However, southern 

mills rarely experience severely cold temperatures for 

extended periods. Milder climates of the South have given 

little reason to suspect that chip quality was affected by 

seasonal temperatures. At the present time, the magnitude 

of this effect is not known, or only speculative at best. 

Several days were spent at southern pine sawmills 

watching residue chippers and the material entering them to 

develop ideas for improving trim block chip quality without 

Major capital investments. Several of these observations 

were especially important. First, there was no set 

orientation of a trim block relative to the chipper disk 

4



prior to chipping. Secondly, smaller material did not have 

the necessary weight to remain in the chipper throat during 

chipping. Much of this material consisted of trim ends (one 

or two inches in length) from the "zero" saw and rejected 

oversize chips. Blowing vanes attached to the disk of top 

discharge chippers create an air dam that does not allow the 

smaller pieces to enter the chipper under their own power. 

Smaller pieces build up until a larger piece would come 

along and push everything through the chipper. 

Occasionally, the chipper throat would become congested with 

smaller material and a trim block correctly oriented in the 

infeed conveyor would become misaligned after hitting and 

pushing the pile through the chipper.



OBJECTIVES 

The primary objective of this study was 

ways of improving residue chip quality. The 

divided into several parts to identify areas 

improvements would be most beneficial and to 

possible solutions. The second objective of 

to identify 

study was 

where 

evaluate 

the study was 

to better define the relationship between pin chip and fine 

production and daily temperature in a "temperate" climate. 

The specific research objectives were to: 

1) Document and delineate the material entering a 
sawmill residue chipper at a modern sawmill and 
the chip furnish produced by this material. 

2) Generate possible solutions for improving trim 
block chip quality. 

3) Estimate how much could be invested by a sawmill 
to improve trim block chip quality. 

4) Document the effect of seasonal temperatures on 
the production of pin chips and fines ata 
southern saw and chip mill.



CHAPTER 2 

LITERATURE REVIEW 

Nolan (1963) characterized chip quality in the past as 

something everyone talked about, but did nothing about. 

Opinions have changed as technology and pulping processes 

have changed. The quality of chips that a pulp mill uses 

affects operating efficiency, profits, and to some extent, 

effluent discharge. Overthick chips and fines are either 

unused or require additional expense to process (Robinson, 

1987). Uniform, high quality acceptable chips can be pulped 

under precisely controlled conditions to produce maximum 

yields and quality. 

Much of the research directed toward improved chip size 

uniformity has centered on roundwood and whole-tree 

chipping. Only a slight portion of the research has been 

associated with the sawmill residue furnish, the source most 

often criticized for its poor quality (Crammond, 1985). 

After improving roundwood chippers, emphasis shifted to 

improving chip screening systems. Improved screening will 

help improve chip uniformity, but reprocessing screen 

rejects increases costs and results in fiber loss.



CHIPPERS 

Many sawmill residue chip quality problems can be 

traced back to the chipper. In fact, when talk centers 

around improving chip quality, the chipper is often the 

place where it can be improved the most (APA, 1992). 

Sawmill residue chippers are essentially a scaled-down 

version of those used to chip tree-length or roundwood 

material. The overall configuration is virtually the same 

except a residue chipper usually has fewer knives, a smaller 

disk, and requires less horsepower. Typically a 36- to 60- 

inch, 3-6 knife chipper is used for all residue. Unlike 

roundwood, each residue component is distinctively different 

in form, regularity of presentation to the chipper disc, and 

reaction during chipping. The ideal situation would have a 

separate chipper for each type of residue (slabs, edgings, 

and trim blocks), but this is not economically justifiable 

at most sawmills (Veuger, 1976). 

Bergman (1985) reported that maintaining good control 

of chipping equipment and residue chips was the first step 

in achieving good chip quality. Furthermore, chip quality 

is a function of chipper operation and maintenance 

(Robinson, 1987). For example, sharp knives produce 3-5% 

more acceptable chips than worn knives regardless of the 

knife setting (Horng, 1986). Excessive wear to the infeed 

spout also produces more pin chips and fines (APA, 1992). 
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Maintenance not only leads to higher chip quality, but 

reduces power requirements and extends machine life. 

The internal operation of a disk chipper does not vary. 

However, there are several ways to deliver material to the 

chipper and to discharge the chips from the chipper. 

INFEED 

There are two basic methods commonly employed for 

feeding material to residue disk chippers, gravity or drop 

feed and horizontal feed. The three typical spout locations 

(2 horizontal and 1 gravity) are shown in Figure 2.1. Spout 

locations A and C (gravity and horizontal, respectively) are 

the most typical of sawmill residue chippers, while a few 

use the above the shaft horizontal infeed (B). Some 

Sawmills have modified these basic infeeds even further to 

assist in material control and feeding. 

Horizontal Infeed 

The horizontal infeed is most commonly used. It 

provides more initial control of the approach and feed rate 

of the material (Hartler, 1986). Vibrating conveyors have 

been found to provide the greatest control and are most 

commonly used. They shorten the dead spot between the 

conveyor and chipper disc preventing plug-ups (McLauchlan 

and Lapointe, 1979). Conveyors are sometimes altered to 

provide a greater degree of control (Robinson, 1987). Any 

feed conveyor used should deliver material to the chipper at 

9



  

  
Figure 2.1. Spout locations in relation to a clockwise 

rotating disc (Hartler, 1986). 
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a rate 10-15% slower than the chipper feed rate to ensure 

the disc does not get overtaken by the material (McLauchlan 

and Lapointe, 1979). 

Gravity Infeed 

As the name implies, gravity assists feeding on a drop- 

fed chipper. Unlike a horizontal infeed, material entering 

the machine is raised above the chipper throat. Passing 

over a tip point, it then slides down a sloping steel chute 

into the disc. The sloped chute orients the material to 

chipper disk while keeping it parallel to the chute contour 

(Robinson, 1987). 

The infeed chute is designed to smooth the transition 

from the conveyor to chipper, but its effectiveness is 

limited to material lengths of eight feet and less 

(McGovern, 1979). A gravity infeed chipper is best suited 

for short, heavy material (Veuger, 1976). lLonger material 

generates more momentum when it falls because it must be 

raised higher to enter the chipper (Stuart, 1993). 

FEEDING 

Much of the research on material throughput for 

woodyard chippers can possibly be applied to residue 

chippers. There has been some debate on feeding material, 

in a bundle (full infeed) or 1 or 2 logs at a time. One 

advantage of bundle feeding material is that it increases 

machine utilization (Hartler, 1986). Hartler also reported 

11



that chip quality improved if the bundle were controlled as 

it was fed. Robinson (1987), however, found that chip 

quality normally suffers when the infeed is full. Likewise, 

Crowley and Wardwell (1961) found that a higher percentage 

of long chips are produced when more than 1 or 2 logs are 

fed at the same time. 

Material alignment and feeding difficulties can arise 

when multiple pieces are fed. A constant, uniform feed 

angle undoubtedly improves chip quality (Robinson, 1987). 

He reports the optimum spout angle to be 34-45 degrees when 

chipping logs (Figures 2.2 and 2.3). In addition to uniform 

feeding, material stability during chipping influences chip 

quality. Material should be held and chipped against the 

vertical anvil (Veuger, 1976; Robinson, 1987). Movement 

during chipping creates different infeed angles and 

generates higher percentages of overs and fines (Robinson, 

1987). 

Well maintained chippers are self-feeding. Proper 

feeding is essential to sustain chip uniformity and 

formation (Hartler, 1986). If the material is not fed at 

the proper rate and angle, chances of splitting and 

increased compression damage to chips is possible. The feed 

rate is controlled by the "pull-in," or clearance angle, of 

the knives and is directly associated with chip length 

(Figure 2.3). The importance of the proper angle is 
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reflected by Crowley and Wardwell (1961), stating that a 

"poor feed can spoil the operation of a good machine." A 

small clearance angle produces short chips, while an overly 

large angle causes excess wear on the disk. Large clearance 

angles also cause material to tip-up during chipping and 

produce short chips (Crowley and Wardwell, 1961). 

CHIP FORMATION 

Chips are formed when the knives of the chipper exert 

forces greater than the shear strength of the wood. Wood 

enters the chipper at an angle of approximately 34-45 

degrees and butts up against wear plate on the chipper disc. 

The wood should be oriented with its grain parallel with the 

Spout axis and against the vertical anvil. The chipper 

knife then applies a shearing force across the wood grain 

and shears a piece from the original material. The size of 

this piece depends on the clearance angle of the knife to 

the wear plate (Figure 2.3). The clearance angle controls 

chip length and indirectly controls chip thickness and the 

feed rate. At the same moment the piece is sheared from the 

material, splitting forces are applied along the grain of 

the cut piece to break it into smaller pieces or chips. 

There is not a direct adjustment on a disc chipper to 

set chip thickness. Instead, chip thickness is largely a 

function of chip length and controlled by the clearance 

angle. Robinson (1987), chief engineer for Carthage Machine 
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�C�o�m�p�a�n�y�,� �h�a�s� �f�o�u�n�d� �c�h�i�p� �l�e�n�g�t�h� �t�o� �b�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �f�o�u�r� 

�t�i�m�e�s� �c�h�i�p� �t�h�i�c�k�n�e�s�s�.� �T�h�e�r�e�f�o�r�e�,� �c�h�i�p�p�i�n�g� �t�o� �a� �u�n�i�f�o�r�m� 

�l�e�n�g�t�h� �i�s� �t�h�e� �b�e�s�t� �w�a�y� �t�o� �c�h�i�p� �t�o� �a� �u�n�i�f�o�r�m� �t�h�i�c�k�n�e�s�s� �o�n� �a� 

�d�i�s�k� �c�h�i�p�p�e�r� �(�R�o�b�i�n�s�o�n�,� �1�9�8�7�)�.� �H�o�r�n�g� �(�1�9�8�6�)� �f�o�u�n�d� �t�h�a�t� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �(�g�r�e�a�t�e�r� �t�h�a�n� �8�-�m�m�)� �w�e�r�e� 

�p�r�o�d�u�c�e�d� �a�t� �a� �k�n�i�f�e� �s�e�t�t�i�n�g� �o�f� �7�/�8�-�i�n�c�h� �t�h�a�n� �a�t� �5�/�8�-�i�n�c�h�.� 

�H�e� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �2�-�4� �m�m� �t�h�i�c�k� �c�h�i�p�s� 

�a�t� �t�h�e� �5�/�8�-�i�n�c�h� �k�n�i�f�e� �s�e�t�t�i�n�g� �a�l�m�o�s�t� �d�o�u�b�l�e�d� �t�h�a�t� �o�f� �t�h�e� 

�7�/�8�-�i�n�c�h� �s�e�t�t�i�n�g�.� 

�D�I�S�C�H�A�R�G�E� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �m�e�t�h�o�d�s� �f�o�r� �c�l�e�a�r�i�n�g� �c�h�i�p�s� �f�r�o�m� �a� 

�c�h�i�p�p�e�r�.� �T�o�p�,� �s�i�d�e�,� �a�n�d� �b�o�t�t�o�m� �d�i�s�c�h�a�r�g�e�s� �a�r�e� �u�s�e�d�,� �w�i�t�h� 

�t�o�p� �a�n�d� �b�o�t�t�o�m� �b�e�i�n�g� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �f�o�r� �s�a�w�m�i�l�l� �r�e�s�i�d�u�e� 

�c�h�i�p�p�e�r�s�.� �T�o�p� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s� �a�r�e� �o�f�t�e�n� �r�e�f�e�r�r�e�d� �t�o� �a�s� 

�b�l�o�w�i�n�g� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s�.� �G�r�a�v�i�t�y� �a�s�s�i�s�t�s� �c�h�i�p� �e�x�p�u�l�s�i�o�n� 

�o�n� �b�o�t�t�o�m� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s�.� 

�T�o�p� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s� �a�r�e� �o�f�t�e�n� �u�s�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�S�i�m�p�l�i�c�i�t�y� �o�f� �t�h�e� �p�n�e�u�m�a�t�i�c� �c�h�i�p� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m�.� �B�l�o�w� 

�p�i�p�e�s� �a�r�e� �e�a�s�i�e�r� �a�n�d� �c�h�e�a�p�e�r� �t�o� �i�n�s�t�a�l�l� �a�n�d� �r�o�u�t�e� �t�o� �h�a�n�d�l�e� 

�t�h�e� �d�i�s�c�h�a�r�g�e� �(�V�e�u�g�e�r�,� �1�9�7�6�)�.� �B�l�o�w�i�n�g� �v�a�n�e�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� 

�d�i�s�c� �s�e�r�v�e� �t�w�o� �p�u�r�p�o�s�e�s� �d�u�r�i�n�g� �c�h�i�p� �d�i�s�c�h�a�r�g�e�,� �t�h�e�y� �f�i�r�s�t� 

�S�l�i�n�g� �t�h�e� �c�h�i�p�s� �t�h�r�o�u�g�h� �t�h�e� �d�i�s�c�h�a�r�g�e� �a�n�d� �t�h�e�n� �a�c�t� �a�s� �a� �f�a�n� 

�t�o� �h�e�l�p� �b�l�o�w� �t�h�e� �c�h�i�p�s� �t�o� �t�h�e�i�r� �d�e�s�t�i�n�a�t�i�o�n� �(�F�i�g�u�r�e� �2�.�4�)�.� 

�N�u�m�e�r�o�u�s� �s�t�u�d�i�e�s� �h�a�v�e� �f�o�u�n�d� �t�h�a�t� �t�o�p� �d�i�s�c�h�a�r�g�e� �s�y�s�t�e�m�s� 

�p�r�o�d�u�c�e� �h�i�g�h�e�r� �q�u�a�n�t�i�t�i�e�s� �o�f� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �t�h�a�n� �o�t�h�e�r� 
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� � �1�9�8�9�)�.� �(�R�o�b�i�n�s�o�n�,� 
�T�o�p� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r� �w�i�t�h� �b�l�o�w�i�n�g� �v�a�n�e�s� 
�a�t�t�a�c�h�e�d� �t�o� �d�i�s�c� �r�i�m� 

�F�i�g�u�r�e� �2�.�4�.� 
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�d�i�s�c�h�a�r�g�e� �m�e�t�h�o�d�s�.� �T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n�s� 

�f�o�r� �t�h�i�s� �i�n�c�r�e�a�s�e�.� �R�o�b�i�n�s�o�n� �(�1�9�8�7�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �s�o�m�e� �c�h�i�p�s� 

�w�e�r�e� �m�a�s�h�e�d� �b�e�t�w�e�e�n� �t�h�e� �v�a�n�e�s� �a�n�d� �t�h�e� �c�h�i�p�p�e�r� �c�a�s�i�n�g�.� 

�R�e�m�o�v�i�n�g� �b�l�o�w�i�n�g� �v�a�n�e�s� �c�a�n� �r�e�d�u�c�e� �t�h�e� �a�m�o�u�n�t� �o�f� �m�a�s�h�i�n�g� �t�h�a�t� 

�o�c�c�u�r�s�,� �b�u�t� �b�l�o�w�i�n�g� �a�b�i�l�i�t�y� �i�s� �r�e�d�u�c�e�d�,� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �r�i�s�k� 

�o�f� �p�l�u�g�-�u�p�s� �i�n� �t�h�e� �b�l�o�w� �p�i�p�e�s�.� �A� �s�e�c�o�n�d� �r�e�a�s�o�n� �i�s� �c�h�i�p�p�e�r� 

�d�i�s�c� �s�p�e�e�d�s� �a�r�e� �h�i�g�h�e�r� �f�o�r� �t�o�p� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s� �(�R�o�b�i�n�s�o�n�,� 

�1�9�8�7�)�.� �D�i�s�c� �s�p�e�e�d�s� �a�r�e� �f�a�s�t�e�r� �t�h�a�n� �c�o�m�p�a�r�a�b�l�e� �b�o�t�t�o�m� 

�d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s� �t�o� �a�v�o�i�d� �p�l�u�g�-�u�p�s� �a�n�d� �m�a�i�n�t�a�i�n� �b�l�o�w�i�n�g� 

�v�e�l�o�c�i�t�i�e�s�.� �F�i�n�a�l�l�y�,� �s�i�n�c�e� �c�h�i�p�s� �a�r�e� �d�i�s�c�h�a�r�g�e�d� �a�t� �h�i�g�h� 

�v�e�l�o�c�i�t�i�e�s� �a�n�d� �f�l�o�w� �t�o� �t�h�e� �o�u�t�s�i�d�e� �o�f� �b�l�o�w� �p�i�p�e�s�,� �o�b�s�t�a�c�l�e�s� 

�o�r� �s�h�a�r�p� �t�u�r�n�s� �i�n� �t�h�e� �b�l�o�w� �p�i�p�e�s� �c�a�n� �e�a�s�i�l�y� �f�r�a�c�t�u�r�e� �a�n�d� 

�b�r�e�a�k�-�u�p� �c�h�i�p�s� �(�V�e�u�g�e�r�,� �1�9�7�6�)�.� 

�B�y� �c�o�n�t�r�a�s�t�,� �b�o�t�t�o�m� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s� �a�r�e� �o�f�t�e�n� 

�e�q�u�i�p�p�e�d� �w�i�t�h� �c�a�r�d� �b�r�e�a�k�e�r�s� �o�n� �t�h�e� �b�a�c�k� �o�f� �t�h�e� �d�i�s�c� �(�F�i�g�u�r�e� 

�2�.�5�)�.� �A�l�t�h�o�u�g�h� �c�h�i�p� �d�a�m�a�g�e� �i�s� �n�o�t� �a�s� �g�r�e�a�t� �w�i�t�h� �c�a�r�d� 

�b�r�e�a�k�e�r�s� �a�S� �w�i�t�h� �v�a�n�e�s�,� �s�o�m�e� �c�h�i�p�s� �d�o� �g�e�t� �b�r�o�k�e�n� �i�n�t�o� 

�s�m�a�l�l�e�r� �s�i�z�e� �f�r�a�c�t�i�o�n�s�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �t�h�e� �c�h�i�p�p�e�r� �s�h�o�u�l�d� 

�b�e� �e�q�u�i�p�p�e�d� �w�i�t�h� �t�h�e� �f�e�w�e�s�t� �n�u�m�b�e�r� �o�f� �c�a�r�d� �b�r�e�a�k�e�r�s� 

�n�e�c�e�s�s�a�r�y� �f�o�r� �b�a�l�a�n�c�e� �(�R�o�b�i�n�s�o�n�,� �1�9�8�7�)�.� �B�o�t�t�o�m� �d�i�s�c�h�a�r�g�e� 

�c�h�i�p�p�e�r�s� �a�l�l�o�w� �s�l�o�w�e�r� �d�i�s�c� �s�p�e�e�d�s� �s�i�n�c�e� �g�r�a�v�i�t�y� �a�s�s�i�s�t�s� �i�n� 

�t�h�e� �d�i�s�c�h�a�r�g�e�,� �s�o� �t�h�e�r�e� �i�s� �m�o�r�e� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �c�o�n�t�r�o�l� �i�n� 

�d�i�s�c� �s�p�e�e�d�s� �t�o� �c�o�n�t�r�o�l� �c�h�i�p� �q�u�a�l�i�t�y� �(�R�o�b�i�n�s�o�n�,� �1�9�8�7�)�.� 
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� � 
�F�i�g�u�r�e� �2�.�5�.� �B�o�t�t�o�m� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r� �w�i�t�h� �c�a�r�d� �b�r�e�a�k�e�r�s� �o�n� 

�t�h�e� �b�a�c�k� �o�f� �t�h�e� �d�i�s�c� �(�R�o�b�i�n�s�o�n�,� �1�9�8�9�)�.� 
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�I�M�P�A�C�T� �O�F� �C�H�I�P� �Q�U�A�L�I�T�Y� �O�N� �P�U�L�P�I�N�G� 

�T�h�e� �f�a�c�t�o�r�s� �m�o�s�t� �c�o�m�m�o�n�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�h�i�p� �q�u�a�l�i�t�y� 

�a�r�e� �l�e�n�g�t�h�,� �t�h�i�c�k�n�e�s�s�,� �a�n�d� �t�o� �s�o�m�e� �e�x�t�e�n�t� �b�a�r�k� �a�n�d� �d�i�r�t� 

�c�o�n�t�e�n�t�.� �C�r�i�t�i�c�a�l� �f�a�c�t�o�r�s� �a�r�e� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�u�l�p� �p�r�o�c�e�s�s� 

�a�n�d� �p�u�l�p� �m�i�l�l� �(�T�a�b�l�e� �2�.�1�)�.� �A�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �a�r�e� �g�e�n�e�r�a�l�l�y� 

�d�e�f�i�n�e�d� �t�o� �b�e� �2�0�-� �t�o� �2�5�-�m�m� �i�n� �l�e�n�g�t�h� �a�l�o�n�g� �t�h�e� �g�r�a�i�n� �a�n�d� �2�-� 

�t�o� �8�-�m�m� �t�h�i�c�k� �(�H�a�r�t�l�e�r�,� �1�9�8�6�)�.� �C�h�i�p�s� �d�i�f�f�e�r�i�n�g� �f�r�o�m� �t�h�e�s�e� 

�t�h�i�c�k�n�e�s�s� �d�i�m�e�n�s�i�o�n�s� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t� �p�u�l�p� �q�u�a�l�i�t�y� �a�n�d� 

�o�p�e�r�a�t�i�n�g� �e�f�f�i�c�i�e�n�c�y�.� �T�h�i�n�n�e�r� �c�h�i�p�s� �c�a�n� �b�e� �t�r�a�c�e�d� �t�o� 

�m�e�c�h�a�n�i�c�a�l� �i�n�s�t�a�b�i�l�i�t�y� �d�u�r�i�n�g� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �t�e�n�d� �t�o� �p�u�l�p� 

�t�o�o� �q�u�i�c�k�l�y� �(�H�a�r�t�l�e�r�,� �1�9�8�6�)�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�i�c�k�e�r� 

�c�h�i�p�s� �s�l�o�w� �l�i�q�u�o�r� �p�e�n�e�t�r�a�t�i�o�n�.� �T�h�e�s�e� �c�h�i�p�s� �t�e�n�d� �t�o� �b�e� 

�o�v�e�r�c�o�o�k�e�d� �o�n� �t�h�e� �e�x�t�e�r�i�o�r� �a�n�d� �u�n�d�e�r�c�o�o�k�e�d� �i�n� �t�h�e� �c�e�n�t�e�r� �o�f� 

�t�h�e� �c�h�i�p�s� �(�G�r�a�n�t� �a�n�d� �S�c�h�n�e�i�d�e�r�,� �1�9�8�7�)�.� 

�S�h�o�r�t� �c�h�i�p�s� �l�i�k�e�w�i�s�e� �a�f�f�e�c�t� �p�u�l�p�i�n�g�.� �P�i�n� �c�h�i�p�s� �a�n�d� 

�f�i�n�e�s� �(�u�s�u�a�l�l�y� �l�e�s�s� �t�h�a�n� �1�/�4�-�i�n�c�h�)� �c�o�o�k� �m�o�r�e� �r�a�p�i�d�l�y� �b�e�c�a�u�s�e� 

�o�f� �t�h�e�i�r� �s�m�a�l�l�e�r� �s�i�z�e�.� �T�h�e�y� �a�l�s�o� �c�o�n�s�t�r�i�c�t� �l�i�q�u�o�r� 

�c�i�r�c�u�l�a�t�i�o�n� �a�n�d� �c�l�o�g� �r�e�c�o�v�e�r�y� �s�c�r�e�e�n�s�.� �C�o�n�t�i�n�u�o�u�s� �d�i�g�e�s�t�e�r�s� 

�a�r�e� �e�s�p�e�c�i�a�l�l�y� �s�u�b�j�e�c�t� �t�o� �t�h�e�s�e� �p�r�o�b�l�e�m�s�.� �I�n�c�r�e�a�s�e�d� 

�r�e�s�i�s�t�a�n�c�e� �i�n� �t�h�e� �l�i�q�u�o�r� �f�l�o�w� �o�f�t�e�n� �l�e�a�d�s� �t�o� �p�l�u�g�g�i�n�g� �l�i�q�u�o�r� 

�e�x�t�r�a�c�t�i�o�n� �s�c�r�e�e�n�s� �(�H�a�r�t�l�e�r� �a�n�d� �S�t�a�d�e�,� �1�9�7�7�)�.� �H�i�g�h� 

�p�e�r�c�e�n�t�a�g�e�s� �o�f� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �a�l�s�o� �l�e�a�d� �t�o� �r�e�d�u�c�e�d� 

�d�i�f�f�u�s�i�o�n� �w�a�s�h�i�n�g� �e�f�f�i�c�i�e�n�c�y� �i�n� �c�o�n�t�i�n�u�o�u�s� �d�i�g�e�s�t�e�r�s� �(�P�o�w�e�l�l� 

�e�t� �a�l�.�,� �1�9�7�5�)�.� �P�r�o�b�l�e�m�s� �i�n� �c�o�n�t�i�n�u�o�u�s� �d�i�g�e�s�t�e�r�s� �d�o� �n�o�t� 

�a�r�i�s�e� �u�n�t�i�l� �t�h�e� �u�p�p�e�r� �l�i�m�i�t� �o�f� �t�h�e� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� 
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�E�f�f�e�c�t� �e�f� �c�h�i�n�o� �¢� �i�t�y� �p�a�r�a�m�e�t�e�r�s� �i�n� �p�u�i�o� �p�r�o�c�e�s�s�i�n�g� �(�H�a�r�t�i�e�r� 
�a�n�d� �S�t�a�d�e�,� �1�9�7�9�)� 

�D�u�l�b�i�n�g� �P�r�o�c�e�s�s� 

�R�e�f�t�i�n�e�r�-� 
�C�n�i�p� �P�a�r�a�m�e�c�e�r� �K�r�a�t�e� �S�u�l�f�i�t�e� �N�S�S�C� �M�e�c�h�a�n�i�c�a�l� 

�L�e�n�g�t�h� �N�e�t� �t�o�o� �C�r�i�t�i�c�a�l� �N�o�t� �k�m�o�w�n�t� �N�o�t� �k�n�o�w�n� 
�o�r�e�f�t�e�r�r�e�d� �e�x�i�t�i�c�a�l� �-�-� �2�5�-�3�5� 
�v�a�n�c�e�,� �m�m� �1�5�-�2�5� 

�W�i�c�t�h� �N�o�t� �c�r�i�t�i�c�a�l� �N�o�t� �c�r�i�t�i�c�a�l� �N�o�t� �e�c�z�i�t�i�c�a�l� �|� �N�e�c� �k�n�c�e�w�n� 

�T�h�i�c�k�n�e�s�s� �V�e�r�y� �c�r�i�t�i�c�a�l� �|� �N�e�c� �c�x�i�t�i�c�a�l�*� �|� �N�o�c� �k�n�o�w�n� �N�o�t� �k�n�o�w�n� 
�o�r�e�r�t�e�r�r�e� �1�.�5� �-� �4� 
�r�a�n�c�e�,� �m�m� �(�s�o�l�i�d� �w�o�c�d�)� 

�C�h�i�p� �D�e�n�s�i�t�y� �C�o�n�s�t�a�n�c�y� �C�r�i�t�i�c�a�l� 

�B�a�r�k� �C�o�n�t�e�n�t� �C�r�i�t�i�c�a�l� �f�o�r� �V�e�r�y� �c�r�i�t�i�c�a�l� �|� �C�r�i�t�i�c�a�l� �f�o�r� �|� �C�r�i�t�i�c�a�l� 
�p�r�e�t�e�r�r�a�d� �p�r�o�d�u�c�t�i�o�n� �<� �1� �p�r�e�c�u�c�t�i�c�n� 
�r�a�n�g�e�,� �%� �e�c�o�n�o�m�y� �e�c�o�n�o�m�y� 

�H�a�r�d� �C�r�i�t�i�c�a�l� �f�o�r� �C�r�i�t�i�c�a�l� �f�o�r� �V�e�r�y� �c�r�i�t�i�c�a�l� �f�o�r� �p�l�a�t�e� 
�i�m�p�u�r�i�t�i�e�s� �h�i�g�h� �y�i�e�l�d� �d�i�s�s�o�l�v�i�n�g� �l�i�f�e� 

�(�s�a�n�c�,� �m�e�t�a�l�)� �i� �c�u�l�o� 

�C�h�i�p� �D�a�m�a�c�e� �|� �N�o�t� �c�r�i�t�i�c�a�l� �V�e�r�y� �c�x�i�t�i�c�a�l� �|� �N�e�t� �c�r�i�t�i�c�a�l� �|� �N�o�t� �k�n�o�w�n� �|� 

�M�o�i�s�t�u�r�e� �N�o�t� �c�r�i�t�i�c�a�l� �|� �N�e�c� �c�r�i�t�i�c�a�l� �|� �N�o�t� �c�r�i�t�i�c�a�l� �|� �V�e�r�y� 
�C�o�n�t�a�n�t� �e�x�i�t�i�c�a�l� � � � � � � � � � � 
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�c�o�n�t�e�n�t� �h�a�s� �b�e�e�n� �e�x�c�e�e�d�e�d� �(�H�a�t�t�o�n�,� �1�9�7�5�)�.� �D�i�g�e�s�t�e�r�s� �u�s�i�n�g� 

�f�o�r�c�e�d� �l�i�q�u�o�r� �c�i�r�c�u�l�a�t�i�o�n� �a�l�s�o� �h�a�v�e� �s�h�o�w�n� �r�e�d�u�c�e�d� �l�i�q�u�o�r� 

�p�e�r�c�o�l�a�t�i�o�n� �r�a�t�e�s� �t�h�r�o�u�g�h� �t�h�e� �c�h�i�p�s�,� �p�r�o�d�u�c�i�n�g� �n�o�n�-�u�n�i�f�o�r�m� 

�c�o�o�k�i�n�g� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �p�o�o�r� �q�u�a�l�i�t�y� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�i�n� 

�c�h�i�p�s� �a�n�d� �f�i�n�e�s� �(�G�r�a�n�t� �a�n�d� �S�c�h�n�e�i�d�e�r�,� �1�9�8�7�)�.� �M�o�s�t� �m�i�l�l�s� 

�h�a�v�e� �o�n�l�y� �o�n�e� �c�o�n�t�i�n�u�o�u�s� �d�i�g�e�s�t�e�r� �p�e�r� �p�u�l�p�i�n�g� �l�i�n�e� �s�o� 

�p�r�o�d�u�c�t�i�o�n� �c�a�n� �b�e� �s�h�u�t� �d�o�w�n� �w�h�e�n� �p�r�o�b�l�e�m�s� �a�r�i�s�e�.� 

�I�n�c�r�e�a�s�e�d� �d�i�g�e�s�t�e�r� �e�f�f�i�c�i�e�n�c�y� �i�s� �n�o�t� �t�h�e� �l�o�n�e� 

�b�e�n�e�f�i�c�i�a�r�y� �o�f� �g�o�o�d� �c�h�i�p� �q�u�a�l�i�t�y�.� �T�h�e� �e�n�t�i�r�e� �p�u�l�p� �m�i�l�l� 

�o�p�e�r�a�t�e�s� �m�o�r�e� �e�f�f�i�c�i�e�n�t�l�y� �a�n�d� �e�c�o�n�o�m�i�c�a�l�l�y�.� �A�l�o�n�g� �w�i�t�h� 

�h�i�g�h�e�r� �p�u�l�p� �q�u�a�l�i�t�y� �a�n�d� �y�i�e�l�d�,� �h�i�g�h� �c�h�i�p� �u�n�i�f�o�r�m�i�t�y� �m�e�a�n�s� 

�r�e�d�u�c�e�d� �c�o�o�k�i�n�g� �t�i�m�e�s�,� �r�e�d�u�c�e�d� �s�e�w�a�g�e� �a�n�d� �l�a�n�d�f�i�l�l�,� �a�n�d� 

�i�n�c�r�e�a�s�e�d� �p�a�p�e�r� �m�a�c�h�i�n�e� �s�p�e�e�d�s� �a�n�d� �s�h�e�e�t� �q�u�a�l�i�t�y� �(�R�o�b�i�n�s�o�n�,� 

�1�9�8�7�)�.� �P�u�l�k�k�i� �(�1�9�9�1�)� �f�o�u�n�d� �i�n�c�r�e�a�s�e�d� �c�h�i�p� �q�u�a�l�i�t�y� 

�c�o�n�t�r�i�b�u�t�e�d� �t�o� �l�e�s�s� �b�l�e�a�c�h�i�n�g� �c�h�e�m�i�c�a�l� �c�o�n�s�u�m�p�t�i�o�n�,� �w�h�i�c�h� �i�n� 

�t�u�r�n� �l�o�w�e�r�e�d� �e�f�f�l�u�e�n�t� �t�r�e�a�t�m�e�n�t� �c�o�s�t�s�.� �A�n�y� �d�e�v�i�a�t�i�o�n� �f�r�o�m� �a� 

�m�i�l�l ��s� �o�p�t�i�m�u�m� �s�e�t�-�u�p� �d�e�c�r�e�a�s�e�s� �c�h�e�m�i�c�a�l� �u�s�e� �e�f�f�i�c�i�e�n�c�y�,� 

�p�u�l�p� �q�u�a�l�i�t�y� �a�n�d� �u�n�i�f�o�r�m�i�t�y� �(�B�e�r�g�m�a�n�,� �1�9�8�5�)�.� �C�h�i�p� �q�u�a�l�i�t�y� 

�i�s� �o�f� �e�v�e�n� �g�r�e�a�t�e�r� �i�m�p�o�r�t�a�n�c�e� �a�t� �p�u�l�p� �m�i�l�l�s� �t�h�a�t� �h�a�v�e� �t�o� 

�p�l�a�c�e� �u�n�u�s�a�b�l�e� �c�h�i�p�s� �i�n� �l�a�n�d�f�i�l�l�s� �(�P�u�l�k�k�i�,� �1�9�9�1�)�.� �A�l�t�h�o�u�g�h� 

�o�n�l�y� �a� �f�e�w� �m�i�l�l�s� �a�r�e� �u�n�a�b�l�e� �t�o� �u�s�e� �u�n�w�a�n�t�e�d� �p�u�l�p� �c�h�i�p�s�,� �t�h�e� 

�e�c�o�n�o�m�i�c� �i�m�p�a�c�t� �o�f� �u�n�d�e�r�s�i�z�e� �c�h�i�p�s� �t�o� �t�h�e�s�e� �m�i�l�l�s� �i�s� 

�e�n�o�r�m�o�u�s�.� 

�C�h�i�p� �q�u�a�l�i�t�y� �a�l�s�o� �i�n�f�l�u�e�n�c�e�s� �p�o�s�s�i�b�l�e� �c�o�o�k�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �a�t� �t�h�e� �m�i�l�l�.� �C�o�o�k�s� �t�o� �l�o�w�e�r� �K�a�p�p�a� �n�u�m�b�e�r�s� �c�a�n� �b�e� 

�2�2



�o�b�t�a�i�n�e�d� �w�i�t�h� �i�m�p�r�o�v�e�d� �c�h�i�p� �q�u�a�l�i�t�y�.� �C�h�i�p� �u�n�i�f�o�r�m�i�t�y� �i�s� 

�e�s�s�e�n�t�i�a�l� �f�o�r� �s�h�o�r�t� �c�o�o�k�s� �(�N�o�l�a�n�,� �1�9�6�3�)�.� �D�u�r�i�n�g� �s�h�o�r�t�e�r� 

�c�o�o�k�s�,� �e�v�e�r�y�t�h�i�n�g� �i�s� �i�n�t�e�n�s�i�f�i�e�d� �s�o� �e�a�c�h� �c�h�i�p� �m�u�s�t� �b�e� 

�S�i�m�i�l�a�r� �t�o� �r�e�c�e�i�v�e� �c�o�m�p�a�r�a�b�l�e� �p�u�l�p� �y�i�e�l�d�s� �a�n�d� �q�u�a�l�i�t�y�.� 

�K�R�A�F�T� �P�U�L�P�I�N�G� 

�K�r�a�f�t� �p�u�l�p�i�n�g� �i�s� �t�h�e� �m�o�s�t� �p�r�e�v�a�l�e�n�t� �p�u�l�p� �p�r�o�d�u�c�i�n�g� 

�p�r�o�c�e�s�s� �i�n� �t�h�e� �w�o�r�l�d�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �6�0�%� �o�f� �t�h�e� �p�u�l�p� �i�n� 

�N�o�r�t�h� �A�m�e�r�i�c�a� �w�a�s� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �k�r�a�f�t� �p�r�o�c�e�s�s� �i�n� �1�9�9�0� 

�(�S�m�o�o�k�,� �1�9�9�2�)�.� �T�h�e� �o�v�e�r�a�l�l� �o�b�j�e�c�t�i�v�e� �i�n� �k�r�a�f�t� �p�u�l�p�i�n�g�,� �a�s� 

�i�n� �a�n�y� �c�h�e�m�i�c�a�l� �p�u�l�p�i�n�g�,� �i�s� �t�o� �c�o�o�k� �c�h�i�p�s� �t�o� �a� �d�e�s�i�r�e�d� 

�d�e�g�r�e�e� �o�f� �d�e�l�i�g�n�i�f�i�c�a�t�i�o�n�.� �D�e�l�i�g�n�i�f�i�c�a�t�i�o�n� �i�s� �a�c�h�i�e�v�e�d� �b�y� 

�c�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n�s� �f�r�o�m� �c�h�e�m�i�c�a�l�s� �t�h�a�t� �p�e�n�e�t�r�a�t�e� �t�h�e� �w�o�o�d� 

�a�n�d� �d�i�s�s�o�l�v�e� �t�h�e� �l�i�g�n�i�n� �f�r�a�g�m�e�n�t�s�.� �L�i�g�n�i�n� �c�o�n�t�e�n�t� �a�f�t�e�r� 

�c�o�o�k�i�n�g� �i�s� �n�o�r�m�a�l�l�y� �4�-�5�%� �f�o�r� �s�o�f�t�w�o�o�d�s� �a�n�d� �3�%� �f�o�r� �h�a�r�d�w�o�o�d�s� 

�(�S�m�o�o�k�,� �1�9�9�2�)�.� �T�h�e� �d�e�g�r�e�e� �o�f� �d�e�l�i�g�n�i�f�i�c�a�t�i�o�n� �i�s� �m�e�a�s�u�r�e�d� �b�y� 

�e�i�t�h�e�r� �a� �K�a�p�p�a� �n�u�m�b�e�r� �o�r� �t�h�e� �l�e�s�s� �c�o�m�m�o�n�l�y� �u�s�e�d� �p�e�r�m�a�n�g�a�n�a�t�e� 

�n�u�m�b�e�r�.� 

�T�h�e� �a�b�i�l�i�t�y� �o�f� �c�h�e�m�i�c�a�l� �p�e�n�e�t�r�a�t�i�o�n� �i�n� �k�r�a�f�t� �p�u�l�p�i�n�g�,� 

�a�n�d� �f�o�r� �a�n� �e�c�o�n�o�m�i�c�a�l� �o�p�e�r�a�t�i�o�n�,� �i�s� �h�i�g�h�l�y� �d�e�p�e�n�d�e�n�t� �o�n� �c�h�i�p� 

�q�u�a�l�i�t�y� �(�S�m�o�o�k�,� �1�9�9�2�;� �H�a�t�t�o�n�,� �1�9�8�7�;� �F�o�r�b�e�s�,� �1�9�8�4�;� �H�a�t�t�o�n�,� 

�1�9�7�6�;� �T�i�k�k�a� �e�t� �a�l�.�,� �1�9�9�2�;� �H�a�r�t�l�e�r� �a�n�d� �S�t�a�d�e�,� �1�9�7�7�)�.� �H�a�t�t�o�n� 

�(�1�9�8�6�)� �c�o�n�d�u�c�t�e�d� �a� �s�u�r�v�e�y� �i�n� �1�9�8�5� �o�f� �C�a�n�a�d�i�a�n� �K�r�a�f�t� �p�u�l�p� 

�m�i�l�l�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �c�h�i�p� �q�u�a�l�i�t�y� �o�n� �c�o�n�t�i�n�u�o�u�s� 

�d�i�g�e�s�t�e�r� �o�p�e�r�a�t�i�o�n�.� �Q�u�e�s�t�i�o�n�s� �o�n� �t�h�e� �e�f�f�e�c�t� �o�f� �o�v�e�r�t�h�i�c�k�,� 

�o�v�e�r�s�i�z�e�,� �p�i�n� �c�h�i�p�s�,� �a�n�d� �f�i�n�e�s� �o�n� �o�p�e�r�a�t�i�o�n�s� �a�n�d� �p�u�l�p� �y�i�e�l�d� 

�2�3



�a�n�d� �q�u�a�l�i�t�y� �w�e�r�e� �p�o�s�e�d� �t�o� �t�h�e� �m�i�l�l�s�.� �R�e�s�u�l�t�s� �o�f� �t�h�e� �s�u�r�v�e�y� 

�a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.�2�,� �w�i�t�h� �a�s�t�e�r�i�s�k�s� �m�a�r�k�i�n�g� �t�h�e� �m�o�s�t� 

�S�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t�s�.� 

�C�h�i�p� �t�h�i�c�k�n�e�s�s� �h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� �b�e� �t�h�e� �m�o�s�t� �c�r�i�t�i�c�a�l� 

�c�h�i�p� �p�a�r�a�m�e�t�e�r� �f�o�r� �t�h�e� �K�r�a�f�t� �p�r�o�c�e�s�s� �i�n� �r�e�c�e�n�t� �s�t�u�d�i�e�s� 

�(�H�a�t�t�o�n�,� �1�9�8�7�;� �F�o�r�b�e�s�,� �1�9�8�4�;� �H�a�t�t�o�n�,� �1�9�7�6�;� �T�i�k�k�a� �e�t� �a�l�.�,� 

�1�9�9�2�;� �H�a�r�t�l�e�r� �a�n�d� �S�t�a�d�e�,� �1�9�7�7�;� �W�o�r�s�t�e�r� �e�t� �a�l�.�,� �1�9�7�7�)�.� 

�E�a�r�l�i�e�r� �w�o�r�k� �b�y� �H�a�t�t�o�n� �a�n�d� �K�e�a�y�s� �(�1�9�7�1�)� �f�o�u�n�d� �t�h�e� �f�i�n�e�s� �a�n�d� 

�o�v�e�r�s�i�z�e� �c�o�n�t�e�n�t� �i�n� �t�h�e� �c�h�i�p� �s�u�p�p�l�y� �t�o� �b�e� �t�h�e� �s�e�c�o�n�d� �m�o�s�t� 

�i�m�p�o�r�t�a�n�t� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r�.� �A�l�t�h�o�u�g�h� �l�e�n�g�t�h� �i�s� �n�o�t� �a� 

�c�r�i�t�i�c�a�l� �c�h�i�p� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r� �i�n� �t�h�e� �k�r�a�f�t� �p�r�o�c�e�s�s�,� �c�h�i�p� 

�t�h�i�c�k�n�e�s�s� �a�n�d� �s�i�z�e� �i�s� �g�r�e�a�t�l�y� �i�n�f�l�u�e�n�c�e�d� �b�y� �c�h�i�p� �l�e�n�g�t�h�.� 

�C�h�e�m�i�c�a�l� �p�e�n�e�t�r�a�t�i�o�n� �d�u�r�i�n�g� �c�o�o�k�i�n�g� �i�s� �d�e�p�t�h� �d�e�p�e�n�d�e�n�t� 

�(�T�i�k�k�a� �e�t� �a�l�.�,� �1�9�9�2�;� �F�o�r�b�e�s�,� �1�9�8�4�)�.� �D�e�l�i�g�n�i�f�i�c�a�t�i�o�n� �b�e�y�o�n�d� 

�t�h�e� �d�e�p�t�h� �w�h�e�r�e� �t�h�e�r�e� �i�s� �f�u�l�l� �p�e�n�e�t�r�a�t�i�o�n� �i�s� �i�n�c�o�m�p�l�e�t�e�.� 

�O�v�e�r�t�h�i�c�k� �c�h�i�p�s� �l�e�a�v�e� �u�n�c�o�o�k�e�d� �r�e�s�i�d�u�e�s� �i�n� �t�h�e� �f�o�r�m� �o�f� 

�s�h�i�v�e�s�,� �k�n�o�t�s�,� �a�n�d� �k�n�o�t�t�e�r� �r�e�j�e�c�t�s� �i�n� �k�r�a�f�t� �p�u�l�p� �(�C�h�r�i�s�t�i�e�,� 

�1�9�8�6�;� �W�o�r�s�t�e�r� �e�t� �a�l�.�,� �1�9�7�7�)�.� �C�h�r�i�s�t�i�e� �(�1�9�8�6�)� �a�l�s�o� �c�o�m�p�a�r�e�d� 

�t�h�e� �e�f�f�e�c�t�s� �o�f� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �a�n�d� �t�h�i�n� �c�h�i�p�s� �i�n� �f�i�v�e� �k�r�a�f�t� 

�p�u�l�p�i�n�g� �e�x�p�e�r�i�m�e�n�t�s�.� �L�i�g�n�i�n� �c�o�n�t�e�n�t� �w�a�s� �5�0�%� �g�r�e�a�t�e�r� �f�o�r� �t�h�e� 

�o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �i�n� �a�l�l� �c�a�s�e�s� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �c�o�o�k�.� 

�H�a�t�t�o�n� �(�1�9�8�7�)� �r�e�p�o�r�t�e�d� �n�u�m�e�r�o�u�s� �s�t�u�d�i�e�s� �c�o�n�c�u�r�r�e�d� �t�h�a�t� 

�m�a�x�i�m�u�m� �s�c�r�e�e�n�e�d�-�p�u�l�p� �y�i�e�l�d�s� �a�r�e� �a�c�h�i�e�v�e�d� �w�i�t�h� �a� �3�-�m�m� �t�h�i�c�k� 

�c�h�i�p�.� �H�o�w�e�v�e�r�,� �t�h�e� �3�-�m�m� �t�h�i�c�k�n�e�s�s� �i�s� �m�o�r�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� 

�t�h�e� �"�e�f�f�e�c�t�i�v�e� �c�h�i�p� �t�h�i�c�k�n�e�s�s�"� �o�r� �a�c�t�u�a�l� �c�h�i�p� �t�h�i�c�k�n�e�s�s� 

�2�4



� � 

� � 

�T�a�b�l�e� �2�.�2�.� �Q�u�a�l�i�t�a�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �c�h�i�p� �q�u�a�l�i�t�y� �o�n� �k�r�a�f�t� 
�p�u�l�p�i�n�g� �(�H�a�t�t�o�n�,� �1�9�8�6�)�.� 

�O�v�e�r�t�h�i�c�k�;� �P�i�n� �C�h�i�p�s�;� 
�F�a�c�t�o�r� �O�v�e�r�s�i�z�e� �F�i�n�e�s� 

�P�r�o�d�u�c�t�i�o�n� �R�a�t�e� �L�o�w�e�r� �L�o�w�e�r� 

�P�u�l�p�i�n�g� �U�n�i�f�o�r�m�i�t�y� �P�o�o�r� �P�o�o�r� 

�P�u�l�p� �L�i�g�n�i�n� �C�o�n�t�e�n�t� �H�i�g�h�e�r� �L�o�w�e�r� 

�L�i�q�u�o�r� �C�i�r�c�u�l�a�t�i�o�n �� �S�a�t�i�s�f�a�c�t�o�r�y� �V�e�r�y� �P�o�o�r� 

�R�e�c�o�v�e�r�y� �O�p�e�r�a�t�i�o�n�s� �P�o�o�r� �P�o�o�r� 

�C�h�e�m�i�c�a�l� �C�o�n�s�u�m�p�t�i�o�n� �H�i�g�h�e�r� �H�i�g�h�e�r� 

�P�u�l�p� �Y�i�e�l�d� �L�o�w�e�r� �L�o�w�e�r� 

�P�u�l�p� �Q�u�a�l�i�t�y� �L�o�w�e�r� �L�o�w�e�r� 

�P�u�l�p� �B�l�e�a�c�h�a�b�i�l�i�t�y� �H�a�r�d� �S�o�f�t� 

�B�l�e�a�c�h�e�d� �P�u�l�p� �Q�u�a�l�i�t�y �� �S�h�i�v�e�s� �S�a�t�i�s�f�a�c�t�o�r�y� 

�P�r�o�c�e�s�s� �C�o�n�t�r�o�l �� �P�o�o�r� �P�o�o�r� 

�C�o�s�t�s� �H�i�g�h�e�r� �H�i�g�h�e�r� 
� � 

�*� 

�~� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� 
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�(�H�a�t�t�o�n� �a�n�d� �K�e�a�y�s�,� �1�9�7�3�)�.� �C�o�l�o�m�b�o� �e�t� �a�l�.� �(�1�9�6�4�)� �f�o�u�n�d� �t�h�a�t� 

�t�h�e� �n�o�m�i�n�a�l� �t�h�i�c�k�n�e�s�s� �o�f� �m�i�l�l�-�c�u�t� �o�r� �c�o�m�m�e�r�c�i�a�l� �c�h�i�p�s� �i�s� 

�r�e�d�u�c�e�d� �b�y� �i�n�t�e�r�n�a�l� �c�r�a�c�k�s� �o�r� �f�i�s�s�u�r�e�s� �w�h�e�r�e�a�s� �l�a�b�o�r�a�t�o�r�y� 

�c�h�i�p�s� �h�a�v�e� �n�o� �s�u�r�f�a�c�e� �d�e�f�e�c�t�s� �a�n�d� �i�n�t�e�r�n�a�l� �c�r�a�c�k�s�.� �A�s� �a� 

�r�e�s�u�l�t�,� �m�i�l�l� �c�h�i�p�s� �c�o�u�l�d� �b�e� �s�l�i�g�h�t�l�y� �t�h�i�c�k�e�r� �a�n�d� �s�t�i�l�l� 

�p�r�o�d�u�c�e� �c�o�m�p�a�r�a�b�l�e� �p�u�l�p� �y�i�e�l�d�s� �b�e�c�a�u�s�e� �i�n�t�e�r�n�a�l� �c�r�a�c�k�s� 

�c�o�m�p�e�n�s�a�t�e� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�d� �t�h�i�c�k�n�e�s�s� �(�F�i�g�u�r�e� �2�.�6�)�.� 

�S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�a�t� �n�o� �m�o�r�e� �s�c�r�e�e�n� �r�e�j�e�c�t�s� 

�w�e�r�e� �p�r�o�d�u�c�e�d� �b�y� �l�a�r�g�e�r� �m�i�l�l� �c�u�t� �c�h�i�p�s� �t�h�a�n� �c�o�m�p�a�r�a�b�l�e� 

�l�a�b�o�r�a�t�o�r�y� �c�h�i�p�s� �(�C�h�i�p� �Q�u�a�l�i�t�y� �M�o�n�o�g�r�a�p�h�,� �1�9�7�9�)�.� �U�p�o�n� 

�r�e�v�i�e�w�i�n�g� �d�a�t�a� �a�n�d� �l�i�t�e�r�a�t�u�r�e� �f�r�o�m� �s�e�v�e�r�a�l� �s�t�u�d�i�e�s�,� �C�h�r�i�s�t�i�e� 

�(�1�9�8�6�)� �f�o�u�n�d� �a�l�l� �t�o� �b�e� �i�n� �a�g�r�e�e�m�e�n�t� �t�h�a�t� �t�h�e� �c�r�i�t�i�c�a�l� 

�t�h�i�c�k�n�e�s�s� �o�f� �a� �c�o�m�m�e�r�c�i�a�l� �c�h�i�p� �w�a�s� �7�-�m�m� �o�r� �s�l�i�g�h�t�l�y� �l�e�s�s�.� 

�H�o�w�e�v�e�r�,� �a�S� �c�h�i�p� �t�h�i�c�k�n�e�s�s� �i�n�c�r�e�a�s�e�s�,� �s�c�r�e�e�n� �r�e�j�e�c�t�s� �i�n� 

�k�r�a�f�t� �p�u�l�p�i�n�g� �a�l�s�o� �i�n�c�r�e�a�s�e� �(�H�a�t�t�o�n�,� �1�9�8�7�;� �W�o�r�s�t�e�r� �e�t� �a�l�.�,� 

�1�9�7�7�;� �H�o�r�n�g�,� �1�9�8�6�;� �F�o�r�b�e�s�,� �1�9�8�4�)�.� 

�A�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n�s� �a�n�d� �f�i�n�e�s� �i�n�c�r�e�a�s�e�,� 

�d�i�f�f�i�c�u�l�t�i�e�s� �a�r�i�s�e� �i�n� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �m�a�i�n�t�a�i�n�i�n�g� �p�u�l�p� 

�q�u�a�l�i�t�y�.� �P�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �c�a�n� �b�e� �a�d�d�e�d� �i�n� �c�o�n�t�r�o�l�l�e�d� 

�a�m�o�u�n�t�s�,� �b�u�t� �p�r�o�d�u�c�e� �k�r�a�f�t� �p�u�l�p�s� �o�f� �l�o�w�e�r� �s�t�r�e�n�g�t�h� �a�n�d� �y�i�e�l�d� 

�(�P�u�l�k�k�i�,� �1�9�9�1�;� �W�o�r�s�t�e�r� �e�t� �a�l�.�,� �1�9�7�7�)�.� �H�a�t�t�o�n� �(�1�9�7�5�)� 

�a�t�t�r�i�b�u�t�e�s� �s�o�m�e� �o�f� �t�h�e� �y�i�e�l�d� �l�o�s�s� �t�o� �s�m�a�l�l� �b�a�r�k� �p�a�r�t�i�c�l�e�s� 

�t�h�a�t� �a�r�e� �p�r�e�s�e�n�t� �i�n� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �b�u�t� �n�o�t� �i�n� 

�a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s�.� �H�o�w�e�v�e�r�,� �a�d�d�i�t�i�o�n�a�l� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� 

�i�n�c�r�e�a�s�e� �t�h�e� �l�o�a�d� �o�n� �t�h�e� �r�e�c�o�v�e�r�y� �b�o�i�l�e�r�.� �F�o�r�b�e�s� �(�1�9�8�4�)� 
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�2� �4� �6� �8� 
�T�H�I�C�K�N�E�S�S� �(�M�M�)�,� �L�A�B�O�R�A�T�O�R�Y� �C�H�I�P�S� 

�h
�e

� 
 �� 

�T�h�i�c�k�n�e�s�s� �o�f� �c�o�m�m�e�r�c�i�a�l� �c�h�i�p�s� �a�n�d� �l�a�b�o�r�a�t�o�r�y� 
�c�h�i�p�s� �r�e�q�u�i�r�e�d� �t�o� �p�r�o�d�u�c�e� �e�q�u�a�l� �p�u�l�p� �y�i�e�l�d�s� 
�(�C�o�l�o�m�b�o� �e�t� �a�l�.�,� �1�9�6�4�)�.� 
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�s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �f�i�n�e�s� �o�r� �d�u�s�t� �r�e�m�a�i�n� �b�e�l�o�w� 

�1�%� �a�n�d� �t�h�e� �t�o�t�a�l� �u�n�d�e�r�s�i�z�e� �c�h�i�p� �c�o�n�t�e�n�t� �b�e� �l�i�m�i�t�e�d� �t�o� �1�0�%� �b�y� 

�w�e�i�g�h�t�.� 

�R�e�d�u�c�i�n�g� �b�o�t�h� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �e�n�t�e�r�i�n�g� �b�a�t�c�h� 

�d�i�g�e�s�t�e�r�s� �a�t� �W�i�l�l�i�a�m�e�t�t�e� �I�n�d�u�s�t�r�i�e�s� �A�l�b�a�n�y�,� �O�r�e�g�o�n� �p�a�p�e�r� 

�m�i�l�l� �i�m�p�r�o�v�e�d� �p�r�o�d�u�c�t�i�o�n� �a�s� �w�e�l�l� �a�s� �e�c�o�n�o�m�i�c� �e�f�f�i�c�i�e�n�c�y� 

�(�P�a�r�k�e�r�,� �1�9�8�5�)�.� �B�l�a�c�k� �l�i�q�u�o�r� �s�o�l�i�d�s� �w�e�r�e� �d�e�c�r�e�a�s�e�d� �t�o� �t�h�e� 

�p�o�i�n�t� �t�h�a�t� �a�n� �i�n�e�f�f�i�c�i�e�n�t� �r�e�c�o�v�e�r�y� �b�o�i�l�e�r� �c�o�u�l�d� �b�e� �s�h�u�t� 

�d�o�w�n�.� �P�a�r�k�e�r� �g�o�e�s� �o�n� �t�o� �r�e�p�o�r�t� �b�e�t�t�e�r� �K�a�p�p�a� �n�u�m�b�e�r� �c�o�n�t�r�o�l� 

�a�n�d� �r�e�d�u�c�e�d� �p�u�l�p� �r�e�j�e�c�t�s�.� �M�o�r�e� �u�n�i�f�o�r�m� �c�h�i�p�s� �a�l�s�o� �p�e�r�m�i�t�t�e�d� 

�h�i�g�h�e�r� �y�i�e�l�d�s� �a�t� �i�n�c�r�e�a�s�e�d� �K�a�p�p�a� �n�u�m�b�e�r�s�.� 

�S�U�L�F�I�T�E� �P�U�L�P�I�N�G� 

�T�h�e� �s�u�l�f�i�t�e� �(�a�c�i�d�i�c�)� �p�r�o�c�e�s�s� �w�a�s� �t�h�e� �m�o�s�t� �w�i�d�e�l�y� �u�s�e�d� 

�t�h�r�o�u�g�h� �t�h�e� �1�9�3�0 ��s�.� �S�u�l�f�i�t�e� �p�u�l�p�i�n�g� �i�n�v�o�l�v�e�s� �c�o�m�b�i�n�i�n�g� 

�s�u�l�f�u�r�o�u�s� �a�c�i�d�,� �a�n�d� �m�o�s�t� �c�o�m�m�o�n�l�y�,� �a� �c�a�l�c�i�u�m�-�b�a�s�e�d� �b�i�s�u�l�f�i�t�e� 

�t�o� �d�e�l�i�g�n�i�f�y� �w�o�o�d� �t�o� �a� �t�a�r�g�e�t� �n�u�m�b�e�r� �(�H�a�y�g�r�e�e�n� �a�n�d� �B�o�y�e�r�,� 

�1�9�8�9�)�.� �D�e�l�i�g�n�i�f�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �s�u�l�f�i�t�e� �p�r�o�c�e�s�s� �i�s� �e�a�s�i�e�r� 

�t�h�a�n� �t�h�e� �m�o�r�e� �p�o�p�u�l�a�r� �K�r�a�f�t� �p�r�o�c�e�s�s�.� �T�h�e� �a�m�o�u�n�t� �o�f� 

�h�e�m�i�c�e�l�l�u�l�o�s�e� �r�e�m�a�i�n�i�n�g� �c�a�n� �a�l�s�o� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �a�c�i�d�i�t�y� �o�f� �t�h�e� �c�o�o�k�.� �C�o�o�k�s� �a�t� �h�i�g�h�e�r� 

�t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �a�c�i�d�i�t�y� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� �p�u�r�e� �c�e�l�l�u�l�o�s�e� 

�c�o�n�t�e�n�t� �o�f� �t�h�e� �p�u�l�p� �(�S�m�o�o�k�,� �1�9�9�2�)�.� �U�n�b�l�e�a�c�h�e�d� �s�u�l�f�i�t�e� �p�u�l�p� 

�i�s� �a�l�s�o� �b�r�i�g�h�t�e�r� �t�h�a�n� �k�r�a�f�t� �p�u�l�p� �a�n�d� �c�a�n� �b�e� �b�l�e�a�c�h�e�d� �t�o� �f�u�l�l� 

�b�r�i�g�h�t�n�e�s�s� �a�n�d� �t�o� �h�i�g�h�e�r� �y�i�e�l�d�s� �t�h�a�n� �K�r�a�f�t� �p�u�l�p� �(�S�m�o�o�k�,� 

�1�9�9�2�)�.� 

�2�8



�T�h�e� �n�u�m�b�e�r� �o�f� �s�u�l�f�i�t�e� �p�u�l�p� �m�i�l�l�s� �i�s� �d�e�c�l�i�n�i�n�g�.� �O�n�e� 

�r�e�a�s�o�n� �f�o�r� �t�h�i�s� �d�e�c�l�i�n�e� �i�s� �t�h�e� �i�n�a�b�i�l�i�t�y� �t�o� �a�c�c�o�m�m�o�d�a�t�e� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �w�o�o�d� �s�p�e�c�i�e�s�.� �S�p�e�c�i�e�s� �l�i�m�i�t�a�t�i�o�n�s� �c�r�i�p�p�l�e�d� 

�t�h�e� �g�r�o�w�t�h� �o�f� �s�u�l�f�i�t�e� �p�u�l�p�i�n�g� �a�s� �t�h�e� �w�o�o�d� �s�u�p�p�l�y� �s�h�i�f�t�e�d� �t�o� 

�t�h�e� �S�o�u�t�h�.� �T�h�e� �s�u�l�f�i�t�e� �p�r�o�c�e�s�s� �i�s� �s�e�n�s�i�t�i�v�e� �t�o� �b�o�t�h� 

�r�e�s�i�n�o�u�s� �s�o�f�t�w�o�o�d�s� �a�n�d� �t�a�n�n�i�n�-�c�o�n�t�a�i�n�i�n�g� �h�a�r�d�w�o�o�d�s� �(�S�m�o�o�k�,� 

�1�9�9�2�)�.� �O�t�h�e�r� �r�e�a�s�o�n�s� �c�o�n�t�r�i�b�u�t�i�n�g� �t�o� �t�h�e� �d�e�c�l�i�n�e� �i�n�c�l�u�d�e� 

�l�o�w�e�r� �s�t�r�e�n�g�t�h� �p�u�l�p� �a�n�d� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n� �c�h�e�m�i�c�a�l� �r�e�c�o�v�e�r�y�.� 

�T�h�e� �c�r�i�t�i�c�a�l� �c�h�i�p� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r� �i�n� �s�u�l�f�i�t�e� �p�u�l�p�i�n�g� 

�i�s� �t�h�e� �l�e�n�g�t�h� �a�l�o�n�g� �t�h�e� �g�r�a�i�n� �(�H�a�t�t�o�n�,� �1�9�8�7�;� �H�a�r�t�l�e�r� �a�n�d� 

�S�t�a�d�e�,� �1�9�7�7�)�.� �C�h�i�p�s� �m�u�s�t� �b�e� �l�o�n�g� �e�n�o�u�g�h� �t�o� �p�r�o�d�u�c�e� �l�o�n�g� 

�f�i�b�e�r�s� �t�o� �o�f�f�s�e�t� �t�h�e� �w�e�a�k�e�r� �s�u�l�f�i�t�e� �p�u�l�p�,� �b�u�t� �s�t�i�l�l� �a�l�l�o�w� 

�f�o�r� �s�u�f�f�i�c�i�e�n�t� �c�h�e�m�i�c�a�l� �p�e�n�e�t�r�a�t�i�o�n�.� �C�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n�s� 

�w�i�t�h�i�n� �t�h�e� �c�h�i�p�s� �d�o� �n�o�t� �a�c�c�e�l�e�r�a�t�e� �u�n�t�i�l� �t�h�e� �d�i�g�e�s�t�e�r� 

�t�e�m�p�e�r�a�t�u�r�e� �h�a�s� �e�x�c�e�e�d�e�d� �1�1�0�°�C�,� �b�u�t� �c�h�e�m�i�c�a�l� �i�m�p�r�e�g�n�a�t�i�o�n� 

�m�u�s�t� �b�e� �c�o�m�p�l�e�t�e� �b�e�f�o�r�e� �t�h�i�s� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �r�e�a�c�h�e�d�.� �C�h�i�p� 

�t�h�i�c�k�n�e�s�s� �a�l�s�o� �r�e�m�a�i�n�s� �a�s� �a� �c�r�u�c�i�a�l� �d�i�m�e�n�s�i�o�n� �i�n� �s�u�l�f�i�t�e� 

�p�u�l�p�i�n�g� �a�s� �c�h�i�p� �t�h�i�c�k�n�e�s�s� �i�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �c�h�i�p� �l�e�n�g�t�h� 

�(�H�a�t�t�o�n�,� �1�9�8�7�)�.� �C�h�e�m�i�c�a�l� �p�e�n�e�t�r�a�t�i�o�n� �i�s� �a�g�a�i�n� �l�i�m�i�t�e�d� �w�h�e�n� 

�c�h�i�p�s� �b�e�c�o�m�e� �t�o� �t�h�i�c�k�.� 
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�T�R�I�M� �B�L�O�C�K�S� 

�T�r�i�m� �b�l�o�c�k�s� �p�r�o�d�u�c�e� �t�h�e� �l�o�w�e�s�t� �q�u�a�l�i�t�y� �c�h�i�p�s� �o�f� �a�l�l� 

�s�a�w�m�i�l�l� �r�e�s�i�d�u�e�.� �L�e�a�r�y� �a�n�d� �S�t�u�a�r�t� �(�1�9�9�1�)� �f�o�u�n�d� �t�h�a�t� �u�n�d�e�r� 

�c�o�n�t�r�o�l�,� �o�r� �n�o�r�m�a�l� �o�p�e�r�a�t�i�n�g� �c�o�n�d�i�t�i�o�n�s�,� �t�r�i�m� �b�l�o�c�k�s� 

�p�r�o�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �(�2�6�%�)� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �(�g�r�e�a�t�e�r� 

�t�h�a�n� �8�-�m�m�)� �t�h�a�n� �o�t�h�e�r� �r�e�s�i�d�u�e� �t�y�p�e�s�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �9�%� �o�f� 

�t�h�e� �c�h�i�p� �f�u�r�n�i�s�h� �w�a�s� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s�.� �L�i�k�e�w�i�s�e�,� �i�n�a� 

�c�o�m�p�a�n�i�o�n� �s�t�u�d�y� �t�o� �L�e�a�r�y� �a�n�d� �S�t�u�a�r�t� �(�1�9�9�1�)�,� �E�d�e�l�m�a�n� �(�1�9�9�2�)� 

�r�e�p�o�r�t�e�d� �t�h�a�t� �2�5�%� �a�n�d� �1�3�%� �o�f� �t�h�e� �t�r�i�m� �b�l�o�c�k� �c�h�i�p� �f�u�r�n�i�s�h� �w�a�s� 

�o�v�e�r�t�h�i�c�k� �a�n�d� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�r�i�m� �b�l�o�c�k�s� �r�a�r�e�l�y� �o�r�i�e�n�t� �p�r�o�p�e�r�l�y� �w�h�e�n� �e�n�t�e�r�i�n�g� �t�h�e� 

�c�h�i�p�p�e�r� �a�n�d� �t�h�e�r�e�f�o�r�e� �a�r�e� �t�h�e� �m�o�s�t� �d�i�f�f�i�c�u�l�t� �t�o� �c�h�i�p� 

�(�V�e�u�g�e�r�,� �1�9�7�6�)�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �c�h�i�p�s� �a�r�e� �c�u�t� �a�t� �r�a�n�d�o�m� 

�a�n�g�l�e�s� �a�n�d� �m�a�n�y� �t�i�m�e�s� �d�o� �n�o�t� �h�a�v�e� �f�i�s�s�u�r�e�s� �t�h�a�t� �a�r�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �c�o�m�m�e�r�c�i�a�l� �c�h�i�p�s� �i�n�c�r�e�a�s�i�n�g� �t�h�e�i�r� �n�o�m�i�n�a�l� 

�c�h�i�p� �t�h�i�c�k�n�e�s�s� �(�C�h�r�i�s�t�i�e�,� �1�9�8�6�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�r�i�m� �b�l�o�c�k�s� 

�a�r�e� �p�r�o�p�o�r�t�i�o�n�a�l�l�y� �s�m�a�l�l� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �r�e�s�i�d�u�e� 

�c�h�i�p�p�e�r�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e�-�h�a�l�f� �o�f� �t�h�e� �p�i�e�c�e�s� �o�f� �t�r�i�m� �a�r�e� 

�o�n�l�y� �1�-�2� �i�n�c�h�e�s� �i�n� �l�e�n�g�t�h� �(�J�o�r�g�e�n�s�o�n�,� �1�9�8�5�)�.� �A�s� �a� �r�e�s�u�l�t�,� 

�C�h�r�i�s�t�i�e� �(�1�9�8�6�)� �f�o�u�n�d� �t�h�a�t� �u�p� �t�o� �2�0�%� �o�f� �t�h�e� �c�h�i�p�s� �f�r�o�m� �e�n�d�-� 

�t�r�i�m� �w�e�r�e� �n�o�n�-�u�n�i�f�o�r�m�,� �o�v�e�r�t�h�i�c�k� �c�h�u�n�k�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �3�-�4�%� 

�w�h�e�n� �c�h�i�p�p�i�n�g� �w�h�o�l�e� �l�o�g�s�.� 
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�T�E�M�P�E�R�A�T�U�R�E� 

�C�o�l�d� �w�o�o�d�,� �e�s�p�e�c�i�a�l�l�y� �f�r�o�z�e�n� �o�r� �n�e�a�r�l�y� �f�r�o�z�e�n�,� �p�r�o�d�u�c�e�s� 

�g�r�e�a�t�e�r� �a�m�o�u�n�t�s� �o�f� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �t�h�a�n� �w�o�o�d� �a�t� �a�m�b�i�e�n�t� 

�t�e�m�p�e�r�a�t�u�r�e�.� �O�v�e�r�a�l�l� �c�h�i�p� �d�i�s�t�r�i�b�u�t�i�o�n�s� �s�h�i�f�t� �t�o�w�a�r�d� �t�h�e� 

�s�m�a�l�l�e�r� �c�h�i�p� �f�r�a�c�t�i�o�n�s� �d�u�r�i�n�g� �w�i�n�t�e�r� �m�o�n�t�h�s� �(�H�a�t�t�o�n�,� �1�9�7�7�)�.� 

�H�a�r�t�l�e�r� �a�n�d� �S�t�a�d�e� �(�1�9�7�7�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� �a�m�o�u�n�t� �o�f� �p�i�n�s� �a�n�d� 

�u�n�d�e�r�s�i�z�e� �c�h�i�p�s� �d�o�u�b�l�e�d� �a�n�d� �t�r�i�p�l�e�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �b�e�t�w�e�e�n� 

�5�9�°�F� �a�n�d� �-�2�2�°�F� �(�1�5�°�C� �a�n�d� �-�3�0�°�C�)�.� �N�e�l�s�o�n� �a�n�d� �B�a�f�i�l�e� �(�1�9�8�9�)� 

�r�e�p�o�r�t�e�d� �a� �c�u�r�v�i�l�i�n�e�a�r� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �2�-�4� �m�m� �t�h�i�c�k� 

�c�h�i�p�s� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�i�n�g� �f�r�o�m� �2�7�%� �a�t� �-�2�2�°�C� �t�o� �1�5�%� �a�t� 

�1�0�°�C�.� �L�e�a�r�y� �a�n�d� �S�t�u�a�r�t� �(�1�9�9�1�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �p�i�n� �c�h�i�p�s� �a�n�d� 

�f�i�n�e�s� �i�n�c�r�e�a�s�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�s� �a� �r�e�s�u�l�t� �o�f� �r�e�d�u�c�i�n�g� 

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �s�a�w�m�i�l�l� �r�e�s�i�d�u�e�s� �t�o� �n�e�a�r� �f�r�e�e�z�i�n�g� �a�n�d� 

�f�r�e�e�z�i�n�g�.� �T�h�e�r�e� �w�a�s� �s�o�m�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �o�v�e�r�t�h�i�c�k� 

�p�e�r�c�e�n�t�a�g�e� �d�e�c�r�e�a�s�e�d� �f�o�r� �t�h�e� �f�r�o�z�e�n� �a�n�d� �c�h�i�l�l�e�d� �w�o�o�d�,� �b�u�t� 

�r�e�s�u�l�t�s� �w�e�r�e� �i�n�c�o�n�c�l�u�s�i�v�e�.� 

�E�d�e�l�m�a�n� �(�1�9�9�2�)� �p�e�r�f�o�r�m�e�d� �a� �c�o�m�p�a�n�i�o�n� �s�t�u�d�y� �t�o� �t�h�a�t� �o�f� 

�L�e�a�r�y� �a�n�d� �S�t�u�a�r�t ��s� �s�u�m�m�e�r� �t�r�i�a�l�s� �i�n� �t�h�e� �w�i�n�t�e�r� �o�f� �1�9�9�1�.� 

�A�g�a�i�n� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �p�i�n�s� �a�n�d� 

�f�i�n�e�s� �o�c�c�u�r�r�e�d� �w�i�t�h� �f�r�o�z�e�n� �a�n�d� �c�h�i�l�l�e�d� �w�o�o�d�.� �H�e� �a�l�s�o� �f�o�u�n�d� 

�t�h�a�t� �a�n�y� �d�e�c�r�e�a�s�e� �i�n� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �a�t� �l�o�w�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� 

�w�a�s� �n�u�l�l�i�f�i�e�d� �b�y� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n�c�r�e�a�s�e� �o�f� �p�i�n� �c�h�i�p�s� �a�n�d� 

�f�i�n�e�s� �r�e�s�u�l�t�i�n�g� �i�n� �a� �n�e�t� �l�o�s�s� �o�f� �p�u�l�p�a�b�l�e� �c�h�i�p�s� �a�t� �f�r�o�z�e�n� 

�a�n�d� �c�h�i�l�l�e�d� �t�e�m�p�e�r�a�t�u�r�e�s�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �p�i�n� �c�h�i�p�s� �a�n�d� 

�f�i�n�e�s� �c�o�n�c�u�r�r�e�d� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �L�e�a�r�y� �a�n�d� �S�t�u�a�r�t� �(�1�9�9�1�)�,� 
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�t�h�u�s� �a�l�l�o�w�i�n�g� �E�d�e�l�m�a�n� �t�o� �s�u�s�p�e�c�t� �t�h�a�t� �t�e�m�p�e�r�a�t�u�r�e� �r�a�t�h�e�r� 

�t�h�a�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �i�n� �t�h�e� �w�o�o�d� �d�u�r�i�n�g� �d�i�f�f�e�r�e�n�t� 

�s�e�a�s�o�n�s� �w�a�s� �t�h�e� �c�a�u�s�e� �o�f� �v�a�r�i�a�t�i�o�n� �i�n� �c�h�i�p� �q�u�a�l�i�t�y� �(�E�d�e�l�m�a�n�,� 

�1�9�9�2�)�.� 

�S�l�i�g�h�t� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �c�h�i�p�p�e�r� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �t�o� 

�o�f�f�s�e�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �c�o�l�d� �t�e�m�p�e�r�a�t�u�r�e�s�.� �T�h�e� �"�p�u�l�l�-�i�n�"� 

�a�n�g�l�e�,� �o�r� �f�e�e�d� �r�a�t�e� �o�f� �t�h�e� �c�h�i�p�p�e�r�,� �s�h�o�u�l�d� �b�e� �i�n�c�r�e�a�s�e�d� 

�d�u�r�i�n�g� �w�i�n�t�e�r� �m�o�n�t�h�s� �t�o� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �t�h�e� �b�r�i�t�t�l�e� �w�o�o�d� 

�(�C�r�o�w�l�e�y� �a�n�d� �W�a�r�d�w�e�l�l�,� �1�9�6�1�)�.� �D�e�c�r�e�a�s�i�n�g� �c�h�i�p�p�e�r� �d�i�s�c� �s�p�e�e�d� 

�i�s� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �a�d�j�u�s�t�i�n�g� �t�h�e� �f�e�e�d� �r�a�t�e�.� �O�v�e�r�a�l�l� �c�h�i�p� 

�d�i�s�t�r�i�b�u�t�i�o�n�s� �b�e�c�o�m�e� �s�k�e�w�e�d� �t�o�w�a�r�d� �t�h�e� �l�a�r�g�e�r� �c�h�i�p� �s�i�z�e�s� �a�s� 

�d�i�s�c� �s�p�e�e�d� �i�s� �d�e�c�r�e�a�s�e�d� �(�L�e�a�r�y� �a�n�d� �S�t�u�a�r�t�,� �1�9�9�1�;� �E�d�e�l�m�a�n�,� 

�1�9�9�2�;� �R�o�b�i�n�s�o�n�,� �1�9�8�9�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �r�e�m�o�v�i�n�g� �c�a�r�d� �b�r�e�a�k�e�r�s� 

�o�n� �b�o�t�t�o�m� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�s� �c�a�n� �a�l�s�o� �i�m�p�r�o�v�e� �c�h�i�p� �q�u�a�l�i�t�y� 

�d�u�r�i�n�g� �t�h�e� �w�i�n�t�e�r� �m�o�n�t�h�s� �(�R�o�b�i�n�s�o�n�,� �1�9�8�9�)�.� 
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�C�H�A�P�T�E�R� �3� 

�M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� 

�I�M�P�R�O�V�I�N�G� �R�E�S�I�D�U�E� �C�H�I�P� �Q�U�A�L�I�T�Y� 

�T�r�i�m� �b�l�o�c�k�s� �c�o�n�s�i�s�t�e�n�t�l�y� �p�r�o�d�u�c�e� �p�o�o�r� �c�h�i�p�s� �a�n�d� �c�r�e�a�t�e� 

�n�u�m�e�r�o�u�s� �q�u�a�l�i�t�y� �p�r�o�b�l�e�m�s� �a�t� �s�a�w�m�i�l�l�s�.� �A� �b�a�s�i�c� �e�c�o�n�o�m�i�c� 

�m�o�d�e�l� �w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �b�o�t�h� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� 

�i�m�p�r�o�v�e�d� �q�u�a�l�i�t�y� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �m�o�n�e�y� �t�h�a�t� �c�o�u�l�d� �b�e� �m�a�d�e� 

�a�v�a�i�l�a�b�l�e� �t�o� �m�a�k�e� �i�m�p�r�o�v�e�m�e�n�t�s� �a�t� �t�h�e� �s�a�w�m�i�l�l�s�.� �T�h�e� �s�t�u�d�y� 

�w�a�s� �b�r�o�k�e�n� �i�n�t�o� �s�e�v�e�r�a�l� �s�t�e�p�s� �t�o� �d�o�c�u�m�e�n�t� �a�n�d� �u�n�d�e�r�s�t�a�n�d� 

�t�r�i�m� �b�l�o�c�k� �c�h�i�p� �q�u�a�l�i�t�y�,� �a�s� �w�e�l�l� �a�s� �t�e�s�t� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n�s� 

�t�h�a�t� �w�o�u�l�d� �i�m�p�r�o�v�e� �c�h�i�p� �q�u�a�l�i�t�y� �t�o� �a�n� �a�c�c�e�p�t�a�b�l�e� �l�e�v�e�l�.� 

�R�E�S�I�D�U�E� �C�O�M�P�O�S�I�T�I�O�N� 

�T�h�e� �f�i�r�s�t� �s�t�e�p�,� �o�r� �s�t�u�d�y�,� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �v�o�l�u�m�e� �o�f� �m�a�t�e�r�i�a�l� �e�n�t�e�r�i�n�g� �t�r�i�m� �b�l�o�c�k� 

�c�h�i�p�p�e�r�s� �a�n�d� �i�d�e�n�t�i�f�y� �p�l�a�c�e�s� �w�h�e�r�e� �q�u�a�l�i�t�y� �c�o�u�l�d� �b�e� 

�i�m�p�r�o�v�e�d�.� �M�a�t�e�r�i�a�l� �e�n�t�e�r�i�n�g� �a� �r�e�s�i�d�u�e� �c�h�i�p�p�e�r� �a�t� �a� �h�i�g�h� 

�v�o�l�u�m�e� �s�o�u�t�h�e�r�n� �p�i�n�e� �m�i�l�l� �w�a�s� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �t�h�r�e�e� �5�-� 

�m�i�n�u�t�e� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �d�a�y� �t�o� �c�l�a�s�s�i�f�y� �t�h�e� 

�t�y�p�e�,� �o�r�i�g�i�n�,� �a�n�d� �q�u�a�n�t�i�t�y� �o�f� �t�r�i�m� �b�l�o�c�k�s�.� �E�a�c�h� �r�e�s�i�d�u�e� 

�t�y�p�e� �w�a�s� �t�h�e�n� �c�h�i�p�p�e�d� �t�o� �d�o�c�u�m�e�n�t� �c�u�r�r�e�n�t� �c�h�i�p� �q�u�a�l�i�t�y�.� �T�h�e� 

�q�u�a�n�t�i�t�y� �a�n�d� �c�h�i�p� �q�u�a�l�i�t�y� �f�r�o�m� �e�a�c�h� �f�o�r�m� �o�f� �t�r�i�m� �b�l�o�c�k�s� �w�a�s� 

�t�h�e�n� �e�v�a�l�u�a�t�e�d� �a�n�d� �s�e�v�e�r�a�l� �s�o�l�u�t�i�o�n�s� �d�e�v�e�l�o�p�e�d�.� 

�T�h�e� �f�i�r�s�t� �s�t�u�d�y� �r�e�v�e�a�l�e�d� �t�h�a�t� �a� �s�u�b�s�t�a�n�t�i�a�l� �a�m�o�u�n�t� �o�f� 
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�2�-�f�o�o�t� �t�r�i�m� �w�a�s� �p�r�o�d�u�c�e�d� �f�r�o�m� �m�a�t�e�r�i�a�l� �t�h�a�t� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� 

�l�e�f�t� �i�n� �4�-�f�o�o�t� �o�r� �l�o�n�g�e�r� �p�i�e�c�e�s�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� 

�l�e�n�g�t�h�e�n�i�n�g� �t�r�i�m� �b�l�o�c�k�s� �w�o�u�l�d� �e�n�s�u�r�e� �b�e�t�t�e�r� �o�r�i�e�n�t�a�t�i�o�n� 

�p�r�i�o�r� �t�o� �c�h�i�p�p�i�n�g�,� �i�m�p�r�o�v�e� �s�t�a�b�i�l�i�t�y�,� �a�n�d� �r�e�d�u�c�e� �t�h�e� �n�u�m�b�e�r� 

�o�f� �e�n�d�s� �c�h�i�p�p�e�d�,� �a�l�l� �l�e�a�d�i�n�g� �t�o� �a�n� �i�m�p�r�o�v�e�d� �o�v�e�r�a�l�l� �c�h�i�p� 

�y�i�e�l�d�.� 

�E�F�F�E�C�T� �O�F� �P�I�E�C�E� �L�E�N�G�T�H� 

�T�h�e� �h�y�p�o�t�h�e�s�i�s� �w�a�s� �t�e�s�t�e�d� �t�w�i�c�e� �a�t� �t�w�o� �s�e�p�a�r�a�t�e� 

�s�o�u�t�h�e�r�n� �p�i�n�e� �s�a�w�m�i�l�l�s�.� �T�h�e� �f�i�r�s�t� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �a� 

�m�i�l�l� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �t�h�a�t� �h�a�d� �a� �t�y�p�i�c�a�l� �r�e�s�i�d�u�e� �c�h�i�p�p�i�n�g� 

�s�e�t�-�u�p�.� �T�h�e� �c�h�i�p�p�e�r� �s�i�z�e�,� �i�n�f�e�e�d�,� �a�n�d� �c�h�i�p� �l�e�n�g�t�h� �w�e�r�e� 

�c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�o�s�e� �f�o�u�n�d� �a�t� �m�o�s�t� �s�a�w�m�i�l�l�s�.� �R�e�s�u�l�t�s� �f�r�o�m� 

�t�h�i�s� �s�t�u�d�y� �f�o�u�n�d� �s�t�r�o�n�g� �e�v�i�d�e�n�c�e� �s�u�p�p�o�r�t�i�n�g� �t�h�e� �h�y�p�o�t�h�e�s�i�s� 

�t�h�a�t� �q�u�a�l�i�t�y� �i�m�p�r�o�v�e�d� �w�i�t�h� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h�.� �T�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �w�a�s� �t�e�s�t�e�d� �a�g�a�i�n� �a�t� �a� �S�o�u�t�h� �G�e�o�r�g�i�a� �s�a�w�m�i�l�l� 

�w�i�t�h� �a� �m�o�r�e� �e�x�t�r�e�m�e� �s�e�t�-�u�p�.� �A� �s�m�a�l�l�e�r� �c�h�i�p�p�e�r�,� �s�e�t� �t�o� 

�p�r�o�d�u�c�e� �a� �c�h�i�p� �o�n�e�-�h�a�l�f� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �f�i�r�s�t� �c�h�i�p�p�e�r�,� 

�u�s�e�d� �t�h�e� �s�a�m�e� �s�i�z�e� �i�n�f�e�e�d� �c�o�n�v�e�y�o�r� �t�o� �h�a�n�d�l�e� �t�h�e� �r�e�s�i�d�u�e�,� 

�b�u�t� �m�o�d�i�f�i�e�d� �i�t� �t�o� �f�i�t� �t�h�e� �s�m�a�l�l�e�r� �c�h�i�p�p�e�r� �t�h�r�o�a�t�.� 

�E�F�F�E�C�T� �O�F� �C�O�N�V�E�Y�O�R� �L�O�A�D�I�N�G� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �c�h�i�p�p�e�r� �a�n�d�/�o�r� �c�o�n�v�e�y�o�r� �l�o�a�d�i�n�g� �o�n� �c�h�i�p� 

�q�u�a�l�i�t�y� �w�e�r�e� �a�l�s�o� �e�x�a�m�i�n�e�d� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� �T�h�e� �a�m�o�u�n�t� �o�f� 

�r�e�s�i�d�u�e� �e�n�t�e�r�i�n�g� �a� �c�h�i�p�p�e�r� �c�a�n� �f�l�u�c�t�u�a�t�e� �q�u�i�c�k�l�y� �w�i�t�h� 

�c�h�a�n�g�e�s� �i�n� �l�o�g� �q�u�a�l�i�t�y�,� �m�i�l�l� �e�q�u�i�p�m�e�n�t� �c�a�p�a�b�i�l�i�t�i�e�s�,� �a�n�d� 

�h�e�a�d�-�r�i�g� �s�e�t�t�i�n�g�s�.� �S�o�m�e�t�i�m�e�s� �t�h�e� �c�h�i�p�p�e�r� �a�n�d� �c�o�n�v�e�y�o�r� �s�i�t� 
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�i�d�l�e� �e�x�c�e�p�t� �f�o�r� �a�n� �o�c�c�a�s�i�o�n�a�l� �p�i�e�c�e�.� �T�h�e�r�e� �a�r�e� �o�t�h�e�r� �t�i�m�e�s� 

�w�h�e�n� �h�e�a�d�-�r�i�g� �s�e�t�t�i�n�g�s� �o�r� �l�o�g� �q�u�a�l�i�t�y� �n�e�c�e�s�s�i�t�a�t�e�s� �i�n�c�r�e�a�s�e�d� 

�t�r�i�m�m�i�n�g� �a�n�d� �s�l�a�s�h�i�n�g� �t�h�a�t� �l�o�a�d� �t�h�e� �c�o�n�v�e�y�o�r� �a�n�d� �c�h�i�p�p�e�r�.� 

�E�v�e�n�i�n�g� �o�u�t� �t�h�e� �f�l�o�w� �c�o�u�l�d� �b�e� �a� �s�e�c�o�n�d� �m�e�a�n�s� �o�f� �i�m�p�r�o�v�i�n�g� 

�c�h�i�p� �q�u�a�l�i�t�y�.� 

�E�F�F�E�C�T�S� �O�F� �T�E�M�P�E�R�A�T�U�R�E� 

�T�h�e� �f�i�n�a�l� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �p�r�o�j�e�c�t� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t� 

�o�f� �s�e�a�s�o�n�a�l� �t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �p�i�n� �c�h�i�p� �a�n�d� �f�i�n�e� �p�r�o�d�u�c�t�i�o�n� �a�t� 

�S�o�u�t�h�e�r�n� �c�h�i�p� �m�i�l�l�s�.� �T�h�e� �p�i�n� �c�h�i�p� �a�n�d� �f�i�n�e� �c�o�n�t�e�n�t� �w�a�s� 

�w�i�d�e�l�y� �b�e�l�i�e�v�e�d� �t�o� �i�n�c�r�e�a�s�e� �d�u�r�i�n�g� �t�h�e� �w�i�n�t�e�r� �m�o�n�t�h�s�,� �b�u�t� 

�t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �i�n�c�r�e�a�s�e� �w�a�s� �n�o�t� �w�e�l�l� �k�n�o�w�n�.� 

�T�h�e�r�e�f�o�r�e�,� �t�h�e� �p�r�o�j�e�c�t� �s�h�i�f�t�e�d� �f�r�o�m� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �t�o� 

�e�m�p�i�r�i�c�a�l� �b�a�s�i�s� �t�o� �m�e�a�s�u�r�e� �t�h�i�s� �e�f�f�e�c�t� �a�t� �b�o�t�h� �p�i�n�e� �a�n�d� 

�h�a�r�d�w�o�o�d� �c�h�i�p� �m�i�l�l�s�.� 

�C�h�i�p� �q�u�a�l�i�t�y� �r�e�p�o�r�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �a� �o�n�e�-�y�e�a�r� 

�p�e�r�i�o�d� �a�t� �s�e�v�e�n� �c�h�i�p� �m�i�l�l�s�,� �t�h�r�e�e� �p�i�n�e� �a�n�d� �f�o�u�r� �h�a�r�d�w�o�o�d�.� 

�D�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �a�c�q�u�i�r�e�d� �f�r�o�m� �l�o�c�a�l� �w�e�a�t�h�e�r� �s�t�a�t�i�o�n�s� 

�f�o�r� �e�a�c�h� �m�i�l�l�.� �D�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� 

�c�h�i�p� �s�a�m�p�l�e� �d�a�t�a� �t�o� �e�s�t�a�b�l�i�s�h� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� 
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�C�H�A�P�T�E�R� �4� 

�P�O�T�E�N�T�I�A�L� �C�A�P�I�T�A�L� �F�O�R� �I�M�P�R�O�V�E�M�E�N�T� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�I�n�v�e�s�t�m�e�n�t�s� �i�n� �e�q�u�i�p�m�e�n�t� �a�n�d� �p�r�o�c�e�d�u�r�e�s� �t�o� �i�m�p�r�o�v�e� �c�h�i�p� 

�q�u�a�l�i�t�y� �m�u�s�t� �b�e� �m�a�d�e� �b�e�f�o�r�e� �a�n�y� �r�e�v�e�n�u�e�s� �a�r�e� �r�e�a�l�i�z�e�d�.� 

�C�a�r�e�f�u�l� �c�o�n�s�i�d�e�r�a�t�i�o�n� �m�u�s�t� �b�e� �m�a�d�e� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �e�a�c�h� 

�p�a�r�t�i�c�i�p�a�n�t ��s� �b�e�n�e�f�i�t� �m�a�t�c�h�e�s� �i�t�s� �i�n�v�e�s�t�m�e�n�t�.� �T�h�e� 

�b�e�n�e�f�i�t�i�n�g� �p�u�l�p� �m�i�l�l� �c�a�n� �n�o�t� �e�x�p�e�c�t� �a� �s�a�w�m�i�l�l� �t�o� �c�o�v�e�r� 

�i�m�p�r�o�v�e�m�e�n�t� �c�o�s�t�s� �w�i�t�h�o�u�t� �a�n�y� �c�o�m�p�e�n�s�a�t�i�o�n�.� �I�f� �b�e�n�e�f�i�t�s� �d�o� 

�o�u�t�w�e�i�g�h� �t�h�e� �c�o�s�t�s�,� �t�h�e� �m�o�n�e�y� �t�o� �f�i�n�a�n�c�e� �t�h�e� �c�h�a�n�g�e�s� �h�a�s� �t�o� 

�c�o�m�e� �f�r�o�m� �t�h�e� �s�a�v�i�n�g�s�.� 

�P�u�l�p� �m�i�l�l�s� �c�u�r�r�e�n�t�l�y� �p�u�r�c�h�a�s�e� �c�h�i�p�s� �a�t� �a� �f�l�a�t� �r�a�t�e� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s�.� �M�o�s�t� 

�m�i�l�l�s� �w�i�l�l� �t�e�r�m�i�n�a�t�e� �a� �s�u�p�p�l�i�e�r� �w�h�o� �i�s� �u�n�a�b�l�e� �o�r� �u�n�w�i�l�l�i�n�g� 

�t�o� �m�e�e�t� �t�h�e�i�r� �m�i�n�i�m�u�m� �c�h�i�p� �q�u�a�l�i�t�y� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�.� �T�w�o� 

�i�n�c�e�n�t�i�v�e� �p�r�o�g�r�a�m�s� �w�e�r�e� �e�x�p�l�o�r�e�d� �t�o� �g�e�n�e�r�a�t�e� �t�h�e� �m�o�n�e�y� 

�n�e�e�d�e�d� �t�o� �i�m�p�l�e�m�e�n�t� �c�h�a�n�g�e�s� �i�n� �r�e�s�i�d�u�e� �c�h�i�p� �s�y�s�t�e�m�s�.� �E�a�c�h� 

�p�r�o�g�r�a�m� �w�a�s� �d�e�v�e�l�o�p�e�d� �o�n� �t�h�e� �b�a�s�i�s� �t�h�a�t� �t�h�e� �p�u�l�p� �m�i�l�l ��s� 

�a�c�t�u�a�l� �c�o�s�t� �p�e�r� �t�o�n� �o�f� �c�h�i�p�s� �d�e�c�r�e�a�s�e�s� �w�i�t�h� �e�a�c�h� �p�e�r�c�e�n�t� 

�i�n�c�r�e�a�s�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s�.� �S�h�a�r�i�n�g� �t�h�e�s�e� �s�a�v�i�n�g�s� �w�i�t�h� 

�t�h�e� �s�u�p�p�l�y�i�n�g� �m�i�l�l�s� �b�y� �p�a�y�i�n�g� �a� �p�r�e�m�i�u�m� �f�o�r� �i�m�p�r�o�v�e�d� �c�h�i�p� 

�q�u�a�l�i�t�y� �b�e�c�o�m�e�s� �t�h�e� �s�i�m�p�l�e�s�t� �w�a�y� �t�o� �g�e�n�e�r�a�t�e� �f�u�n�d�s� �f�o�r� 

�p�r�o�c�e�s�s� �i�m�p�r�o�v�e�m�e�n�t�.� �T�h�e� �p�o�t�e�n�t�i�a�l� �c�a�p�i�t�a�l� �f�o�r� �s�a�w�m�i�l�l�s� �t�o� 
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�i�n�v�e�s�t� �i�n� �e�q�u�i�p�m�e�n�t� �o�r� �p�o�l�i�c�i�n�g� �c�h�i�p� �q�u�a�l�i�t�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� 

�f�o�r� �l�a�r�g�e� �a�n�d� �s�m�a�l�l� �s�a�w�m�i�l�l�s� �u�s�i�n�g� �t�w�o� �d�i�f�f�e�r�e�n�t� �i�n�c�e�n�t�i�v�e� 

�p�r�o�g�r�a�m�s�.� �T�h�r�e�e� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n� �s�c�e�n�a�r�i�o�s�,� �d�i�f�f�e�r�i�n�g� 

�i�n� �t�h�e� �r�a�t�i�o� �o�f� �c�a�p�i�t�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �t�o� �a�d�m�i�n�i�s�t�r�a�t�i�v�e� �a�n�d� 

�o�v�e�r�h�e�a�d� �c�o�s�t�s�,� �w�e�r�e� �e�x�p�l�o�r�e�d�.� 

�E�C�O�N�O�M�I�C� �M�O�D�E�L� 

�A� �p�u�l�p� �m�i�l�l ��s� �f�u�r�n�i�s�h� �f�r�o�m� �e�a�c�h� �s�u�p�p�l�i�e�r� �v�a�r�i�e�s� 

�d�e�p�e�n�d�i�n�g� �o�n� �r�a�w� �m�a�t�e�r�i�a�l�,� �u�s�e� �o�f� �s�c�r�e�e�n�s�,� �a�n�d� �q�u�a�l�i�t�y� 

�c�o�n�t�r�o�l�.� �P�r�o�v�i�d�i�n�g� �i�n�c�e�n�t�i�v�e�s� �i�s� �o�n�e� �w�a�y� �t�o� �i�m�p�r�o�v�e� �c�h�i�p� 

�q�u�a�l�i�t�y� �a�n�d� �t�o� �e�n�c�o�u�r�a�g�e� �c�o�n�s�i�s�t�e�n�c�y�.� �A� �s�i�m�p�l�e� �e�c�o�n�o�m�i�c� 

�m�o�d�e�l� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �a�m�o�u�n�t� �o�f� �m�o�n�e�y� �s�a�v�e�d� �a�s� 

�a� �r�e�s�u�l�t� �o�f� �a� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �f�u�r�n�i�s�h� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� 

�a�v�a�i�l�a�b�l�e� �t�o� �p�r�o�v�i�d�e� �i�n�c�e�n�t�i�v�e�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �m�o�d�e�l� �d�o�e�s� 

�n�o�t� �t�a�k�e� �a�l�l� �v�a�r�i�a�b�l�e�s� �i�n�t�o� �a�c�c�o�u�n�t�,� �i�t� �d�o�e�s� �p�r�o�v�i�d�e� �s�o�m�e� 

�i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �o�r�d�e�r� �o�f� �m�a�g�n�i�t�u�d�e� �o�f� �f�u�n�d�s� �a�v�a�i�l�a�b�l�e� �t�o� 

�b�r�i�n�g� �a�b�o�u�t� �a� �c�h�a�n�g�e�.� 

�B�o�t�h� �t�h�e� �p�u�l�p� �m�i�l�l� �a�n�d� �c�h�i�p� �s�u�p�p�l�i�e�r� �w�i�l�l� �r�e�q�u�i�r�e� �a�n� 

�e�c�o�n�o�m�i�c� �r�e�w�a�r�d� �f�o�r� �i�n�s�t�i�t�u�t�i�n�g� �a� �q�u�a�l�i�t�y� �i�m�p�r�o�v�e�m�e�n�t� 

�p�r�o�g�r�a�m�.� �P�a�y�i�n�g� �f�o�r� �q�u�a�l�i�t�y� �r�e�q�u�i�r�e�s� �m�o�r�e� �p�o�l�i�c�i�n�g� �o�f� �c�h�i�p� 

�q�u�a�l�i�t�y� �b�y� �t�h�e� �p�u�l�p� �m�i�l�l�s�.� �S�a�w�m�i�l�l�s� �w�i�l�l� �h�a�v�e� �t�o� �i�n�c�r�e�a�s�e� 

�t�h�e�i�r� �i�n�v�e�s�t�m�e�n�t� �i�n� �e�q�u�i�p�m�e�n�t�,� �o�r� �s�p�e�n�d� �m�o�r�e� �o�n� �i�n�c�r�e�a�s�e�d� 

�m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s�.� �G�a�i�n�s� �f�r�o�m� �i�m�p�r�o�v�e�d� �c�h�i�p� 

�q�u�a�l�i�t�y� �s�h�o�u�l�d� �b�e� �s�p�l�i�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �p�a�r�t�i�c�i�p�a�n�t�s�.� 
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�S�e�v�e�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �t�o� �g�e�n�e�r�a�l�i�z�e� �t�h�e� �m�o�d�e�l�:� 

�1�)� 

�2�)� 

�A� �1�,�0�0�0� �t�o�n� �p�e�r� �d�a�y� �p�u�l�p� �m�i�l�l� �p�u�r�c�h�a�s�e�s� �1�4�0�,�0�0�0� 
�t�o�n�s� �o�f� �r�e�s�i�d�u�e� �c�h�i�p�s� �p�e�r� �y�e�a�r� �(�4�0�0� �t�o�n�s� �p�e�r� �d�a�y� �x� 
�3�5�0� �d�a�y�s� �p�e�r� �y�e�a�r�)�.� 

�T�h�e� �p�u�l�p� �m�i�l�l� �c�u�r�r�e�n�t�l�y� �p�a�y�s� �c�h�i�p� 
�s�u�p�p�l�i�e�r�s� �a� �f�l�a�t� �r�a�t�e� �o�f� �$�2�0� �p�e�r� �t�o�n� �f�o�r� 
�p�u�l�p� �c�h�i�p�s� �a�n�d� �$�7� �p�e�r� �t�o�n� �f�o�r� �f�u�e�l� 
�c�h�i�p�s�.� 

�T�h�e� �m�i�l�l� �e�n�f�o�r�c�e�s� �a� �m�i�n�i�m�u�m� �s�t�a�n�d�a�r�d� �o�f� �7�0�%� 
�a�c�c�e�p�t�s� �p�e�r� �t�o�n� �o�f� �m�i�l�l� �r�u�n� �c�h�i�p�s� �d�e�l�i�v�e�r�e�d�.� 
�A�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �a�r�e� �l�e�s�s� �t�h�a�n� �8�-�m�m� �t�h�i�c�k�,� �p�a�s�s� 
�t�h�r�o�u�g�h� �a� �1� �1�/�4�-�i�n�c�h� �s�q�u�a�r�e� �h�o�l�e�,� �a�n�d� �a�r�e� �r�e�t�a�i�n�e�d� 
�o�n� �a� �3�/�8�-�i�n�c�h� �r�o�u�n�d� �h�o�l�e� �s�c�r�e�e�n�.� 

�I�n�c�e�n�t�i�v�e�s� �a�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �s�a�v�i�n�g�s� 
�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 
�p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �p�e�r� 
�d�e�l�i�v�e�r�e�d� �t�o�n�.� 

�S�a�v�i�n�g�s� �t�o� �t�h�e� �p�u�l�p� �m�i�l�l� �a�r�e� �s�p�l�i�t� �5�0�/�5�0� 
�w�i�t�h� �t�h�e� �s�a�w�m�i�l�l� �t�o� �m�a�k�e� �i�m�p�r�o�v�e�m�e�n�t�s�.� 

�T�h�r�e�e� �d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h�e�s� �a�r�e� �a�v�a�i�l�a�b�l�e� 
�f�o�r� �i�m�p�l�e�m�e�n�t�i�n�g� �i�m�p�r�o�v�e�m�e�n�t�s� �a�t� �t�h�e� 
�s�a�w�m�i�l�l�.� 

�L�o�w� �o�p�e�r�a�t�i�n�g� �/� �h�i�g�h� �c�a�p�i�t�a�l� �-� 
�2�5�%� �o�f� �r�e�v�e�n�u�e� �f�o�r� �a�d�d�i�t�i�o�n�a�l� �o�p�e�r�a�t�i�n�g� 
�c�o�s�t�s� �a�n�d� �7�5�%� �o�f� �r�e�v�e�n�u�e� �f�o�r� �c�a�p�i�t�a�l� 
�i�n�v�e�s�t�m�e�n�t�.� �A� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�o�l�u�t�i�o�n�.� 

�B�a�l�a�n�c�e�d� �o�p�e�r�a�t�i�n�g� �a�n�d� �c�a�p�i�t�a�l� �-� 
�5�0�%� �o�f� �r�e�v�e�n�u�e� �f�o�r� �a�d�d�i�t�i�o�n�a�l� �o�p�e�r�a�t�i�n�g� 
�c�o�s�t�s� �a�n�d� �5�0�%� �o�f� �r�e�v�e�n�u�e� �f�o�r� �c�a�p�i�t�a�l� 
�i�n�v�e�s�t�m�e�n�t�.� �A� �m�i�x�e�d� �s�o�l�u�t�i�o�n�.� 

�H�i�g�h� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �/� �l�o�w� �c�a�p�i�t�a�l� �-� 
�7�5�%� �o�f� �r�e�v�e�n�u�e� �f�o�r� �a�d�d�i�t�i�o�n�a�l� �o�p�e�r�a�t�i�n�g� 
�c�o�s�t�s� �a�n�d� �2�5�%� �o�f� �r�e�v�e�n�u�e� �f�o�r� �c�a�p�i�t�a�l� 
�i�n�v�e�s�t�m�e�n�t�.� �A� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� 
�a�d�m�i�n�i�s�t�r�a�t�i�v�e� �s�o�l�u�t�i�o�n�.� 

�T�h�e� �r�e�c�o�v�e�r�y� �p�e�r�i�o�d� �f�o�r� �a�n�y� �c�a�p�i�t�a�l� 
�i�n�v�e�s�t�m�e�n�t� �i�s� �f�i�v�e� �y�e�a�r�s�.� 
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�8�)� �M�o�n�e�y� �l�e�f�t� �a�f�t�e�r� �d�e�d�u�c�t�i�n�g� �o�p�e�r�a�t�i�n�g� �a�n�d� 
�o�v�e�r�h�e�a�d� �c�o�s�t�s� �e�a�c�h� �y�e�a�r� �i�s� �d�i�s�c�o�u�n�t�e�d� 
�a�t� �a�n� �i�n�t�e�r�e�s�t� �r�a�t�e� �o�f� �8�%� �t�o� �d�e�r�i�v�e� �t�h�e� 
�a�m�o�u�n�t� �o�f� �c�a�p�i�t�a�l� �t�h�a�t� �c�a�n� �b�e� �i�n�v�e�s�t�e�d� 
�f�o�r� �i�m�p�r�o�v�e�m�e�n�t�.� 

�C�U�R�R�E�N�T� �C�O�S�T�S� �A�N�D� �P�O�T�E�N�T�I�A�L� �S�A�V�I�N�G�S� �F�O�R� �T�H�E� �P�U�L�P� �M�I�L�L� 

�T�h�e� �b�a�s�e� �c�o�s�t� �p�e�r� �t�o�n� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �f�o�r� �e�a�c�h� 

�a�c�t�u�a�l� �l�e�v�e�l� �o�f� �a�c�c�e�p�t�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�f�o�r�m�u�l�a�:� 

�C�=� �P� �/� �(�a� �/� �1�0�0�)� �-� �F�*� �(�1� �-� �a� �/� �1�0�0�)�,� 
�w�h�e�r�e� 

�C� �=� �c�o�s�t� �p�e�r� �t�o�n� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� 
�P� �=� �p�r�i�c�e� �p�e�r� �t�o�n� �o�f� �m�i�l�l� �r�u�n� �c�h�i�p�s� 
�a� �=� �p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� 
�F� �=� �p�r�i�c�e� �p�e�r� �t�o�n� �o�f� �f�u�e�l� �c�h�i�p�s�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �a� �l�o�a�d� �c�o�n�t�a�i�n�i�n�g� �7�0�%� �a�c�c�e�p�t�s� �c�o�s�t�s� �t�h�e� �p�u�l�p� 

�m�i�l�l� �$�2�6�.�4�7� �p�e�r� �t�o�n� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s�.� �A� �l�o�a�d� �w�i�t�h� �1�0�0�%� 

�a�c�c�e�p�t�s� �c�o�s�t�s� �t�h�e� �m�i�l�l� �$�2�0�.�0�0� �p�e�r� �t�o�n�,� �a� �s�a�v�i�n�g�s� �o�f� �$�6�.�4�7� 

�p�e�r� �t�o�n� �(�T�a�b�l�e� �4�.�1�)�.� �T�h�e� �e�x�p�e�c�t�e�d� �g�a�i�n�,� �o�r� �p�u�l�p� �m�i�l�l ��s� 

�s�a�v�i�n�g�s�,� �w�e�r�e� �t�h�e�n� �a�s�s�u�m�e�d� �t�o� �b�e� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �c�o�s�t� �p�e�r� 

�t�o�n� �o�f� �c�h�i�p�s� �f�o�r� �e�a�c�h� �1�%� �i�m�p�r�o�v�e�m�e�n�t� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �4�.�1�.� 

�D�I�S�T�R�I�B�U�T�I�O�N� �O�F� �T�H�E� �P�U�L�P� �M�I�L�L ��S� �S�A�V�I�N�G�S� 

�F�i�f�t�y� �p�e�r�c�e�n�t� �o�f� �t�h�e� �s�a�v�i�n�g�s� �w�o�u�l�d� �b�e� �u�s�e�d� �t�o� �f�i�n�a�n�c�e� 

�t�h�e� �i�n�c�e�n�t�i�v�e� �f�o�r� �t�h�e� �s�a�w�m�i�l�l�s�.� �T�h�e� �i�n�c�e�n�t�i�v�e� �a�v�a�i�l�a�b�l�e� �f�o�r� 

�e�a�c�h� �p�e�r�c�e�n�t� �i�n�c�r�e�a�s�e� �i�n� �a�c�c�e�p�t�s� �i�s� �r�e�f�l�e�c�t�e�d� �a�s� �t�h�e� 

�s�a�w�m�i�l�l ��s� �p�o�t�e�n�t�i�a�l� �m�a�r�g�i�n�a�l� �r�e�v�e�n�u�e� �p�e�r� �t�o�n� �(�T�a�b�l�e� �4�.�1�)�.� 

�T�w�e�n�t�y�-�f�i�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �s�a�v�i�n�g�s� �w�o�u�l�d� �b�e� �u�s�e�d� �t�o� �s�u�p�p�o�r�t� 

�c�h�i�p� �q�u�a�l�i�t�y� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �p�r�o�g�r�a�m� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �w�h�i�l�e� �1�0�%� 

�w�o�u�l�d� �b�e� �u�s�e�d� �t�o� �p�u�r�c�h�a�s�e� �e�q�u�i�p�m�e�n�t� �n�e�e�d�e�d� �t�o� �e�x�p�a�n�d� �c�h�i�p� 
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�T�a�b�l�e� �4�.�1�.� �P�r�i�c�e� �p�a�i�d� �f�o�r� �a� �t�o�n� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� 
�r�a�n�g�i�n�g� �f�r�o�m� �7�0� �t�o� �1�0�0� �p�e�r�c�e�n�t� �a�c�c�e�p�t�s�.�*� 

�D�e�c�r�e�a�s�e� �i�n� �M�a�r�g�i�n�a�l� 
�P�r�i�c�e� �p�e�r� �C�o�s�t�/�T�o�n� �o�f� �R�e�v�e�n�u�e� 

�t�o�n� �o�f� �A�c�c�e�p�t�a�b�l�e� �r�o�r� 
�P�e�r�c�e�n�t� �|� �P�e�r�c�e�n�t� �|� �A�c�c�e�p�t� �C�h�i�p�s� �C�h�i�p�s� �S�a�w�m�i�l�l� 
�A�c�c�e�p�t�s� �F�u�e�l� �(�$�/�t�o�n�)�?� �(�$�/�t�o�n�)� �(�$�/�t�o�n�)� 

�7�0� �3�0� �2�6�.�4�7� �-�-� �-�-� 

�7�1� �2�9� �2�6�.�1�4� �0�.�3�3� �Q�.�1�7� 
�7�2� �2�8� �2�5�.�8�2� �0�.�3�2� �O�.�1� 

�7�3� �2�7� �2�5�.�5�1� �0�.�3�1� �0�.�1�2�6� 

�7�4� �2�6� �2�5�.�2�1� �0�.�3�0� �0�.�1�5� 

�7�5� �2�5� �2�4�.�9�2� �0�.�2�9� �0�.�1�5� 

�7�6� �2�4� �2�4�,�6�4� �0�.�2�8� �0�.�1�4� 

�7�7� �2�3� �2�4�.�3�6� �0�.�2�7� �O�.�1�4� 

�7�8� �2�2� �2�4�.�1�0� �0�.�2�6� �Q�.�1�3� 

�7�9�3� �2�1� �2�3�.�8�5� �0�.�2�5� �0�.�1�3� 
�8�0� �2�0� �2�3�.�6�0� �0�.�2�5� �Q�.�1�2� 

�8�1� �1�9� �2�3�.�3�6� �0�.�2�4� �0�.�1�2� 

�8�2� �1�8� �2�3�.�1�3� �0�.�2�3� �0�.�1�2� 

�8�3� �1�7� �2�2�.�9�1� �0�.�2�2� �O�.�1�1� 

�8�4� �1�6� �2�2�.�6�9� �0�.�2�2� �Q�.�1�1� 

�8�5� �1�5� �2�2�.�4�8� �0�.�2�1� �O�.�1�2�1� 

�8�6� �1�4� �2�2�.�2�8� �0�.�2�0� �0�.�1�0� 

�8�7� �*� �4�3� �2�2�.�0�8� �0�.�2�0� �0�.�1�0� 
�8�8� �1�2� �2�1�.�8�9� �0�.�1�9� �0�.�1�0� 

�8�9� �1�1� �2�1�.�7�0� �0�.�1�9� �0�.�0�9� 

�9�0� �1�0� �2�1�.�5�2� �0�.�1�8� �0�.�0�9� 
�9�1� �9� �2�1�.�3�5� �Q�.�1�7� �9�.�0�9� 

�9�2� �8� �2�1�.�1�8� �0�.�1�7� �0�.�0�8� 

�9�3� �7� �2�1�.�0�2� �0�.�1�6� �0�.�0�8� 

�9�4� �6� �2�0�.�8�6� �0�.�1�6� �0�.�0�8� 
�9�5� �5� �2�0�.�7�0� �0�.�1�5� �0�.�0�8� 

�9�6� �4� �2�0�.�5�5� �0�.�1�5� �0�.�0�7� 
�9�7� �3� �2�0�.�4�1� �0�.�1�4� �0�.�0�7� 

�9�8� �2� �2�0�.�2�7� �0�.�1�4� �0�.�0�7� 
�9�9� �1� �2�0�.�1�3� �0�.�1�4� �0�.�0�7� 

�1�0�0� �0� �2�0�.�0�0� �0�.�1�3� �0�.�0�7� 
�a�v�e�r�a�g�e� �m�a�r�g�i�n�a�l� �r�e�v�e�n�u�e� �|�|� �0�.�1�0� � � � � � � 

�A�s�s�u�m�i�n�g� �$�2�0�/�t�o�n� �f�o�r� �p�u�l�p� �c�h�i�p�s� �a�n�d� �$�7�/�t�o�n� �f�o�r� 
�f�u�e�l� �c�h�i�p�s�.� 

�$�/�t�o�n� �=� �$�2�0� �/� �(�a� �/� �1�0�0�)� �-� �$�7� �*� �{�1� �-� �a� �/� �1�0�0�)� 
�w�h�e�r�e� �a� �=� �p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� 

�d�e�l�i�v�e�r�e�d�.� 

�4�0



�s�a�m�p�l�i�n�g� �a�n�d� �a�n�a�l�y�s�e�s�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �p�o�r�t�i�o�n� �(�1�5�%�)� 

�r�e�p�r�e�s�e�n�t�s� �t�h�e� �p�u�l�p� �m�i�l�l ��s� �n�e�t� �s�a�v�i�n�g�s� �p�e�r� �y�e�a�r� �i�n� �c�h�i�p� 

�p�u�r�c�h�a�s�e�s�.� �A�d�d�i�t�i�o�n�a�l� �s�a�v�i�n�g�s� �w�h�i�c�h� �w�o�u�l�d� �o�c�c�u�r� �t�h�r�o�u�g�h�o�u�t� 

�t�h�e� �p�u�l�p� �m�i�l�l� �w�e�r�e� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �a�n�a�l�y�s�i�s�.� 

�F�I�R�S�T� �I�N�C�E�N�T�I�V�E� �P�L�A�N� �-� �P�R�I�C�E� �F�O�R� �Q�U�A�L�I�T�Y� 

�T�h�i�s� �i�n�c�e�n�t�i�v�e� �p�l�a�n� �r�e�c�o�g�n�i�z�e�s� �t�h�a�t� �s�u�p�p�l�i�e�r�s� �w�i�t�h� �l�o�w�-� 

�q�u�a�l�i�t�y� �c�h�i�p�s� �w�i�l�l� �n�e�e�d� �t�o� �i�n�v�e�s�t� �m�o�r�e� �m�o�n�e�y� �t�o� �u�p�g�r�a�d�e� 

�t�h�e�i�r� �q�u�a�l�i�t�y�.� �A� �1�%� �g�a�i�n� �f�r�o�m� �a� �l�o�w�-�q�u�a�l�i�t�y� �s�u�p�p�l�i�e�r� �a�l�s�o� 

�g�e�n�e�r�a�t�e�s� �g�r�e�a�t�e�r� �g�a�i�n�s� �f�o�r� �t�h�e� �p�u�l�p� �m�i�l�l�.� 

�T�h�i�s� �a�p�p�r�o�a�c�h� �e�s�t�a�b�l�i�s�h�e�s� �a� �p�a�y� �s�c�a�l�e� �t�h�a�t� �r�e�w�a�r�d�s� �t�h�e� 

�S�u�p�p�l�i�e�r� �(�s�a�w�m�i�l�l�)� �w�i�t�h� �t�h�e� �m�a�r�g�i�n�a�l� �r�e�v�e�n�u�e� �f�o�r� �e�a�c�h� 

�p�e�r�c�e�n�t� �i�n�c�r�e�a�s�e� �i�n� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �(�T�a�b�l�e� �4�.�2�)�.� �S�u�p�p�l�i�e�r�s� 

�w�i�l�l� �r�e�c�e�i�v�e� �m�o�r�e� �p�e�r� �t�o�n� �f�o�r� �i�m�p�r�o�v�i�n�g� �c�h�i�p� �q�u�a�l�i�t�y� �f�r�o�m� 

�t�h�e� �m�i�n�i�m�a�l� �l�e�v�e�l� �t�o� �a� �m�o�d�e�r�a�t�e� �l�e�v�e�l� �t�h�a�n� �f�o�r� �i�m�p�r�o�v�i�n�g� �t�h�e� 

�l�e�v�e�l� �f�r�o�m� �a� �g�o�o�d� �t�o� �a�n� �e�x�c�e�p�t�i�o�n�a�l� �l�e�v�e�l�.� 

�I�M�P�R�O�V�I�N�G� �F�R�O�M� �7�0� �T�O� �8�0� �P�E�R�C�E�N�T� �A�C�C�E�P�T�S� 

�I�m�p�r�o�v�i�n�g� �f�r�o�m� �7�0� �t�o� �8�0� �p�e�r�c�e�n�t� �a�c�c�e�p�t�s� �r�e�p�r�e�s�e�n�t�s� �a� 

�S�i�t�u�a�t�i�o�n� �w�h�e�r�e� �c�h�a�n�g�e� �i�s� �a� �n�e�c�e�s�s�i�t�y�.� 

�P�u�l�p� �M�i�l�l ��s� �S�a�v�i�n�g�s� 

�I�n�c�r�e�a�s�i�n�g� �t�h�e� �a�c�c�e�p�t�a�b�l�e� �r�e�s�i�d�u�e� �f�u�r�n�i�s�h� �f�r�o�m� �7�0� �t�o� �8�0� 

�p�e�r�c�e�n�t� �w�o�u�l�d� �s�a�v�e� �t�h�e� �p�u�l�p� �m�i�l�l� �$�2�.�8�7� �p�e�r� �t�o�n� �(�$�2�6�.�4�7� �-� 

�$�2�3�.�6�0�,� �f�r�o�m� �T�a�b�l�e� �4�.�1�)� �o�r� �r�o�u�g�h�l�y� �$�4�0�0�,�0�0�0� �p�e�r� �y�e�a�r� �i�n� �c�h�i�p� 

�p�u�r�c�h�a�s�e�s�.� �H�a�l�f� �o�f� �t�h�e� �s�a�v�i�n�g�s� �(�$�2�0�0�,�0�0�0�)� �w�o�u�l�d� �b�e� �u�s�e�d� �f�o�r� 

�t�h�e� �s�u�p�p�l�i�e�r ��s� �i�n�c�e�n�t�i�v�e�s�.� �A�d�d�i�t�i�o�n�a�l� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �a�n�d� 
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�T�a�b�l�e� �4�.�2�.� �E�x�a�m�p�l�e� �o�f� �p�a�y� �s�c�a�l�e� �b�a�s�e�d� �o�n� �c�h�i�p� �q�u�a�l�i�t�y�.� 

�P�e�r�c�e�n�t� �P�u�l�p� �C�h�i�p� �P�r�i�c�e� 
�A�c�c�e�p�t�a�b�l�e� �C�h�i�p�s� �(�$�/�t�o�n�)� 

�7�0� �2�0�.�0�0� 

�7�1� �2�0�.�1�7� 

�7�2� �2�0�.�3�3� 

�7�3� �2�0�.�4�9� 

�7�4� �2�0�.�6�4� 

�7�5� �2�0�.�7�9� 

�7�6� �2�0�.�9�3� 

�7�7� �2�1�.�0�7� 

�7�8� �2�1�.�2�0� 

�7�9� �2�1�.�3�3� 

�8�0� �2�1�.�4�5� 

�8�1� �2�1�.�5�7� 

�8�2� �2�1�.�6�9� 

�8�3� �2�1�.�8�0� 

�8�4� �2�1�.�9�1� 

�8�5� �2�2�.�0�2� 

�8�6� �2�2�.�1�2� 

�8�7� �2�2�.�2�2� 

�8�8� �2�2�.�3�2� 

�8�9� �2�2�.�4�1� 

�9�0� �2�2�.�5�0� 

�9�1� �2�2�.�5�9� 

�9�2� �2�2�.�6�7� 

�9�3� �2�2�.�7�5� 

�9�4� �2�2�.�8�3� 

�9�5� �2�2�.�9�1� 

�9�6� �2�2�.�9�8� 

�9�7� �2�3�.�0�5� 

�9�8� �2�3�.�1�2� 

�9�9� �2�3�.�1�9� 

�2�3�.�2�6� � � 
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�e�q�u�i�p�m�e�n�t� �c�o�s�t�s� �a�t� �t�h�e� �p�u�l�p� �m�i�l�l� �w�o�u�l�d� �c�o�n�s�u�m�e� �a�n�o�t�h�e�r� 

�$�1�4�0�,�0�0�0�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �1�5�%� �(�$�6�0�,�0�0�0�)� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �a�n�n�u�a�l� 

�S�a�v�i�n�g�s� �i�n� �c�h�i�p� �p�u�r�c�h�a�s�e�s�.� 

�S�a�w�m�i�l�l ��s� �A�n�n�u�a�l� �R�e�v�e�n�u�e� �t�o� �I�m�p�r�o�v�e� �C�h�i�p� �Q�u�a�l�i�t�y� 

�A� �s�a�w�m�i�l�l ��s� �a�n�n�u�a�l� �r�e�v�e�n�u�e� �f�r�o�m� �i�m�p�r�o�v�e�d� �c�h�i�p� �q�u�a�l�i�t�y� 

�d�e�p�e�n�d�s� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �r�e�s�i�d�u�e� �c�h�i�p�s� �d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� �p�u�l�p� 

�m�i�l�l�.� �I�t� �w�a�s� �a�s�s�u�m�e�d� �t�h�a�t� �s�a�w�m�i�l�l�s� �o�p�e�r�a�t�e� �2�0�0� �d�a�y�s� �p�e�r� 

�y�e�a�r�,� �w�i�t�h� �a� �s�m�a�l�l� �m�i�l�l� �p�r�o�d�u�c�i�n�g� �2�0� �t�o�n�s� �o�f� �c�h�i�p�s� �p�e�r� �d�a�y� 

�(�4�,�0�0�0� �t�o�n�s� �p�e�r� �y�e�a�r� �o�r� �3�%� �o�f� �t�h�e� �a�n�n�u�a�l� �r�e�s�i�d�u�e� �f�u�r�n�i�s�h� 

�r�e�c�e�i�v�e�d� �b�y� �t�h�e� �p�u�l�p� �m�i�l�l�)� �a�n�d� �a� �l�a�r�g�e� �m�i�l�l� �p�r�o�d�u�c�i�n�g� �1�2�5� 

�t�o�n�s� �p�e�r� �d�a�y� �(�2�5�,�0�0�0� �t�o�n�s� �p�e�r� �y�e�a�r� �o�r� �1�8�%� �o�f� �t�h�e� �a�n�n�u�a�l� 

�r�e�s�i�d�u�e� �f�u�r�n�i�s�h�)�.� 

�I�m�p�r�o�v�i�n�g� �f�r�o�m� �7�0� �t�o� �8�0� �p�e�r�c�e�n�t� �w�o�u�l�d� �g�e�n�e�r�a�t�e� �$�1�.�4�5� 

�a�d�d�i�t�i�o�n�a�l� �r�e�v�e�n�u�e� �p�e�r� �t�o�n� �(�$�2�1�.�4�5� �-� �$�2�0�.�0�0�,� �f�r�o�m� �T�a�b�l�e� �4�.�2�)� 

�f�o�r� �s�a�w�m�i�l�l�s�.� �A� �l�a�r�g�e� �m�i�l�l� �r�e�c�e�i�v�e�s� �$�3�6�,�2�5�0� �e�x�t�r�a� �p�e�r� �y�e�a�r�,� 

�w�h�e�r�e�a�s� �a� �s�m�a�l�l� �m�i�l�l� �r�e�c�e�i�v�e�s� �$�5�,�8�0�0� �p�e�r� �y�e�a�r� �(�T�a�b�l�e� �4�.�3�)�.� 

�D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �A�n�n�u�a�l� �R�e�v�e�n�u�e� 

�R�e�t�u�r�n�s� �f�o�r� �i�m�p�r�o�v�e�d� �q�u�a�l�i�t�y� �w�i�l�l� �b�e� �s�p�e�n�t� �f�o�r� �p�h�y�s�i�c�a�l� 

�i�m�p�r�o�v�e�m�e�n�t�s�,� �o�v�e�r�h�e�a�d� �a�n�d� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s�,� �a�n�d� �p�r�o�f�i�t�.� 

�C�a�p�i�t�a�l� �e�x�p�e�n�d�i�t�u�r�e�s� �m�a�y� �b�e� �r�e�q�u�i�r�e�d� �t�o� �u�p�g�r�a�d�e� �e�q�u�i�p�m�e�n�t�,� 

�c�h�a�n�g�e� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m�s�,� �o�r� �i�n�s�t�a�l�l� �s�c�r�e�e�n�s�.� �O�p�e�r�a�t�i�n�g� �a�n�d� 

�o�v�e�r�h�e�a�d� �c�o�s�t�s� �e�n�c�o�m�p�a�s�s� �e�x�p�e�n�s�e�s� �f�o�r� �r�e�p�a�i�r� �a�n�d� 

�m�a�i�n�t�e�n�a�n�c�e�,� �l�a�b�o�r�,� �a�n�d� �a�n�y� �a�d�d�i�t�i�o�n�a�l� �p�o�w�e�r� �n�e�e�d�e�d� �b�y� �t�h�e� 

�i�m�p�r�o�v�e�m�e�n�t�.� �T�h�e�r�e� �a�r�e� �t�r�a�d�e�-�o�f�f�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �c�o�s�t�s�,� 

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�y�p�e� �o�f� �i�m�p�r�o�v�e�m�e�n�t� �a� �s�a�w�m�i�l�l� �c�h�o�o�s�e�s�.� 
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�T�a�b�l�e� �4�.�3�.� �A�n�n�u�a�l� �r�e�v�e�n�u�e� �a�n�d� �c�a�p�i�t�a�l� �m�o�n�e�y� �m�a�d�e� �a�v�a�i�l�a�b�l�e� 
�b�y� �i�m�p�r�o�v�i�n�g� �f�r�o�m� �7�0� �t�o� �8�0� �p�e�r�c�e�n�t� �a�c�c�e�p�t�a�b�l�e� 
�c�h�i�p�s� �u�s�i�n�g� �t�h�e� �p�r�i�c�e� �f�o�r� �q�u�a�l�i�t�y� �i�n�c�e�n�t�i�v�e� 

� � 

� � � � 

� � 

� � � � � � 

�p�l�a�n�.� 

�M�o�n�e�y� �A�v�a�i�l�a�b�l�e� �f�o�r� �C�a�p�i�t�a�l� 
�I�m�p�r�o�v�e�m�e�n�t�s� �b�y� 

�I�m�p�r�o�v�e�m�e�n�t� �S�t�r�a�t�e�g�y �� 

�M�i�l�l� �A�n�n�u�a�l� �L�o�w� �-� �2�5�%� �|� �M�e�d�i�u�m� �-� �5�0�%�]� �H�i�g�h� �-� �7�5�%� 
�S�i�z�e� �R�e�v�e�n�u�e� �(�S�$�)� �(�$�)� �(�$�)� �(�$�)� 

�L�a�r�g�e� �3�6�,�2�5�0� �3�6�,�1�8�3�.�9�3� �7�2�,�3�6�7�.�8�7� �|� �1�0�8�,�5�5�1�.�8�0� 

�S�m�a�l�l� �5�,�8�0�0� �5�,�7�8�9�.�4�3� �1�1�,�5�7�8�.�8�6� �1�7�,�3�6�8�.�2�9� � � � � � � � � � � � � 

�P�r�e�s�e�n�t� �v�a�l�u�e� �o�f� �a�n�n�u�a�l� �r�e�v�e�n�u�e� �a�l�l�o�c�a�t�e�d� �f�o�r� 
�c�a�p�i�t�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �a�f�t�e�r� �f�i�v�e� �y�e�a�r�s�.� 
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�S�a�w�m�i�l�l�s� �e�l�e�c�t�i�n�g� �t�o� �i�n�v�e�s�t� �h�e�a�v�i�l�y� �i�n� �c�a�p�i�t�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� 

�w�i�l�l� �h�a�v�e� �r�e�d�u�c�e�d� �o�p�e�r�a�t�i�n�g� �a�n�d� �o�v�e�r�h�e�a�d� �c�o�s�t�s�.� �M�o�n�e�y� 

�r�e�m�a�i�n�i�n�g� �a�f�t�e�r� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �c�o�s�t�s� �r�e�p�r�e�s�e�n�t�s� �a� �s�a�w�m�i�l�l ��s� 

�p�r�o�f�i�t� �f�o�r� �i�m�p�r�o�v�i�n�g� �c�h�i�p� �q�u�a�l�i�t�y�.� 

�T�h�e� �m�o�d�e�l� �w�a�s� �n�o�t� �e�x�p�a�n�d�e�d� �t�o� �d�e�t�a�i�l� �a�l�l� �o�v�e�r�h�e�a�d� �a�n�d� 

�o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �f�o�r� �e�a�c�h� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n�.� �I�n�s�t�e�a�d�,� 

�o�v�e�r�h�e�a�d� �a�n�d� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �w�e�r�e� �b�r�o�k�e�n� �d�o�w�n� �i�n�t�o� �t�h�r�e�e� 

�c�a�t�e�g�o�r�i�e�s� �(�l�o�w� �o�p�e�r�a�t�i�n�g�/�h�i�g�h� �c�a�p�i�t�a�l�,� �b�a�l�a�n�c�e�d� �o�p�e�r�a�t�i�n�g� 

�a�n�d� �c�a�p�i�t�a�l�,� �a�n�d� �h�i�g�h� �o�p�e�r�a�t�i�n�g�/�l�o�w� �c�a�p�i�t�a�l�)� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� 

�c�a�p�i�t�a�l� �a�v�a�i�l�a�b�l�e� �f�o�r� �i�n�v�e�s�t�m�e�n�t�.� 

�T�h�e� �l�o�w� �o�p�e�r�a�t�i�n�g� �c�o�s�t�,� �h�i�g�h� �c�a�p�i�t�a�l� �o�p�t�i�o�n� �w�o�u�l�d� 

�i�n�v�o�l�v�e� �a� �c�h�a�n�g�e� �i�n� �m�i�l�l� �e�q�u�i�p�m�e�n�t�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �c�o�u�l�d� 

�i�n�c�l�u�d�e� �m�o�d�i�f�y�i�n�g� �t�h�e� �t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �o�u�t�f�e�e�d� �t�a�b�l�e� �t�o� 

�a�c�c�o�m�m�o�d�a�t�e� �4�-� �o�r� �6�-�f�o�o�t� �l�e�n�g�t�h�s� �a�n�d�/�o�r� �t�i�l�t�i�n�g� �t�h�e� �i�n�f�e�e�d� 

�c�o�n�v�e�y�o�r� �t�o� �f�o�r�c�e� �p�i�e�c�e�s� �i�n�t�o� �a�l�i�g�n�m�e�n�t� �a�g�a�i�n�s�t� �t�h�e� �v�e�r�t�i�c�a�l� 

�a�n�v�i�l�.� �S�e�v�e�n�t�y�-�f�i�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�n�c�r�e�a�s�e�d� �c�o�s�t� �a�r�e� 

�d�e�s�i�g�n�a�t�e�d� �f�o�r� �c�a�p�i�t�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �a�n�d� �2�5�%� �f�o�r� �o�v�e�r�h�e�a�d� �a�n�d� 

�o�p�e�r�a�t�i�n�g� �e�x�p�e�n�s�e�s�.� 

�T�h�e� �b�a�l�a�n�c�e�d� �o�p�e�r�a�t�i�n�g� �a�n�d� �c�a�p�i�t�a�l� �c�o�s�t� �o�p�t�i�o�n� �w�o�u�l�d� 

�i�n�v�o�l�v�e� �a� �l�e�s�s� �e�x�p�e�n�s�i�v�e� �c�h�a�n�g�e� �i�n� �m�i�l�l� �e�q�u�i�p�m�e�n�t�.� �F�i�f�t�y� 

�p�e�r�c�e�n�t� �o�f� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �r�e�v�e�n�u�e� �w�o�u�l�d� �b�e� �f�o�r� �c�a�p�i�t�a�l� �a�n�d� 

�5�0�%� �f�o�r� �o�p�e�r�a�t�i�n�g� �a�n�d� �o�v�e�r�h�e�a�d� �c�o�s�t�s�.� �T�h�i�s� �s�o�l�u�t�i�o�n� 

�i�n�c�l�u�d�e�s� �c�h�a�n�g�e�s� �s�u�c�h� �a�s� �i�n�s�t�a�l�l�i�n�g� �a� �s�m�a�l�l�,� �s�l�o�w� �s�p�e�e�d� 

�c�h�i�p�p�e�r� �t�o� �h�a�n�d�l�e� �t�r�i�m� �e�n�d�s� �o�r� �c�h�a�n�g�i�n�g� �f�r�o�m� �p�n�e�u�m�a�t�i�c� 

�s�y�s�t�e�m�s� �t�o� �c�o�n�v�e�y�o�r�s� �f�o�r� �t�r�a�n�s�p�o�r�t�i�n�g� �c�h�i�p�s�.� 
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�T�h�e� �h�i�g�h�-� �o�p�e�r�a�t�i�n�g�,� �l�o�w� �c�a�p�i�t�a�l� �o�p�t�i�o�n� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �a� 

�S�u�r�v�e�i�l�l�a�n�c�e�,� �m�a�i�n�t�e�n�a�n�c�e�,� �a�n�d� �r�e�p�a�i�r� �s�o�l�u�t�i�o�n�.� �T�h�i�s� 

�e�n�t�a�i�l�s� �r�e�b�u�i�l�d�i�n�g� �m�a�j�o�r� �e�q�u�i�p�m�e�n�t� �t�o� �b�r�i�n�g� �i�t� �b�a�c�k� �t�o� 

�m�a�n�u�f�a�c�t�u�r�e�r ��s� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�,� �m�o�r�e� �f�r�e�q�u�e�n�t� �k�n�i�f�e� �c�h�a�n�g�e�s�,� 

�a�n�d� �o�t�h�e�r� �s�i�m�i�l�a�r� �p�r�o�c�e�d�u�r�e�s�.� �S�e�v�e�n�t�y�-�f�i�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�c�o�s�t�s� �a�r�e� �d�e�s�i�g�n�a�t�e�d� �t�o� �o�p�e�r�a�t�i�n�g� �a�n�d� �2�5�%� �f�o�r� �c�a�p�i�t�a�l� 

�i�n�v�e�s�t�m�e�n�t�.� 

�S�a�w�m�i�l�l ��s� �C�a�p�i�t�a�l� �f�o�r� �I�m�p�r�o�v�e�m�e�n�t� 

�A� �s�a�w�m�i�l�l ��s� �p�o�t�e�n�t�i�a�l� �i�n�v�e�s�t�m�e�n�t� �o�v�e�r� �a� �f�i�v�e�-�y�e�a�r� 

�p�e�r�i�o�d� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �a�f�t�e�r� �s�u�b�t�r�a�c�t�i�n�g� �o�v�e�r�h�e�a�d� �a�n�d� 

�o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �e�a�c�h� �y�e�a�r�,� �t�h�e�n� �d�i�s�c�o�u�n�t�i�n�g� �t�h�e� �r�e�m�a�i�n�d�e�r� �t�o� 

�p�r�e�s�e�n�t� �a�t� �8�%�.� �R�e�s�u�l�t�s� �f�o�r� �e�a�c�h� �s�i�z�e� �m�i�l�l� �a�n�d� �i�m�p�r�o�v�e�m�e�n�t� 

�s�t�r�a�t�e�g�y� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �4�.�3�.� 

�I�M�P�R�O�V�I�N�G� �F�R�O�M� �8�5� �T�O� �9�5� �P�E�R�C�E�N�T� �A�C�C�E�P�T�S� 

�I�m�p�r�o�v�i�n�g� �f�r�o�m� �8�5� �t�o� �9�5� �p�e�r�c�e�n�t� �a�c�c�e�p�t�s� �r�e�p�r�e�s�e�n�t�s� �a� 

�S�i�t�u�a�t�i�o�n� �w�h�e�r�e� �t�h�e� �u�p�g�r�a�d�e� �i�s� �a� �r�e�f�i�n�e�m�e�n�t� �o�f� �a�n� �a�l�r�e�a�d�y� 

�a�c�c�e�p�t�a�b�l�e� �s�y�s�t�e�m�.� �P�o�t�e�n�t�i�a�l� �g�a�i�n�s� �a�r�e� �l�e�s�s� �s�o� �t�h�e�r�e� �i�s� 

�l�e�s�s� �m�o�n�e�y� �a�v�a�i�l�a�b�l�e� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t�.� 

�P�u�l�p� �M�i�l�l ��s� �S�a�v�i�n�g�s� 

�T�h�e� �p�u�l�p� �m�i�l�l� �w�o�u�l�d� �s�a�v�e� �$�1�.�7�8� �p�e�r� �t�o�n� �o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�$�2�5�0�,�0�0�0� �a�n�n�u�a�l�l�y� �i�n� �c�h�i�p� �p�u�r�c�h�a�s�e�s�.� �T�h�e� �p�u�l�p� �m�i�l�l� �w�o�u�l�d� 

�u�s�e� �$�1�2�5�,�0�0�0� �t�o� �f�i�n�a�n�c�e� �t�h�e� �i�n�c�e�n�t�i�v�e� �a�n�d� �$�8�7�,�1�5�0� �t�o� �c�o�v�e�r� 

�a�d�d�i�t�i�o�n�a�l� �e�x�p�e�n�s�e�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �n�e�t� �s�a�v�i�n�g�s� �o�f� �$�3�7�,�3�5�0� 

�e�a�c�h� �y�e�a�r�.� 
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�S�a�w�m�i�l�l ��s� �A�n�n�u�a�l� �R�e�v�e�n�u�e� �a�n�d� �C�a�p�i�t�a�l� �f�o�r� �I�m�p�r�o�v�e�m�e�n�t� 

�T�h�i�s� �i�n�c�e�n�t�i�v�e� �p�l�a�n� �w�o�u�l�d� �r�e�t�u�r�n� �$�0�.�8�8� �p�e�r� �t�o�n� �t�o� �t�h�e� 

�s�a�w�m�i�l�l� �f�o�r� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p� �f�u�r�n�i�s�h� �f�r�o�m� �8�5� 

�t�o� �9�5� �p�e�r�c�e�n�t�.� �A� �l�a�r�g�e� �m�i�l�l� �r�e�c�e�i�v�e�s� �$�2�2�,�0�0�0� �p�e�r� �y�e�a�r� �i�n� 

�a�d�d�i�t�i�o�n�a�l� �r�e�v�e�n�u�e� �w�h�i�l�e� �a� �s�m�a�l�l� �m�i�l�l� �r�e�c�e�i�v�e�s� �$�3�,�5�2�0� �p�e�r� 

�y�e�a�r� �(�T�a�b�l�e� �4�.�4�)�.� 

�T�h�e� �a�m�o�u�n�t� �o�f� �m�o�n�e�y� �t�h�a�t� �e�a�c�h� �s�i�z�e� �m�i�l�l� �s�a�w�m�i�l�l� �c�a�n� 

�i�n�v�e�s�t� �t�o� �i�m�p�r�o�v�e� �c�h�i�p� �q�u�a�l�i�t�y� �u�n�d�e�r� �e�a�c�h� �i�m�p�r�o�v�e�m�e�n�t� 

�s�t�r�a�t�e�g�y� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �4�.�4�.� 

�S�E�C�O�N�D� �I�N�C�E�N�T�I�V�E� �P�L�A�N� �-� �B�A�S�E� �P�L�U�S� �I�N�C�E�N�T�I�V�E� 

�T�h�i�s� �p�l�a�n� �p�u�t�s� �a�l�l� �s�u�p�p�l�i�e�r�s� �o�n� �a�n� �e�q�u�a�l� �b�a�s�i�s� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e�i�r� �p�r�e�s�e�n�t� �q�u�a�l�i�t�y�.� �S�a�w�m�i�l�l�s� �r�e�c�e�i�v�e� �t�h�e� 

�s�a�m�e� �i�n�c�e�n�t�i�v�e� �w�h�e�t�h�e�r� �i�m�p�r�o�v�i�n�g� �f�r�o�m� �7�0� �t�o� �8�0� �p�e�r�c�e�n�t� �o�r� 

�f�r�o�m� �8�5� �t�o� �9�5� �p�e�r�c�e�n�t�.� �B�e�n�e�f�i�t�s� �t�o� �t�h�e� �p�u�l�p� �m�i�l�l� �a�l�s�o� 

�b�a�l�a�n�c�e� �o�u�t� �w�h�e�n� �o�f�f�e�r�i�n�g� �t�h�i�s� �p�l�a�n�.� �S�o�m�e� �o�f� �t�h�e� �b�e�n�e�f�i�t�s� 

�g�a�i�n�e�d� �f�r�o�m� �i�m�p�r�o�v�e�m�e�n�t�s� �a�t� �m�i�l�l�s� �p�r�o�d�u�c�i�n�g� �t�h�e� �l�o�w�e�s�t� 

�q�u�a�l�i�t�y� �c�h�i�p�s� �a�r�e� �u�s�e�d� �t�o� �s�u�b�s�i�d�i�z�e� �t�h�e� �b�o�n�u�s� �t�o� �f�u�r�t�h�e�r� 

�i�m�p�r�o�v�e� �m�i�l�l�s� �a�l�r�e�a�d�y� �p�r�o�d�u�c�i�n�g� �a�t� �a� �h�i�g�h� �q�u�a�l�i�t�y� �l�e�v�e�l�.� 

�I�M�P�R�O�V�I�N�G� �T�H�E� �A�C�C�E�P�T�A�B�L�E� �C�H�I�P� �F�U�R�N�I�S�H� �1�0� �P�E�R�C�E�N�T� 

�P�u�l�p� �M�i�l�l ��s� �S�a�v�i�n�g�s� 

�I�m�p�r�o�v�i�n�g� �c�h�i�p� �q�u�a�l�i�t�y� �1�0�%� �s�a�v�e�s� �t�h�e� �p�u�l�p� �m�i�l�l� �$�2�.�0�0� 

�p�e�r� �t�o�n� �(�a�v�e�r�a�g�e� �s�a�v�i�n�g�s� �p�e�r� �t�o�n� �f�o�r� �e�a�c�h� �p�e�r�c�e�n�t� �i�n�c�r�e�a�s�e� 

�i�n� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �[�$�0�.�2�0�]� �*� �1�0�%�)� �i�n� �c�h�i�p� �p�u�r�c�h�a�s�e�s�.� �N�e�t� 

�a�n�n�u�a�l� �s�a�v�i�n�g�s� �f�o�r� �t�h�e� �p�u�l�p� �m�i�l�l� �e�q�u�a�l� �$�4�2�,�0�0�0� �a�f�t�e�r� 
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� � 

�T�a�b�l�e� �4�.�4�.� �A�n�n�u�a�l� �r�e�v�e�n�u�e� �a�n�d� �c�a�p�i�t�a�l� �m�o�n�e�y� �m�a�d�e� �a�v�a�i�l�a�b�l�e� 
�b�y� �i�m�p�r�o�v�i�n�g� �f�r�o�m� �8�5� �t�o� �9�5� �p�e�r�c�e�n�t� �a�c�c�e�p�t�a�b�l�e� 
�c�h�i�p�s� �u�s�i�n�g� �t�h�e� �p�r�i�c�e� �f�o�r� �q�u�a�l�i�t�y� �i�n�c�e�n�t�i�v�e� 

� � 

� � � � 

� � 

� � � � 

�p�l�a�n�.� 

�M�o�n�e�y� �A�v�a�i�l�a�b�l�e� �f�o�r� �C�a�p�i�t�a�l� 
�I�m�p�r�o�v�e�m�e�n�t�s� �b�y� 

�I�m�p�r�o�v�e�m�e�n�t� �S�t�r�a�t�e�g�y�*� 

�M�i�l�l� �A�n�n�u�a�l� �L�o�w� �-� �2�5�%� �|� �M�e�d�i�u�m� �-� �5�0�%�]� �H�i�g�h� �-� �7�5�%� 
�S�i�z�e� �R�e�v�e�n�u�e� �(�$�)� �(�$�)� �(�3�)� �(�$�)� 

�L�a�r�g�e� �2�2�,�0�0�0� �2�1�,�9�5�9�.�9�1� �4�3�,�9�1�9�.�8�1� �6�5�,�8�7�9�.�7�2� 

�S�m�a�l�l� �3�,�5�2�0� �3�,�5�1�3�.�5�9� �7�,�0�2�7�.�1�7� �1�0�,�5�4�0�.�7�5� � � � � � � � � 
� � 

�P�r�e�s�e�n�t� �v�a�l�u�e� �o�f� �a�n�n�u�a�l� �r�e�v�e�n�u�e� �a�l�l�o�c�a�t�e�d� �f�o�r� 
�c�a�p�i�t�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �a�f�t�e�r� �f�i�v�e� �y�e�a�r�s�.� 
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�d�e�d�u�c�t�i�n�g� �$�1�4�0�,�0�0�0� �f�o�r� �s�a�w�m�i�l�l� �i�n�c�e�n�t�i�v�e�s� �a�n�d� �$�9�8�,�0�0�0� �f�o�r� 

�p�r�o�g�r�a�m� �s�u�p�p�o�r�t� �f�r�o�m� �t�h�e� �g�r�o�s�s� �a�n�n�u�a�l� �s�a�v�i�n�g�s� �o�f� �$�2�8�0�,�0�0�0�.� 

�S�a�w�m�i�l�l ��s� �A�n�n�u�a�l� �R�e�v�e�n�u�e� �a�n�d� �C�a�p�i�t�a�l� �f�o�r� �I�m�p�r�o�v�e�m�e�n�t� 

�T�h�i�s� �i�n�c�e�n�t�i�v�e� �p�l�a�n� �e�s�t�a�b�l�i�s�h�e�s� �a� �b�a�s�e� �p�r�i�c�e� �a�n�d� 

�p�r�o�v�i�d�e�s� �a� �f�i�x�e�d� �p�r�e�m�i�u�m� �f�o�r� �e�a�c�h� �p�e�r�c�e�n�t� �i�m�p�r�o�v�e�m�e�n�t� �o�v�e�r� 

�c�u�r�r�e�n�t� �q�u�a�l�i�t�y�.� �B�a�s�e� �p�r�i�c�e�s� �w�o�u�l�d� �r�e�m�a�i�n� �t�h�e� �s�a�m�e� �(�i�n� �o�u�r� 

�e�x�a�m�p�l�e�,� �$�2�0� �p�e�r� �t�o�n�)�,� �b�u�t� �f�o�r� �e�a�c�h� �1�%� �i�n�c�r�e�a�s�e� �i�n� �a�c�c�e�p�t�s�,� 

�t�h�e� �s�a�w�m�i�l�l� �w�o�u�l�d� �r�e�c�e�i�v�e� �$�0�.�1�0� �p�e�r� �t�o�n� �(�a�v�e�r�a�g�e� �m�a�r�g�i�n�a�l� 

�r�e�v�e�n�u�e� �p�e�r� �p�e�r�c�e�n�t� �i�n�c�r�e�a�s�e� �o�v�e�r� �t�h�e� �7�0� �t�o� �1�0�0� �p�e�r�c�e�n�t� 

�r�a�n�g�e�)� �a�s� �a� �b�o�n�u�s�.� 

�A�n�y� �S�a�w�m�i�l�l� �i�m�p�r�o�v�i�n�g� �c�h�i�p� �q�u�a�l�i�t�y� �1�0�%� �r�e�c�e�i�v�e�s� �a�n� 

�a�d�d�i�t�i�o�n�a�l� �$�1�.�0�0� �p�e�r� �t�o�n� �(�$�0�.�1�0� �*� �1�0�%�)�.� �L�a�r�g�e� �s�a�w�m�i�l�l�s� 

�r�e�c�e�i�v�e� �$�2�5�,�0�0�0� �e�x�t�r�a� �p�e�r� �y�e�a�r� �w�h�i�l�e� �s�m�a�l�l� �m�i�l�l�s� �r�e�c�e�i�v�e� �a�n� 

�e�x�t�r�a� �$�4�,�0�0�0� �p�e�r� �y�e�a�r� �(�T�a�b�l�e� �4�.�5�)�.� �T�h�e� �c�a�p�i�t�a�l� �a�v�a�i�l�a�b�l�e� �t�o� 

�i�m�p�l�e�m�e�n�t� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �s�t�r�a�t�e�g�i�e�s� �a�t� �e�a�c�h� �s�i�z�e� �m�i�l�l� �i�s� 

�s�h�o�w�n� �i�n� �T�a�b�l�e� �4�.�5�.� 

�S�U�M�M�A�R�Y� �A�N�D� �C�O�N�C�L�U�S�I�O�N�S� 

�T�h�e� �a�m�o�u�n�t� �o�f� �c�a�p�i�t�a�l� �t�h�a�t� �c�a�n� �b�e� �i�n�v�e�s�t�e�d� �b�y� �a� �s�a�w�m�i�l�l� 

�t�o� �i�m�p�r�o�v�e� �c�h�i�p� �q�u�a�l�i�t�y� �l�a�r�g�e�l�y� �d�e�p�e�n�d�s� �o�n� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� 

�c�h�i�p�s� �p�r�o�d�u�c�e�d� �a�n�d� �h�o�w� �m�u�c�h� �t�h�e�y� �a�r�e� �w�i�l�l�i�n�g� �t�o� �i�m�p�r�o�v�e�.� �A� 

�S�i�m�p�l�e� �e�c�o�n�o�m�i�c� �m�o�d�e�l� �w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �t�o� �i�n�d�i�c�a�t�e� �t�h�e� �a�m�o�u�n�t� 

�o�f� �m�o�n�e�y� �t�h�a�t� �c�o�u�l�d� �b�e� �g�e�n�e�r�a�t�e�d� �t�o� �f�i�n�a�n�c�e� �i�m�p�r�o�v�e�m�e�n�t�s� �b�y� 

�n�o�t� �b�u�y�i�n�g� �f�u�e�l� �c�h�i�p�s� �a�t� �p�u�l�p� �c�h�i�p� �p�r�i�c�e�s�.� �T�h�e� �p�o�t�e�n�t�i�a�l� 

�s�a�v�i�n�g�s� �w�e�r�e� �s�p�l�i�t� �5�0�/�5�0� �b�e�t�w�e�e�n� �t�h�e� �p�u�l�p� �m�i�l�l� �a�n�d� �s�a�w�m�i�l�l�.� 

�4�9



�T�a�b�l�e� �4�.�5�.� �A�n�n�u�a�l� �r�e�v�e�n�u�e� �a�n�d� �c�a�p�i�t�a�l� �m�o�n�e�y� �m�a�d�e� �a�v�a�i�l�a�b�l�e� 
�b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p� �f�u�r�n�i�s�h� �1�0�%� 
�u�s�i�n�g� �t�h�e� �b�a�s�e� �p�l�u�s� �i�n�c�e�n�t�i�v�e� �p�l�a�n�.� 

� � 

�M�o�n�e�y� �A�v�a�i�l�a�b�l�e� �f�o�r� �C�a�p�i�t�a�l� 
�I�m�p�r�o�v�e�m�e�n�t�s� �b�y� 

�I�m�p�r�o�v�e�m�e�n�t� �S�t�r�a�t�e�g�y�*� 
� � � � � � 

� � 

� � � � � � � � � � � � � � � � � � � � 

�M�i�l�l� �A�n�n�u�a�l� �L�o�w� �-� �2�5�%� �|� �M�e�d�i�u�m� �-� �5�0�%� �|� �H�i�g�h� �-� �7�5�%� 
�S�i�z�e� �R�e�v�e�n�u�e� �(�$�)� �(�$�)� �(�$�)� �(�S�$�)� 

�L�a�r�g�e� �2�5�,�0�0�0� �2�4�,�9�5�4�.�4�4� �4�9�,�9�0�8�.�8�8� �7�4�,�8�6�3�.�3�1� 

�S�m�a�l�l� �4�,�0�0�0� �3�,�9�9�2�.�7�1� �7�,�9�8�5�.�4�2� �1�1�,�9�7�8�.�1�3� 

�1� �-� �P�r�e�s�e�n�t� �v�a�l�u�e� �o�f� �a�n�n�u�a�l� �r�e�v�e�n�u�e� �a�l�l�o�c�a�t�e�d� �f�o�r� 
�c�a�p�i�t�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �a�f�t�e�r� �f�i�v�e� �y�e�a�r�s�.� 

�5�0



�T�h�e� �p�u�l�p� �m�i�l�l� �w�a�s� �a�s�s�u�m�e�d� �t�o� �u�s�e� �i�t�s� �s�a�v�i�n�g�s� �t�o� �c�o�m�p�e�n�s�a�t�e� 

�f�o�r� �t�h�e� �a�d�d�e�d� �r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� �o�f� �c�h�i�p� �s�a�m�p�l�i�n�g� �a�n�d� 

�a�n�a�l�y�s�e�s�,� �w�h�i�l�e� �t�h�e� �s�a�w�m�i�l�l� �w�o�u�l�d� �u�s�e� �i�t�s� �a�d�d�i�t�i�o�n�a�l� �r�e�v�e�n�u�e� 

�t�o� �i�n�v�e�s�t� �i�n� �i�m�p�r�o�v�e�m�e�n�t�s�.� �N�o� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �t�o� �e�s�t�i�m�a�t�e� 

�p�r�o�c�e�s�s� �s�a�v�i�n�g�s� �w�i�t�h�i�n� �t�h�e� �m�i�l�l� �t�h�a�t� �m�i�g�h�t� �b�e� �g�e�n�e�r�a�l�i�z�e�d� 

�f�r�o�m� �i�m�p�r�o�v�e�d� �c�h�i�p� �q�u�a�l�i�t�y�.� 

�T�h�i�s� �g�e�n�e�r�a�l� �e�c�o�n�o�m�i�c� �m�o�d�e�l� �s�u�g�g�e�s�t�s� �t�h�a�t� �a� 

�c�o�n�s�i�d�e�r�a�b�l�e� �a�m�o�u�n�t� �o�f� �c�a�p�i�t�a�l� �c�o�u�l�d� �b�e� �m�a�d�e� �a�v�a�i�l�a�b�l�e� �b�y� 

�i�n�i�t�i�a�t�i�n�g� �a� �c�h�i�p� �q�u�a�l�i�t�y� �b�o�n�u�s� �p�l�a�n�.� �A� �m�o�r�e� �e�x�t�e�n�s�i�v�e� 

�m�o�d�e�l� �c�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �d�e�t�a�i�l�e�d� �c�o�s�t�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�h�a�n�g�i�n�g� �e�q�u�i�p�m�e�n�t� �a�n�d� �p�r�a�c�t�i�c�e�s� �a�t� �t�h�e� 

�S�a�w�m�i�l�l�s� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �s�a�m�p�l�i�n�g� �a�n�d� �a�n�a�l�y�s�e�s� �a�t� �t�h�e� �p�u�l�p� 

�m�i�l�i�s�.� 

�5�1



�C�H�A�P�T�E�R� �5� 

�C�O�M�P�O�S�I�T�I�O�N� �O�F� �T�R�I�M� �B�L�O�C�K�S� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�A�n� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�v�o�l�u�m�e�,� �t�y�p�e�,� �a�n�d� �d�i�m�e�n�s�i�o�n� �o�f� �s�a�w�m�i�l�l� �r�e�s�i�d�u�e� �p�r�o�d�u�c�e�d� �b�y� �a� 

�h�i�g�h� �v�o�l�u�m�e� �s�o�u�t�h�e�r�n� �p�i�n�e� �s�a�w�m�i�l�l�.� �M�a�t�e�r�i�a�l� �e�n�t�e�r�i�n�g� �a� 

�S�a�w�m�i�l�l� �r�e�s�i�d�u�e� �c�h�i�p�p�e�r� �i�n�c�l�u�d�e�s� �e�v�e�r�y�t�h�i�n�g� �f�r�o�m� �o�v�e�r�s�i�z�e� 

�c�h�i�p�s� �r�e�t�u�r�n�e�d� �f�r�o�m� �t�h�e� �s�c�r�e�e�n� �t�o� �l�u�m�b�e�r� �t�h�a�t� �h�a�s� �b�e�e�n� 

�s�l�a�s�h�e�d� �(�c�u�t� �i�n�t�o� �2�-�f�o�o�t� �s�e�c�t�i�o�n�s�)� �t�o� �c�l�e�a�r� �i�t� �f�r�o�m� �t�h�e� 

�m�i�l�l�.� �T�h�e� �a�m�o�u�n�t� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�a�c�h� �m�a�t�e�r�i�a�l� �t�y�p�e� �g�o�i�n�g� 

�t�o� �t�h�e� �c�h�i�p�p�e�r� �w�a�s� �i�d�e�n�t�i�f�i�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �i�m�p�a�c�t� �o�f� 

�t�h�a�t� �c�o�m�p�o�n�e�n�t� �o�n� �c�h�i�p� �q�u�a�l�i�t�y�.� 

�M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� 

�A� �h�i�g�h� �p�r�o�d�u�c�t�i�o�n� �s�o�u�t�h�e�r�n� �p�i�n�e� �s�a�w�m�i�l�l� �i�n� �S�o�u�t�h� 

�C�a�r�o�l�i�n�a� �p�r�o�v�i�d�e�d� �t�h�e� �u�s�e� �o�f� �t�h�e�i�r� �f�a�c�i�l�i�t�y� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 

�T�h�i�s� �m�i�l�l� �h�a�d� �a�n� �o�p�t�i�m�u�m� �l�a�y�o�u�t� �f�o�r� �c�a�p�t�u�r�i�n�g� �t�h�e� �m�a�t�e�r�i�a�l� 

�f�r�o�m� �t�h�e� �c�h�i�p� �s�c�r�e�e�n� �a�n�d� �t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r�.� �A� �v�i�b�r�a�t�i�n�g� 

�c�o�n�v�e�y�o�r� �s�e�r�v�e�d� �b�o�t�h� �p�i�e�c�e�s� �o�f� �e�q�u�i�p�m�e�n�t� �a�n�d� �f�e�d� �i�n�t�o� �t�h�e� 

�c�h�i�p�p�e�r� �i�n�f�e�e�d� �c�o�n�v�e�y�o�r� �a�t� �a� �p�o�i�n�t� �w�h�e�r�e� �t�h�e� �f�l�o�w� �c�o�u�l�d� �b�e� 

�d�i�v�e�r�t�e�d� �o�n�t�o� �a� �c�o�n�c�r�e�t�e� �s�l�a�b� �f�o�r� �s�a�m�p�l�i�n�g�,� �c�a�t�e�g�o�r�i�z�i�n�g�,� 

�a�n�d� �r�e�-�e�n�t�r�y� �f�o�r� �c�h�i�p�p�i�n�g�.� 

�5�2



�C�O�L�L�E�C�T�I�N�G� �S�A�W�M�I�L�L� �R�E�S�I�D�U�E� 

�A� �w�o�o�d�e�n� �c�h�u�t�e� �w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �t�o� �d�i�v�e�r�t� �a�n�d� �c�a�p�t�u�r�e� 

�a�l�l� �m�a�t�e�r�i�a�l� �f�r�o�m� �t�h�e� �c�o�n�v�e�y�o�r� �s�e�r�v�i�n�g� �t�h�e� �t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� 

�a�n�d� �c�h�i�p� �s�c�r�e�e�n�.� �T�h�r�e�e� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�s�,� �s�e�v�e�n� �t�o� �n�i�n�e� 

�m�i�n�u�t�e�s� �e�a�c�h�,� �w�e�r�e� �s�p�r�e�a�d� �o�v�e�r� �t�w�o� �s�h�i�f�t�s� �o�n� �F�e�b�r�u�a�r�y� �6�,� 

�1�9�9�2�.� �T�w�o� �b�o�a�r�d�s� �w�e�r�e� �p�a�i�n�t�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� 

�l�i�n�e� �g�o�i�n�g� �t�o� �t�h�e� �t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �t�o� �c�o�o�r�d�i�n�a�t�e� �t�h�e� �s�t�a�r�t� 

�a�n�d� �e�n�d� �o�f� �t�h�e� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d� �w�i�t�h� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �r�e�p�o�r�t�s�.� 

�T�h�e� �t�i�m�e� �o�f� �d�a�y� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �e�a�c�h� �t�r�i�a�l� �a�r�e� �s�h�o�w�n� �i�n� 

�T�a�b�l�e� �5�.�1�.� �A� �p�r�o�d�u�c�t�i�o�n� �r�e�p�o�r�t� �o�f� �p�i�e�c�e�s� �t�h�r�o�u�g�h� �t�h�e� 

�t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �w�a�s� �t�a�k�e�n� �d�i�r�e�c�t�l�y� �b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �e�a�c�h� 

�t�r�i�a�l�.� �T�h�e� �v�o�l�u�m�e� �s�l�a�s�h�e�d� �a�n�d� �t�r�i�m�m�e�d�,� �a�n�d� �t�h�e� �w�e�i�g�h�t� �o�f� 

�r�e�s�i�d�u�e�s� �g�e�n�e�r�a�t�e�d�,� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e�s�e� �r�e�p�o�r�t�s�.� 

�A�f�t�e�r� �e�a�c�h� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�,� �t�r�i�m� �b�l�o�c�k�s� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� 

�b�y� �s�i�z�e�,� �w�e�i�g�h�e�d�,� �a�n�d� �s�t�o�r�e�d� �f�o�r� �s�u�b�s�e�q�u�e�n�t� �p�r�o�c�e�s�s�i�n�g�.� 

�S�i�z�e� �c�a�t�e�g�o�r�i�e�s� �i�n�c�l�u�d�e�d�:� 

�1�)� �t�r�u�e� �e�n�d� �t�r�i�m� �-� �a�l�l� �w�i�d�t�h�s�,� �b�u�t� �l�e�s�s� �t�h�a�n� �6�-�i�n�c�h�e�s� 
�i�n� �l�e�n�g�t�h� 

�2�)� �g�r�a�d�e� �t�r�i�m� �-� �5�/�4�x�4�,� �5�/�4�x�6�,� �2�x�4�,� �2�x�6�,� �2�x�8�,� �2�x�1�0�,� 
�a�n�d� �2�x�1�2� �i�n� �2�-�f�o�o�t� �l�e�n�g�t�h�s� 

�3�)� �o�v�e�r�s�i�z�e� �c�h�i�p�s� 

�E�n�d� �t�r�i�m� �i�s� �t�h�a�t� �m�a�t�e�r�i�a�l� �t�r�i�m�m�e�d� �t�o� �b�r�i�n�g� �a� �b�o�a�r�d� �t�o� 

�i�t�s� �f�i�n�a�l� �g�r�e�e�n� �l�e�n�g�t�h�.� �T�h�e�s�e� �p�i�e�c�e�s� �g�e�n�e�r�a�l�l�y� �c�o�m�e� �f�r�o�m� 

�t�h�e� �b�u�t�t� �e�n�d� �o�f� �t�h�e� �l�o�g� �a�n�d� �a�r�e� �u�s�u�a�l�l�y� �l�e�s�s� �t�h�a�n� �s�i�x� �i�n�c�h�e�s� 

�i�n� �l�e�n�g�t�h� �a�l�o�n�g� �t�h�e� �g�r�a�i�n�.� �G�r�a�d�e� �t�r�i�m� �w�a�s� �c�l�a�s�s�i�f�i�e�d� �a�s� �a�l�l� 

�2�-�f�o�o�t� �p�i�e�c�e�s� �c�u�t� �t�o� �r�e�m�o�v�e� �u�n�a�c�c�e�p�t�a�b�l�e� �w�a�n�e� �f�r�o�m� �a� �b�o�a�r�d�.� 

�5�3



�T�a�b�l�e� �5�.�1�.� �T�i�m�e� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �e�a�c�h� �s�a�m�p�l�i�n�g� �p�e�r�i�o�d�.� 

�l�i�n�g� �P�e�r�i�o�d� �|� �T�i�m�e� �o�f� �D�a�y� �|� �D�u�r�a�t�i�o�n� �(�m�i�n�.�)� 

�1� �9�:�3�0� �a�m� �9�.�1�0� 

�2� �1�1�:�0�8� �a�m� �7�.�1�8� 

� � 

�3� �2�:�0�0� �p�m� �6�.�8�2� 
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�B�o�a�r�d�s� �t�h�a�t� �c�o�u�l�d� �n�o�t� �m�e�e�t� �g�r�a�d�e�,� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �s�l�a�s�h�e�d�,� 

�w�e�r�e� �a�l�s�o� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �g�r�a�d�e� �t�r�i�m� �c�a�t�e�g�o�r�y�.� �G�r�a�d�e� �t�r�i�m� 

�w�a�s� �f�u�r�t�h�e�r� �s�u�b�d�i�v�i�d�e�d� �b�y� �d�i�m�e�n�s�i�o�n�.� �O�v�e�r�s�i�z�e� �c�h�i�p�s� �i�n�c�l�u�d�e� 

�a�l�l� �c�h�i�p�s� �t�h�a�t� �d�i�d� �n�o�t� �p�a�s�s� �t�h�r�o�u�g�h� �t�h�e� �2�-�i�n�c�h� �s�q�u�a�r�e� �h�o�l�e� 

�t�o�p� �s�c�r�e�e�n� �a�n�d� �w�e�r�e� �c�h�a�n�n�e�l�e�d� �b�a�c�k� �t�o� �t�h�e� �c�o�n�v�e�y�o�r� �f�o�r� 

�r�e�c�h�i�p�p�i�n�g�.� 

�C�H�I�P�P�E�R� 

�A� �P�r�e�c�i�s�i�o�n� �6�-�k�n�i�f�e�,� �7�5�-�i�n�c�h� �t�o�p� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r�,� 

�p�o�w�e�r�e�d� �b�y� �a� �2�5�0�-�h�o�r�s�e�p�o�w�e�r� �e�l�e�c�t�r�i�c� �m�o�t�o�r�,� �w�a�s� �u�s�e�d� �t�o� 

�p�r�o�c�e�s�s� �t�h�e� �t�e�s�t� �m�a�t�e�r�i�a�l�.� �T�h�e� �c�h�i�p�p�e�r� �a�n�d� �m�o�t�o�r� �w�e�r�e� �i�n� 

�g�o�o�d� �t�o� �e�x�c�e�l�l�e�n�t� �c�o�n�d�i�t�i�o�n�.� �C�h�i�p�p�e�r� �k�n�i�v�e�s� �w�e�r�e� �r�e�p�l�a�c�e�d� 

�p�r�i�o�r� �t�o� �t�h�e� �c�h�i�p�p�i�n�g� �t�r�i�a�l�s� �a�n�d� �h�a�d� �n�o� �o�p�e�r�a�t�i�n�g� �h�o�u�r�s� �o�n� 

�t�h�e�m�.� 

�C�H�I�P� �S�A�M�P�L�I�N�G� 

�T�h�e� �c�h�i�p�p�i�n�g� �t�r�i�a�l�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �a� �S�a�t�u�r�d�a�y� �w�h�e�n� 

�t�h�e� �r�e�s�t� �o�f� �t�h�e� �m�i�l�l� �w�a�s� �s�h�u�t� �d�o�w�n� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e�.� 

�C�a�t�e�g�o�r�i�e�s� �c�h�i�p�p�e�d� �i�n�c�l�u�d�e�d�:� 

�-� �5�/�4� �x� �4� �x� �2 �� �-� �2�x� �8� �x� �2 �� 
�-� �5�/�4� �x� �6� �x� �2 �� �-� �2�x� �1�0�x� �2 �� �a�n�d� �2� �x� �1�2� �x� �2 �� 
�-� �2�x� �4� �x�X� �2 �� �-� �e�n�d� �t�r�i�m� 
�-� �2�x� �6� �X� �2 �� �-� �o�v�e�r�s�i�z�e� �c�h�i�p�s� 

�T�h�e� �c�h�i�p� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�u�r�g�e� �b�e�f�o�r�e� 

�e�a�c�h� �t�r�i�a�l� �a�n�d� �t�h�e� �f�i�r�s�t� �s�a�m�p�l�e� �w�a�s� �t�a�k�e�n� �a�f�t�e�r� �t�h�e�r�e� �w�a�s� �a� 

�s�u�b�s�t�a�n�t�i�a�l� �c�h�i�p� �f�l�o�w�.� �T�h�r�e�e� �c�h�i�p� �s�a�m�p�l�e�s�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� 

�p�o�u�n�d�s� �e�a�c�h�,� �w�e�r�e� �c�a�p�t�u�r�e�d� �a�s� �e�a�c�h� �c�a�t�e�g�o�r�y� �w�a�s� �c�h�i�p�p�e�d�.� �A� 

�l�a�r�g�e� �s�h�o�v�e�l� �w�a�s� �p�l�a�c�e�d� �i�n� �t�h�e� �c�h�i�p� �s�t�r�e�a�m� �b�e�t�w�e�e�n� �t�h�e� 
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�c�y�c�l�o�n�e� �s�e�t�t�l�e�r� �a�n�d� �t�h�e� �g�y�r�a�t�i�n�g� �s�c�r�e�e�n� �p�a�c�k� �t�o� �c�a�p�t�u�r�e� 

�s�a�m�p�l�e�s�.� �E�a�c�h� �s�a�m�p�l�e� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�r�e�e� �s�h�o�v�e�l� �f�u�l�l�s�.� 

�C�H�I�P� �C�L�A�S�S�I�F�I�C�A�T�I�O�N� 

�C�h�i�p� �s�a�m�p�l�e�s� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �i�m�m�e�d�i�a�t�e�l�y� �u�s�i�n�g� �t�h�e� 

�m�i�l�l ��s� �G�i�l�s�o�m� �c�h�i�p� �c�l�a�s�s�i�f�i�e�r�.� �F�i�v�e�-�p�o�u�n�d� �s�a�m�p�l�e�s� �w�e�r�e� 

�c�l�a�s�s�i�f�i�e�d� �a�s� �o�v�e�r�s�i�z�e� �(�g�r�e�a�t�e�r� �t�h�a�n� �1� �1�/�4�"�)�,� �o�v�e�r�t�h�i�c�k� 

�(�g�r�e�a�t�e�r� �t�h�a�n� �8�-�m�m�)�,� �a�c�c�e�p�t�s� �(�1�/�4�"� �-� �1�1�/�4�"�)�,� �p�i�n�s� �(�1�/�8�"� �-� 

�1�/�4�"�)�,� �a�n�d� �f�i�n�e�s� �(�l�e�s�s� �t�h�a�n� �1�/�8�"�)�.� �A�t� �t�h�e� �c�o�m�p�l�e�t�i�o�n� �o�f� 

�e�a�c�h� �s�a�m�p�l�e�,� �t�h�e� �t�r�a�y� �a�n�d� �c�h�i�p�s� �w�e�r�e� �w�e�i�g�h�e�d� �t�o�g�e�t�h�e�r� �t�o� �t�h�e� 

�n�e�a�r�e�s�t� �o�n�e�-�t�h�o�u�s�a�n�d�t�h� �o�f� �a� �p�o�u�n�d�.� �O�n�c�e� �t�h�e� �w�e�i�g�h�t� 

�S�t�a�b�i�l�i�z�e�d�,� �t�h�e� �s�c�a�l�e� �w�a�s� �t�a�r�e�d�.� �T�h�e� �t�r�a�y� �w�a�s� �c�l�e�a�n�e�d� �a�n�d� 

�r�e�w�e�i�g�h�e�d�.� �T�h�e� �w�e�i�g�h�t� �o�f� �t�h�e� �c�h�i�p�s� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� �t�r�a�y� �w�a�s� 

�t�h�e�n� �r�e�f�l�e�c�t�e�d� �a�s� �t�h�e� �r�e�a�d�i�n�g� �o�n� �t�h�e� �s�c�a�l�e� �a�n�d� �r�e�c�o�r�d�e�d�.� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �r�e�t�a�i�n�e�d� �i�n� �e�a�c�h� �s�i�z�e� �c�l�a�s�s� �w�a�s� �t�h�e�n� �c�o�m�p�u�t�e�d� 

�f�o�r� �e�a�c�h� �s�a�m�p�l�e�.� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�C�L�A�S�S�I�F�I�C�A�T�I�O�N� 

�A� �b�r�e�a�k�d�o�w�n� �o�f� �t�h�e� �v�o�l�u�m�e� �p�r�o�d�u�c�e�d� �i�n� �e�a�c�h� �t�r�i�a�l� �i�s� 

�s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.�2�.� �T�h�e� �g�r�e�a�t�e�s�t� �v�o�l�u�m�e� �o�f� �t�r�i�m� �b�l�o�c�k�s� �w�a�s� 

�i�n� �t�h�e� �2�x�4� �a�n�d� �2�x�6� �i�n�c�h� �d�i�m�e�n�s�i�o�n�s�.� �I�n�t�e�r�e�s�t�i�n�g�l�y�,� �t�h�e� �1�-� 

�i�n�c�h� �(�5�/�4�)� �l�u�m�b�e�r� �p�r�o�d�u�c�e�d� �m�o�r�e� �t�r�i�m� �b�l�o�c�k� �p�i�e�c�e�s� �t�h�a�n� �t�h�e� 

�o�t�h�e�r� �c�a�t�e�g�o�r�i�e�s�,� �e�v�e�n� �t�h�o�u�g�h� �r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� �o�f� �t�h�i�s� 

�d�i�m�e�n�s�i�o�n� �w�a�s� �p�r�o�d�u�c�e�d�.� �T�h�i�s� �a�n�o�m�a�l�y� �w�a�s� �c�a�u�s�e�d� �b�y� �t�h�e� 

�s�l�a�s�h�i�n�g� �o�f� �e�n�t�i�r�e� �b�o�a�r�d�s�.� �T�h�e�s�e� �t�h�i�n�n�e�r� �b�o�a�r�d�s� �a�r�e� 
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�T�a�b�l�e� �5�.�2�.� �B�r�e�a�k�d�o�w�n� �o�f� �e�a�c�h� �d�i�m�e�n�s�i�o�n� �b�y� �t�r�i�a�l�.� 

�S�o� �T�r�i�m� �B�l�o�c�k�s� 

�P�i�e�c�e�s� �o�f� �N�u�m�b�e�r� 
�L�u�m�b�e�r� �B�o�a�r�d�f�e�e�t� �|� �W�e�i�g�h�t� �o�f� 

�D�i�m�e�n�s�i�o�n� �|� �T�r�i�a�l� �|� �P�r�o�d�u�c�e�d� �|� �P�r�o�d�u�c�e�d� �|� �(�p�o�u�n�d�s�)� �|� �P�i�e�c�e�s�?� 

�p�S� �1� �1�7� �7�5� �2�1�9�.�6�9� 

�1�x�4� �2� �1�1� �4�0� �2�0�9�.�8�8�]� �2�5�4� 
�3� �2�9� �1�3�2� �5�0�6�.�8�8� 

�1� �1�0� �5�8� �1�5�8�.�0�0� 

�1�x�6� �2� �2� �1�3� �0�.�0�0� �1�0�7� 
�3� �3� �1�3� �2�2�6�.�6�1� 

�1� �1�5� �1�4�5� �8�8�.�7�5� 

�2�x�4� �2� �4�2� �3�7�5� �4�8�4�.�1�3� �2�2�3� 
�3� �6�1� �5�4�0� �5�1�0�.�5�6� 

�1� �2�1� �2�8�6� �8�6�.�3�8� 

�2�x�6� �2� �6�7� �9�9�6� �3�6�1�.�3�1� �1�7�4� 
�3� �7�5� �1�0�1�4� �8�0�2�.�1�3� 

�1� �1�9� �3�3�4� �1�6�1�.�2�5� 

�2�x�8� �2� �3�2� �6�1�0� �1�4�7�.�3�1� �5�2� 

�3� �3�2� �6�3�3� �1�9�9�.�8�8� 

�1� �1�2� �2�8�7� �1�9�2�.�1�9� 

�2�x�1�0� �2� �2�2� �5�3�6� �2�5�9�.�2�5� �2�7� 

�3� �1�1� �2�6�4� �1�3�1�.�5�0� 

�1� �1� �2�8� �1�4�2�.�0�0� 

�2�x�1�2� �2� �4� �1�0�8� �7�2�.�1�9� �2�4� 

�3� �9� �2�5�2� �1�9�7�.�2�5� � � � � � � � � � � � � � � 

�1� �-� �f�o�r� �a�l�l� �t�r�i�a�l�s� 

�5�7� 

� 



�p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �o�u�t�s�i�d�e� �p�o�r�t�i�o�n�s� �o�f� �a� �l�o�g� �t�o� �e�l�i�m�i�n�a�t�e� �l�o�g� 

�t�a�p�e�r� �a�n�d� �a�r�e� �m�o�s�t� �s�u�b�j�e�c�t� �t�o� �w�a�n�e�.� 

�N�o�t� �a�l�l� �2�-�f�o�o�t� �t�r�i�m� �h�a�d� �w�a�n�e�,� �s�o�m�e� �w�e�r�e� �f�u�l�l� �d�i�m�e�n�s�i�o�n�.� 

�O�c�c�a�s�i�o�n�a�l�l�y� �a� �b�o�a�r�d� �w�o�u�l�d� �h�a�v�e� �e�x�c�e�s�s�i�v�e� �w�a�n�e� �o�n� �o�n�e� �o�r� 

�b�o�t�h� �e�d�g�e�s� �t�h�a�t� �r�e�a�c�h�e�d� �t�o� �t�h�e� �m�i�d�d�l�e� �o�f� �t�h�e� �b�o�a�r�d�.� �I�f� �t�h�e� 

�r�e�m�a�i�n�i�n�g� �b�o�a�r�d� �w�a�s� �t�o�o� �s�h�o�r�t� �a�f�t�e�r� �e�l�i�m�i�n�a�t�i�n�g� �t�h�e� �w�a�n�e�,� �i�t� 

�w�a�s� �s�l�a�s�h�e�d� �t�o� �c�l�e�a�r� �i�t� �f�r�o�m� �t�h�e� �m�i�l�l�.� 

�T�h�e� �a�m�o�u�n�t� �o�f� �w�a�n�e� �o�n� �t�h�e� �t�r�i�m� �b�l�o�c�k�s� �w�a�s� �n�o�t�e�d� �d�u�r�i�n�g� 

�p�r�o�c�e�s�s�i�n�g� �e�v�e�n� �t�h�o�u�g�h� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �k�e�y� �v�a�r�i�a�b�l�e� �i�n� 

�t�h�e� �s�t�u�d�y�.� �A� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �1�l�-�i�n�c�h� �m�a�t�e�r�i�a�l� �w�a�s� �w�a�n�e� �t�r�i�m�.� 

�T�h�e� �2�x�4�-� �a�n�d� �6�-�i�n�c�h� �c�a�t�e�g�o�r�i�e�s� �c�o�n�t�a�i�n�e�d� �m�o�s�t�l�y� �w�a�n�e� �t�r�i�m�,� 

�b�u�t� �s�o�m�e� �f�u�l�l� �d�i�m�e�n�s�i�o�n� �t�r�i�m� �w�a�s� �f�o�u�n�d�.� �T�h�e� �2�x�8�-�,� �1�0�-�,� �a�n�d� 

�1�2�-�i�n�c�h� �t�r�i�m� �b�l�o�c�k�s� �w�e�r�e� �p�r�e�d�o�m�i�n�a�t�e�l�y� �f�u�l�l� �d�i�m�e�n�s�i�o�n�.� �T�h�i�s� 

�i�s� �l�i�k�e�l�y� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �b�o�a�r�d� �l�o�c�a�t�i�o�n� �i�n� �t�h�e� �l�o�g�.� �O�n�e�-� 

�i�n�c�h� �b�o�a�r�d�s�,� �a�s� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r�,� �a�r�e� �c�u�t� �a�l�o�n�g� �t�h�e� 

�e�x�t�e�r�i�o�r� �o�f� �t�h�e� �l�o�g� �t�o� �r�e�d�u�c�e� �s�o�m�e� �o�f� �t�h�e� �l�o�g� �t�a�p�e�r�.� 

�C�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e�s�e� �b�o�a�r�d�s� �c�o�n�t�a�i�n� �c�o�n�s�i�d�e�r�a�b�l�e� �w�a�n�e�.� �T�h�e� 

�2�x�8�-�,� �1�0�-�,� �a�n�d� �1�2�-�i�n�c�h� �l�u�m�b�e�r� �i�s� �c�u�t� �f�r�o�m� �t�h�e� �c�e�n�t�e�r�,� �w�h�e�r�e� 

�w�a�n�e� �i�s� �m�i�n�i�m�a�l�,� �t�h�e�r�e�b�y� �p�r�o�d�u�c�i�n�g� �b�o�a�r�d�s� �t�h�a�t� �h�a�v�e� �m�o�r�e� 

�k�n�o�t� �d�e�f�e�c�t�s�.� 

�P�r�o�d�u�c�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� �t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �a�n�d� �t�h�e� �w�e�i�g�h�t� 

�o�f� �t�r�i�m� �b�l�o�c�k�s� �p�r�o�d�u�c�e�d� �f�o�r� �e�a�c�h� �t�r�i�a�l� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� 

�5�.�3�.� �T�h�e� �m�i�l�l� �h�a�d� �b�e�e�n� �d�o�w�n� �p�r�i�o�r� �t�o� �t�h�e� �f�i�r�s�t� �t�r�i�a�l� �a�n�d� 

�w�a�s� �n�o�t� �u�p� �t�o� �f�u�l�l� �p�r�o�d�u�c�t�i�o�n� �w�h�e�n� �t�h�e� �f�i�r�s�t� �s�a�m�p�l�e� �w�a�s� 

�p�u�l�l�e�d�.� �P�r�o�d�u�c�t�i�o�n� �i�n� �t�r�i�a�l�s� �2� �a�n�d� �3� �w�a�s� �f�a�i�r�l�y� �c�o�n�s�i�s�t�e�n�t�,� 
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�T�a�b�l�e� �5�.�3�.� �W�e�i�g�h�t� �o�f� �e�a�c�h� �t�r�i�m� �b�l�o�c�k� �c�l�a�s�s� �p�e�r� �t�r�i�a�l� �a�n�d� 
�t�h�e� �a�m�o�u�n�t� �o�f� �b�o�a�r�d�f�e�e�t� �s�l�a�s�h�e�d� �p�e�r� �M�B�F�.� 

� � 

� � 

� � 

� � 

�G�r�a�d�e� �O�v�e�r�s�i�z�e� �|� �B�o�a�r�d�f�e�e�t� 
�B�o�a�r�d�f�e�e�t� �T�r�i�m� �E�n�d� �T�r�i�m� �C�h�i�p�s� �S�l�a�s�h�e�d� 

�T�r�i�a�l� �|� �P�r�o�d�u�c�e�d� �|� �(�p�o�u�n�d�s�)� �|� �(�p�o�u�n�d�s�)� �|� �(�p�o�u�n�d�s�)� �|� �p�e�r� �M�B�F�*� 

�1� �1�2�1�3� �1�0�4�8� �4�6� �6�8� �1�2�7� 

�2� �2�6�7�8� �1�5�3�2� �1�1�0� �1�2�6� �8�8� 

�3� �2�8�4�8� �2�5�7�5� �1�1�6� �1�4�9� �1�4�9� � � � � � � � � � � � � � � � � � � 

�1� �-� �T�h�e� �w�e�i�g�h�t� �o�f� �t�h�e� �s�l�a�s�h�e�d� �m�a�t�e�r�i�a�l� �i�s� �i�n�c�l�u�d�e�d� �i�n� 
�t�h�e� �g�r�a�d�e� �t�r�i�m� �c�a�t�e�g�o�r�y�.� 
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�2�6�7�8� �a�n�d� �2�8�4�8� �b�o�a�r�d�f�e�e�t� �r�e�s�p�e�c�t�i�v�e�l�y�,� �b�u�t� �t�h�e�r�e� �i�s� �a� �1�0�0�0� 

�p�o�u�n�d� �i�n�c�r�e�a�s�e� �i�n� �t�r�i�m� �i�n� �t�r�i�a�l� �3�.� �M�o�r�e� �p�i�e�c�e�s� �(�n�e�a�r�l�y� 

�t�w�i�c�e� �a�s� �m�u�c�h� �f�o�o�t�a�g�e�)� �d�i�d� �n�o�t� �m�e�e�t� �t�h�e� �m�i�n�i�m�u�m� �d�i�m�e�n�s�i�o�n� 

�r�e�q�u�i�r�e�m�e�n�t�s� �i�n� �t�r�i�a�l� �3� �a�n�d� �w�e�r�e� �s�l�a�s�h�e�d�.� 

�T�h�e� �a�m�o�u�n�t� �o�f� �o�v�e�r�s� �a�n�d� �e�n�d� �t�r�i�m� �p�r�o�d�u�c�e�d� �p�e�r� �t�h�o�u�s�a�n�d� 

�b�o�a�r�d�f�e�e�t� �(�M�B�F�)� �w�a�s� �f�a�i�r�l�y� �u�n�i�f�o�r�m� �a�c�r�o�s�s� �t�r�i�a�l�s�.� �T�h�e�r�e� �w�a�s� 

�r�o�u�g�h�l�y� �9�0�0� �p�o�u�n�d�s� �o�f� �t�r�i�m� �p�e�r� �M�B�F� �o�f� �l�u�m�b�e�r� �p�r�o�d�u�c�e�d� �(�T�a�b�l�e� 

�5�.�4�)�.� �T�h�e� �w�e�i�g�h�t� �o�f� �t�h�e� �t�r�i�m� �b�l�o�c�k�s� �p�e�r� �M�B�F� �w�a�s� �l�o�w�e�r� �i�n� 

�t�r�i�a�l� �2� �t�h�a�n� �i�n� �t�r�i�a�l�s� �1� �a�n�d� �3� �b�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�d�u�c�e�d� �a�m�o�u�n�t� 

�o�f� �s�l�a�s�h�i�n�g� �i�n� �t�r�i�a�l� �2�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �w�a�s� �n�o�t� 

�t�y�p�i�c�a�l� �f�o�r� �t�r�i�a�l� �1�,� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �l�o�g�s�,� �a�n�d� �h�e�n�c�e�,� �t�h�e� 

�a�m�o�u�n�t� �o�f� �s�l�a�s�h�i�n�g� �r�e�q�u�i�r�e�d� �w�a�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �t�h�e� �o�t�h�e�r� 

�t�r�i�a�l�s�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �s�a�m�p�l�e�s� �a�n�d� �t�h�e� 

�f�r�a�g�m�e�n�t�a�t�i�o�n� �o�f� �m�a�t�e�r�i�a�l� �i�n�t�o� �s�i�z�e� �c�a�t�e�g�o�r�i�e�s�,� �t�h�e� �d�a�t�a� 

�w�e�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n�t�o� �b�r�o�a�d�e�r� �c�a�t�e�g�o�r�i�e�s�.� �T�h�e� �t�h�r�e�e� �g�r�o�u�p�s� 

�w�e�r�e�:� 

�1�)� �1�-�i�n�c�h� �m�a�t�e�r�i�a�l� 

�2�)� �2�x�4�-� �a�n�d� �6�-�i�n�c�h� �m�a�t�e�r�i�a�l� �(�s�m�a�l�l� �d�i�m�e�n�s�i�o�n�)� 

�3�)� �2�x�8�-�,� �1�0�-�,� �a�n�d� �1�2�-�i�n�c�h� �m�a�t�e�r�i�a�l� �(�l�a�r�g�e� �d�i�m�e�n�s�i�o�n�)� 

�T�a�b�l�e� �5�.�5� �s�h�o�w�s� �t�h�e� �a�m�o�u�n�t� �o�f� �l�u�m�b�e�r� �a�n�d� �t�r�i�m� �p�r�o�d�u�c�e�d� �i�n� 

�e�a�c�h� �c�a�t�e�g�o�r�y� �b�y� �t�r�i�a�l�.� �V�a�r�i�a�b�i�l�i�t�y� �b�e�t�w�e�e�n� �t�r�i�a�l�s� �i�s� 

�p�r�e�s�e�n�t� �e�v�e�n� �i�n� �t�h�e�s�e� �g�r�o�u�p�s�.� 

�O�n�e�-�i�n�c�h� �m�a�t�e�r�i�a�l� �p�r�o�d�u�c�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� �m�o�r�e� �t�r�i�m� 

�b�l�o�c�k�s� �p�e�r� �M�B�F� �t�h�a�n� �t�h�e� �o�t�h�e�r� �g�r�o�u�p�s�.� �G�r�a�d�e� �t�r�i�m� �f�r�o�m� �1�-� 
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�T�a�b�l�e� �5�.�4�.� �T�o�t�a�l� �w�e�i�g�h�t� �o�f� �t�r�i�m� �(�e�n�d� �+� �2�-�f�o�o�t�)� �a�n�d� �t�h�e� 
�w�e�i�g�h�t� �p�e�r� �M�B�F� �f�o�r� �e�a�c�h� �t�r�i�a�l�.� 
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�B�o�a�r�d�f�e�e�t� �T�r�i�m� �P�o�u�n�d�s� �o�f� 
�T�r�i�a�l� �|� �P�r�o�d�u�c�e�d� �(�p�o�u�n�d�s�)� �|� �T�r�i�m� �p�e�r� �M�B�F� 

�1� �1�2�1�3� �1�0�9�4� �9�0�1�.�9�0� 

�2� �2�6�7�8� �1�6�4�2� �6�1�3�.�1�4� 

�3� �2�8�4�8� �2�6�9�1� �9�4�4� �.�8�7� 

�T�a�b�l�e� �5�.�5�.� �W�e�i�g�h�t� �o�f� �t�r�i�m� �b�l�o�c�k�s�,� �p�o�u�n�d�s� �p�e�r� �M�B�F�,� �a�n�d� 
�p�e�r�c�e�n�t�a�g�e� �o�f� �p�r�o�d�u�c�t�i�o�n� �b�y� �t�h�e� �n�e�w� �c�a�t�e�g�o�r�i�e�s�.� 

�;� �P�e�r�c�e�n�t� �o�f� 
�P�o�u�n�d�s� �L�u�m�b�e�r� �P�r�o�d�u�c�e�d� 

�B�o�a�r�d�-� �T�r�i�m� �o�f� �T�r�i�m� �1� 
�C�a�t�e�g�o�r�y� �|� �T�r�i�a�l� �f�e�e�t� �(�p�o�u�n�d�s�)� �|� �p�e�r� �M�B�F� �|� �t�r�i�a�l� �|� �n�o�r�m�a�l� 

�1� �1�3�3� �3�7�8� �2�8�4�2�.�1�1� �|�]� �1�0�.�9�6� 

�1�4�-�i�n�c�h� �2� �5�3� �2�0�9� �3�9�4�3�.�4�0� �1�.�9�8� �5�-�6� 

�3� �1�4�5� �7�3�3� �5�0�5�5�.�1�7� �5�.�0�9� 

�1� �4�3�1� �1�7�5� �4�0�6�.�0�3� �|� �3�5�.�5�3� 

�2�x�4� �&� �6� �2� �1�3�7�1� �8�4�5� �6�1�6�.�3�4� �|� �5�1�.�1�9� �5�8�-�5�9� 

�3� �1�5�5�4� �1�3�1�3� �8�4�4�.�9�2� �|� �5�4�.�5�6� 

�1� �6�4�9� �4�9�5� �7�6�2�.�7�1� �|� �5�3�.�5�0� 

�2�x�8�,� �1�0�,� �2� �1�2�5�4� �4�7�8� �3�8�1�.�1�8� �|� �4�6�.�8�3� �3�6� 

�a�n�d� �1�2� �3� �1�1�4�9� �5�2�9� �4�6�0�.�4�0� �|� �4�0�.�3�4� � � � � � � � � � � � � � � � � � � � � 

�+� �-� �f�r�o�m� �m�i�l�l� �r�e�c�o�r�d�s� 
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�i�n�c�h� �l�u�m�b�e�r� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �s�i�x� �t�i�m�e�s� �t�h�a�t� �o�f� �s�m�a�l�l� 

�d�i�m�e�n�s�i�o�n� �a�n�d� �n�e�a�r�l�y� �1�0� �t�i�m�e�s� �t�h�a�t� �o�f� �l�a�r�g�e� �d�i�m�e�n�s�i�o�n�,� �t�r�i�a�l� 

�1� �o�f� �t�h�e� �l�a�r�g�e� �d�i�m�e�n�s�i�o�n� �b�e�i�n�g� �t�h�e� �l�o�n�e� �e�x�c�e�p�t�i�o�n�.� �S�m�a�l�l� 

�d�i�m�e�n�s�i�o�n� �p�r�o�d�u�c�e�d� �r�o�u�g�h�l�y� �t�w�i�c�e� �a�s� �m�a�n�y� �t�r�i�m� �b�l�o�c�k�s� �p�e�r� �M�B�F� 

�a�s� �t�h�e� �l�a�r�g�e� �d�i�m�e�n�s�i�o�n�.� 

�T�h�e� �a�m�o�u�n�t� �o�f� �l�u�m�b�e�r� �p�r�o�d�u�c�e�d� �i�n� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� 

�c�a�t�e�g�o�r�i�e�s� �d�u�r�i�n�g� �t�h�e� �t�r�i�a�l�s� �w�a�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �m�i�l�l� 

�a�v�e�r�a�g�e�.� �M�o�r�e� �l�1�-�i�n�c�h� �a�n�d� �l�a�r�g�e� �d�i�m�e�n�s�i�o�n� �(�2�x�8�,� �2�x�1�0�,� �a�n�d� 

�2�x�1�2�)� �l�u�m�b�e�r� �w�a�s� �p�r�o�d�u�c�e�d� �t�h�a�n� �n�o�r�m�a�l� �d�u�r�i�n�g� �t�r�i�a�l� �1�.� �O�n�e�-� 

�i�n�c�h� �a�n�d� �s�m�a�l�l� �d�i�m�e�n�s�i�o�n� �(�2�x�4� �a�n�d� �2�x�6�)� �p�r�o�d�u�c�t�i�o�n� �w�a�s� �b�e�l�o�w� 

�n�o�r�m�a�l� �d�u�r�i�n�g� �t�r�i�a�l� �2�,� �w�h�i�l�e� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �l�a�r�g�e� 

�d�i�m�e�n�s�i�o�n� �r�e�m�a�i�n�e�d� �a�b�o�v�e� �n�o�r�m�a�l�.� �T�h�e� �s�p�l�i�t� �i�n� �t�r�i�a�l� �3� �w�a�s� 

�c�l�o�s�e�s�t� �t�o� �n�o�r�m�a�l� �p�r�o�d�u�c�t�i�o�n�.� �E�v�i�d�e�n�t�l�y�,� �t�h�e� �m�i�l�l� �w�a�s� 

�p�r�o�c�e�s�s�i�n�g� �l�a�r�g�e�r� �d�i�a�m�e�t�e�r� �l�o�g�s� �t�h�a�n� �n�o�r�m�a�l� �a�t� �t�h�e� �t�i�m�e� �o�f� 

�t�h�e� �s�t�u�d�y�.� 

�T�h�e� �l�i�n�e�a�r� �f�e�e�t� �o�f� �t�r�i�m� �p�r�o�d�u�c�e�d� �p�e�r� �b�o�a�r�d� �i�s� �a�n�o�t�h�e�r� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �l�o�g� �q�u�a�l�i�t�y� �o�r� �t�h�e� �a�m�o�u�n�t� �o�f� �s�l�a�s�h�i�n�g� �(�T�a�b�l�e� 

�5�.�6�)�.� �A�l�m�o�s�t� �1�0� �l�i�n�e�a�r� �f�e�e�t� �(�2� �f�t�.� �*� �4�.�9�7� �p�i�e�c�e�s�)� �o�f� �t�r�i�m� 

�w�a�s� �p�r�o�d�u�c�e�d� �p�e�r� �b�o�a�r�d� �i�n� �t�h�e� �1�-�i�n�c�h� �c�a�t�e�g�o�r�y�,� �i�n�d�i�c�a�t�i�n�g� 

�s�e�v�e�r�a�l� �b�o�a�r�d�s� �w�e�r�e� �s�l�a�s�h�e�d�.� �T�h�e� �2�x�4� �a�n�d� �2�x�6� �c�a�t�e�g�o�r�y� 

�g�e�n�e�r�a�t�e�d� �3� �l�i�n�e�a�r� �f�e�e�t� �p�e�r� �p�i�e�c�e�,� �o�r� �t�h�r�e�e� �t�r�i�m� �b�l�o�c�k�s� �f�o�r� 

�e�v�e�r�y� �t�w�o� �p�i�e�c�e�s� �o�f� �l�u�m�b�e�r�.� �T�h�e� �a�m�o�u�n�t� �o�f� �t�r�i�m� �w�a�s� �f�u�r�t�h�e�r� 

�r�e�d�u�c�e�d� �i�n� �t�h�e� �2�x�8�-�,� �1�0�-�,� �a�n�d� �1�2�-�i�n�c�h� �c�a�t�e�g�o�r�y�,� �t�o� �l�e�s�s� �t�h�a�n� 

�o�n�e� �t�r�i�m� �b�l�o�c�k� �p�e�r� �p�i�e�c�e�.� 
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�T�a�b�l�e� �5�.�6�.� �T�o�t�a�l� �p�i�e�c�e�s� �o�f� �l�u�m�b�e�r� �p�r�o�d�u�c�e�d�,� �t�r�i�m�,� �a�n�d� 
�t�h�e�i�r� �r�a�t�i�o� �f�o�r� �e�a�c�h� �c�a�t�e�g�o�r�y�.� 

�P�i�e�c�e�s� �o�f� �P�i�e�c�e�s� �o�f� �2�-�f�o�o�t� 
�L�u�m�b�e�r� �P�i�e�c�e�s� �o�f� �T�r�i�m� �p�e�r� �P�i�e�c�e� 

�C�a�t�e�g�o�r�y� �|� �P�r�o�d�u�c�e�d� �|� �2�-�f�o�o�t� �T�r�i�m� �o�f� �L�u�m�b�e�r� 

�1�-�i�n�c�h� �7�2� �3�5�8� �4�.�9�7� 

�2�x�4� �&� �6� �2�8�1� �3�9�7� �1�.�4�1� 

�2�x�8�,� �1�0�,� �1�4�2� �1�0�3� �0�.�7�3� 
�a�n�d� �1�2� � � � � � � � � � � � � 
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�C�H�I�P� �A�N�A�L�Y�S�I�S� 

�T�w�o�-�i�n�c�h� �m�a�t�e�r�i�a�l� �p�r�o�d�u�c�e�d� �t�h�e� �b�e�s�t� �c�h�i�p�s� �(�F�i�g�u�r�e� �5�.�1�)�.� 

�T�h�e� �w�i�d�t�h� �o�f� �t�h�e� �b�o�a�r�d� �(�i�e�.� �4�-�,� �6�-�,� �8�-�,� �1�0�-�,� �o�r� �1�2�-�i�n�c�h�e�s�)� 

�d�i�d� �n�o�t� �p�r�o�v�i�d�e� �a� �n�o�t�i�c�e�a�b�l�e� �t�r�e�n�d�.� �O�v�e�r�s�i�z�e� �c�h�i�p�s� �a�n�d� �e�n�d� 

�t�r�i�m� �p�r�o�d�u�c�e�d� �t�h�e� �f�e�w�e�s�t� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s�,� �l�e�s�s� �t�h�a�n� �5�0�%� �o�n� 

�a�v�e�r�a�g�e�.� �O�n�e�-�i�n�c�h� �m�a�t�e�r�i�a�l� �p�r�o�v�i�d�e�d� �a� �s�l�i�g�h�t�l�y� �l�o�w�e�r� �y�i�e�l�d� 

�o�f� �a�c�c�e�p�t�s� �t�h�a�n� �t�h�e� �2�-�i�n�c�h� �m�a�t�e�r�i�a�l�.� 

�F�i�g�u�r�e� �5�.�2� �s�h�o�w�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �o�v�e�r�s� �(�g�r�e�a�t�e�r� �t�h�a�n� 

�8�-�m�m� �t�h�i�c�k� �a�n�d� �g�r�e�a�t�e�r� �t�h�a�n� �1� �1�/�4�-�i�n�c�h�e�s�)� �b�y� �r�e�s�i�d�u�e� �t�y�p�e�.� 

�E�n�d� �t�r�i�m� �a�n�d� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �g�e�n�e�r�a�t�e�d� �t�h�e� �h�i�g�h�e�s�t� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �o�v�e�r�s�.� �R�o�u�g�h�l�y� �4�5�%� �o�f� �t�h�e� �e�n�d� �t�r�i�m� �c�h�i�p�s� �w�e�r�e� �o�v�e�r�s�i�z�e�,� 

�w�h�i�l�e� �a�b�o�u�t� �3�5�%� �o�f� �t�h�e� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �r�e�m�a�i�n�e�d� �o�v�e�r�s�i�z�e� 

�a�f�t�e�r� �r�e�c�h�i�p�p�i�n�g�.� �A�l�t�h�o�u�g�h� �e�n�d� �t�r�i�m� �w�a�s� �c�l�a�s�s�i�f�i�e�d� �a�s� 

�p�i�e�c�e�s� �l�e�s�s� �t�h�a�n� �6�-�i�n�c�h�e�s� �i�n� �l�e�n�g�t�h�,� �m�a�n�y� �w�e�r�e� �o�n�l�y� �1�-�i�n�c�h� 

�o�r� �l�e�s�s� �i�n� �l�e�n�g�t�h� �a�n�d� �o�n�l�y� �s�l�i�g�h�t�l�y� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �o�v�e�r�s�i�z�e� 

�c�h�i�p�s�.� �T�h�e�s�e� �s�m�a�l�l� �e�n�d� �t�r�i�m� �p�i�e�c�e�s� �a�r�e� �a�b�l�e� �t�o� �p�a�s�s� �t�h�r�o�u�g�h� 

�t�h�e� �c�h�i�p�p�e�r� �k�n�i�f�e� �p�o�c�k�e�t� �i�n�t�a�c�t� �t�o� �p�r�o�d�u�c�e� �t�h�e� �h�i�g�h� 

�p�e�r�c�e�n�t�a�g�e�s� �o�f� �o�v�e�r�s�.� �O�n�e�-�i�n�c�h� �m�a�t�e�r�i�a�l�,� �o�n� �a�v�e�r�a�g�e�,� 

�p�r�o�d�u�c�e�d� �m�o�r�e� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �t�h�a�n� �2�-�i�n�c�h� �m�a�t�e�r�i�a�l�.� 

�R�e�c�h�i�p�p�i�n�g� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �p�r�o�d�u�c�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �a�m�o�u�n�t�s� 

�o�f� �u�n�d�e�r�s�i�z�e� �c�h�i�p�s� �(�p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s�,� �l�e�s�s� �t�h�a�n� �1�/�4� �i�n�c�h�)� 

�a�t� �r�o�u�g�h�l�y� �1�3�%� �(�F�i�g�u�r�e� �5�.�3�)�.� �N�o� �o�t�h�e�r� �o�b�v�i�o�u�s� �p�a�t�t�e�r�n�s� �w�e�r�e� 

�f�o�u�n�d�.� �V�a�r�i�a�b�i�l�i�t�y� �w�i�t�h�i�n� �g�r�o�u�p�s� �m�a�y� �h�a�v�e� �b�e�e�n� �m�a�s�k�i�n�g� 

�t�r�e�n�d�s�.� 
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� � �2�X�6� �2�X�4� �2�X�1�2� �2�x�8� �1�X�6� �1�X�4� �O�v�e�r�s�i�z�e� �E�n�d� �T�r�i�m� 
�S�i�z�e� �a�n�d� �F�o�r�m� �o�f� �R�e�s�i�d�u�e� 

�F�i�g�u�r�e� �5�.�1�.� �R�a�n�k� �o�r�d�e�r� �o�f� �t�h�e� �a�v�e�r�a�g�e� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p� 
�f�u�r�n�i�s�h� �f�r�o�m� �e�a�c�h� �r�e�s�i�d�u�e� �t�y�p�e�.� 
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� � �E�n�d� �T�r�i�m� �O�v�e�r�s�i�z�e� �1�X�6� �1�x�4� �2�X�1�2� �2�X�4� �2�X�8� �2�X�6� 

�S�i�z�e� �a�n�d� �F�o�r�m� �o�f� �R�e�s�i�d�u�e� 

�F�i�g�u�r�e� �5�.�2�.� �A�v�e�r�a�g�e� �a�m�o�u�n�t� �o�f� �o�v�e�r�s� �(�o�v�e�r�t�h�i�c�k� �a�n�d� �o�v�e�r�s�i�z�e� 
�c�h�i�p�s�)� �p�r�o�d�u�c�e�d� �b�y� �e�a�c�h� �s�i�z�e� �r�e�s�i�d�u�e�.� 
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� � 
�O�v�e�r�s�i�z�e� �2�X�8� �E�n�d� �T�r�i�m� �2�X�4� �2�X�6� �1�X�4� �2�X�1�2� �1�X�6� 

�S�i�z�e� �a�n�d� �F�o�r�m� �o�f� �R�e�s�i�d�u�e� 

�F�i�g�u�r�e� �5�.�3�.� �A�v�e�r�a�g�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �u�n�d�e�r�s�i�z�e� �c�h�i�p�s� �(�p�i�n� 
�c�h�i�p�s� �a�n�d� �f�i�n�e�s�)� �p�r�o�d�u�c�e�d� �b�y� �e�a�c�h� �m�a�t�e�r�i�a�l� 
�f�o�r�m�.� 
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�S�e�v�e�r�a�l� �c�o�n�c�l�u�s�i�o�n�s� �c�a�n� �b�e� �d�r�a�w�n� �f�r�o�m� �F�i�g�u�r�e�s� �5�.�1�,� �5�.�2�,� 

�a�n�d� �5�.�3�.� �R�e�c�h�i�p�p�i�n�g� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �s�i�m�p�l�y� �r�e�c�y�c�l�e�s� �r�e�j�e�c�t�s� 

�t�h�r�o�u�g�h� �t�h�e� �s�y�s�t�e�m� �t�o� �f�u�r�n�i�s�h� �e�x�p�e�n�s�i�v�e� �f�u�e�l� �w�o�o�d�.� 

�R�e�c�h�i�p�p�i�n�g� �p�r�o�d�u�c�e�s� �a� �l�o�w� �p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�s� �a�n�d� �t�h�e� 

�g�r�e�a�t�e�s�t� �a�m�o�u�n�t� �o�v�e�r�s�i�z�e� �a�n�d� �u�n�d�e�r�s�i�z�e� �c�h�i�p�s�.� �R�e�r�o�u�t�i�n�g� 

�o�v�e�r�s�i�z�e� �c�h�i�p�s� �s�t�r�a�i�g�h�t� �t�o� �t�h�e� �f�u�e�l� �p�i�l�e� �m�a�y� �b�e� �t�h�e� �b�e�s�t� 

�a�l�t�e�r�n�a�t�i�v�e�.� �S�i�n�c�e� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �c�o�n�s�t�i�t�u�t�e� �a� �l�o�w� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �m�a�t�e�r�i�a�l� �g�o�i�n�g� �t�o� �t�h�e� �c�h�i�p�p�e�r� 

�(�a�p�p�r�o�x�i�m�a�t�e�l�y� �6�%� �o�n� �a� �w�e�i�g�h�t� �b�a�s�i�s�)� �a�n�d� �p�r�o�d�u�c�e� �a� �l�o�w� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s�,� �t�h�e�r�e� �w�o�u�l�d� �b�e� �o�n�l�y� �a� �s�l�i�g�h�t� 

�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p� �v�o�l�u�m�e�.� �T�r�u�e� �e�n�d� �t�r�i�m� 

�f�a�l�l�s� �i�n�t�o� �t�h�e� �s�a�m�e� �c�a�t�e�g�o�r�y�.� �E�n�d� �t�r�i�m� �p�r�o�d�u�c�e�s� �s�u�c�h� �p�o�o�r� 

�q�u�a�l�i�t�y� �c�h�i�p�s� �t�h�a�t� �i�t� �m�i�g�h�t� �b�e� �b�e�s�t� �t�o� �c�h�i�p� �t�h�e�m� �s�t�r�i�c�t�l�y� 

�f�o�r� �f�u�e�l�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �m�a�n�y� �o�f� �t�h�e� �c�h�i�p�s� �p�r�o�d�u�c�e�d� �f�r�o�m� �e�n�d� 

�t�r�i�m� �a�r�e� �s�m�a�l�l� �b�l�o�c�k�s� �o�r� �c�u�b�e�s� �t�h�a�t� �w�o�u�l�d� �n�o�t� �c�o�m�p�l�e�t�e�l�y� 

�d�e�l�i�g�n�i�f�y� �i�n� �t�h�e� �d�i�g�e�s�t�e�r� �(�J�o�r�g�e�n�s�e�n�,� �1�9�8�5�)�.� 

�C�h�i�p� �q�u�a�l�i�t�y� �i�m�p�r�o�v�e�s� �a�s� �t�h�e� �m�a�t�e�r�i�a�l� �g�e�t�s� �l�a�r�g�e�r�.� 

�T�w�o�-�f�o�o�t� �t�r�i�m� �b�l�o�c�k�s� �p�r�o�d�u�c�e�d� �m�a�r�k�e�d�l�y� �b�e�t�t�e�r� �c�h�i�p�s� �t�h�a�n� �t�h�e� 

�t�r�i�m� �e�n�d�s� �a�n�d� �o�v�e�r�s�i�z�e� �c�h�i�p�s�.� �A�s� �t�r�i�m� �b�l�o�c�k� �r�e�s�i�d�u�e� 

�i�n�c�r�e�a�s�e�d� �i�n� �s�i�z�e�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� �o�r�i�e�n�t� �a�n�d� �s�t�a�b�i�l�i�z�e� 

�d�u�r�i�n�g� �c�h�i�p�p�i�n�g� �i�n�c�r�e�a�s�e�d�.� �G�r�a�d�e� �t�r�i�m�,� �o�r� �2�-�f�o�o�t� �p�i�e�c�e�s�,� 

�a�c�c�o�u�n�t�e�d� �f�o�r� �t�h�e� �l�a�r�g�e�s�t� �p�e�r�c�e�n�t�a�g�e� �o�f� �r�e�s�i�d�u�e�.� 

�I�m�p�r�o�v�e�m�e�n�t�s� �f�r�o�m� �t�h�e�s�e� �p�i�e�c�e�s� �w�i�l�l� �h�a�v�e� �a� �s�u�b�s�t�a�n�t�i�a�l� 

�i�m�p�a�c�t� �o�n� �t�h�e� �a�c�c�e�p�t�a�b�l�e� �r�e�s�i�d�u�e� �c�h�i�p� �f�u�r�n�i�s�h�.� 
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�P�O�S�S�I�B�L�E� �S�O�L�U�T�I�O�N�S� 

�S�a�w�m�i�l�l� �s�i�z�e� �h�a�s� �a� �d�i�r�e�c�t� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �m�e�a�n�s� 

�a�v�a�i�l�a�b�l�e� �t�o� �i�m�p�r�o�v�e� �c�h�i�p� �q�u�a�l�i�t�y�.� �T�h�e� �o�p�t�i�o�n�s� �a�v�a�i�l�a�b�l�e� �t�o� 

�a� �m�i�l�l� �p�r�o�d�u�c�i�n�g� �l�e�s�s� �t�h�a�n� �2�0� �M�M�B�F� �p�e�r� �y�e�a�r� �a�r�e� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �t�h�o�s�e� �f�o�r� �a� �l�a�r�g�e� �m�i�l�l� �p�r�o�d�u�c�i�n�g� �o�v�e�r� �7�5� �M�M�B�F� �p�e�r� �y�e�a�r�.� 

�M�i�l�l�s� �w�i�t�h� �y�e�a�r�l�y� �p�r�o�d�u�c�t�i�o�n� �f�a�l�l�i�n�g� �b�e�t�w�e�e�n� �2�0� �M�M�B�F� �a�n�d� �7�5� 

�M�M�B�F� �c�a�n� �i�n�c�o�r�p�o�r�a�t�e� �o�p�e�r�a�t�i�n�g� �s�t�r�a�t�e�g�i�e�s� �o�f� �b�o�t�h� �m�i�l�l�s�.� 

�C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �d�i�f�f�e�r�e�n�t�i�a�t�e� �l�a�r�g�e� �s�a�w�m�i�l�l�s� �f�r�o�m� �s�m�a�l�l� 

�S�a�w�m�i�l�l�s� �i�n�c�l�u�d�e�:� 

�1�)� �L�a�r�g�e� �m�i�l�l�s� �p�u�r�c�h�a�s�e� �t�r�e�e�-�l�e�n�g�t�h� �m�a�t�e�r�i�a�l� �v�s�.� �c�u�t�-� 
�t�o�-�l�e�n�g�t�h� �p�u�r�c�h�a�s�e�s� �b�y� �s�m�a�l�l� �m�i�l�l�s�.� 

�2�)� �L�a�r�g�e� �m�i�l�l�s� �u�s�e� �c�h�i�p�p�e�r� �c�a�n�t�e�r�s� �f�o�r� �p�r�i�m�a�r�y� 
�b�r�e�a�k�d�o�w�n� �v�s�.� �s�a�w� �a�n�d� �c�a�r�r�i�a�g�e� �b�r�e�a�k�d�o�w�n� �i�n� �t�h�e� 
�s�m�a�l�l� �m�i�l�l�s�.� 

�3�)� �E�d�g�i�n�g� �i�s� �p�e�r�f�o�r�m�e�d� �b�y� �c�h�i�p�p�i�n�g� �i�n� �l�a�r�g�e� �m�i�l�l�s� �v�s�.� 
�S�a�w�i�n�g� �i�n� �s�m�a�l�l� �m�i�l�l�s�.� 

�4�)� �L�a�r�g�e� �m�i�l�l� �r�e�s�i�d�u�e� �c�h�i�p�p�e�r� �r�e�c�e�i�v�e�s� �p�r�e�d�o�m�i�n�a�t�e�l�y� 
�t�r�i�m� �b�l�o�c�k�s� �(�t�r�u�e� �e�n�d� �t�r�i�m� �a�n�d� �g�r�a�d�e� �t�r�i�m�)� �v�s�.� 
�s�l�a�b�s�,� �e�d�g�i�n�g�s�,� �a�n�d� �t�r�i�m� �b�l�o�c�k�s� �a�t� �s�m�a�l�l� �m�i�l�l�s�.� 

�5�)� �L�a�r�g�e� �m�i�l�l�s� �a�r�e� �e�q�u�i�p�p�e�d� �w�i�t�h� �c�h�i�p� �s�c�r�e�e�n�s�.� 

�L�A�R�G�E� �S�A�W�M�I�L�L�S� 

�S�e�v�e�r�a�l� �p�o�s�s�i�b�i�l�i�t�i�e�s� �e�x�i�s�t� �f�o�r� �i�m�p�r�o�v�i�n�g� �t�r�i�m� �b�l�o�c�k� 

�c�h�i�p� �q�u�a�l�i�t�y� �i�n� �l�a�r�g�e�r� �m�i�l�l�s�.� �T�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �r�e�p�o�r�t�s� 

�f�r�o�m� �t�h�i�s� �s�t�u�d�y� �f�o�u�n�d� �t�h�a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�3�0� �b�o�a�r�d�f�e�e�t�,� �o�r� 

�o�v�e�r� �6�0�0� �p�o�u�n�d�s� �o�f� �l�u�m�b�e�r�,� �w�e�r�e� �s�l�a�s�h�e�d� �f�o�r� �e�v�e�r�y� �t�h�o�u�s�a�n�d� 

�b�o�a�r�d�f�e�e�t� �p�r�o�d�u�c�e�d�.� �S�l�a�s�h�i�n�g� �m�a�y� �b�e� �o�p�e�r�a�t�i�o�n�a�l�l�y� 

�e�f�f�i�c�i�e�n�t�,� �b�u�t� �t�h�i�s� �t�r�i�m� �c�o�u�l�d� �b�e� �l�e�f�t� �i�n� �l�o�n�g�e�r� �l�e�n�g�t�h�s�.� 
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�C�h�i�p� �q�u�a�l�i�t�y� �i�m�p�r�o�v�e�d� �w�h�e�n� �i�n�c�r�e�a�s�i�n�g� �p�i�e�c�e� �l�e�n�g�t�h� �i�n� 

�r�o�u�n�d�w�o�o�d� �c�h�i�p�p�i�n�g� �a�n�d� �t�h�e�r�e� �i�s� �n�o� �r�e�a�s�o�n� �t�o� �s�u�s�p�e�c�t� 

�d�i�f�f�e�r�e�n�t� �r�e�s�u�l�t�s� �f�o�r� �s�a�w�m�i�l�l� �r�e�s�i�d�u�e�s� �(�T�w�a�d�d�l�e� �a�n�d� �W�a�t�s�o�n�,� 

�1�9�9�1�)�.� �I�n�c�r�e�a�s�i�n�g� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �t�h�e� 

�a�c�c�e�p�t�a�b�l�e� �c�h�i�p� �v�o�l�u�m�e� �t�h�r�o�u�g�h� �i�m�p�r�o�v�e�d� �t�r�i�m� �b�l�o�c�k� 

�o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �s�t�a�b�i�l�i�t�y�.� �L�o�n�g�e�r� �l�e�n�g�t�h�s� �w�o�u�l�d� �r�e�q�u�i�r�e� 

�m�o�d�i�f�y�i�n�g� �t�h�e� �t�r�i�m�m�e�r� �o�u�t�f�e�e�d� �t�a�b�l�e�.� �S�h�a�r�p� �t�u�r�n�s� �i�n� �t�h�e� 

�v�i�b�r�a�t�i�n�g� �c�o�n�v�e�y�o�r� �n�e�t�w�o�r�k� �t�h�a�t� �c�a�r�r�y� �t�h�e� �t�r�i�m� �b�l�o�c�k�s� �t�o� �t�h�e� 

�c�h�i�p�p�e�r� �w�o�u�l�d� �a�l�s�o� �h�a�v�e� �t�o� �b�e� �m�o�d�i�f�i�e�d� �t�o� �h�a�n�d�l�e� �t�h�e� �l�o�n�g�e�r� 

�p�i�e�c�e�s�.� 

�C�h�i�p� �q�u�a�l�i�t�y� �f�r�o�m� �2�-�f�o�o�t� �p�i�e�c�e�s� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �i�f� �t�h�e� 

�f�e�e�d� �c�o�n�v�e�y�o�r� �a�n�d� �c�h�i�p�p�e�r� �i�n�f�e�e�d� �w�e�r�e� �m�o�d�i�f�i�e�d� �t�o� �i�n�s�u�r�e� 

�t�h�a�t� �a� �t�r�i�m� �b�l�o�c�k� �i�s� �p�r�o�p�e�r�l�y� �o�r�i�e�n�t�e�d� �b�e�f�o�r�e� �c�h�i�p�p�i�n�g�.� �T�h�e� 

�c�h�i�p�p�e�r� �i�n�f�e�e�d� �c�o�u�l�d� �b�e� �n�a�r�r�o�w�e�d� �t�o� �f�o�r�c�e� �t�r�i�m� �b�l�o�c�k�s� �t�o� 

�o�r�i�e�n�t� �t�h�e�m�s�e�l�v�e�s� �b�e�f�o�r�e� �e�n�t�e�r�i�n�g� �t�h�e� �c�h�i�p�p�e�r�.� �N�a�r�r�o�w�i�n�g� 

�w�o�u�l�d� �s�t�a�r�t� �4�-�6� �f�e�e�t� �f�r�o�m� �t�h�e� �c�h�i�p�p�e�r� �a�n�d� �g�r�a�d�u�a�l�l�y� �t�a�p�e�r� 

�u�n�t�i�l� �1�-�f�o�o�t� �f�r�o�m� �t�h�e� �d�i�s�k�.� �T�o� �a�v�o�i�d� �c�l�o�g�g�i�n�g� �t�h�e� �i�n�f�e�e�d�,� 

�o�n�e� �s�i�d�e� �o�f� �t�h�e� �c�o�n�v�e�y�o�r� �s�h�o�u�l�d� �b�e� �i�n� �t�h�e� �s�h�a�p�e� �o�f� �a�n� 

�i�n�v�o�l�u�t�e� �c�u�r�v�e� �t�o� �a�l�l�o�w� �t�h�e� �t�r�i�m� �b�l�o�c�k�s� �t�o� �r�i�d�e� �u�p� �t�h�e� �s�i�d�e� 

�o�f� �t�h�e� �c�o�n�v�e�y�o�r�.� �T�i�p�p�i�n�g� �t�h�e� �e�n�t�i�r�e� �c�o�n�v�e�y�o�r� �1�0�-�1�5� �d�e�g�r�e�e�s� 

�f�o�u�r� �f�e�e�t� �f�r�o�m� �t�h�e� �d�i�s�k� �w�o�u�l�d� �a�l�l�o�w� �g�r�a�v�i�t�y� �t�o� �h�e�l�p� �o�r�i�e�n�t� 

�t�h�e� �t�r�i�m� �b�l�o�c�k�s� �a�n�d� �a�l�s�o� �p�r�o�v�i�d�e� �a� �f�u�n�n�e�l�i�n�g� �a�c�t�i�o�n� �i�n�t�o� �t�h�e� 

�c�h�i�p�p�e�r�.� �V�e�u�g�e�r� �(�1�9�7�6�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�i�p�p�i�n�g� �t�h�e� �c�o�n�v�e�y�o�r� 

�w�i�l�l� �r�e�d�u�c�e� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �o�v�e�r�s� �a�n�d� �f�i�n�e�s� �b�e�c�a�u�s�e� 

�m�a�t�e�r�i�a�l� �w�i�l�l� �c�o�n�s�i�s�t�e�n�t�l�y� �e�n�t�e�r� �o�n� �t�h�e� �a�n�v�i�l� �s�i�d�e�.� 
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�A�n�o�t�h�e�r� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n� �w�o�u�l�d� �b�e� �t�o� �l�a�y� �a� �p�a�t�t�e�r�n� �o�f� 

�w�e�l�d�i�n�g� �b�e�a�d�s�,� �o�r� �w�e�l�d� �r�i�b�s� �i�n� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �c�o�n�v�e�y�o�r�,� 

�o�n� �t�h�e� �s�i�d�e� �a�w�a�y� �f�r�o�m� �t�h�e� �a�n�v�i�l� �t�o� �m�o�v�e� �m�a�t�e�r�i�a�l� �t�o� �t�h�e� 

�a�n�v�i�l� �s�i�d�e�.� �T�i�m�e� �a�n�d� �d�i�s�t�a�n�c�e� �w�o�u�l�d� �b�e� �n�e�e�d�e�d� �f�o�r� �t�h�e� �b�e�a�d�s� 

�t�o� �f�o�r�c�e� �t�h�e� �t�r�i�m� �b�l�o�c�k�s� �o�v�e�r� �s�o� �t�h�e�y� �m�a�y� �h�a�v�e� �t�o� �s�t�a�r�t� �a� 

�M�i�n�i�m�u�m� �o�f� �1�0� �f�e�e�t� �f�r�o�m� �t�h�e� �c�h�i�p�p�e�r�.� �B�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �b�e�a�d� 

�o�r� �r�i�b� �l�e�n�g�t�h� �a�c�r�o�s�s� �t�h�e� �c�o�n�v�e�y�o�r� �w�i�d�t�h�,� �t�r�i�m� �b�l�o�c�k�s� �w�i�l�l� 

�g�r�a�d�u�a�l�l�y� �f�e�e�d� �t�o� �t�h�e� �a�n�v�i�l� �s�i�d�e� �o�f� �t�h�e� �c�h�i�p�p�e�r�.� �T�h�i�s� 

�s�o�l�u�t�i�o�n� �m�a�y� �n�o�t� �b�e� �t�h�e� �m�o�s�t� �e�f�f�e�c�t�i�v�e� �f�o�r� �s�y�s�t�e�m�s� �w�h�e�r�e� �t�h�e� 

�f�e�e�d� �c�o�n�v�e�y�o�r� �i�s� �h�e�a�v�i�l�y� �l�o�a�d�e�d�.� �S�o�m�e� �o�f� �t�h�e� �m�a�t�e�r�i�a�l� �c�o�u�l�d� 

�r�i�d�e� �o�r� �j�u�m�p� �o�v�e�r� �t�h�e� �b�e�a�d�s� �a�n�d� �n�o�t� �f�u�n�n�e�l� �t�o� �t�h�e� �a�n�v�i�l� �s�i�d�e� 

�(�V�e�u�g�e�r�,� �1�9�7�6�)�.� 

�R�e�g�u�l�a�t�i�n�g� �t�h�e� �f�l�o�w� �o�f� �t�r�i�m� �b�l�o�c�k�s� �t�o� �t�h�e� �c�h�i�p�p�e�r� �c�o�u�l�d� 

�b�e� �a�n�o�t�h�e�r� �w�a�y� �t�o� �i�m�p�r�o�v�e� �c�h�i�p� �q�u�a�l�i�t�y� �f�o�r� �2�-�f�o�o�t� �m�a�t�e�r�i�a�l�.� 

�R�e�s�i�d�u�e� �t�h�r�o�u�g�h�p�u�t� �v�a�r�i�e�s� �d�e�p�e�n�d�i�n�g� �o�n� �l�o�g� �q�u�a�l�i�t�y� �a�n�d� �t�h�e� 

�a�m�o�u�n�t� �o�f� �t�r�i�m�m�i�n�g� �n�e�c�e�s�s�a�r�y�.� �C�o�n�s�o�l�i�d�a�t�i�n�g� �t�h�e� �r�e�s�i�d�u�e� �o�r� 

�e�v�e�n�i�n�g� �t�h�e� �f�l�o�w� �o�f� �s�u�r�g�e�s� �i�n� �t�h�e� �f�e�e�d� �c�o�n�v�e�y�o�r� �c�o�u�l�d� 

�i�n�f�l�u�e�n�c�e� �c�h�i�p� �q�u�a�l�i�t�y�.� �F�i�n�a�l�l�y�,� �a� �s�e�t� �o�f� �h�o�l�d�-�d�o�w�n� 

�"�f�i�n�g�e�r�s�"� �c�o�u�l�d� �b�e� �i�n�s�t�a�l�l�e�d� �a�b�o�v�e� �t�h�e� �c�o�n�v�e�y�o�r� �t�o� �r�a�k�e� �t�r�i�m� 

�b�l�o�c�k�s� �o�v�e�r� �t�o� �t�h�e� �p�r�e�f�e�r�r�e�d� �s�i�d�e� �a�n�d� �h�o�l�d� �t�h�e�m� �i�n� �p�l�a�c�e� 

�d�u�r�i�n�g� �c�h�i�p�p�i�n�g� �(�E�g�o�l�f�,� �1�9�9�1�)�.� 

�I�n�s�t�a�l�l�i�n�g� �a� �s�h�o�r�t�s� �t�r�a�p� �t�o� �d�i�v�e�r�t� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �a�n�d� 

�t�r�u�e� �t�r�i�m� �e�n�d�s� �(�l�e�s�s� �t�h�a�n� �s�i�x� �i�n�c�h�e�s� �a�l�o�n�g� �t�h�e� �g�r�a�i�n�)� �t�o�a� 

�s�m�a�l�l�e�r� �c�h�i�p�p�e�r� �o�r� �h�o�g� �p�r�o�d�u�c�i�n�g� �f�u�e�l� �c�h�i�p�s� �i�s� �a�n�o�t�h�e�r� 

�p�o�s�s�i�b�i�l�i�t�y�.� �T�h�e� �s�t�u�d�y� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�i�s� �m�a�t�e�r�i�a�l� 
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�p�r�o�d�u�c�e�d� �l�e�s�s� �t�h�a�n� �5�0�%� �a�c�c�e�p�t�s� �w�h�i�l�e� �g�e�n�e�r�a�t�i�n�g� �h�i�g�h� 

�p�e�r�c�e�n�t�a�g�e�s� �o�f� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s�.� �T�h�i�s� �m�a�t�e�r�i�a�l� �a�l�s�o� 

�c�o�n�t�r�i�b�u�t�e�d� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �o�v�e�r�s� �w�h�i�c�h� �c�o�n�t�i�n�u�o�u�s�l�y� 

�r�e�c�y�c�l�e� �t�h�r�o�u�g�h� �t�h�e� �s�y�s�t�e�m� �u�n�t�i�l� �b�r�o�k�e�n� �d�o�w�n�,� �c�r�e�a�t�i�n�g� �e�x�t�r�a� 

�w�e�a�r� �o�n� �t�h�e� �c�h�i�p�p�e�r�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�s�e� �p�i�e�c�e�s� �a�c�c�o�u�n�t� �f�o�r� 

�1�0�%� �o�f� �t�h�e� �t�h�r�o�u�g�h�p�u�t� �w�e�i�g�h�t�,� �s�o� �t�h�e� �o�v�e�r�a�l�l� �c�h�i�p� �v�o�l�u�m�e� 

�w�o�u�l�d� �b�e� �r�e�d�u�c�e�d� �b�y� �o�n�l�y� �a� �s�m�a�l�l� �p�e�r�c�e�n�t�a�g�e� �i�f� �t�h�e�y� �w�e�r�e� 

�r�o�u�t�e�d� �d�i�r�e�c�t�l�y� �t�o� �f�u�e�l�.� 

�S�U�M�M�A�R�Y� �A�N�D� �C�O�N�C�L�U�S�I�O�N�S� 

�T�h�i�s� �s�t�u�d�y� �c�l�a�s�s�i�f�i�e�d� �a�n�d� �q�u�a�n�t�i�f�i�e�d� �m�a�t�e�r�i�a�l� �e�n�t�e�r�i�n�g� 

�a� �r�e�s�i�d�u�e� �c�h�i�p�p�e�r� �a�t� �a� �h�i�g�h� �p�r�o�d�u�c�t�i�o�n� �s�o�u�t�h�e�r�n� �p�i�n�e� 

�S�a�w�m�i�l�l�.� �T�h�e� �s�t�u�d�y� �a�l�s�o� �e�v�a�l�u�a�t�e�d� �c�h�i�p� �q�u�a�l�i�t�y� �f�r�o�m� �t�h�i�s� 

�m�a�t�e�r�i�a�l� �a�n�d� �i�d�e�n�t�i�f�i�e�d� �a�r�e�a�s� �w�h�e�r�e� �e�f�f�o�r�t�s� �s�h�o�u�l�d� �b�e� 

�c�o�n�c�e�n�t�r�a�t�e�d� �t�o� �i�m�p�r�o�v�e� �c�h�i�p� �q�u�a�l�i�t�y�.� 

�T�r�i�m� �b�l�o�c�k� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �s�t�a�b�i�l�i�t�y� �a�r�e� �c�r�u�c�i�a�l� �t�o� 

�p�r�o�d�u�c�e� �h�i�g�h� �q�u�a�l�i�t�y� �c�h�i�p�s�.� �T�r�i�m� �b�l�o�c�k�s� �d�i�d� �n�o�t� �e�n�t�e�r� �o�r� 

�r�e�m�a�i�n� �a�t� �t�h�e� �s�a�m�e� �a�n�g�l�e� �t�o� �t�h�e� �d�i�s�c� �d�u�r�i�n�g� �c�h�i�p�p�i�n�g� �m�a�k�i�n�g� 

�c�h�i�p� �q�u�a�l�i�t�y� �u�n�p�r�e�d�i�c�t�a�b�l�e�.� �S�m�a�l�l�e�r� �l�e�n�g�t�h�s�,� �a�n�d� �e�v�e�n� �s�o�m�e� 

�o�f� �t�h�e� �2�-�f�o�o�t� �b�l�o�c�k�s�,� �w�e�r�e� �u�n�a�b�l�e� �t�o� �w�i�t�h�s�t�a�n�d� �k�n�i�f�e� �i�m�p�a�c�t� 

�a�n�d� �b�o�u�n�c�e�d� �a�r�o�u�n�d� �i�n� �t�h�e� �t�h�r�o�a�t� �w�h�i�l�e� �b�e�i�n�g� �c�h�i�p�p�e�d�.� �T�w�o�-� 

�f�o�o�t� �t�r�i�m� �b�l�o�c�k�s� �e�i�t�h�e�r� �e�n�t�e�r�e�d� �o�r� �b�e�c�a�m�e� �t�u�r�n�e�d� �s�i�d�e�w�a�y�s� �i�n� 

�t�h�e� �t�h�r�o�a�t� �o�n� �m�a�n�y� �o�c�c�a�s�i�o�n�s�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �m�a�t�e�r�i�a�l� �w�a�s� 

�c�h�i�p�p�e�d� �a�l�o�n�g� �t�h�e� �g�r�a�i�n� �g�e�n�e�r�a�t�i�n�g� �l�a�r�g�e� �s�l�i�v�e�r�s�.� 

�S�e�v�e�r�a�l� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �s�u�g�g�e�s�t�e�d� �t�o� �i�m�p�r�o�v�e� �r�e�s�i�d�u�e� 
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�c�h�i�p� �q�u�a�l�i�t�y�,� �r�a�n�g�i�n�g� �f�r�o�m� �e�l�i�m�i�n�a�t�i�n�g� �s�m�a�l�l� �p�i�e�c�e�s� �t�o� 

�i�m�p�r�o�v�i�n�g� �t�r�i�m� �b�l�o�c�k� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �s�t�a�b�i�l�i�t�y� �b�y� 

�l�e�n�g�t�h�e�n�i�n�g� �t�r�i�m� �b�l�o�c�k�s�.� �T�w�o� �o�f� �t�h�e�s�e� �a�l�t�e�r�n�a�t�i�v�e�s�,� 

�i�n�c�r�e�a�s�i�n�g� �t�h�e� �m�a�x�i�m�u�m� �t�r�i�m� �l�e�n�g�t�h� �a�n�d� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �d�e�p�t�h� 

�o�f� �m�a�t�e�r�i�a�l� �i�n� �t�h�e� �f�e�e�d� �c�o�n�v�e�y�o�r�,� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �f�u�r�t�h�e�r� 

�t�e�s�t�i�n�g�.� 
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�C�H�A�P�T�E�R� �6� 

�E�F�F�E�C�T� �O�F� �T�R�I�M� �B�L�O�C�K� �L�E�N�G�T�H� �O�N� �C�H�I�P� �Q�U�A�L�I�T�Y� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�e� �s�t�u�d�y� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �5� �f�o�u�n�d� �t�h�a�t� �t�w�o� �t�y�p�e�s� 

�o�f� �t�r�i�m� �b�l�o�c�k�s� �e�n�t�e�r�e�d� �a� �r�e�s�i�d�u�e� �c�h�i�p�p�e�r� �a�t� �l�a�r�g�e� �s�o�u�t�h�e�r�n� 

�p�i�n�e� �s�a�w�m�i�l�l�s�.� �E�n�d� �t�r�i�m�,� �o�r� �"�z�e�r�o�"� �t�r�i�m�,� �r�a�n�g�i�n�g� �f�r�o�m� �o�n�e� 

�t�o� �f�o�u�r� �i�n�c�h�e�s� �i�n� �l�e�n�g�t�h� �a�c�c�o�u�n�t�e�d� �f�o�r� �a�b�o�u�t� �6�0�%� �o�f� �t�h�e� 

�p�i�e�c�e�s�,� �b�u�t� �o�n�l�y� �6�%� �o�f� �t�h�e� �w�e�i�g�h�t�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �9�4�%� �o�f� �t�h�e� 

�w�e�i�g�h�t� �w�a�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �2�-�f�o�o�t� �t�r�i�m� �b�l�o�c�k�s� �p�r�o�d�u�c�e�d� �w�h�e�n� 

�w�a�n�e� �w�a�s� �r�e�m�o�v�e�d� �a�t� �t�h�e� �t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r�.� �T�h�i�s� �t�r�i�m� �r�a�n�g�e�d� 

�f�r�o�m� �a� �s�i�n�g�l�e� �2�-�f�o�o�t� �s�e�c�t�i�o�n� �t�o� �s�l�a�s�h�i�n�g� �a�n� �e�n�t�i�r�e� �1�6�-� �o�r� 

�2�0�-�f�o�o�t� �l�o�n�g� �b�o�a�r�d� �t�h�a�t� �w�o�u�l�d� �n�o�t� �"�m�a�k�e� �g�r�a�d�e�"� �t�o� �c�l�e�a�r� �i�t� 

�f�r�o�m� �t�h�e� �m�i�l�l�.� �R�e�d�u�c�i�n�g� �e�v�e�r�y�t�h�i�n�g� �t�o� �a� �m�a�x�i�m�u�m� �2�-�f�o�o�t� 

�l�e�n�g�t�h� �s�i�m�p�l�i�f�i�e�s� �m�a�c�h�i�n�e� �a�n�d� �c�o�n�v�e�y�o�r� �d�e�s�i�g�n� �a�t� �t�h�e� �m�i�l�l�.� 

�T�h�e� �s�i�t�u�a�t�i�o�n� �i�s� �m�o�s�t� �d�r�a�m�a�t�i�c� �f�o�r� �t�h�e� �2�x�4 ��s�.� �T�h�e� 

�o�r�i�g�i�n� �o�f� �t�h�i�s� �d�i�m�e�n�s�i�o�n� �(�e�x�t�e�r�i�o�r� �p�o�r�t�i�o�n� �o�f� �a� �l�o�g�)� 

�g�e�n�e�r�a�l�l�y� �r�e�s�u�l�t�s� �i�n� �a� �h�i�g�h� �o�c�c�u�r�r�e�n�c�e� �o�f� �w�a�n�e� �i�n� �t�h�e� �u�p�p�e�r� 

�e�n�d� �o�f� �t�h�e� �p�i�e�c�e�.� �F�i�f�t�y�-�t�h�r�e�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �t�r�i�m� �b�l�o�c�k�s� 

�w�e�r�e� �i�n� �t�h�e� �f�o�r�m� �o�f� �e�n�d� �t�r�i�m�.� �T�a�b�l�e� �6�.�1� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�e� 

�e�f�f�e�c�t� �o�f� �l�e�a�v�i�n�g� �t�r�i�m� �i�n� �l�o�n�g�e�r� �l�e�n�g�t�h�s� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� 

�2�x�4 ��s� �h�a�n�d�l�e�d� �a�n�d� �p�r�o�c�e�s�s�e�d�.� �I�n�c�r�e�a�s�i�n�g� �t�h�e� �m�a�x�i�m�u�m� �t�r�i�m� 

�l�e�n�g�t�h� �f�r�o�m� �t�w�o� �t�o� �f�o�u�r� �f�e�e�t� �r�e�d�u�c�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �2�-�f�o�o�t� 

�t�r�i�m� �b�l�o�c�k�s� �6�0�%� �a�n�d� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �p�i�e�c�e�s� �b�y� �a�l�m�o�s�t� �a� 

�7�3



�T�a�b�l�e� �6�.�1�.� �E�f�f�e�c�t� �o�f� �i�n�c�r�e�a�s�i�n�g� �m�a�x�i�m�u�m� �t�r�i�m� �l�e�n�g�t�h� �o�n� 
�t�r�i�m� �b�l�o�c�k� �p�i�e�c�e� �c�o�u�n�t� �p�e�r� �d�a�y� �-� �2�x�4 ��s� �o�n�l�y�.� 

�M�a�x�i�m�u�m� �N�u�m�b�e�r� �o�f� �T�r�i�m� �B�l�o�c�k�s� �b�y� �L�e�n�g�t�h� 
�T�r�i�m� �L�e�n�g�t�h� �E�n�d� 

�(�f�t�.�)� �T�r�i�m� �2�!� �4 �� �6 �� �8�/� �T�o�t�a�l� 

�2� �6�8�7�7� �5�9�3�0� �5�9�3�0� 

�6�8�7�7� �2�4�3�4� �4�1�8�2� 

� � 

�4� 

�6� �6�8�7�7� �2�2�0�0� �3�7�3�4� 

�8� �6�8�7�7� �2�0�7�6� �3�5�5�4� 
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�t�h�i�r�d�.� �L�e�n�g�t�h�e�n�i�n�g� �t�r�i�m� �f�u�r�t�h�e�r�,� �t�o� �s�i�x� �o�r� �e�i�g�h�t� �f�e�e�t�,� 

�y�i�e�l�d�s� �f�e�w�e�r� �t�o�t�a�l� �t�r�i�m� �b�l�o�c�k�s�,� �b�u�t� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �2�-�f�o�o�t� 

�t�r�i�m� �b�l�o�c�k�s� �i�s� �n�o�t� �s�e�r�i�o�u�s�l�y� �a�f�f�e�c�t�e�d�.� 

�E�F�F�E�C�T� �O�F� �L�E�N�G�T�H� �O�N� �C�H�I�P� �Q�U�A�L�I�T�Y� 

�T�h�e� �c�h�a�n�g�e� �i�n� �c�h�i�p� �q�u�a�l�i�t�y� �f�r�o�m� �l�e�a�v�i�n�g� �t�r�i�m� �i�n� �l�o�n�g�e�r� 

�l�e�n�g�t�h�s� �w�a�s� �n�o�t� �k�n�o�w�n�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� 

�t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h� �w�o�u�l�d� �b�o�o�s�t� �c�h�i�p� �q�u�a�l�i�t�y�.� �L�o�n�g�e�r� �t�r�i�m� 

�b�l�o�c�k�s� �w�o�u�l�d� �h�a�v�e� �m�o�r�e� �s�t�a�b�i�l�i�t�y� �d�u�r�i�n�g� �c�h�i�p�p�i�n�g� �a�n�d� �t�h�e� 

�i�n�c�r�e�a�s�e�d� �l�e�n�g�t�h� �w�o�u�l�d� �i�m�p�r�o�v�e� �o�r�i�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �t�r�i�m� �b�l�o�c�k� 

�t�o� �t�h�e� �c�h�i�p�p�e�r� �d�i�s�k�.� 

�T�h�e� �h�y�p�o�t�h�e�s�i�s� �w�a�s� �t�e�s�t�e�d� �a�t� �t�w�o� �s�a�w�m�i�l�l�s�.� �T�h�e� �i�n�i�t�i�a�l� 

�s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �a� �l�a�r�g�e� �m�i�l�l� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �t�h�a�t� 

�h�a�d� �a� �s�t�a�n�d�a�r�d� �r�e�s�i�d�u�e� �s�y�s�t�e�m� �-� �a� �5�8�-�i�n�c�h�,� �6�-�k�n�i�f�e� �K�o�c�k�u�m�s� 

�h�o�r�i�z�o�n�t�a�l� �i�n�f�e�e�d�,� �b�o�t�t�o�m� �d�i�s�c�h�a�r�g�e� �c�h�i�p�p�e�r� �p�o�w�e�r�e�d� �b�y� �a� �3�0�0� 

�h�o�r�s�e�p�o�w�e�r� �e�l�e�c�t�r�i�c� �m�o�t�o�r� �a�n�d� �s�e�t� �t�o� �p�r�o�d�u�c�e� �a� �5�/�8�-�i�n�c�h� 

�c�h�i�p�.� 

�T�h�e� �s�e�c�o�n�d� �s�t�u�d�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �a�t� �a� �m�i�l�l� �i�n� �S�o�u�t�h� 

�G�e�o�r�g�i�a� �t�o� �c�o�n�f�i�r�m� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�r�s�t� �u�n�d�e�r� �d�i�f�f�e�r�e�n�t� 

�c�o�n�d�i�t�i�o�n�s�.� �A� �1�0�0� �h�o�r�s�e�p�o�w�e�r� �e�l�e�c�t�r�i�c� �m�o�t�o�r� �p�o�w�e�r�e�d� �a� �4�8�-� 

�i�n�c�h�,� �6�-�k�n�i�f�e�,� �h�o�r�i�z�o�n�t�a�l� �i�n�f�e�e�d�,� �b�o�t�t�o�m� �d�i�s�c�h�a�r�g�e� �F�u�l�g�h�u�m� 

�c�h�i�p�p�e�r� �s�e�t� �t�o� �c�u�t� �a� �5�/�1�6�-�i�n�c�h� �c�h�i�p�.� �T�h�e� �c�h�i�p�p�e�r� �w�a�s� �a�l�s�o� 

�e�q�u�i�p�p�e�d� �w�i�t�h� �a� �n�u�m�b�e�r� �o�f� �c�a�r�d� �b�r�e�a�k�e�r�s�.� 

�T�h�e� �s�e�c�o�n�d� �s�t�u�d�y� �a�l�s�o� �e�x�p�l�o�r�e�d� �t�h�e� �u�s�e� �o�f� �a� �t�a�p�e�r�e�d� 

�i�n�f�e�e�d� �t�o� �c�o�n�t�r�o�l� �t�r�i�m� �b�l�o�c�k� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �i�m�p�r�o�v�e� �c�h�i�p� 

�q�u�a�l�i�t�y�.� �N�a�r�r�o�w�i�n�g� �(�o�r� �t�a�p�e�r�i�n�g�)� �t�h�e� �v�i�b�r�a�t�i�n�g� �c�o�n�v�e�y�o�r� �t�o� 
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�f�i�t� �t�h�e� �c�h�i�p�p�e�r� �i�n�f�e�e�d� �w�a�s� �p�e�r�c�e�i�v�e�d� �a�s� �a� �l�o�w� �c�a�p�i�t�a�l� �c�o�s�t� 

�c�h�a�n�g�e� �t�h�a�t� �c�o�u�l�d� �b�e� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �l�o�n�g�e�r� �t�r�i�m� 

�b�l�o�c�k�s�.� �T�h�e� �t�a�p�e�r�e�d� �i�n�f�e�e�d� �w�a�s� �e�x�p�e�c�t�e�d� �t�o� �o�r�i�e�n�t� �p�i�e�c�e�s� 

�b�e�f�o�r�e� �c�h�i�p�p�i�n�g�,� �r�e�s�u�l�t�i�n�g� �i�n� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �c�h�i�p�s�.� 

�T�h�e� �v�i�b�r�a�t�i�n�g� �c�o�n�v�e�y�o�r� �f�e�e�d�i�n�g� �t�h�e� �c�h�i�p�p�e�r� �i�n� �S�o�u�t�h� 

�G�e�o�r�g�i�a� �h�a�d� �b�e�e�n� �t�a�p�e�r�e�d� �f�r�o�m� �a�n� �1�8�.�5�-�i�n�c�h� �w�i�d�t�h� �t�o� �9�.�5� 

�i�n�c�h�e�s� �t�o� �m�a�t�c�h� �t�h�e� �c�h�i�p�p�e�r� �t�h�r�o�a�t�.� �T�h�e� �t�a�p�e�r�i�n�g� �o�c�c�u�r�r�e�d� 

�i�n� �t�h�e� �f�i�n�a�l� �t�w�o� �f�e�e�t� �n�e�a�r�e�s�t� �t�h�e� �c�h�i�p�p�e�r� �a�n�d� �i�n�v�o�l�v�e�d� 

�m�o�d�i�f�y�i�n�g� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �t�r�o�u�g�h� �(�F�i�g�u�r�e� �6�.�1�)�.� 

�M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� 

�F�I�R�S�T� �S�T�U�D�Y� �-� �C�E�N�T�R�A�L� �G�E�O�R�G�I�A� 

�T�h�r�e�e� �r�e�p�l�i�c�a�t�i�o�n�s� �o�f� �1�7� �s�e�p�a�r�a�t�e� �t�e�s�t�s�,� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� 

�b�y� �o�v�e�r�a�l�l� �t�r�i�m� �b�l�o�c�k� �d�i�m�e�n�s�i�o�n�s�,� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �(�T�a�b�l�e� 

�6�.�2�)�.� �T�e�s�t�s� �w�e�r�e� �r�a�n�d�o�m�i�z�e�d� �w�i�t�h�i�n� �r�e�p�l�i�c�a�t�i�o�n�s� �t�o� �a�v�o�i�d� 

�b�i�a�s�.� �T�h�e� �e�x�a�c�t� �o�r�d�e�r� �o�f� �t�h�e� �t�e�s�t�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.�3�.� 

�T�r�i�m� �B�l�o�c�k�s� 

�E�a�c�h� �t�r�i�a�l� �c�o�n�s�i�s�t�e�d� �o�f� �3�0�0� �p�o�u�n�d�s� �o�f� �t�r�i�m� �b�l�o�c�k�s�.� �T�h�e� 

�n�u�m�b�e�r� �o�f� �p�i�e�c�e�s� �n�e�e�d�e�d� �t�o� �a�c�h�i�e�v�e� �t�h�e� �d�e�s�i�r�e�d� �t�e�s�t� �w�e�i�g�h�t� 

�i�n� �e�a�c�h� �c�a�t�e�g�o�r�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �a�s�s�u�m�i�n�g� �g�r�e�e�n� �p�i�n�e� �w�e�i�g�h�s� 

�6�0� �p�o�u�n�d�s� �p�e�r� �c�u�b�i�c� �f�o�o�t� �(�A�p�p�e�n�d�i�x� �A�)�.� �A�l�l� �2�-�f�o�o�t� �t�r�i�m� 

�b�l�o�c�k�s� �w�e�r�e� �p�u�l�l�e�d� �f�r�o�m� �t�h�e� �v�i�b�r�a�t�i�n�g� �c�o�n�v�e�y�o�r� �b�e�t�w�e�e�n� �t�h�e� 

�t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �a�n�d� �t�h�e� �c�h�i�p�p�e�r� �o�n�e� �d�a�y� �p�r�i�o�r� �t�o� �r�u�n�n�i�n�g� 

�t�h�e� �t�e�s�t�s�.� �R�e�m�a�i�n�i�n�g� �t�r�i�m� �b�l�o�c�k�s� �w�e�r�e� �m�a�n�u�f�a�c�t�u�r�e�d� �f�r�o�m� 

�r�o�u�g�h� �g�r�e�e�n� �l�u�m�b�e�r�.� 

�7�6



�
 
�
 

�V�i�e�w� �o�f� �t�h�e� �c�h�i�p�p�e�r� �a�n�d� �t�a�p�e�r�e�d� �i�n�f�e�e�d� �c�o�n�v�e�y�o�r� 
�u�s�e�d� �f�o�r� �t�h�e� �s�t�u�d�y� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�F�i�g�u�r�e� �6�.�1�.� 
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�T�a�b�l�e� �6�.�2�.� �T�h�e� �1�7� �t�e�s�t�s� �c�o�n�d�u�c�t�e�d� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� 

�D�i�m�e�n�s�i�o�n� 

�L�e�n�g�t�h� �(�f�t�.�)� �5� �/�4�x�4� �2�x�4� �2�x�6� 

�2� 

�4� 

�6� 

�8� 

� � 

�x� �-� �t�e�s�t�s� �t�h�a�t� �w�e�r�e� �c�o�n�d�u�c�t�e�d� 
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�T�a�b�l�e� �6�.�3�.� �T�e�s�t�i�n�g� �o�r�d�e�r� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� 

� � 

�R�e�p�l�i�c�a�t�i�o�n� �#�1� �R�e�p�l�i�c�a�t�i�o�n� �#�2� �R�e�p�l�i�c�a�t�i�o�n� �#�3� 
� � � � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � � � � � � � � � 

�2�X�6�x�8 �� �2�x�X�1�0�x�2 �� �2�x�1�0�x�8 �� 

�2�X�1�0�x�2 �� �2�X�1�0�x�4 �� �2�X�1�0�x�6 �� 

�2�X�1�0�x�8 �� �2�X�8�X�2 �� �2�x�8�x�4�'� 

�2�X�8�X�2 �� �2�X�6�x�X�6 �� �2�X�1�0�x�4 �� 

�2�X�8�x�8 ��'� �2�X�6�x�8 �� �2�X�1�0�x�2 �� 

�2�X�8�x�6�'� �2�X�8�x�4 �� �2�X�8�x�6 �� 

�2�X�1�0�x�4 �� �2�X�8�x�8 �� �2�x�6�x�8 �� 

�2�X�6�X�2 �� �2�X�1�0�x�6 �� �2�x�8�x�2�'� 

�2�x�4�x�8 �� �2�x�1�0�x�8 �� �2�X�x�8�x�8 �� 

�2�x�1�0�x�6 �� �5� �/�4�x�4�x�2 �� �2�x�4�x�4 �� 

�2�X�4�x�4 �� �2�X�8�x�6 �� �2�X�6�X�2�'� 

�2�X�4�x�2 �� �2�x�4�x�2 �� �2�x�4�x�8 �� 

�2�X�8�x�4 �� �2�x�4�x�8 �� �2�x�6�x�4 �� 

�2�X�6�x�6 �� �2�X�6�x�4 �� �2�x�4�x�6�/� 

�2�x�4�x�6�'� �2�X�4�x�4 �� �5�/�4�x�4�x�2 �� 

�2�X�6�x�4�'� �2�X�6�X�2 �� �2�X�4�X�2�'� 

�5� �/�4�x�4�x�2 �� �2�x�4�x�6�/� �2�x�6�x�6�!� 
� � 
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�C�h�i�p� �S�a�m�p�l�i�n�g� 

�F�r�e�s�h� �k�n�i�v�e�s� �w�e�r�e� �i�n�s�t�a�l�l�e�d� �a�n�d� �t�h�e� �c�h�i�p�p�e�r� �a�d�j�u�s�t�e�d� 

�p�r�i�o�r� �t�o� �t�h�e� �t�r�i�a�l�s�.� �T�h�e� �e�n�t�i�r�e� �c�h�i�p� �s�y�s�t�e�m� �w�a�s� �a�l�l�o�w�e�d� �t�o� 

�p�u�r�g�e� �f�o�r� �s�e�v�e�r�a�l� �m�i�n�u�t�e�s� �b�e�f�o�r�e� �e�a�c�h� �t�e�s�t� �t�o� �e�n�s�u�r�e� �t�h�a�t� 

�c�h�i�p�s� �d�i�d� �n�o�t� �g�e�t� �i�n�t�e�r�m�i�x�e�d�.� �T�h�r�e�e� �1�5�-�p�o�u�n�d� �s�a�m�p�l�e�s� �w�e�r�e� 

�p�u�l�l�e�d� �f�o�r� �e�a�c�h� �t�r�i�a�l�.� �T�h�e� �d�r�a�g� �c�h�a�i�n� �c�a�r�r�y�i�n�g� �c�h�i�p�s� �f�r�o�m� 

�t�h�e� �c�h�i�p�p�e�r� �w�a�s� �s�t�o�p�p�e�d� �a�f�t�e�r� �e�a�c�h� �t�r�i�a�l� �a�n�d� �a�l�l� �t�h�e� �c�h�i�p�s� 

�w�e�r�e� �p�u�l�l�e�d� �f�r�o�m� �f�o�u�r� �l�i�n�k�s� �a�t� �t�h�r�e�e� �l�o�c�a�t�i�o�n�s� �a�l�o�n�g� �t�h�e� 

�c�h�a�i�n�.� 

�C�h�i�p� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� 

�C�h�i�p�s� �w�e�r�e� �t�a�k�e�n� �b�a�c�k� �t�o� �V�i�r�g�i�n�i�a� �T�e�c�h� �f�o�r� 

�C�l�a�s�s�i�f�i�c�a�t�i�o�n� �b�y� �a� �W�i�l�l�i�a�m�s� �C�l�a�s�s�i�f�i�e�r�.� �E�a�c�h� �s�a�m�p�l�e� �w�a�s� 

�d�i�v�i�d�e�d� �i�n�t�o� �a� �1�0�-�p�o�u�n�d� �s�a�m�p�l�e� �f�o�r� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� 

�r�e�m�a�i�n�d�e�r� �s�t�o�r�e�d� �i�n� �c�a�s�e� �a�n�o�m�a�l�i�e�s� �a�r�o�s�e� �i�n� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� 

�o�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�s�.� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �c�o�n�s�i�s�t�e�d� 

�o�f� �a� �t�w�o� �p�a�s�s� �p�r�o�c�e�s�s� �w�i�t�h� �e�a�c�h� �p�a�s�s� �l�a�s�t�i�n�g� �t�h�r�e�e� �m�i�n�u�t�e�s� 

�(�E�d�e�l�m�a�n�,� �1�9�9�2�)�.� �T�h�e� �f�i�r�s�t� �p�a�s�s� �s�c�r�e�e�n�e�d� �f�o�r� �o�v�e�r�t�h�i�c�k� �a�n�d� 

�o�v�e�r�s�i�z�e� �m�a�t�e�r�i�a�l�,� �w�h�i�l�e� �t�h�e� �s�e�c�o�n�d� �p�a�s�s� �s�c�r�e�e�n�e�d� �t�h�e� 

�a�c�c�e�p�t�a�b�l�e� �a�n�d� �u�n�d�e�r�s�i�z�e� �c�h�i�p�s� �(�A�p�p�e�n�d�i�x� �B�)�.� 

�T�h�e� �f�i�r�s�t� �p�a�s�s� �c�o�n�s�i�s�t�e�d� �o�f� �p�a�s�s�i�n�g� �t�h�e� �e�n�t�i�r�e� �1�0�-�p�o�u�n�d� 

�s�a�m�p�l�e� �t�h�r�o�u�g�h� �f�i�v�e� �s�c�r�e�e�n�s� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�r�d�e�r�:� �8�-�m�m� �b�a�r� 

�s�c�r�e�e�n� �a�n�d� �2�-�,� �1� �1�/�2�-�,� �1� �1�/�8�-� �a�n�d� �1�/�8�-�i�n�c�h� �r�o�u�n�d�-�h�o�l�e� 

�s�c�r�e�e�n�s�.� �C�h�i�p�s� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� �f�i�r�s�t� �f�o�u�r� �s�c�r�e�e�n�s� �w�e�r�e� 

�w�e�i�g�h�e�d� �t�o� �t�h�e� �n�e�a�r�e�s�t� �o�n�e�-�h�u�n�d�r�e�d�t�h� �o�f� �a� �p�o�u�n�d� �o�n� �a� �T�o�l�e�d�o� 

�s�c�a�l�e�,� �m�o�d�e�l� �2�0�8�1�.� �C�h�i�p�s� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� �1�/�8�-�i�n�c�h� �s�c�r�e�e�n� 
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�w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �s�e�c�o�n�d� �p�a�s�s�.� 

�T�h�e� �7�/�8�-�,� �5�/�8�-�,� �3�/�8�-�,� �a�n�d� �1�/�8�-�i�n�c�h� �r�o�u�n�d�-�h�o�l�e� �s�c�r�e�e�n�s� 

�w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �s�e�c�o�n�d� �p�a�s�s�.� �A�f�t�e�r� �w�e�i�g�h�i�n�g� �t�h�e� �c�o�n�t�e�n�t�s� 

�r�e�t�a�i�n�e�d� �o�n� �t�h�e�s�e� �s�c�r�e�e�n�s�,� �c�h�i�p� �f�r�a�c�t�i�o�n�s� �i�n� �t�h�e� �b�o�t�t�o�m� �p�a�n� 

�(�f�i�n�e�s�)� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �w�e�i�g�h�e�d� �t�o� �t�h�e� �n�e�a�r�e�s�t� �o�n�e�-� 

�h�u�n�d�r�e�d�t�h� �o�f� �a� �p�o�u�n�d� �o�n� �a� �S�a�r�t�o�r�i�u�s� �d�i�g�i�t�a�l� �s�c�a�l�e�.� �T�h�e� 

�w�e�i�g�h�t�s� �w�e�r�e� �e�n�t�e�r�e�d� �i�n�t�o� �a� �s�p�r�e�a�d�s�h�e�e�t� �a�n�d� �c�o�n�v�e�r�t�e�d� �i�n�t�o� 

�p�e�r�c�e�n�t�a�g�e�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�e�s�.� 

�O�b�s�e�r�v�a�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� �i�n�i�t�i�a�l� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �r�e�v�e�a�l�e�d� 

�t�h�a�t� �m�a�n�y� �o�f� �t�h�e� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �w�e�r�e� �"�c�a�r�d�s�"� �t�h�a�t� �w�o�u�l�d� �m�o�s�t� 

�l�i�k�e�l�y� �h�a�v�e� �b�e�e�n� �b�r�o�k�e�n� �u�p� �d�u�r�i�n�g� �c�h�i�p� �h�a�n�d�l�i�n�g�.� �T�h�e� 

�a�c�c�e�p�t�a�b�l�e� �a�n�d� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �w�e�r�e� �c�o�m�b�i�n�e�d� �t�o� �f�o�r�m� �t�h�e� 

�p�u�l�p�a�b�l�e� �c�h�i�p� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s� 

�C�h�i�p� �d�i�s�t�r�i�b�u�t�i�o�n�s� �i�n� �t�h�e� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �s�t�u�d�y� �w�e�r�e� 

�f�a�i�r�l�y� �s�y�m�m�e�t�r�i�c�,� �w�i�t�h� �t�h�e� �m�e�a�n�s� �a�n�d� �m�e�d�i�a�n�s� �s�i�m�i�l�a�r�,� �s�o� 

�p�a�r�a�m�e�t�r�i�c� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �u�s�e�d� �f�o�r� �b�o�t�h� �t�h�e� �s�t�a�t�i�s�t�i�c�a�l� 

�a�n�a�l�y�s�e�s� �a�n�d� �c�o�m�p�a�r�i�s�o�n�s�.� �T�h�e� �m�a�x�i�m�u�m�,� �m�i�n�i�m�u�m�,� �m�e�a�n�,� �a�n�d� 

�m�e�d�i�a�n� �p�e�r�c�e�n�t�a�g�e�s� �f�o�r� �e�a�c�h� �d�i�m�e�n�s�i�o�n� �t�e�s�t�e�d� �a�r�e� �s�h�o�w�n� �i�n� 

�A�p�p�e�n�d�i�x� �C�.� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �l�e�n�g�t�h�,� �w�i�d�t�h�,� �t�h�e� �l�e�n�g�t�h�-�w�i�d�t�h� 

�i�n�t�e�r�a�c�t�i�o�n�,� �a�n�d� �r�e�p�l�i�c�a�t�i�o�n� �w�e�r�e� �f�i�r�s�t� �e�x�a�m�i�n�e�d� �i�n� �a� �4�x�4�x�3� 

�f�a�c�t�o�r�i�a�l� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �(�A�N�O�V�A�)� �t�o� �t�e�s�t� �f�o�r� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �e�a�c�h� �c�h�i�p� �c�l�a�s�s� �a�t� �a�n� �a�l�p�h�a� �l�e�v�e�l� �o�f� �0�.�0�5�.� 

�T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�e�d� �i�n� �a�l�l� �i�n�s�t�a�n�c�e�s� �w�a�s� �t�h�a�t� �t�h�e� 
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�"�m�e�a�n�s� �a�r�e� �e�q�u�a�l�.�"� �W�h�e�n� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� 

�a�m�o�n�g� �l�e�n�g�t�h�s�,� �w�i�d�t�h�s�,� �o�r� �r�e�p�l�i�c�a�t�i�o�n�s�,� �F�i�s�h�e�r ��s� �L�S�D� �(�L�e�a�s�t� 

�S�i�g�n�i�f�i�c�a�n�t� �D�i�f�f�e�r�e�n�c�e�)� �t�e�s�t� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� 

�m�e�a�n�s� �w�e�r�e� �d�i�f�f�e�r�e�n�t�.� �T�h�e� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �a�n�d� �p�i�e�c�e� 

�w�e�i�g�h�t� �o�f� �a� �t�r�i�m� �b�l�o�c�k� �w�e�r�e� �u�s�e�d� �t�o� �f�u�r�t�h�e�r� �e�x�a�m�i�n�e� �t�h�e� 

�l�e�n�g�t�h�-�w�i�d�t�h� �i�n�t�e�r�a�c�t�i�o�n�.� �T�h�e� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �a�n�d� �p�i�e�c�e� 

�w�e�i�g�h�t� �m�o�r�e� �a�c�c�u�r�a�t�e�l�y� �r�e�f�l�e�c�t�e�d� �a�n�d� �e�x�p�l�a�i�n�e�d� �t�h�e� 

�i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �l�e�n�g�t�h� �a�n�d� �w�i�d�t�h�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �l�u�m�b�e�r� �t�h�i�c�k�n�e�s�s�,� �5�/�4� �v�e�r�s�u�s� �2�-�i�n�c�h�,� �w�a�s� 

�c�o�m�p�a�r�e�d� �o�n�l�y� �f�o�r� �t�h�e� �2�-�f�o�o�t� �l�e�n�g�t�h�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� 

�f�o�r� �e�a�c�h� �t�e�s�t� �w�a�s� �t�h�a�t� �t�h�e� �t�h�i�n�n�e�r� �m�a�t�e�r�i�a�l� �(�5�/�4�)� �p�r�o�d�u�c�e�d� 

�h�i�g�h�e�r� �q�u�a�l�i�t�y� �c�h�i�p�s�.� 

�S�E�C�O�N�D� �S�T�U�D�Y� �-� �S�O�U�T�H� �G�E�O�R�G�I�A� 

�A� �t�o�t�a�l� �o�f� �1�2� �t�r�i�a�l�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �w�i�t�h� �t�h�r�e�e� 

�r�e�p�l�i�c�a�t�i�o�n�s� �p�e�r� �t�r�i�a�l� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a� �(�T�a�b�l�e� �6�.�4�)�.� �T�r�i�m� 

�b�l�o�c�k� �l�e�n�g�t�h�s� �w�e�r�e� �r�e�d�u�c�e�d� �t�o� �2�,� �4�,� �a�n�d� �6� �f�e�e�t� �b�e�c�a�u�s�e� �t�h�e� 

�f�i�r�s�t� �s�t�u�d�y� �f�o�u�n�d� �l�i�t�t�l�e� �c�h�a�n�g�e� �b�e�y�o�n�d� �t�h�e� �6�-�f�o�o�t� �t�r�i�m� 

�l�e�n�g�t�h�s�.� �N�o� �5�/�4�-�i�n�c�h� �m�a�t�e�r�i�a�l� �w�a�s� �i�n�c�l�u�d�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 

�A�l�l� �t�e�s�t�s� �w�e�r�e� �r�a�n�d�o�m�i�z�e�d� �w�i�t�h�i�n� �e�a�c�h� �r�e�p�l�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� 

�t�e�s�t�i�n�g� �o�r�d�e�r� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.�5�.� 

�E�a�c�h� �t�e�s�t� �c�o�n�s�i�s�t�e�d� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0�0� �p�o�u�n�d�s� �o�f� �t�r�i�m� 

�b�l�o�c�k�s� �w�h�i�c�h� �w�e�r�e� �m�a�n�u�f�a�c�t�u�r�e�d� �f�r�o�m� �r�o�u�g�h� �g�r�e�e�n� �l�u�m�b�e�r� 

�(�A�p�p�e�n�d�i�x� �A�)�.� 
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�T�a�b�l�e� �6�.�4�.� �T�h�e� �1�2� �t�e�s�t�s� �c�o�n�d�u�c�t�e�d� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 
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�D�i�m�e�n�s�i�o�n� 

�L�e�n�g�t�h� �(�f�t�.�)� �2�x�4� �2�X�6� �2�x�8� �2�x�1�0� 

�2� 

�4� 

�6� �x� �x� � � � � � � � � � � 

�x� �-� �c�e�l�l�s� �w�h�e�r�e� �t�e�s�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d�.� 
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�T�a�b�l�e� �6�.�5�.� �T�e�s�t�i�n�g� �o�r�d�e�r� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�R�e�p�l�i�c�a�t�i�o�n� �#�1� �R�e�p�l�i�c�a�t�i�o�n� �#�2� �R�e�p�l�i�c�a�t�i�o�n� �#�3� 

�2�X�6�X�6�'� �2�x�4�x�6�'� �2�x�6�x�6 �� 

�2�x�X�x�4�x�6 �� �2�x�8�x�6 �� �2�X�8�x�X�2 �� 

�2�x�6�x�4 �� �2�x�8�x�4 �� �2�x�8�x�6 �� 

�2�X�1�0�x�4 �� �2�x�1�0�x�6�'� �2�X�1�0�x�2 �� 

�2�X�6�X�2 �� �2�X�1�0�x�2 �� �2�X�8�x�4 �� 

�2�X�1�0�x�2 �� �2�x�1�0�x�4 �� �2�X�4�X�2 �� 

�2�x�8�x�6�/� �2�X�8�X�2 �� �2�x�4�x�4 �� 

�2�x�8�x�4 �� �2�X�6�X�2�'� �2�x�4�x�6 �� 

�2�X�8�x�X�2�'� �2�x�4�x�4 �� �2�X�1�0�x�6 �� 

�2�X�1�0�x�6 �� �2�X�4�x�2 �� �2�x�6�X�4 �� 

�2�X�4�X�2 �� �2�X�x�6�x�X�4 �� �2�X�6�X�2 �� 

�2�x�4�x�4 �� �2�x�6�x�6 �� �2�X�1�0�x�4 �� � � � � � � � � 
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�C�h�i�p� �S�a�m�p�l�i�n�g� �a�n�d� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� 

�T�h�e� �c�h�i�p� �s�y�s�t�e�m� �w�a�s� �p�u�r�g�e�d� �b�e�f�o�r�e� �e�a�c�h� �t�e�s�t� �t�o� �e�n�s�u�r�e� 

�t�h�a�t� �c�h�i�p�s� �d�i�d� �n�o�t� �i�n�t�e�r�m�i�x� �b�e�t�w�e�e�n� �t�e�s�t�s�.� �T�h�r�e�e� �1�0�-�p�o�u�n�d� 

�c�h�i�p� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �d�u�r�i�n�g� �e�a�c�h� �t�e�s�t� �f�r�o�m� �t�h�e� �d�r�a�g� 

�c�h�a�i�n� �c�a�r�r�y�i�n�g� �t�h�e� �c�h�i�p�s� �f�r�o�m� �t�h�e� �c�h�i�p�p�e�r�.� 

�C�h�i�p� �s�a�m�p�l�e�s� �w�e�r�e� �r�e�t�u�r�n�e�d� �t�o� �V�i�r�g�i�n�i�a� �T�e�c�h� �f�o�r� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �i�n� �a� �W�i�l�l�i�a�m�s� �C�l�a�s�s�i�f�i�e�r� �u�s�i�n�g� �t�h�e� �t�w�o�-�p�a�s�s� 

�o�p�e�r�a�t�i�o�n�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �f�u�r�n�i�s�h� �r�e�t�a�i�n�e�d� �o�n� 

�e�a�c�h� �s�c�r�e�e�n� �w�a�s� �t�h�e�n� �c�o�m�p�u�t�e�d� �a�n�d� �u�s�e�d� �f�o�r� �a�n�a�l�y�s�e�s�.� 

�T�h�e� �r�a�n�g�e� �o�f� �s�i�z�e� �c�l�a�s�s�e�s� �s�h�i�f�t�e�d� �f�r�o�m� �t�h�e� �f�i�r�s�t� �s�t�u�d�y� 

�b�e�c�a�u�s�e� �o�f� �t�h�e� �s�m�a�l�l�e�r� �t�a�r�g�e�t� �c�h�i�p� �l�e�n�g�t�h� �(�A�p�p�e�n�d�i�x� �B�)�.� 

�O�v�e�r�t�h�i�c�k� �c�h�i�p�s� �r�e�m�a�i�n�e�d� �a�s� �t�h�o�s�e� �c�h�i�p�s� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� �8�-�m�m� 

�b�a�r� �t�o�p� �s�c�r�e�e�n�.� �O�v�e�r�s�i�z�e� �c�h�i�p�s� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�o�s�e� �r�e�t�a�i�n�e�d� 

�o�n� �2�-�,� �1�1�/�2�-�,� �1� �1�/�8�-�,� �a�n�d� �7�/�8�-�i�n�c�h� �r�o�u�n�d�-�h�o�l�e� �s�c�r�e�e�n�s�.� 

�A�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �t�h�o�s�e� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� 

�5�/�8�-�,� �3�/�8�-�,� �a�n�d� �1�/�8�-�i�n�c�h� �s�c�r�e�e�n�s�.� �C�h�i�p�s� �p�a�s�s�i�n�g� �t�h�r�o�u�g�h�.� �t�h�e� 

�1�/�8�-�i�n�c�h� �r�o�u�n�d�-�h�o�l�e� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �f�i�n�e�s�.� �T�h�e� �s�m�a�l�l� 

�c�h�i�p� �s�i�z�e� �e�l�i�m�i�n�a�t�e�d� �t�h�e� �p�i�n� �c�h�i�p� �c�a�t�e�g�o�r�y�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�e�s� 

�N�o�n�p�a�r�a�m�e�t�r�i�c� �s�t�a�t�i�s�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �t�o� 

�b�e� �t�h�e� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� �A�l�t�h�o�u�g�h� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n�s� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �f�r�o�m� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�,� 

�t�h�e�y� �w�e�r�e� �n�o�t� �a�s� �s�y�m�m�e�t�r�i�c� �(�A�p�p�e�n�d�i�x� �C�)�.� �T�h�e� �W�i�l�c�o�x�o�n� �R�a�n�k� 

�S�u�m� �t�e�s�t�,� �t�h�e� �n�o�n�p�a�r�a�m�e�t�r�i�c� �e�q�u�i�v�a�l�e�n�t� �t�o� �t�h�e� �t�-�t�e�s�t�,� �w�a�s� 

�u�s�e�d� �t�o� �t�e�s�t� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �i�n� �a�l�l� �i�n�s�t�a�n�c�e�s�.� 
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�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� �p�a�r�a�l�l�e�l�e�d� �t�h�o�s�e� �o�f� �t�h�e� �f�i�r�s�t� 

�s�t�u�d�y�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �f�o�r� �a�l�l� �t�e�s�t�s� �w�a�s� �t�h�a�t� �s�m�a�l�l�e�r� 

�d�i�m�e�n�s�i�o�n�s� �(�l�e�n�g�t�h�s�,� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s�,� �a�n�d� �p�i�e�c�e� �w�e�i�g�h�t�s�)� 

�p�r�o�d�u�c�e�d� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �c�h�i�p�s�.� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�a�r�g�e�t� �c�h�i�p� �s�i�z�e� �p�r�e�v�e�n�t�e�d� �d�i�r�e�c�t� 

�c�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�t�u�d�i�e�s�.� �T�h�e� �5�/�1�6�-�i�n�c�h� �t�a�r�g�e�t� 

�c�h�i�p� �s�h�i�f�t�e�d� �t�h�e� �c�h�i�p� �d�i�s�t�r�i�b�u�t�i�o�n� �d�r�a�s�t�i�c�a�l�l�y� �a�n�d� �v�i�r�t�u�a�l�l�y� 

�e�l�i�m�i�n�a�t�e�d� �t�h�e� �o�v�e�r�t�h�i�c�k� �a�n�d� �o�v�e�r�s�i�z�e� �c�o�n�t�e�n�t� �(�A�p�p�e�n�d�i�x� �C�)�.� 

�R�o�u�g�h�l�y� �1�%� �o�f� �t�h�e� �c�h�i�p�s� �w�e�r�e� �o�v�e�r�t�h�i�c�k� �(�>� �8�-�m�m�)� �w�h�i�l�e� �l�e�s�s� 

�t�h�a�n� �1�%� �o�f� �t�h�e� �f�u�r�n�i�s�h� �w�a�s� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� �2�-� �a�n�d� �1� �1�/�2�-�i�n�c�h� 

�s�c�r�e�e�n�s�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�h�i�p�s� �r�e�t�a�i�n�e�d� �o�n� �t�h�e� �3�/�8�-� �a�n�d� 

�1�/�8�-�i�n�c�h� �s�c�r�e�e�n�s� �d�o�u�b�l�e�d� �a�n�d� �q�u�a�d�r�u�p�l�e�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �w�i�t�h� 

�t�h�e� �s�h�i�f�t�.� 

�O�n�e�-�e�i�g�h�t�h� �i�n�c�h� �c�h�i�p�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �p�i�n� �c�h�i�p�s� 

�i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �b�u�t� �w�e�r�e� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �i�n� �S�o�u�t�h� 

�G�e�o�r�g�i�a�.� �O�n�l�y� �f�i�n�e�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �u�n�a�c�c�e�p�t�a�b�l�e� 

�u�n�d�e�r�s�i�z�e� �c�h�i�p�s� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�S�i�x�-�f�o�o�t� �m�a�t�e�r�i�a�l� �p�r�o�v�e�d� �d�i�f�f�i�c�u�l�t� �t�o� �f�e�e�d� �t�h�r�o�u�g�h� �t�h�e� 

�m�o�d�i�f�i�e�d� �c�o�n�v�e�y�o�r� �s�e�c�t�i�o�n� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�,� �a�d�v�e�r�s�e�l�y� 

�a�f�f�e�c�t�i�n�g� �c�h�i�p� �q�u�a�l�i�t�y�.� �T�h�e� �e�x�t�r�a� �l�e�n�g�t�h� �p�r�o�h�i�b�i�t�e�d� �t�h�e� 

�m�a�t�e�r�i�a�l� �f�r�o�m� �r�o�l�l�i�n�g� �u�p� �o�r� �m�o�v�i�n�g� �t�o� �t�h�e� �v�e�r�t�i�c�a�l� �a�n�v�i�l� �a�n�d� 

�o�f�t�e�n� �e�n�d�e�d� �u�p� �w�e�d�g�i�n�g� �i�n� �t�h�e� �c�o�n�v�e�y�o�r�.� �T�h�e� �t�a�p�e�r� �a�l�s�o� 

�a�d�d�e�d� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �w�o�u�l�d� �n�o�t� �a�l�l�o�w� �t�h�e� �b�o�a�r�d� �t�o� �f�e�e�d� 
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�n�a�t�u�r�a�l�l�y� �o�r� �u�n�i�f�o�r�m�l�y�.� �P�o�t�e�n�t�i�a�l� �g�a�i�n�s� �f�r�o�m� �l�o�n�g�e�r� �l�e�n�g�t�h�s� 

�w�e�r�e� �l�o�s�t� �b�e�c�a�u�s�e� �o�f� �t�h�e� �p�o�o�r� �f�e�e�d�i�n�g� �a�n�d� �h�a�n�g�-�u�p�s� �i�n� �t�h�e� 

�c�o�n�v�e�y�o�r�.� 

�R�E�P�L�I�C�A�T�I�O�N� �E�F�F�E�C�T� 

�D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �r�e�p�l�i�c�a�t�i�o�n�s� �w�e�r�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� 

�e�x�c�e�p�t� �f�o�r� �o�n�e� �t�e�s�t� �i�n� �o�n�e� �c�h�i�p� �f�r�a�c�t�i�o�n�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� 

�m�a�c�h�i�n�e� �a�n�d� �m�a�t�e�r�i�a�l� �c�o�n�d�i�t�i�o�n�s� �r�e�m�a�i�n�e�d� �c�o�n�s�t�a�n�t� �o�v�e�r� 

�r�e�p�l�i�c�a�t�i�o�n�s� �i�n� �b�o�t�h� �s�t�u�d�i�e�s�.� 

�L�E�N�G�T�H� �E�F�F�E�C�T� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �i�n�c�r�e�a�s�e�d� �w�i�t�h� 

�l�o�n�g�e�r� �t�r�i�m� �b�l�o�c�k�s� �(�F�i�g�u�r�e� �6�.�2�)�.� �G�a�i�n�s� �i�n� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� 

�r�e�s�u�l�t�e�d� �f�r�o�m� �d�e�c�r�e�a�s�e�s� �i�n� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s�;� �o�v�e�r�s�i�z�e� �c�h�i�p�s� 

�a�n�d� �p�i�n�s� �a�n�d� �f�i�n�e�s� �w�e�r�e� �r�e�l�a�t�i�v�e�l�y� �u�n�c�h�a�n�g�e�d�.� �A�s� �t�r�i�m� �b�l�o�c�k� 

�l�e�n�g�t�h� �i�n�c�r�e�a�s�e�d� �t�o� �f�o�u�r� �f�e�e�t�,� �1�0�%� �o�f� �t�h�e� �s�a�m�p�l�e� �s�h�i�f�t�e�d� 

�f�r�o�m� �o�v�e�r�t�h�i�c�k� �t�o� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s�.� �T�h�i�s� �i�n�c�r�e�m�e�n�t� �a�l�o�n�e� 

�a�c�c�o�u�n�t�e�d� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�0�%� �o�f� �t�h�e� �t�o�t�a�l� �g�a�i�n� �i�n� 

�a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �b�e�t�w�e�e�n� �2�-� �a�n�d� �8�-�f�o�o�t� �t�r�i�m� �b�l�o�c�k�s�.� 

�F�i�g�u�r�e� �6�.�3� �s�h�o�w�s� �t�h�e� �a�v�e�r�a�g�e� �a�m�o�u�n�t� �o�f� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� 

�p�r�o�d�u�c�e�d� �f�r�o�m� �e�a�c�h� �l�e�n�g�t�h� �a�t� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� �T�w�o�-�f�o�o�t� 

�m�a�t�e�r�i�a�l� �p�r�o�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �t�h�a�n� 

�t�h�e� �4�-�,� �6�-�,� �a�n�d� �8�-�f�o�o�t� �l�e�n�g�t�h�s� �(�T�a�b�l�e� �6�.�6�)�.� �I�n�c�r�e�a�s�i�n�g� �f�r�o�m� 

�f�o�u�r� �t�o� �s�i�x� �f�e�e�t� �d�i�d� �n�o�t� �r�e�s�u�l�t� �i�n� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e�,� 

�b�u�t� �8�-�f�o�o�t� �l�e�n�g�t�h�s� �p�r�o�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �o�v�e�r�t�h�i�c�k� 

�c�h�i�p�s� �t�h�a�n� �t�h�e� �o�t�h�e�r� �l�e�n�g�t�h�s�.� 
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�5� �_�_�_�#� �\� �©� 
�é� �2�0� �a� �\� 

�1�0� �a� �\� � � � � � � 

�O�v�e�r� �t�h�i�c�k� �O�v�e�r�s�i�z�e� �A�c�c�e�p�t�s� �P�i�n�s� �a�n�d� �F�i�n�e�s� 
�C�h�i�p� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� 

�F�i�g�u�r�e� �6�.�2�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h� �o�n� �t�h�e� �o�v�e�r�a�l�l� 
�c�h�i�p� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� 
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�6 ��F�o�o�t� �T�r�i�m� �B�l�o�c�k�s� 

�E�E�R�E� 
�&�8�- ��F�o�o�t� �T�r�i�m� � � � � � � � � �B�l�o�c�k�s� 
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� � 
�O�v�e�r� �t�h�i�c�k� �P�u�l�p�a�b�l�e� 

�C�h�i�p� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� 

�F�i�g�u�r�e� �6�.�3�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �o�v�e�r�t�h�i�c�k� �a�n�d� �p�u�l�p�a�b�l�e� �c�h�i�p�s� 
�p�r�o�d�u�c�e�d� �b�y� �t�h�e� �t�e�s�t�e�d� �t�r�i�m� �l�e�n�g�t�h�s� �i�n� �t�h�e� 
�C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �s�t�u�d�y�.� 
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�T�a�b�l�e� �6�.�6�.� �F�i�s�h�e�r ��s� �L�S�D� �t�e�s�t� �r�e�s�u�l�t�s� �b�e�t�w�e�e�n� �t�r�i�m� �b�l�o�c�k� 
�l�e�n�g�t�h�s� �i�n� �t�h�e� �o�v�e�r�t�h�i�c�k� �c�h�i�p� �c�l�a�s�s� �i�n� �C�e�n�t�r�a�l� 
�G�e�o�r�g�i�a�.� 

�P�i�e�c�e� �M�e�a�n� �C�o�m�p�a�r�i�s�o�n� �L�e�n�g�t�h� �(�f�t�.�)� 
�L�e�n�g�t�h� �O�v�e�r�t�h�i�c�k� 

�(�f�t�.�)� �P�e�r�c�e�n�t�a�g�e� �2� �4� �6� �8� 

�2� �1�9�.�1�5� �x� �x� 

�1�0�.�2�2� �4� 

�6� �9�.�0�7� �~� 

�8� �6�.�5�3� �x� �x� 

� � 

�x� �-� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �a�t� �a�l�p�h�a� �l�e�v�e�l� �=� �0�.�0�5�.� 
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�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�u�l�p�a�b�l�e� �c�h�i�p� �f�r�a�c�t�i�o�n� �w�a�s� �d�u�e� �t�o� 

�t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �t�o� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �a�s� 

�p�i�e�c�e� �l�e�n�g�t�h� �i�n�c�r�e�a�s�e�d� �(�F�i�g�u�r�e� �6�.�3�)�.� �T�w�o�-�f�o�o�t� �t�r�i�m� �b�l�o�c�k�s� 

�p�r�o�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�e�w�e�r� �p�u�l�p�a�b�l�e� �c�h�i�p�s� �t�h�a�n� �t�h�e� �o�t�h�e�r� 

�l�e�n�g�t�h�s� �(�T�a�b�l�e� �6�.�7�)�.� �P�u�l�p�a�b�l�e� �c�h�i�p�s� �c�o�n�t�i�n�u�e�d� �t�o� �i�n�c�r�e�a�s�e� 

�w�i�t�h� �l�e�n�g�t�h�,� �b�u�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �4�-�,� �6�-�,� �a�n�d� �8�-�f�o�o�t� 

�m�a�t�e�r�i�a�l� �w�e�r�e� �i�n�s�i�g�n�i�f�i�c�a�n�t�.� 

�C�h�i�p� �q�u�a�l�i�t�y� �a�l�s�o� �i�m�p�r�o�v�e�d� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �p�i�e�c�e� �l�e�n�g�t�h� 

�a�t� �t�h�e� �S�o�u�t�h� �G�e�o�r�g�i�a� �m�i�l�l�.� �L�e�n�g�t�h�e�n�i�n�g� �m�a�t�e�r�i�a�l� �d�e�c�r�e�a�s�e�d� 

�t�h�e� �a�m�o�u�n�t� �o�f� �o�v�e�r�s� �(�o�v�e�r�t�h�i�c�k� �a�n�d� �o�v�e�r�s�i�z�e�)� �w�h�i�l�e� 

�i�n�c�r�e�a�s�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �a�c�c�e�p�t�s� �(�F�i�g�u�r�e�s� �6�.�4� �a�n�d� �6�.�5�)�.� �T�h�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �f�i�n�e�s� �w�a�s� �u�n�a�f�f�e�c�t�e�d�.� �I�n�c�r�e�a�s�i�n�g� �l�e�n�g�t�h� �f�r�o�m� 

�t�w�o� �t�o� �f�o�u�r� �f�e�e�t� �a�g�a�i�n� �c�o�n�s�t�i�t�u�t�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �g�a�i�n�s� �i�n� 

�c�h�i�p� �q�u�a�l�i�t�y�.� �A�l�t�h�o�u�g�h� �c�h�i�p� �q�u�a�l�i�t�y� �i�m�p�r�o�v�e�m�e�n�t�s� �w�e�r�e� �n�o�t� 

�a�s� �s�t�r�i�k�i�n�g� �w�h�e�n� �g�o�i�n�g� �f�r�o�m� �4�-� �t�o� �6�-�f�o�o�t� �m�a�t�e�r�i�a�l�,� �t�h�e� �6�-� 

�f�o�o�t� �l�e�n�g�t�h� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �2�-�f�o�o�t� �p�i�e�c�e�s�.� 

�T�h�e� �g�r�e�a�t�e�s�t� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �c�h�i�p� �q�u�a�l�i�t�y� �o�c�c�u�r�r�e�d� �i�n� 

�t�h�e� �o�v�e�r�t�h�i�c�k� �a�n�d� �o�v�e�r�s�i�z�e� �c�h�i�p� �c�l�a�s�s�e�s� �(�F�i�g�u�r�e� �6�.�4�)�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �s�m�a�l�l� �t�a�r�g�e�t� �c�h�i�p� �s�i�z�e� �m�a�k�e�s� �t�h�e� �d�e�c�r�e�a�s�e�s� 

�a�p�p�e�a�r� �n�u�m�e�r�i�c�a�l�l�y� �i�n�s�i�g�n�i�f�i�c�a�n�t�,� �b�o�t�h� �t�h�e� �4�-� �a�n�d� �6�-�f�o�o�t� 

�l�e�n�g�t�h�s� �r�e�d�u�c�e�d� �t�h�e� �a�m�o�u�n�t� �o�f� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �b�y� �h�a�l�f�,� �a� 

�S�i�g�n�i�f�i�c�a�n�t� �d�e�c�r�e�a�s�e� �o�v�e�r� �2�-�f�o�o�t� �m�a�t�e�r�i�a�l� �i�n� �b�o�t�h� �i�n�s�t�a�n�c�e�s� 

�(�T�a�b�l�e� �6�.�8�)�.� �O�v�e�r�s�i�z�e� �c�h�i�p� �p�r�o�d�u�c�t�i�o�n� �d�e�c�r�e�a�s�e�d� �b�y� �a�l�m�o�s�t� �a� 

�t�h�i�r�d� �w�h�e�n� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h� �w�a�s� �i�n�c�r�e�a�s�e�d� �b�e�y�o�n�d� �t�w�o� �f�e�e�t�.� 
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�L�e�n�g�t�h� �P�u�l�p�a�b�l�e� 
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�2� �7�5�.�9�7� �-� �x� �x� 

�4� �8�4�.�8�6� �x� �-� 

�6� �8�6�.�6�4� �x� �-� 
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�F�i�g�u�r�e� �6�.�4�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �o�v�e�r�t�h�i�c�k�,� �o�v�e�r�s�i�z�e�,� �a�n�d� �f�i�n�e�s� 
�p�r�o�d�u�c�e�d� �b�y� �e�a�c�h� �t�e�s�t�e�d� �l�e�n�g�t�h� �i�n� �S�o�u�t�h� 
�G�e�o�r�g�i�a�.� 
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�T�r�i�m� �B�l�o�c�k� �L�e�n�g�t�h� �(�f�t�.�)� 

�F�i�g�u�r�e� �6�.�5�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �p�r�o�d�u�c�e�d� �a�t� �e�a�c�h� 
�t�e�s�t�e�d� �l�e�n�g�t�h� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�T�a�b�l�e� �6�.�8�.� �S�i�g�n�i�f�i�c�a�n�t� �p�-�v�a�l�u�e�s� �f�r�o�m� �W�i�l�c�o�x�o�n� �R�a�n�k� �S�u�m� 
�t�e�s�t�s� �b�e�t�w�e�e�n� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h�s� �i�n� �t�h�e� 
�o�v�e�r�t�h�i�c�k� �c�h�i�p� �c�l�a�s�s� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�P�i�e�c�e� �M�e�d�i�a�n� �C�o�m�p�a�r�i�s�o�n� �L�e�n�g�t�h� 
�L�e�n�g�t�h� �O�v�e�r�t�h�i�c�k� 

�(�f�t�)�.� �P�e�r�c�e�n�t�a�g�e� �2� �4� �6� 

�2� �1�.�1�6� �-� �0�.�0�0�0� �0�.�0�0�0� 
�4� �0�.�4�2� �0�.�0�0�0� �-� 

�6� �0�.�5�4� �0�.�0�0�0� �-� � � � � � � � � � � � � � � 
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�E�s�t�i�m�a�t�e�d� �E�f�f�e�c�t� �o�n� �R�e�s�i�d�u�e� �C�h�i�p� �O�u�t�p�u�t� 

�T�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �r�e�p�o�r�t�s� �f�r�o�m� �t�h�e� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �m�i�l�l� 

�w�e�r�e� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �t�o�t�a�l� �p�o�t�e�n�t�i�a�l� �i�n�c�r�e�a�s�e� �i�n� 

�p�u�l�p�a�b�l�e� �c�h�i�p�s� �f�r�o�m� �i�n�c�r�e�a�s�i�n�g� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h�.� �Y�e�a�r�l�y� 

�p�r�o�d�u�c�t�i�o�n� �a�t� �t�h�e� �m�i�l�l� �w�a�s� �b�e�t�w�e�e�n� �9�0� �a�n�d� �1�0�0� �M�M�B�F� �p�e�r� �y�e�a�r� 

�(�4�5�0� �t�o� �5�0�0� �M�B�F� �p�e�r� �d�a�y�)� �d�u�r�i�n�g� �t�h�e� �r�e�p�o�r�t�i�n�g� �t�i�m�e�.� �T�h�e� 

�m�i�l�l� �p�r�o�d�u�c�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�4�,�0�0�0� �p�i�e�c�e�s� �o�f� �l�u�m�b�e�r� �p�e�r� �d�a�y�,� 

�o�r� �1�7�,�0�0�0� �b�o�a�r�d�s� �p�e�r� �s�h�i�f�t�.� �T�h�e� �n�u�m�b�e�r� �o�f� �b�o�a�r�d�s� �t�r�i�m�m�e�d�,� 

�b�y� �d�i�m�e�n�s�i�o�n� �a�n�d� �t�r�i�m� �l�e�n�g�t�h�,� �e�a�c�h� �d�a�y� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� 

�6�.�9�.� �E�n�t�i�r�e� �b�o�a�r�d�s� �n�o�t� �m�e�e�t�i�n�g� �g�r�a�d�e� �a�n�d� �s�l�a�s�h�e�d� �a�r�e� �n�o�t� 

�i�n�c�l�u�d�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �2�,�0�2�0� �b�o�a�r�d�s� �p�r�o�c�e�s�s�e�d� �t�h�r�o�u�g�h� �t�h�e� 

�t�r�i�m�m�e�r� �o�p�t�i�m�i�z�e�r� �a�n�d� �n�o�t� �s�l�a�s�h�e�d�,� �w�e�r�e� �2�x�4 ��s� �t�h�a�t� �r�e�q�u�i�r�e�d� 

�o�n�l�y� �t�w�o� �f�e�e�t� �o�f� �t�r�i�m�.� 

�T�a�b�l�e� �6�.�1�0� �d�i�s�p�l�a�y�s� �t�h�e� �a�m�o�u�n�t� �(�i�n� �t�o�n�s�)� �o�f� �t�r�i�m� �b�l�o�c�k�s� 

�g�e�n�e�r�a�t�e�d� �e�a�c�h� �d�a�y� �a�t� �e�a�c�h� �t�r�i�m� �l�e�n�g�t�h� �i�f� �t�h�e� �m�a�x�i�m�u�m� �t�r�i�m� 

�l�e�n�g�t�h� �w�a�s� �2�,� �4�,� �6�,� �o�r� �8� �f�e�e�t�.� �B�o�a�r�d�s� �w�e�r�e� �a�s�s�u�m�e�d� �t�o� �b�e� 

�t�r�i�m�m�e�d� �t�o� �l�e�a�v�e� �a�l�l� �t�r�i�m� �i�n� �t�h�e� �l�o�n�g�e�s�t� �p�o�s�s�i�b�l�e� �l�e�n�g�t�h�.� 

�T�a�b�l�e� �6�.�1�0� �a�l�s�o� �s�h�o�w�s� �t�h�e� �v�o�l�u�m�e� �o�f� �c�h�i�p�s� �p�r�o�d�u�c�e�d� �i�f� �t�h�e� 

�m�a�x�i�m�u�m� �p�o�s�s�i�b�l�e� �t�r�i�m� �l�e�n�g�t�h� �w�a�s� �2�,� �4�,� �6�,� �o�r� �8� �f�e�e�t�.� 

�I�n�c�r�e�a�s�i�n�g� �t�r�i�m� �l�e�n�g�t�h� �t�o� �f�o�u�r� �f�e�e�t� �w�o�u�l�d� �p�r�o�d�u�c�e� �a�l�m�o�s�t� 

�t�h�r�e�e� �a�d�d�i�t�i�o�n�a�l� �t�o�n�s�,� �o�r� �6�%� �m�o�r�e�,� �p�u�l�p�a�b�l�e� �c�h�i�p�s� �a� �d�a�y�.� 

�I�n�c�r�e�a�s�i�n�g� �t�h�e� �m�a�x�i�m�u�m� �t�r�i�m� �l�e�n�g�t�h� �t�o� �s�i�x� �o�r� �e�i�g�h�t� �f�e�e�t� 

�w�o�u�l�d� �i�n�c�r�e�a�s�e� �t�h�e� �p�u�l�p�a�b�l�e� �c�h�i�p� �f�u�r�n�i�s�h� �6�.�5�1� �a�n�d� �6�.�9�1� 

�p�e�r�c�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�b�o�v�e� �t�h�e� �c�u�r�r�e�n�t� �l�e�v�e�l�.� 
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�T�a�b�l�e� �6�.�9�.� �N�u�m�b�e�r� �o�f� �2�x�4�,� �2�x�6�,� �2�x�8�,� �a�n�d� �2�x�1�0� �b�o�a�r�d�s� 
�t�r�i�m�m�e�d� �2�,� �4�,� �6�,� �8�,� �1�0�,� �o�r� �1�2� �f�e�e�t� �e�a�c�h� �d�a�y� �a�t� 
�a� �9�0� �t�o� �1�0�0� �M�M�B�F� �p�e�r� �y�e�a�r� �s�a�w�m�i�l�l�.� 

�N�u�m�b�e�r� �o�f� �B�o�a�r�d�s� �R�e�q�u�i�r�i�n�g� �T�r�i�m�m�i�n� 

�2�!� �4�!� �6�/� �8 �� �1�0 �� �1�2 �� 

�2�x�4� �2�0�2�0� �8�1�6� �3�5�8� �1�8�0� �5�6� �3�4� 

�2�X�6� �2�3�7�0� �9�2�0� �2�2�6� �1�0�6� �2�0� �1�4� 

�2�x�8� �1�1�6�0� �2�4�6� �2�4� �1�2� �4� �2� 

�2�x�1�0� �9�3�2� �2�9�2� �4�2� �6� �0� �0� 

� � 

�T�a�b�l�e� �6�.�1�0�.� �T�o�n�s� �o�f� �t�r�i�m� �b�l�o�c�k�s� �a�n�d� �p�u�l�p�a�b�l�e� �c�h�i�p�s� �p�r�o�d�u�c�e�d� 
�a�t� �t�r�i�m� �l�e�n�g�t�h�s� �o�f� �2�,� �4�,� �6�,� �a�n�d� �8� �f�e�e�t�.� 

� � 

� � 

� � 

� � 

� � 

� � � � � � � � � � � � � � � � � � � � 

�M�a�x�i�m�u�m� �T�o�n�s� �o�f� �C�h�i�p�s� �P�r�o�d�u�c�e�d� �P�e�r�c�e�n�t� 
�T�r�i�m� �b�y� �T�r�i�m� �L�e�n�g�t�h� �P�u�l�p�a�b�l�e� �|� �I�n�c�r�e�a�s�e� 

�L�e�n�g�t�h� �,� �,� �,� �,� �C�h�i�p�s� �o�v�e�r� �2� 
�(�f�t�.�)� �2� �4� �6� �8� �(�t�o�n�s�)�?� �f�e�e�t� 

�2� �7�3�.�1�6� �-� �-� �-� �5�5�.�5�8� �-�-� 

�4� �3�7�.�2�4� �|� �3�5�.�9�2� �-� �-� �5�8�.�7�8� �5�.�7�5� 

�6� �3�5�.�3�6� �|� �2�3�.�4�2� �|� �1�4�.�3�8� �-� �5�9�.�2�0� �6�.�5�1� 

�8� �3�4�.�4�0� �|� �2�3�.�1�6� �8�.�5�2� �7�.�0�8� �5�9�.�4�2� �6�.�9�1� 

�+� �-� �A�s�s�u�m�i�n�g� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�u�l�p�a�b�l�e� �c�h�i�p�s� �a�t� �e�a�c�h� 
�l�e�n�g�t�h� �i�s�:� 

�2 �� �-� �7�5�.�9�7� 
�4 �� �-� �8�4�.�8�6� 
�6 �� �-� �8�6�.�6�4� 
�8 �� �-� �8�8�.�2�2� 

�9�3



�W�I�D�T�H� �E�F�F�E�C�T� 

�T�h�e� �e�f�f�e�c�t� �o�f� �t�r�i�m� �b�l�o�c�k� �w�i�d�t�h� �i�n� �a�l�l� �c�h�i�p� �c�l�a�s�s�e�s� �w�a�s� 

�f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �m�o�s�t� �c�a�s�e�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�s�u�l�t�s� 

�f�r�o�m� �t�h�e� �S�o�u�t�h� �G�e�o�r�g�i�a� �s�t�u�d�y� �c�o�n�t�r�a�d�i�c�t�e�d� �t�h�o�s�e� �f�o�u�n�d� �i�n� 

�C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� �F�o�r� �e�x�a�m�p�l�e�,� �2�x�1�0� �m�a�t�e�r�i�a�l� �p�r�o�d�u�c�e�d� �t�h�e� 

�l�a�r�g�e�s�t� �p�e�r�c�e�n�t�a�g�e� �o�f� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �a�n�d� 

�t�h�e� �s�m�a�l�l�e�s�t� �p�e�r�c�e�n�t�a�g�e� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a� �(�F�i�g�u�r�e� �6�.�6�)�.� 

�S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �a�l�s�o� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �o�v�e�r�s�i�z�e� �a�n�d� �a�c�c�e�p�t�a�b�l�e� 

�c�h�i�p� �c�l�a�s�s�e�s�.� �T�e�n�-�i�n�c�h� �w�i�d�e� �m�a�t�e�r�i�a�l� �p�r�o�d�u�c�e�d� �b�e�t�t�e�r� �c�h�i�p�s� 

�o�n� �a�v�e�r�a�g�e� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�,� �b�u�t� �y�i�e�l�d�e�d� �t�h�e� �p�o�o�r�e�s�t� �q�u�a�l�i�t�y� 

�c�h�i�p�s� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �(�F�i�g�u�r�e�s� �6�.�7� �a�n�d� �6�.�8�)�.� �S�m�a�l�l� 

�a�v�e�r�a�g�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �w�i�d�t�h�s� �i�n� �e�a�c�h� �c�l�a�s�s� �a�l�s�o� �m�a�d�e� 

�t�r�e�n�d�s� �i�n�c�o�n�s�i�s�t�e�n�t�.� 

�L�E�N�G�T�H�/�W�I�D�T�H� �R�A�T�I�O� �E�F�F�E�C�T� 

�T�h�e� �l�e�n�g�t�h�-�w�i�d�t�h� �i�n�t�e�r�a�c�t�i�o�n� �a�t� �t�h�e� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� 

�m�i�l�l� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �9�5�%� �l�e�v�e�l� �i�n� �a�l�l� �i�n�s�t�a�n�c�e�s� 

�e�x�c�e�p�t� �f�o�r� �t�h�e� �o�v�e�r�t�h�i�c�k� �c�h�i�p� �c�l�a�s�s�,� �w�h�e�r�e� �i�t� �w�a�s� 

�S�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �9�4�.�4�%� �l�e�v�e�l�.� �C�o�m�b�i�n�i�n�g� �l�e�n�g�t�h� �a�n�d� �w�i�d�t�h�,� 

�i�n�t�o� �a� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�,� �f�u�r�t�h�e�r� �d�e�f�i�n�e�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �p�i�e�c�e� �d�i�m�e�n�s�i�o�n�s� �a�n�d� �c�h�i�p� �q�u�a�l�i�t�y�.� �T�h�e� �o�v�e�r�t�h�i�c�k� 

�f�u�r�n�i�s�h� �d�e�c�l�i�n�e�d� �e�x�p�o�n�e�n�t�i�a�l�l�y� �a�s� �t�h�e� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� 

�i�n�c�r�e�a�s�e�d� �(�F�i�g�u�r�e� �6�.�9�)�.� �A� �s�i�m�p�l�e� �c�u�r�v�i�l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� 

�f�i�t�t�e�d� �t�o� �t�h�e� �d�a�t�a� �p�o�i�n�t�s� �r�e�s�u�l�t�e�d� �i�n� �a�n� �R�*� �o�f� �n�e�a�r�l�y� �0�.�5�0�.� 

�T�h�e� �c�o�m�p�l�e�m�e�n�t�a�r�y� �f�u�n�c�t�i�o�n� �f�o�r� �p�u�l�p�a�b�l�e� �c�h�i�p�s�,� �s�h�o�w�n� �F�i�g�u�r�e� 

�6�.�1�0�,� �r�e�s�u�l�t�e�d� �i�n� �a�n� �R�*� �o�f� �0�.�4�3�.� 
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�S�t�u�d�y� �S�i�t�e� 
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�C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �S�o�u�t�h� �G�e�o�r�g�i�a� 

�S�t�u�d�y� �S�i�t�e� 

�F�i�g�u�r�e� �6�.�7�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�r�i�m� �b�l�o�c�k� �w�i�d�t�h� �o�n� �o�v�e�r�s�i�z�e� 
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�F�i�g�u�r�e� �6�.�9�.� �R�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h�/�w�i�d�t�h� 
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�T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �a�t� �e�a�c�h� �t�r�i�m� 

�l�e�n�g�t�h� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �6�.�1�1�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �i�n�c�r�e�a�s�e�s� �a�s� �w�i�d�t�h� �i�n�c�r�e�a�s�e�s�.� �F�o�u�r�-�i�n�c�h� 

�m�a�t�e�r�i�a�l� �h�a�d� �t�h�e� �g�r�e�a�t�e�s�t� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �(�T�a�b�l�e� �6�.�1�1�)� 

�a�n�d� �p�r�o�d�u�c�e�d� �t�h�e� �f�e�w�e�s�t� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �i�n� �a�l�l� �b�u�t� �o�n�e� 

�i�n�s�t�a�n�c�e�.� �L�e�s�s� �v�a�r�i�a�t�i�o�n� �e�x�i�s�t�e�d� �a�m�o�n�g� �t�h�e� �d�i�f�f�e�r�e�n�t� �w�i�d�t�h�s� 

�a�s� �m�a�t�e�r�i�a�l� �l�e�n�g�t�h� �i�n�c�r�e�a�s�e�d�.� 

�T�w�o�-�s�a�m�p�l�e� �T�-�t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �t�e�s�t� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �f�o�r� �a�l�l� 

�t�e�s�t�s� �w�a�s� �t�h�a�t� �"�s�m�a�l�l�e�r� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s� �p�r�o�d�u�c�e� �m�o�r�e� 

�o�v�e�r�t�h�i�c�k� �a�n�d� �f�e�w�e�r� �p�u�l�p�a�b�l�e� �c�h�i�p�s� �t�h�a�n� �t�h�e� �l�a�r�g�e�r� �r�a�t�i�o�s�.�"� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �T�-�t�e�s�t�s� �a�r�e� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �D�.� �S�m�a�l�l�e�r� 

�r�a�t�i�o�s� �p�r�o�d�u�c�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �m�o�r�e� �o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �n�e�a�r�l�y� 

�7�5�%� �o�f� �t�h�e� �t�i�m�e�,� �a�n�d� �p�r�o�d�u�c�e�d� �l�e�s�s� �p�u�l�p�a�b�l�e� �c�h�i�p�s� �i�n� �6�5�%� �o�f� 

�t�h�e� �t�e�s�t�s�.� 

�C�h�i�p� �q�u�a�l�i�t�y� �i�m�p�r�o�v�e�s� �d�r�a�m�a�t�i�c�a�l�l�y� �u�n�t�i�l� �t�h�e� 

�l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �r�e�a�c�h�e�s� �1�0�:�1� �(�F�i�g�u�r�e�s� �6�.�9� �a�n�d� �6�.�1�0�)�.� 

�O�v�e�r�t�h�i�c�k� �c�h�i�p�s� �d�e�c�r�e�a�s�e� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�u�l�p�a�b�l�e� 

�c�h�i�p�s� �i�n�c�r�e�a�s�e�.� �M�o�s�t� �t�r�i�m� �b�l�o�c�k�s� �w�i�t�h� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s� 

�l�e�s�s� �t�h�a�n� �1�0�:�1� �a�l�s�o� �w�e�i�g�h�e�d� �l�e�s�s� �t�h�a�n� �2�0� �p�o�u�n�d�s� �(�T�a�b�l�e� 

�6�.�1�1�)�.� �I�n�c�r�e�a�s�i�n�g� �t�r�i�m� �l�e�n�g�t�h�s� �n�o�t� �o�n�l�y� �i�m�p�r�o�v�e�d� 

�o�r�i�e�n�t�a�t�i�o�n� �t�o� �t�h�e� �c�h�i�p�p�e�r� �d�i�s�k�,� �b�u�t� �a�l�s�o� �h�e�l�p�e�d� �s�t�a�b�i�l�i�z�e� 

�t�h�e�s�e� �l�i�g�h�t� �t�r�i�m� �b�l�o�c�k�s� �d�u�r�i�n�g� �c�h�i�p�p�i�n�g�.� 

�A�l�t�h�o�u�g�h� �t�h�e�r�e� �i�s� �a�n� �i�n�c�r�e�a�s�e� �i�n� �c�h�i�p� �q�u�a�l�i�t�y� �b�e�y�o�n�d� �a� 

�1�0�:�1� �r�a�t�i�o�,� �i�n�c�r�e�a�s�e�s� �a�r�e� �m�o�r�e� �m�o�d�e�s�t� �b�e�c�a�u�s�e� �i�m�p�r�o�v�e�m�e�n�t�s� 
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�T�a�b�l�e� �6�.�1�1�.� �L�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s� �a�n�d� �p�i�e�c�e� �w�e�i�g�h�t� �f�o�r� �t�h�e� 
�t�r�i�m� �b�l�o�c�k�s� �t�e�s�t�e�d�.� 

�C�o�m�p�u�t�e�d� �P�i�e�c�e� 
�T�r�i�m� �B�l�o�c�k� �L�e�n�g�t�h�/�W�i�d�t�h� �R�a�t�i�o� �W�e�i�g�h�t ��?� �(�l�b�s�.�)� 

�2�X�4�X�2 �� �6� �6�.�7� 

�2�X�6�X�2 �� �4� �1�0� 

�2�x�X�8�x�2 �� �3� �1�3�.�3� 

�2�x�X�1�0�x�2 �� �2�.�4� �1�6�.�7� 

�2�x�4�x�4�'� �1�2� �1�3�.�3� 

�2�X�6�X�4 �� �8� �2�0� 

�2�X�x�8�x�X�4 �� �6� �2�6�.�7� 

�2�x�1�0�x�4 �� �4�.�8� �3�3�.�3� 

�2�X�4�x�6 �� �1�8� �2�0� 

�2�x�6�X�6 �� �1�2� �3�0� 

�2�x�X�8�x�6 �� �9� �4�0� 

�2�X�1�0�x�6 �� �7�.�2� �5�0� 

�2�x�4�x�8 �� �2�4� �2�6�.�7� 

�2�x�X�6�x�8�"� �1�6� �4�0� 

�2�x�8�x�8 �� �1�2� �5�3�.�3� 

�2�x�1�0�x�8 �� �9�.�6� �6�6�.�7� � � � � � � � � 

�*� �A�s�s�u�m�i�n�g� �6�0� �p�o�u�n�d�s� �p�e�r� �c�u�b�i�c� �f�o�o�t�.� 

�1�0�0� 

� 



�i�n� �o�r�i�e�n�t�a�t�i�o�n� �a�n�d� �s�t�a�b�i�l�i�t�y� �a�r�e� �l�e�s�s� �p�r�o�f�o�u�n�d�.� �F�u�r�t�h�e�r� 

�e�v�i�d�e�n�c�e� �o�f� �t�h�i�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e�s� �6�.�9� �a�n�d� �6�.�1�0�.� �A�s� 

�t�h�e� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �c�h�i�p� �f�u�r�n�i�s�h� �b�e�c�o�m�e�s� 

�m�o�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �l�e�s�s� �v�a�r�i�a�t�i�o�n� �b�e�t�w�e�e�n� �s�a�m�p�l�e�s�.� 

�L�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s� �h�a�d� �m�o�d�e�r�a�t�e� �e�f�f�e�c�t�s� �o�n� �c�h�i�p� 

�q�u�a�l�i�t�y� �a�t� �t�h�e� �S�o�u�t�h� �G�e�o�r�g�i�a� �m�i�l�l�.� �S�i�x�-�f�o�o�t� �m�a�t�e�r�i�a�l� �w�a�s� 

�e�l�i�m�i�n�a�t�e�d� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� �b�e�c�a�u�s�e� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �t�a�p�e�r�e�d� �c�o�n�v�e�y�o�r� �o�v�e�r�s�h�a�d�o�w�e�d� �t�h�e� �t�r�u�e� �e�f�f�e�c�t�s� �o�f� 

�t�h�e� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�.� �I�n�c�r�e�a�s�i�n�g� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s� �h�a�d� 

�t�h�e� �p�r�i�m�a�r�y� �e�f�f�e�c�t� �o�f� �r�e�d�u�c�i�n�g� �t�h�e� �o�v�e�r�t�h�i�c�k� �p�e�r�c�e�n�t�a�g�e� �t�o� 

�y�i�e�l�d� �p�a�r�a�l�l�e�l� �g�a�i�n�s� �i�n� �t�h�e� �p�u�l�p�a�b�l�e� �c�h�i�p� �c�l�a�s�s�.� �H�o�w�e�v�e�r�,� 

�o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �w�e�r�e� �s�o� �r�a�r�e� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a� �t�h�a�t� 

�i�n�c�r�e�a�s�i�n�g� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �(�F�i�g�u�r�e� 

�6�.�1�2�)�.� 

�P�I�E�C�E� �W�E�I�G�H�T� �E�F�F�E�C�T� 

�T�h�e� �p�i�e�c�e� �w�e�i�g�h�t�s� �c�o�m�p�u�t�e�d� �f�r�o�m� �t�r�i�m� �b�l�o�c�k� �v�o�l�u�m�e�s� 

�p�r�o�v�e�d� �t�o� �b�e� �a� �g�o�o�d� �i�n�d�i�c�a�t�o�r� �o�f� �c�h�i�p� �q�u�a�l�i�t�y�.� �O�v�e�r�t�h�i�c�k� 

�a�n�d� �p�u�l�p�a�b�l�e� �c�h�i�p� �p�r�o�d�u�c�t�i�o�n� �i�m�p�r�o�v�e�d� �l�i�n�e�a�r�l�y� �w�i�t�h� �p�i�e�c�e� 

�w�e�i�g�h�t� �a�t� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� �T�h�e� �T�-�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �b�e�t�w�e�e�n� 

�p�i�e�c�e� �w�e�i�g�h�t�s� �i�n� �t�h�e� �o�v�e�r�t�h�i�c�k� �a�n�d� �p�u�l�p�a�b�l�e� �c�h�i�p� �c�l�a�s�s�e�s� 

�s�h�o�w�e�d� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�o�s�e� �t�r�i�m� �b�l�o�c�k�s� 

�u�n�d�e�r� �2�0� �p�o�u�n�d�s� �a�n�d� �t�h�o�s�e� �g�r�e�a�t�e�r� �t�h�a�n� �2�0� �p�o�u�n�d�s� �(�A�p�p�e�n�d�i�x� 

�E�)�.� 

�F�i�g�u�r�e� �6�.�1�3� �s�h�o�w�s� �t�h�a�t� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �o�v�e�r�t�h�i�c�k� �c�h�i�p� 

�f�u�r�n�i�s�h� �d�i�m�i�n�i�s�h�e�s� �a�s� �p�i�e�c�e� �w�e�i�g�h�t� �i�n�c�r�e�a�s�e�s� �p�a�s�t� �2�0� �p�o�u�n�d�s�.� 
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�O�o� 

�c� �O�N� 
�S�o� �1� �a�h� 

�5� �L�Z� 
�Q�a� 

�0�.�5� �7� 

�0�  ��T� �T� �T� �T� 

�2� �4� �6� �B� �1�0� 
�L�e�n�g�t�h� �/� �W�i�d�t�h� �R�a�t�i�o� 

�F�i�g�u�r�e� �6�.�1�2�.� �T�h�e� �e�f�f�e�c�t� �o�f� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �o�n� �t�h�e� 
�o�v�e�r�t�h�i�c�k� �c�h�i�p� �f�u�r�n�i�s�h� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�4�0� 

�~�<� 
�3�5� �=� 

�x� 

�3�0� �>� 
�4� �~�<� 

�o�O�o� 

�£�2�5� �<�_�<� 

�5� �o�o� �~� �&� �~�<� 

�5� �S�e� �K�X� �K�X� �S� �e�o� �*�s� 
�o�O� �>�<� 

�5�1�s� �=�>� �2�s� �>�<� �x� �x�X� 

�1�0� �x� �=� �x� �%� �S�s� �x� 
�~� �m�e� �E�e�e� �F�e�e� �f� 

�»� �*� �x� 
�O�o� �T� �T� �T� �T� �T� �T� 

�0� �1�0� �2�0� �3�0� �4�0� �5�0� �6�0� 

�F�i�g�u�r�e� �6�.�1�3�.� 

�P�i�e�c�e� �W�e�i�g�h�t� �(�l�I�b�s�.�)� 

�R�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 
�o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �p�r�o�d�u�c�e�d� �a�n�d� �t�r�i�m� �b�l�o�c�k� �p�i�e�c�e� 
�w�e�i�g�h�t� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� 

�1�0�2� 

� � 

� � 
�7�0



�T�h�e� �t�r�e�n�d� �t�h�e�n� �t�e�n�d�s� �t�o� �f�l�a�t�t�e�n� �a�s� �p�i�e�c�e� �w�e�i�g�h�t� �e�x�c�e�e�d�s� �3�0� 

�p�o�u�n�d�s�.� �C�h�i�p� �q�u�a�l�i�t�y� �p�r�o�b�a�b�l�y� �b�e�c�a�m�e� �m�o�r�e� �u�n�i�f�o�r�m� �a�s� �p�i�e�c�e� 

�w�e�i�g�h�t� �i�n�c�r�e�a�s�e�d� �b�e�c�a�u�s�e� �h�e�a�v�i�e�r� �p�i�e�c�e�s� �b�e�t�t�e�r� �r�e�s�i�s�t�e�d� 

�s�h�i�f�t�i�n�g� �i�n� �t�h�e� �c�h�i�p�p�e�r� �t�h�r�o�a�t� �b�y� �k�n�i�f�e� �i�m�p�a�c�t�.� 

�O�v�e�r�t�h�i�c�k� �c�h�i�p� �p�r�o�d�u�c�t�i�o�n� �a�t� �S�o�u�t�h� �G�e�o�r�g�i�a� �a�l�s�o� 

�d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�e�s� �i�n� �p�i�e�c�e� �w�e�i�g�h�t�.� �S�i�x�-�f�o�o�t� �m�a�t�e�r�i�a�l� 

�a�g�a�i�n� �w�a�s� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�f�e�e�d�i�n�g� �p�r�o�b�l�e�m�s�.� �H�e�a�v�i�e�r� �p�i�e�c�e�s� �p�r�o�d�u�c�e�d� �h�i�g�h�e�r� �q�u�a�l�i�t�y� 

�c�h�i�p�s� �i�n� �o�v�e�r� �t�w�o�-�t�h�i�r�d�s� �o�f� �t�h�e� �c�a�s�e�s� �(�T�a�b�l�e� �6�.�1�2�)�.� �A�g�a�i�n�,� 

�m�o�s�t� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �t�r�i�m� �b�l�o�c�k�s� 

�w�e�i�g�h�i�n�g� �l�e�s�s� �t�h�a�n� �2�0� �p�o�u�n�d�s� �a�n�d� �t�h�o�s�e� �g�r�e�a�t�e�r� �t�h�a�n� �2�0� 

�p�o�u�n�d�s�.� 

�S�i�m�i�l�a�r�,� �b�u�t� �l�e�s�s�e�r�,� �i�m�p�r�o�v�e�m�e�n�t�s� �w�e�r�e� �a�l�s�o� �s�e�e�n� �i�n� �t�h�e� 

�o�v�e�r�s�i�z�e� �a�n�d� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p� �c�a�t�e�g�o�r�i�e�s� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a� 

�(�F�i�g�u�r�e�s� �6�.�1�4� �a�n�d� �6�.�1�5�)�.� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� 

�i�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�5�%� �o�f� �t�h�e� �t�e�s�t�s� �i�n� �b�o�t�h� �c�h�i�p� �c�l�a�s�s�e�s�.� 

�T�H�I�C�K�N�E�S�S� �E�F�F�E�C�T� 

�T�h�e� �e�f�f�e�c�t� �o�f� �t�r�i�m� �b�l�o�c�k� �t�h�i�c�k�n�e�s�s� �w�a�s� �o�n�l�y� �e�x�a�m�i�n�e�d� �i�n� 

�C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� �P�i�e�c�e� �t�h�i�c�k�n�e�s�s� �h�a�d� �l�i�m�i�t�e�d� �e�f�f�e�c�t�s� �o�n� �t�h�e� 

�r�e�s�u�l�t�i�n�g� �c�h�i�p� �f�u�r�n�i�s�h�.� �F�i�v�e�-�q�u�a�r�t�e�r� �m�a�t�e�r�i�a�l� �p�r�o�d�u�c�e�d� 

�r�o�u�g�h�l�y� �3�%� �m�o�r�e� �o�v�e�r�t�h�i�c�k� �a�n�d� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �t�h�a�n� �2�-�i�n�c�h� 

�M�a�t�e�r�i�a�l� �(�F�i�g�u�r�e� �6�.�1�6�)�.� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� 

�i�n� �t�h�e� �o�v�e�r�s�i�z�e� �a�n�d� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p� �f�r�a�c�t�i�o�n�s�,� �b�u�t� �n�o�t� �i�n� 

�t�h�e� �o�v�e�r�t�h�i�c�k�,� �p�u�l�p�a�b�l�e�,� �a�n�d� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s�.� 
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�T�a�b�l�e� �6�.�1�2�.� �W�i�l�c�o�x�o�n� �R�a�n�k� �S�u�m� �t�e�s�t� �r�e�s�u�l�t�s� �f�o�r� �d�i�f�f�e�r�e�n�c�e�s� 
�i�n� �t�h�e� �o�v�e�r�t�h�i�c�k� �c�h�i�p� �f�u�r�n�i�s�h� �a�m�o�n�g� �t�r�i�m� �b�l�o�c�k� 
�p�i�e�c�e� �w�e�i�g�h�t�s� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�1�0� �1�3�.�3� �1�6�.�7� �2�0� 

�x� �x�X� �x� 

� � 

�p�-�v�a�l�u�e�s�:� 

�~�
 

�A�
 

�x�X� 

�X�X�X� 

�X�K�X�X� 

�A
� 

�A
� 

�o
�O

�o
�o

�r
� 

�O
�r

� �
U

� 

�
o
�
o
�
o
�
 

�o�O
� 

�a�
y� 

�A
� 

�1�0�4



�1�0� 

�P
�e

�r�
c�

e�
n�

t� �O
�v

�e
�r�

s�
i�z

�e
� 

�N�
I� 

�F�i�g�u�r�e� �6�.�1�4�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �o�v�e�r�s�i�z�e� �c�h�i�p�s� �p�r�o�d�u�c�e�d� �b�y� �e�a�c�h� 

�9�3� 

�9�2� 

�w
�o�

 
�a�o� �w

�o�
 

�P
�e

�r�
c�

e�
n�

t� �A
�c

�c
�e

�p
�t�

a�
b�

l�e
� 

�w�o
� 

�o�O� 
�o�

o� 
�o�

o� 

�8�7� 

�F�i�g�u�r�e� �6�.�1�5�.� �P�e�r�c�e�n�t�a�g�e� �o�f� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p�s� �p�r�o�d�u�c�e�d� �b�y� �t�r�i�m� 

� � 

�=� 
� � 

�\� �_� �|� �\� 
� � 

�\� 

� � 

� � 

�\�Z�\�_�E�\� 
�¥� �\�/� �A� 

�\�/� �\� 
� � 

�_ � ��_�_�.� 
� � � � 

�1�0� �1�5� �2�0� �2�9� �3�0� 
� � 

�3�5� 
�P�i�e�c�e� �W�e�i�g�h�t� �(�l�b�s�.�)� 

�t�r�i�m� �b�l�o�c�k� �p�i�e�c�e� �w�e�i�g�h�t� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

� � �>� 
� � 

� � 

�J�Z� 
� � �7� 
� � 

� � � � � � 
�7� 

� � 

�1�0� �1�5� �2�0� �2�5� �3�0� �3�5� 
�P�i�e�c�e� �W�e�i�g�h�t� �(�i�b�s�.�)� 

�b�l�o�c�k� �p�i�e�c�e� �w�e�i�g�h�t�s� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� 

�1�0�5



� � 
� � 

� � 

� � � � � � 

� � 

� � 

� � 

� � 

� � � � � � � � � � � � � � � � 

�7�0� �L�Z� 
�p�=�0�.�0�3� �5�/�4� �i�n�.� �t�h�i�c�k� 

�6�0� �|� 
�2� �i�n�,� �t�h�i�c�k� 

�G�  ��=� �5�0� �Y�F� 
�5� 

�t�e� 

�2� �4�0� �a�,� �5� �Y�Z� 
�S� �3�0� 
�=� �p�=�0�.�0�1� �Y� 
�o� �p�=�0�.�1�3� 

�a� �i� �Y�,� 
�p�=�0�.�8�9� 

�1�0� �Y� 

�0� 
�O�v�e�r� �t�h�i�c�k� �O�v�e�r�s�i�z�e� �A�c�c�e�p�t�s� �P�i�n�s� �&� �F�i�n�e�s� 

�C�l�a�s�s�i�f�i�c�a�t�i�o�n� 

�F�i�g�u�r�e� �6�.�1�6�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�r�i�m� �b�l�o�c�k� �t�h�i�c�k�n�e�s�s� �o�n� �c�h�i�p� 
�q�u�a�l�i�t�y� �a�n�d� �t�-�t�e�s�t� �p�-�v�a�l�u�e�s� �a�t� �e�a�c�h� �c�h�i�p� 
�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �i�n� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a�.� 

�1�0�6



�S�U�M�M�A�R�Y� �A�N�D� �C�O�N�C�L�U�S�I�O�N�S� 

�T�h�e� �C�e�n�t�r�a�l� �G�e�o�r�g�i�a� �s�t�u�d�y� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� 

�t�r�i�m� �l�e�n�g�t�h� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �5�-�7�%� �i�n�c�r�e�a�s�e� �i�n� �p�u�l�p�a�b�l�e� 

�c�h�i�p�s�.� �I�n�c�r�e�a�s�i�n�g� �l�e�n�g�t�h� �r�e�s�u�l�t�e�d� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� 

�o�v�e�r�t�h�i�c�k� �c�h�i�p� �f�r�a�c�t�i�o�n� �a�n�d� �a� �p�r�o�p�o�r�t�i�o�n�a�l� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�p�u�l�p�a�b�l�e� �c�h�i�p� �f�r�a�c�t�i�o�n�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� �i�n� �t�h�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �w�e�r�e� �f�o�u�n�d� �a�s� �l�e�n�g�t�h� 

�i�n�c�r�e�a�s�e�d�.� 

�A�n� �i�n�t�e�r�e�s�t�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�e�d� �b�e�t�w�e�e�n� �p�i�e�c�e� 

�w�e�i�g�h�t� �a�n�d� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�.� �T�h�e� �p�u�l�p�a�b�l�e� �c�h�i�p� �p�e�r�c�e�n�t�a�g�e� 

�i�n�c�r�e�a�s�e�d� �a�s� �t�h�e� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o� �i�n�c�r�e�a�s�e�d� �f�o�r� �b�l�o�c�k�s� 

�w�e�i�g�h�i�n�g� �l�e�s�s� �t�h�a�n� �2�0� �p�o�u�n�d�s�.� �O�n�c�e� �t�h�e� �2�0� �p�o�u�n�d� �t�h�r�e�s�h�o�l�d� 

�w�a�s� �c�r�o�s�s�e�d�,� �i�n�c�r�e�a�s�i�n�g� �w�e�i�g�h�t� �w�a�s� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �t�h�a�n� 

�i�n�c�r�e�a�s�i�n�g� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s�.� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �5�0�%� �o�f� �t�h�e� �i�n�c�r�e�a�s�e� �o�b�s�e�r�v�e�d� �i�n� �c�h�i�p� 

�q�u�a�l�i�t�y� �o�c�c�u�r�r�e�d� �w�h�e�n� �i�n�c�r�e�a�s�i�n�g� �t�r�i�m� �b�l�o�c�k� �l�e�n�g�t�h� �f�r�o�m� �t�w�o� 

�t�o� �f�o�u�r� �f�e�e�t�.� �E�v�e�n� �t�h�o�u�g�h� �r�a�t�i�o�s� �a�r�e� �s�t�i�l�l� �b�e�l�o�w� �1�0�:�1� �f�o�r� 

�t�h�e� �w�i�d�e�r� �t�r�i�m� �b�l�o�c�k�s� �(�2�x�8�,� �2�x�1�0�,� �a�n�d� �2�x�1�2�)�,� �t�h�e� �i�n�c�r�e�a�s�e� �t�o� 

�f�o�u�r� �f�e�e�t� �d�o�u�b�l�e�s� �t�h�e�i�r� �w�e�i�g�h�t�.� 

�T�h�e� �s�e�c�o�n�d� �s�t�u�d�y� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a� �c�o�r�r�o�b�o�r�a�t�e�d� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e� �f�i�r�s�t� �s�t�u�d�y�.� �T�h�e� �t�a�r�g�e�t� �c�h�i�p� �l�e�n�g�t�h� �(�5�/�1�6�-� 

�i�n�c�h�)� �w�a�s� �h�a�l�f� �t�h�a�t� �o�f� �t�h�e� �f�i�r�s�t� �s�t�u�d�y� �(�5�/�8�-�i�n�c�h�)� �w�h�i�c�h� 

�w�e�a�k�e�n�e�d� �s�o�m�e� �c�o�m�p�a�r�i�s�o�n�s�.� �C�h�i�p� �q�u�a�l�i�t�y� �i�m�p�r�o�v�e�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �w�i�t�h� �l�o�n�g�e�r� �l�e�n�g�t�h�s�.� �O�v�e�r�s� �(�o�v�e�r�t�h�i�c�k� �a�n�d� 

�o�v�e�r�s�i�z�e�)� �w�e�r�e� �s�h�i�f�t�e�d� �t�o� �t�h�e� �a�c�c�e�p�t�a�b�l�e� �c�h�i�p� �c�l�a�s�s�.� 
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�L�e�n�g�t�h�e�n�i�n�g� �t�r�i�m� �b�l�o�c�k�s� �t�o� �f�o�u�r� �f�e�e�t� �a�c�c�o�u�n�t�e�d� �f�o�r� �5�0�%� �o�f� 

�t�h�e� �g�a�i�n�s�.� 

�T�h�i�s� �s�t�u�d�y� �a�l�s�o� �f�o�u�n�d� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�r�i�m� �b�l�o�c�k� 

�l�e�n�g�t�h� �a�n�d� �w�i�d�t�h�.� �I�n�c�r�e�a�s�e�d� �l�e�n�g�t�h�/�w�i�d�t�h� �r�a�t�i�o�s� �a�n�d� �p�i�e�c�e� 

�w�e�i�g�h�t�s� �g�e�n�e�r�a�l�l�y� �p�r�o�d�u�c�e�d� �c�h�i�p� �y�i�e�l�d�s� �o�f� �h�i�g�h�e�r� �q�u�a�l�i�t�y�.� 

�I�n�c�r�e�a�s�i�n�g� �t�r�i�m� �l�e�n�g�t�h� �b�y� �m�o�d�i�f�y�i�n�g� �t�h�e� �t�r�i�m�m�e�r� �o�u�t�f�e�e�d� 

�t�a�b�l�e� �a�t� �l�a�r�g�e� �m�i�l�l�s� �c�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �w�e�l�l� �w�o�r�t�h� �t�h�e� 

�i�n�v�e�s�t�m�e�n�t�.� �T�h�e� �s�e�c�o�n�d� �s�t�u�d�y� �s�h�e�d� �l�i�t�t�l�e� �l�i�g�h�t� �o�n� �t�h�e� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�a�p�e�r�i�n�g� �t�h�e� �i�n�f�e�e�d� �t�o� �i�m�p�r�o�v�e� �t�r�i�m� �b�l�o�c�k� 

�o�r�i�e�n�t�a�t�i�o�n�.� �T�h�e� �c�o�n�v�e�y�o�r� �w�a�s� �n�o�t� �t�a�p�e�r�e�d� �t�o� �i�m�p�r�o�v�e� �c�h�i�p� 

�q�u�a�l�i�t�y�,� �b�u�t� �t�o� �f�i�t� �t�h�e� �n�a�r�r�o�w� �t�h�r�o�a�t� �o�f� �t�h�e� �c�h�i�p�p�e�r�.� 

�1�0�8



�C�H�A�P�T�E�R� �7� 

�E�F�F�E�C�T� �O�F� �C�H�I�P�P�E�R� �S�P�O�U�T� �L�O�A�D�I�N�G� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�e� �d�e�p�t�h� �o�f� �m�a�t�e�r�i�a�l� �i�n� �t�h�e� �c�o�n�v�e�y�o�r� �f�e�e�d�i�n�g� �t�h�e� 

�c�h�i�p�p�e�r� �w�a�s� �t�h�o�u�g�h�t� �t�o� �b�e� �a� �v�a�r�i�a�b�l�e� �c�o�n�t�r�o�l�l�i�n�g� �c�h�i�p� 

�q�u�a�l�i�t�y�.� �R�e�s�i�d�u�e� �c�h�i�p�p�e�r�s� �r�a�r�e�l�y� �o�p�e�r�a�t�e� �a�t� �c�o�n�s�t�a�n�t� �l�e�v�e�l�s� 

�o�f� �t�h�r�o�u�g�h�p�u�t� �f�o�r� �e�x�t�e�n�d�e�d� �p�e�r�i�o�d�s� �o�f� �t�i�m�e�.� �C�h�i�p�p�e�r�s� �b�e�c�o�m�e� 

�o�v�e�r�l�o�a�d�e�d� �w�h�e�n� �t�h�e� �m�i�l�l� �i�s� �p�r�o�c�e�s�s�i�n�g� �p�o�o�r� �q�u�a�l�i�t�y� �l�o�g�s� 

�r�e�q�u�i�r�i�n�g� �e�x�t�e�n�s�i�v�e� �t�r�i�m� �o�r� �w�h�e�n� �p�l�u�g�s� �b�r�e�a�k� �l�o�o�s�e� �a�n�d� �m�o�v�e� 

�a�S� �a� �u�n�i�t�.� �L�o�w� �t�h�r�o�u�g�h�p�u�t� �o�c�c�u�r�s� �w�h�e�n� �p�r�o�c�e�s�s�e�s� �a�r�e� 

�i�n�t�e�r�r�u�p�t�e�d� �o�r� �l�o�g� �q�u�a�l�i�t�y� �i�s� �h�i�g�h�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� 

�s�t�u�d�y� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �c�h�i�p� �q�u�a�l�i�t�y� �c�o�u�l�d� �b�e� �i�n�f�l�u�e�n�c�e�d� 

�b�y� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �d�e�p�t�h� �o�f� �t�r�i�m� �b�l�o�c�k�s� �i�n� �t�h�e� �f�e�e�d� 

�c�o�n�v�e�y�o�r�.� 

�M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� 

�T�e�s�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�n�d�e�r� �t�h�r�e�e� �s�i�m�u�l�a�t�e�d� �l�o�a�d�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �a�t� �t�h�e� �m�i�l�l� �i�n� �S�o�u�t�h� �G�e�o�r�g�i�a�.� �T�h�e� �t�h�r�e�e� �l�o�a�d�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �(�s�i�n�g�l�e� �p�i�e�c�e� �f�e�e�d�,� �c�o�n�v�e�y�o�r� �h�a�l�f�-�f�u�l�l� �a�n�d� �f�u�l�l�)� 

�w�e�r�e� �r�e�p�l�i�c�a�t�e�d� �t�h�r�e�e� �t�i�m�e�s� �u�s�i�n�g� �2�0�0� �p�o�u�n�d�s� �o�f� �2�x�6�x�2 �� �t�r�i�m� 

�b�l�o�c�k�s�.� �E�a�c�h� �r�e�p�l�i�c�a�t�i�o�n� �c�o�n�s�i�s�t�e�d� �o�f� �l�o�a�d�i�n�g� �t�h�e� �r�e�q�u�i�r�e�d� 

�a�m�o�u�n�t� �o�f� �m�a�t�e�r�i�a�l� �i�n� �t�h�e� �v�i�b�r�a�t�i�n�g� �c�o�n�v�e�y�o�r� �f�e�e�d�i�n�g� �t�h�e� 

�c�h�i�p�p�e�r� �a�t� �a� �p�o�i�n�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�0� �f�e�e�t� �f�r�o�m� �t�h�e� �c�h�i�p�p�e�r� 
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�t�h�r�o�a�t�.� �S�i�n�g�l�e� �p�i�e�c�e� �f�e�e�d�i�n�g� �i�n�v�o�l�v�e�d� �s�e�n�d�i�n�g� �t�r�i�m� �b�l�o�c�k�s� 

�d�o�w�n� �t�h�e� �c�o�n�v�e�y�o�r� �o�n�e� �a�f�t�e�r� �t�h�e� �o�t�h�e�r�.� �T�h�e� �h�a�l�f�-�f�u�l�l� 

�c�o�n�d�i�t�i�o�n� �w�a�s� �s�i�m�u�l�a�t�e�d� �b�y� �p�l�a�c�i�n�g� �t�r�i�m� �b�l�o�c�k�s� �i�n� �t�h�e� 

�c�o�n�v�e�y�o�r� �i�n� �p�i�l�e�s� �t�w�o� �h�i�g�h� �a�n�d� �t�w�o� �w�i�d�e�.� �T�h�e� �f�u�l�l� �c�o�n�d�i�t�i�o�n� 

�w�a�s� �S�i�m�u�l�a�t�e�d� �b�y� �p�i�l�i�n�g� �t�h�e� �t�r�i�m� �b�l�o�c�k�s� �t�h�r�e�e� �h�i�g�h� �t�o� 

�c�o�m�p�l�e�t�e�l�y� �f�i�l�l� �t�h�e� �c�o�n�v�e�y�o�r� �t�r�o�u�g�h�.� 

�T�r�i�m� �b�l�o�c�k�s� �w�e�r�e� �l�o�a�d�e�d� �a�n�d� �a�l�l�o�w�e�d� �t�o� �v�i�b�r�a�t�e� �u�p� �t�o� �a� 

�p�o�i�n�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�5� �f�e�e�t� �f�r�o�m� �t�h�e� �c�h�i�p�p�e�r� �t�h�r�o�a�t�.� �A�t� 

�t�h�i�s� �p�o�i�n�t�,� �s�t�r�a�y� �t�r�i�m� �b�l�o�c�k�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�e�f�o�r�e� 

�v�i�b�r�a�t�i�n�g� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �w�a�y� �i�n�t�o� �t�h�e� �c�h�i�p�p�e�r�.� �T�h�e� �o�r�d�e�r�l�y� 

�a�r�r�a�n�g�e�m�e�n�t� �o�f� �t�h�e� �h�a�l�f� �a�n�d� �f�u�l�l� �c�o�n�d�i�t�i�o�n�s� �w�a�s� �l�o�s�t� �a�s� �t�h�e� 

�m�a�t�e�r�i�a�l� �v�i�b�r�a�t�e�d� �d�o�w�n� �t�h�e� �c�o�n�v�e�y�o�r� �a�n�d� �i�n�t�o� �t�h�e� �c�h�i�p�p�e�r�.� 

�T�h�e� �c�h�i�p�p�e�r� �u�s�e�d� �i�n� �t�h�e� �s�t�u�d�y� �i�s� �t�h�e� �s�a�m�e� �a�s� �d�e�s�c�r�i�b�e�d� 

�i�n� �t�h�e� �s�e�c�o�n�d� �s�t�u�d�y� �o�f� �C�h�a�p�t�e�r� �6�.� �C�h�i�p�p�e�r� �k�n�i�v�e�s� �w�e�r�e� �n�o�t� 

�r�e�p�l�a�c�e�d� �f�o�r� �t�h�e� �s�t�u�d�y�,� �b�u�t� �w�e�r�e� �i�n� �s�a�t�i�s�f�a�c�t�o�r�y� �c�o�n�d�i�t�i�o�n� 

�f�o�l�l�o�w�i�n�g� �t�h�e� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �l�e�n�g�t�h� �s�t�u�d�y�.� 

�C�H�I�P� �S�A�M�P�L�I�N�G� �A�N�D� �C�L�A�S�S�I�F�I�C�A�T�I�O�N� 

�T�h�e� �c�h�i�p� �s�y�s�t�e�m� �w�a�s� �a�l�l�o�w�e�d� �t�o� �p�u�r�g�e� �b�e�f�o�r�e� �e�a�c�h� �t�e�s�t� 

�t�o� �e�n�s�u�r�e� �t�h�a�t� �c�h�i�p�s� �d�i�d� �n�o�t� �i�n�t�e�r�m�i�x�.� �T�h�r�e�e� �1�0�-�p�o�u�n�d� �c�h�i�p� 

�s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �d�r�a�g� �c�h�a�i�n� �c�a�r�r�y�i�n�g� �t�h�e� 

�c�h�i�p�s� �a�w�a�y� �f�r�o�m� �t�h�e� �c�h�i�p�p�e�r�.� 

�C�h�i�p� �s�a�m�p�l�e�s� �w�e�r�e� �r�e�t�u�r�n�e�d� �t�o� �V�i�r�g�i�n�i�a� �T�e�c�h� �f�o�r� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �i�n� �a� �W�i�l�l�i�a�m�s� �C�l�a�s�s�i�f�i�e�r�.� �C�h�i�p�s� �w�e�r�e� 

�s�c�r�e�e�n�e�d� �i�n�t�o� �n�i�n�e� �c�h�i�p�-�s�i�z�e� �f�r�a�c�t�i�o�n�s� �u�S�i�n�g� �a� �t�w�o�-�p�a�s�s� 

�o�p�e�r�a�t�i�o�n� �(�A�p�p�e�n�d�i�x� �B�)�.� �T�h�e� �f�i�r�s�t� �p�a�s�s� �s�c�r�e�e�n�e�d� �o�u�t� �t�h�e� 
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�o�v�e�r�t�h�i�c�k� �(�8�-�m�m�)� �a�n�d� �2�+� �i�n�c�h�,� �1� �1�/�2�+� �i�n�c�h�,� �a�n�d� �1� �1�/�8�+� �i�n�c�h� 

�c�h�i�p�s�.� �T�h�e� �s�e�c�o�n�d� �p�a�s�s� �s�e�p�a�r�a�t�e�d� �t�h�e� �7�/�8�+� �i�n�c�h�,� �5�/�8�+� �i�n�c�h�,� 

�3�/�8�+� �i�n�c�h�,� �1�/�8�+� �i�n�c�h� �c�h�i�p�s� �a�n�d� �f�i�n�e�s�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� 

�t�o�t�a�l� �f�u�r�n�i�s�h� �r�e�t�a�i�n�e�d� �o�n� �e�a�c�h� �s�c�r�e�e�n� �w�a�s� �t�h�e�n� �c�o�m�p�u�t�e�d� �a�n�d� 

�u�s�e�d� �f�o�r� �a�n�a�l�y�s�e�s�.� 

�S�T�A�T�I�S�T�I�C�A�L� �A�N�A�L�Y�S�I�S� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �m�a�t�e�r�i�a�l� �f�e�e�d�i�n�g� �w�e�r�e� �e�x�a�m�i�n�e�d� �f�o�r� 

�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �c�h�i�p� �q�u�a�l�i�t�y�.� �A� �o�n�e�-�w�a�y� �A�N�O�V�A� 

�w�a�s� �u�s�e�d� �t�o� �t�e�s�t� �f�o�r� �d�i�f�f�e�r�e�n�c�e�s� �a�t� �a�n� �a�l�p�h�a� �l�e�v�e�l� �o�f� �0�.�0�5� 

�i�n� �e�a�c�h� �c�h�i�p�-�s�i�z�e� �c�l�a�s�s�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�e�d� �i�n� �e�a�c�h� 

�i�n�s�t�a�n�c�e� �w�a�s� �t�h�a�t� �t�h�e� �"�m�e�a�n� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�h�i�p�s� �i�n� �e�a�c�h� 

�c�l�a�s�s� �f�r�o�m� �t�h�e� �t�h�r�e�e� �c�o�n�v�e�y�o�r� �l�o�a�d�i�n�g�s� �a�r�e� �e�q�u�a�l�.�"� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�C�h�i�p� �s�i�z�e� �s�h�i�f�t�e�d� �t�o�w�a�r�d� �t�h�e� �l�a�r�g�e�r� �f�r�a�c�t�i�o�n�s� �a�s� �t�h�e� 

�c�o�n�v�e�y�o�r� �b�e�c�a�m�e� �f�i�l�l�e�d� �(�F�i�g�u�r�e� �7�.�1�)�.� �S�i�n�g�l�e� �p�i�e�c�e� �f�e�e�d�i�n�g� 

�r�e�s�u�l�t�e�d� �i�n� �2�0�%� �o�f� �t�h�e� �c�h�i�p�s� �b�e�i�n�g� �5�/�8�-�i�n�c�h� �o�r� �l�a�r�g�e�r� �i�n� 

�s�i�z�e� �a�n�d� �0�.�5�%� �o�v�e�r�t�h�i�c�k�.� �T�h�i�r�t�y�-�s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�i�s� �f�u�r�n�i�s�h� 

�w�a�s� �1�/�8�-�i�n�c�h� �o�r� �l�e�s�s�.� �T�h�e� �f�u�l�l� �c�o�n�v�e�y�o�r� �c�o�n�d�i�t�i�o�n� �r�e�s�u�l�t�e�d� 

�i�n� �o�v�e�r� �4�0�%� �o�f� �t�h�e� �c�h�i�p�s� �b�e�i�n�g� �5�/�8�-�i�n�c�h� �o�r� �l�a�r�g�e�r� �a�n�d� 

�r�o�u�g�h�l�y� �2�3�%� �o�f� �t�h�e� �o�v�e�r�a�l�l� �f�u�r�n�i�s�h� �1�/�8�-�i�n�c�h� �o�r� �s�m�a�l�l�e�r� �i�n� 

�S�i�z�e�.� �R�o�u�g�h�l�y� �2�.�5�%� �o�f� �t�h�e�s�e� �c�h�i�p�s� �w�e�r�e� �o�v�e�r� �8�-�m�m� �t�h�i�c�k�.� 

�T�h�e� �h�a�l�f�-�f�u�l�l� �c�o�n�d�i�t�i�o�n� �f�e�l�l� �m�i�d�w�a�y� �b�e�t�w�e�e�n� �t�h�e� �s�i�n�g�l�e� �p�i�e�c�e� 

�f�e�e�d�i�n�g� �a�n�d� �f�u�l�l� �c�o�n�v�e�y�o�r� �c�o�n�d�i�t�i�o�n� �i�n� �a�l�l� �c�l�a�s�s�e�s� 

�c�o�n�f�i�r�m�i�n�g� �t�h�e� �t�r�e�n�d�.� �D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �e�x�t�r�e�m�e� 
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�3�/�8�"� �1�/�8�"� �p�a�n� 

�F�i�g�u�r�e� �7�.�1�.� �T�h�e� �e�f�f�e�c�t� �o�f� �c�h�i�p�p�e�r� �s�p�o�u�t� �l�o�a�d�i�n�g� �o�n� �t�h�e� 
�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�h�i�p�s� �i�n� �e�a�c�h� �s�i�z�e� �c�l�a�s�s�.� 
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�c�o�n�d�i�t�i�o�n�s� �(�s�i�n�g�l�e� �p�i�e�c�e� �a�n�d� �f�u�l�l�)� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� 

�9�5�%� �l�e�v�e�l� �f�o�r� �a�l�l� �c�h�i�p� �c�l�a�s�s�e�s� �e�x�c�e�p�t� �f�o�r� �t�h�e� �2�-� �a�n�d� �1� �1�/�2�-� 

�i�n�c�h� �c�l�a�s�s�e�s� �(�T�a�b�l�e� �7�.�1�)�.� �T�h�e�s�e� �t�w�o� �f�r�a�c�t�i�o�n�s� �a�c�c�o�u�n�t�e�d� �f�o�r� 

�l�e�s�s� �t�h�a�n� �2�%� �o�f� �t�h�e� �t�o�t�a�l� �y�i�e�l�d�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n�s� �f�o�r� �t�h�e� �s�h�i�f�t� 

�t�o�w�a�r�d� �t�h�e� �l�a�r�g�e�r� �c�h�i�p� �f�r�a�c�t�i�o�n�s� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �s�p�o�u�t� 

�l�o�a�d�i�n�g�s�.� �W�h�e�n� �t�h�e� �t�h�r�o�a�t� �i�s� �f�u�l�l�y� �l�o�a�d�e�d�,� �t�h�e� �a�b�i�l�i�t�y� �f�o�r� 

�t�h�e� �m�a�t�e�r�i�a�l� �t�o� �s�h�i�f�t� �a�r�o�u�n�d� �d�u�r�i�n�g� �c�h�i�p�p�i�n�g� �d�e�c�l�i�n�e�s�.� 

�C�o�n�s�e�q�u�e�n�t�l�y�,� �t�r�i�m� �b�l�o�c�k�s� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �k�n�i�f�e� �a�r�e� �p�u�s�h�e�d� 

�t�h�r�o�u�g�h� �t�h�e� �k�n�i�f�e� �p�o�c�k�e�t� �b�y� �m�a�t�e�r�i�a�l� �b�e�h�i�n�d� �b�e�f�o�r�e� �t�h�e�y� �a�r�e� 

�c�o�m�p�l�e�t�e�l�y� �c�h�i�p�p�e�d� �(�S�t�u�a�r�t�,� �1�9�9�3�)�.� �W�h�e�n� �p�i�e�c�e�s� �a�r�e� �f�e�d� 

�S�i�n�g�u�l�a�r�l�y�,� �t�h�e�y� �h�a�v�e� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �b�o�u�n�c�e� �b�a�c�k� �a�n�d� �g�e�t� 

�r�e�-�f�e�d�,� �t�h�u�s� �p�r�o�d�u�c�i�n�g� �h�i�g�h�e�r� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �s�m�a�l�l� �c�h�i�p� 

�S�i�z�e�s�.� �T�h�e� �s�e�c�o�n�d� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �s�h�i�f�t� �i�s� �a� �d�e�c�r�e�a�s�e� 

�i�n� �d�i�s�c� �s�p�e�e�d� �d�u�r�i�n�g� �c�h�i�p�p�i�n�g�.� �A� �f�u�l�l�e�r� �s�p�o�u�t� �h�a�s� �m�o�r�e� 

�p�i�e�c�e�s� �b�e�i�n�g� �c�h�i�p�p�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �a�n�d� �p�l�a�c�e�s� �m�o�r�e� �o�f� �a� 

�l�o�a�d� �o�n� �t�h�e� �c�h�i�p�p�e�r� �a�t� �o�n�e� �t�i�m�e�.� �T�h�e� �i�n�i�t�i�a�l� �i�m�p�a�c�t� �o�f� �t�h�e� 

�m�a�t�e�r�i�a�l� �m�a�y� �s�l�o�w� �d�i�s�c� �s�p�e�e�d� �a�n�d� �r�e�s�u�l�t� �i�n� �l�a�r�g�e�r� �c�h�i�p�s� 

�b�e�i�n�g� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �r�e�m�a�i�n�i�n�g� �p�i�e�c�e�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� 

�e�x�p�l�a�n�a�t�i�o�n� �c�a�n� �n�o�t� �b�e� �c�o�n�f�i�r�m�e�d� �b�e�c�a�u�s�e� �t�h�e� �c�h�i�p�p�e�r� �d�i�s�c� 

�w�a�s� �n�o�t� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �t�a�c�h�o�m�e�t�e�r� �d�u�r�i�n�g� �t�h�e� �t�r�i�a�l�s�.� 
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�T�a�b�l�e� �7�.�1�.� �R�e�s�u�l�t�s� �o�f� �t�h�e� �o�n�e�-�w�a�y� �A�N�O�V�A� �i�n� �e�a�c�h� �c�h�i�p�-�s�i�z�e� 
�f�r�a�c�t�i�o�n� �f�o�r� �c�h�i�p�p�e�r� �s�p�o�u�t� �l�o�a�d�i�n�g�.� 
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�C�h�i�p�-�S�i�z�e� �L�o�a�d� 
�F�r�a�c�t�i�o�n� �C�o�n�d�i�t�i�o�n� �|� �A�v�e�r�a�g�e� �P�-�v�a�l�u�e� 

�S�i�n�g�l�e� �0�.�8�2� 
�8� �~�m�m� �H�a�l�f� �1�.�7�0� �0�.�0�0�4�2� 

�F�u�l�l� �2�.�8�1� 

�S�i�n�g�l�e� �0�.�3�8� 
�2�-�i�n�c�h� �H�a�l�f� �0�.�4�1� �0�.�5�2�2�2� 

�F�u�l�l� �0�.�7�1� 

�S�i�n�g�l�e� �0�.�5�5� 
�1� �1�/�2�-�i�n�c�h� �H�a�l�f� �0�.�4�5� �0�.�1�6�4�5� 

�F�u�l�l� �1�.�1�5� 

�S�i�n�g�l�e� �1�.�9�5� 
�1� �1�/�8�-�i�n�c�h� �H�a�l�f� �2�.�3�4� �0�.�0�0�0�1� 

�F�u�l�l� �5�.�4�3� 

�S�i�n�g�l�e� �2�.�9�0� 
�7�/�8�-�i�n�c�h� �H�a�l�f� �5�.�2�3� �0�.�0�0�0�0� 

�F�u�l�l� �8�.�2�8� 

�S�i�n�g�l�e� �1�2�.�6�3� 
�5�/�8�-�i�n�c�h� �H�a�l�f� �1�9�.�8�5� �0�.�0�0�0�0� 

�F�u�l�l� �2�3�.�1�9� 

�S�i�n�g�l�e� �4�3�.�7�6� 
�3�/�8�-�i�n�c�h� �H�a�l�f� �4�1�.�7�1� �0�.�0�0�0�2� 

�F�u�l�l� �3�6�.�2�4� 

�S�i�n�g�l�e� �3�4�.�4�7� 
�1�/�8�-�i�n�c�h� �H�a�l�f� �2�6�.�1�6� �0�.�0�0�0�0� 

�F�u�l�l� �2�0�.�4�4� 

�S�i�n�g�l�e� �2�.�5�5� 
�F�i�n�e�s� �H�a�l�f� �2�-�1�6� �0�.�0�0�7�5� 

�F�u�l�l� �1�.�7�5� 
� � � � 
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�S�U�M�M�A�R�Y� �A�N�D� �C�O�N�C�L�U�S�I�O�N�S� 

�T�h�i�s� �p�i�l�o�t� �s�t�u�d�y� �c�l�e�a�r�l�y� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �c�h�i�p�p�e�r� �s�p�o�u�t� 

�l�o�a�d�i�n�g� �h�a�s� �a�n� �e�f�f�e�c�t� �o�n� �t�h�e� �c�h�i�p� �d�i�s�t�r�i�b�u�t�i�o�n�.� �M�i�l�l�s� 

�c�o�n�c�e�r�n�e�d� �a�b�o�u�t� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �m�a�y� �b�e� �b�e�n�e�f�i�t� �f�r�o�m� 

�c�h�i�p�p�i�n�g� �w�i�t�h� �a� �f�u�l�l� �t�h�r�o�a�t�.� �C�o�n�v�e�r�s�e�l�y�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�o�v�e�r�t�h�i�c�k� �c�h�i�p�s� �c�a�n� �b�e� �r�e�d�u�c�e�d� �b�y� �r�e�g�u�l�a�t�i�n�g� �t�h�e� �f�l�o�w� �o�f� 

�m�a�t�e�r�i�a�l� �t�h�r�o�u�g�h� �t�h�e� �c�h�i�p�p�e�r� �t�o� �a� �h�a�l�f�-�f�u�l�l� �c�o�n�v�e�y�o�r� �o�r� 

�l�e�s�s�.� 

�F�u�t�u�r�e� �s�t�u�d�i�e�s� �s�h�o�u�l�d� �e�x�a�m�i�n�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �l�o�a�d�i�n�g� �o�n� 

�a� �c�h�i�p�p�e�r� �w�i�t�h� �a� �l�a�r�g�e�r� �t�a�r�g�e�t� �c�h�i�p�-�s�i�z�e�.� �T�r�e�n�d�s� �f�r�o�m� 

�d�i�f�f�e�r�e�n�t� �l�o�a�d�i�n�g� �c�o�n�d�i�t�i�o�n�s� �s�h�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d� �w�i�t�h� �a� 

�l�a�r�g�e�r� �c�h�i�p� �s�i�z�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�m�a�l�l� �c�h�i�p� �s�i�z�e� �(�5�/�1�6�-�i�n�c�h�)� 

�u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �m�a�y� �b�e� �o�b�s�c�u�r�i�n�g� �s�h�i�f�t�s� �i�n� �t�h�e� �o�v�e�r�t�h�i�c�k�,� 

�p�i�n� �c�h�i�p�s�,� �a�n�d� �f�i�n�e�s� �c�l�a�s�s�e�s� �a�s� �f�e�e�d� �r�a�t�e�s� �c�h�a�n�g�e�.� �T�h�e� 

�e�f�f�e�c�t� �o�f� �F�u�l�l�y� �l�o�a�d�i�n�g� �t�h�e� �c�h�i�p�p�e�r� �o�n� �d�i�s�c� �s�p�e�e�d�,� �p�o�w�e�r� 

�r�e�q�u�i�r�e�m�e�n�t�s�,� �a�n�d� �c�h�i�p�p�e�r� �m�a�i�n�t�e�n�a�n�c�e� �s�h�o�u�l�d� �a�l�s�o� �b�e� 

�e�x�a�m�i�n�e�d�.� 
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�C�H�A�P�T�E�R� �8� 

�E�F�F�E�C�T�S� �O�F� �T�E�M�P�E�R�A�T�U�R�E� �O�N� �P�I�N� �C�H�I�P� �A�N�D� �F�I�N�E� 
�P�R�O�D�U�C�T�I�O�N� �A�T� �S�O�U�T�H�E�R�N� �P�I�N�E� �C�H�I�P� �M�I�L�L�S� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�e� �e�f�f�e�c�t� �o�f� �w�o�o�d� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �c�h�i�p� �q�u�a�l�i�t�y� �h�a�s� �b�e�e�n� 

�t�h�e� �s�u�b�j�e�c�t� �o�f� �s�t�u�d�i�e�s� �t�h�a�t� �h�a�v�e� �l�a�r�g�e�l�y� �c�o�n�c�e�n�t�r�a�t�e�d� �o�n� �a� 

�s�p�e�c�i�f�i�c� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e� �i�n� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �o�r� �l�a�b�o�r�a�t�o�r�y� 

�e�n�v�i�r�o�n�m�e�n�t� �(�H�a�t�t�o�n�,� �1�9�7�7�;� �H�a�r�t�l�e�r� �a�n�d� �S�t�a�d�e�,� �1�9�7�7�;� �L�e�a�r�y� 

�a�n�d� �S�t�u�a�r�t�,� �1�9�9�1�;� �E�d�e�l�m�a�n�,� �1�9�9�2�)�.� �T�h�i�s� �s�t�u�d�y� �l�o�o�k�e�d� �a�t� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�s� �t�h�e�y� �o�c�c�u�r�r�e�d� �i�n� �a� �n�a�t�u�r�a�l� 

�e�n�v�i�r�o�n�m�e�n�t� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� 

�A� �p�r�e�l�i�m�i�n�a�r�y� �a�n�a�l�y�s�i�s� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �c�h�i�p� �q�u�a�l�i�t�y� 

�r�e�p�o�r�t�s� �a�n�d� �l�o�c�a�l� �w�e�a�t�h�e�r� �r�e�c�o�r�d�s� �f�r�o�m� �o�n�e� �m�i�l�l� �f�o�u�n�d� �a� 

�l�i�n�e�a�r� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �p�i�n� �c�h�i�p� �a�n�d� �f�i�n�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� 

�d�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e�.� �D�a�i�l�y� �c�h�i�p� �a�n�a�l�y�s�e�s� �a�n�d� �w�e�a�t�h�e�r� �r�e�c�o�r�d�s� 

�f�r�o�m� �t�w�o� �o�t�h�e�r� �c�h�i�p� �m�i�l�l�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�o�r� �o�n�e� �y�e�a�r� �t�o� �t�e�s�t� 

�t�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p�.� 

�M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� 

�T�w�o� �o�f� �t�h�e� �t�h�r�e�e� �m�i�l�l�s� �w�e�r�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� �p�i�e�d�m�o�n�t� �a�n�d� 

�o�n�e� �i�n� �t�h�e� �c�o�a�s�t�a�l� �p�l�a�i�n�.� �O�n�e� �o�f� �t�h�e� �p�i�e�d�m�o�n�t� �m�i�l�l�s� �w�a�s� 

�l�o�c�a�t�e�d� �i�n� �G�e�o�r�g�i�a�,� �t�h�e� �o�t�h�e�r�s� �i�n� �S�o�u�t�h� �C�a�r�o�l�i�n�a�.� �M�i�l�l� 

�o�p�e�r�a�t�i�o�n�s� �w�e�r�e� �s�i�m�i�l�a�r� �a�t� �a�l�l� �t�h�r�e�e� �m�i�l�l�s�.� �A�l�l� �p�r�o�c�e�s�s�e�d� 
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�t�r�e�e�-�l�e�n�g�t�h� �m�a�t�e�r�i�a�l�,� �p�r�e�f�e�r�a�b�l�y� �d�i�r�e�c�t� �f�r�o�m� �d�e�l�i�v�e�r�i�e�s�,� �a�n�d� 

�h�a�d� �s�i�m�i�l�a�r� �i�n�v�e�n�t�o�r�y� �p�r�a�c�t�i�c�e�s� �a�n�d� �e�q�u�i�p�m�e�n�t�.� �A�l�l� 

�e�q�u�i�p�m�e�n�t� �w�a�s� �w�e�l�l� �m�a�i�n�t�a�i�n�e�d�,� �b�u�t� �n�o�r�m�a�l� �v�a�r�i�a�t�i�o�n� �f�r�o�m� 

�k�n�i�f�e� �d�u�l�l�i�n�g�,� �a�n�v�i�l� �w�e�a�r�,� �w�e�a�r� �p�l�a�t�e� �e�r�o�s�i�o�n�,� �w�o�o�d�,� �a�n�d� 

�o�t�h�e�r� �s�o�u�r�c�e�s� �w�a�s� �p�r�e�s�e�n�t�.� 

�C�h�i�p� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �b�y� �m�i�l�l� �e�m�p�l�o�y�e�e�s� �u�s�i�n�g� �e�a�c�h� 

�m�i�l�l�s� �r�e�s�p�e�c�t�i�v�e� �s�a�m�p�l�i�n�g� �p�r�o�c�e�d�u�r�e� �a�n�d� �t�i�m�e� �s�c�h�e�d�u�l�e�.� 

�W�e�a�t�h�e�r� �d�a�t�a� �f�o�r� �e�a�c�h� �m�i�l�l� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �n�e�a�r�e�s�t� 

�w�e�a�t�h�e�r� �s�t�a�t�i�o�n�.� �D�a�i�l�y� �h�i�g�h� �a�n�d� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �u�s�e�d� 

�t�o� �c�o�m�p�u�t�e� �t�h�e� �a�v�e�r�a�g�e� �d�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �t�h�o�s�e� �d�a�y�s� �w�h�e�n� 

�a� �s�a�m�p�l�e� �w�a�s� �d�r�a�w�n�.� 

�T�h�e� �d�a�t�a�,� �a�s� �r�e�c�e�i�v�e�d�,� �w�e�r�e� �s�u�m�m�a�r�i�z�e�d� �b�y� �p�e�r�c�e�n�t�a�g�e�s� 

�i�n�t�o� �f�o�u�r� �s�i�z�e� �c�l�a�s�s�e�s�:� �o�v�e�r�s�i�z�e�,� �a�c�c�e�p�t�,� �a�n�d� �p�i�n� �c�h�i�p�s�,� 

�a�n�d� �s�a�w�d�u�s�t�.� �W�h�e�n� �t�h�e� �d�a�t�a� �w�e�r�e� �e�n�t�e�r�e�d� �i�n� �a� �s�p�r�e�a�d�s�h�e�e�t�,� 

�t�h�e� �p�i�n� �c�h�i�p� �a�n�d� �s�a�w�d�u�s�t� �c�l�a�s�s�e�s� �w�e�r�e� �c�o�m�b�i�n�e�d� �f�o�r� �t�h�e� 

�a�n�a�l�y�s�i�s�.� 

�S�T�A�T�I�S�T�I�C�A�L� �A�N�A�L�Y�S�I�S� 

�A�l�l� �a�n�a�l�y�s�e�s� �c�o�n�c�e�n�t�r�a�t�e�d� �o�n� �t�h�e� �u�n�d�e�r�s�i�z�e� �c�h�i�p� 

�f�r�a�c�t�i�o�n�s�.� �P�a�s�t� �s�t�u�d�i�e�s� �h�a�v�e� �p�r�o�v�e�n� �t�h�a�t� �t�h�e�s�e� �s�i�z�e� �c�l�a�s�s�e�s� 

�a�r�e� �m�o�r�e� �r�e�a�d�i�l�y� �a�f�f�e�c�t�e�d� �b�y� �f�r�e�e�z�i�n�g� �a�n�d� �n�e�a�r� �f�r�e�e�z�i�n�g� 

�t�e�m�p�e�r�a�t�u�r�e�s�.� �E�f�f�o�r�t�s� �w�e�r�e� �s�p�e�n�t� �o�n� �d�e�f�i�n�i�n�g� �t�h�e� �e�x�t�e�n�t� �o�f� 

�t�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �o�v�e�r� �t�h�e� �3�0�°�F� �t�o� �8�0�°�F� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e�.� 

�A� �s�e�v�e�n�-�d�a�y� �r�o�l�l�i�n�g� �a�v�e�r�a�g�e� �w�a�s� �u�s�e�d� �t�o� �s�m�o�o�t�h� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �d�a�t�a� �a�n�d� �t�o� �r�e�f�l�e�c�t� �t�h�e� �l�a�g�g�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� 

�c�h�a�n�g�e�s� �i�n� �w�o�o�d�.� 
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�O�f� �t�h�e� �t�h�r�e�e� �m�i�l�l�s�,� �o�n�l�y� �t�h�e� �G�e�o�r�g�i�a� �p�i�e�d�m�o�n�t� �m�i�l�l� �t�o�o�k� 

�a�n�d� �r�e�c�o�r�d�e�d� �d�a�i�l�y� �c�h�i�p� �s�a�m�p�l�e� �s�u�m�m�a�r�i�e�s�.� �T�h�e� �t�w�o� �S�o�u�t�h� 

�C�a�r�o�l�i�n�a� �c�h�i�p� �m�i�l�l�s� �h�a�d� �v�a�r�i�a�b�l�e� �s�a�m�p�l�i�n�g� �s�c�h�e�d�u�l�e�s�.� �T�h�e� 

�c�o�n�s�i�s�t�e�n�c�y� �o�f� �t�h�e� �G�e�o�r�g�i�a� �d�a�t�a� �a�l�l�o�w�e�d� �u�s�e� �o�f� �a� �s�e�v�e�n�-�d�a�y� 

�r�o�l�l�i�n�g� �a�v�e�r�a�g�e� �t�o� �s�m�o�o�t�h� �t�h�e� �c�h�i�p� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �d�a�t�a�.� 

�R�o�l�l�i�n�g� �a�v�e�r�a�g�e�s� �c�o�u�l�d� �n�o�t� �b�e� �a�c�c�u�r�a�t�e�l�y� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� 

�c�h�i�p� �d�a�t�a� �a�t� �t�h�e� �t�w�o� �S�o�u�t�h� �C�a�r�o�l�i�n�a� �c�h�i�p� �m�i�l�l�s� �b�e�c�a�u�s�e� �o�f� 

�M�i�s�s�i�n�g� �d�a�y�s�.� �F�o�r� �t�h�o�s�e� �d�a�y�s� �w�h�e�r�e� �a� �c�h�i�p� �s�a�m�p�l�e� �w�a�s� �t�a�k�e�n�,� 

�t�h�e� �s�i�n�g�l�e� �s�a�m�p�l�e� �v�a�l�u�e� �w�a�s� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �r�o�l�l�i�n�g� 

�a�v�e�r�a�g�e� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �t�h�a�t� �d�a�y�.� �A� �s�i�m�p�l�e� �l�i�n�e�a�r� 

�r�e�g�r�e�s�s�i�o�n�,� �y� �=� �m�x� �+�b�,� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� 

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �p�i�n�s� �a�n�d� �f�i�n�e�s� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �a�t� 

�e�a�c�h� �m�i�l�l�.� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�A� �s�t�r�o�n�g� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �u�n�d�e�r�s�i�z�e� �c�h�i�p� �p�r�o�d�u�c�t�i�o�n� 

�a�n�d� �d�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �f�o�u�n�d� �f�o�r� �a�l�l� �t�h�r�e�e� �c�h�i�p� �m�i�l�l�s� 

�(�F�i�g�u�r�e�s� �8�.�1�,� �8�.�2�,� �a�n�d� �8�.�3�)�.� �A�s� �t�e�m�p�e�r�a�t�u�r�e�s� �f�l�u�c�t�u�a�t�e�d� 

�t�h�r�o�u�g�h� �t�h�e� �r�a�n�g�e� �o�f� �3�0�°�F� �t�o� �8�0�°�F�,� �p�i�n� �c�h�i�p� �a�n�d� �f�i�n�e� �c�o�n�t�e�n�t� 

�v�a�r�i�e�d� �t�h�r�e�e� �t�o� �f�i�v�e� �p�e�r�c�e�n�t�.� �D�u�r�i�n�g� �t�h�e� �s�p�r�i�n�g� �m�o�n�t�h�s� �w�h�e�n� 

�t�e�m�p�e�r�a�t�u�r�e�s� �s�t�a�r�t� �t�o� �r�i�s�e�,� �p�i�n� �c�h�i�p� �a�n�d� �f�i�n�e� �p�r�o�d�u�c�t�i�o�n� 

�s�t�a�r�t�s� �d�e�c�l�i�n�i�n�g�.� �A�s� �c�o�l�d�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �a�r�r�i�v�e� �d�u�r�i�n�g� �t�h�e� 

�f�a�l�l�,� �t�h�e� �p�i�n� �c�h�i�p� �a�n�d� �f�i�n�e� �c�o�n�t�e�n�t� �s�t�a�r�t�s� �t�o� �i�n�c�r�e�a�s�e�.� 

�F�i�g�u�r�e� �8�.�1�,� �u�s�i�n�g� �t�h�e� �m�o�r�e� �c�o�m�p�l�e�t�e� �G�e�o�r�g�i�a� �d�a�t�a� �s�e�t�,� 

�b�e�s�t� �d�e�p�i�c�t�s� �t�h�e� �w�o�o�d� �t�e�m�p�e�r�a�t�u�r�e� �r�e�l�a�t�i�o�n�s�h�i�p�.� 
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�1�4�  ��_�n�~� �f�n� �;� �a�s�  �� 

�o�l� �A� �4� �L�o�g�e� �M�i� �v�i� �x� �i� �|�.� �F�i�n� �C�h�i�e�s� �a�n�d� �F�i�n�e�s� �n�e� �o�e� �P�S� �1�2� �1� �f�c� �z� �.� �_� �T�e�m�o�e�2�r�a�t�u�r�e� 

 �� �|� �(�t�h� �a�  �� �\� �!� 

�e�o� �V�s� �v�A� �W�e�e� �1�0� �7� �t�S�  ��t� �7�.� 
�V�a�,� �w�i�l� �f�p�s� �2� 

�=� �+� �»� �r�e�e� �e�T� �i�s� �y�w�:� �d�l� �;� �t�e�r� �e�y� �A�P� �f�e� �3� 
�a� �*� �;� �7� �t�e� �E� 

�7� �f�y� �i� �i�x� �\� �h�a� �|� �|� �;� �M� �i� �i� �r�a�s� 
�N�O�P� �g�E� �e�y� �P�o� �V�i�t� 

�s�e�i� �i�i� �N�a�f� �A�f� �W�a� �a�L� 
�"�T�e�?� �U�e� �o�s� �.� �§� �.� �7� �a� �l�a�f� �\� �7� �2� �L�a�c� 

�i� 
�4� �t� �<�0� 

�J�a�r�t� �M�a�r�.� �M�a�y� �J�u�l�y� �S�e�a�t� �N�o�v�.� 
�F�e�b�.� �A�p�r�.� �J�u�n�e� �A�u�g�.� �O�c�t� �D�e�c�.� 

�D�a�t�e� �(�J�a�n�.� �1�8�9�1� �-� �G�e�c�.� �1�8�9�7�4�)� 

�8�.�1� �S�e�v�e�n�-�d�a�y� �r�o�l�l�i�n�g� �a�v�e�r�a�g�e� �o�f� �p�i�n� �c�h�i�p� �a�n�d� 
�p�r�o�d�u�c�t�i�o�n� �c�o�v�e�r� �a� �o�n�e�-�y�e�a�r� �p�e�r�i�o�d� �a�t� �a� �G�e�o� 
�p�i�e�d�m�o�n�t� �c�h�i�p� �m�i�l�l�.� 

�S�o�u�t�h� �C�a�r�o�l�i�n�a� �C�o�a�s�t�a�l� �P�l�a�i�n� �C�h�i�p� �M�i�l�l� 
�1�0� �8�5� 

�:� �p�o�n�e� �F�i�n� �C�h�i�o�s� �a�n�d� �F�i�n�e�s� 
�a� �|� �e�a�t�  �� �f� �c�x� �a� �P�8�0�0�0� 

�"� �v�e� �p�O� �o�Y� �T�e�m�p�e�r�a�t�u�r�e� 

�A�a�d� �7�3� �i�r� �8� �U� �N�s� �.� �-� �c� �e�T� �H�r�s� 
�T�a� �|� �A� �y� �|� �:� �h�i� �|�  �� �3�3� �=� 

�u�w� �A�A�P� �,� �i� �(�\� �a� 
�A� �A� �.� �i� �N�y� �r�o� �5� �C�A�E�P� 

�L�o� �|� �3� 

�"� �i� �i� �)� �L�s�o� 
�G� 

�4� �x� �4�5� 
�N�o�v�.� �J�a�n�.� �M�a�r�.� �M�a�y� �J�u�t�y� �S�e�p�t� 

�D�e�c�.� �F�e�b�,� �A�p�r�.� �J�u�n�e� �A�u�g�.� �O�c�t� 

�D�a�t�e� �(�N�o�v�.� �1�9�9�0� �-� �O�c�t� �1�9�9�0�)� 

�8�.�2�.� �P�i�n� �c�h�i�p� �a�n�d� �f�i�n�e� �p�r�o�d�u�c�t�i�o�n� �a�t� �a� �S�o�u�t�h� 
�C�a�r�o�l�i�n�a� �c�o�a�s�t�a�l� �p�l�a�i�n� �c�h�i�p� �m�i�l�l� �o�v�e�r� �a� �o�n�e�-� 
�y�e�a�r� �p�e�r�i�o�d�.� 
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�s�o�u�t�h� �C�a�r�o�l�i�n�a� �P�i�e�d�m�o�n�t� �C�h�i�p� �M�i�i�l� 
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�7�.�5� �|� �3�5� 

�7� �a� �_� �a�0� �F�i�n� �C�h�i�p�s� �a�n�d� �F�i�n�e�s� 
�a�a� �Y�R� �A� �|� �A�A� �B�P� �A�G�A� �_� �-� �|� 

�@� �6�5�  �� �a�T� �<�T�H� �5� �7�5� �T�e�m�p�e�r�a�t�u�r�e� 
�2 �� �|� �|� �I�\� �i�i�l� �v�j� 

�i�c� �o�t� �A� �|� �a�_�i� �i� �7�0� 
 ��|� �{�M�M� �f� �\� �c� 

�2� �W�i�k� �|� �|� �|� �-�~� �:�  �� �t� �a� �n�e�e� �~ �� 
�5�.�5� �T� �|� �r�t� �3� �2�5� �o� 

�2� �i�i�]� �W�h� �A�R�S� �V�i�l� �2� �=� �.� �}� �h� �a�r�n�t� �t�t� �i�l�e� �@� 
�O�  ��P�;� �N� �:� �i� �a� �o�O� �O�Q� �|�  �� �:� �o�n� �\� �t�a�!� �®� 
�c� �u�o� �a� �s�-� �=� �=� �4�5� �,� �5� �i�w� �m�a�k�e� �|� �c� �a� �<�0� �t�e� 
�o�O� �f�e�a�r� �H� �7� 
�o� �N�i� �b�a� �p�a�y� �|� 
�D� �4�5� �y�o� �a� �a�s� 

�a� �r�d� �s� �:� �4�0� 

�2�5� �3�5� 
�N�o�v�.� �d�a�n�.� �M�a�r�.� �M�a�y� �J�u�l�y� �S�e�p�t� 

�D�e�c�.� �F�e�b�.� �A�p�r�.� �J�u�n�e� �A�u�g�.� �S�c�t� 

�D�a�t�e� �(�N�a�v�.� �1�8�9�0� �-� �O�c�z� �1�9�9�1�)� 

�F�i�g�u�r�e� �8�.�3�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�i�n� �c�h�i�p�s� �a�n�d� �f�i�n�e�s� �p�r�o�d�u�c�e�d� 
�d�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �a� �y�e�a�r� �a�t� �a� �S�o�u�t�h� �C�a�r�o�l�i�n�a� 
�p�i�e�d�m�o�n�t� �c�h�i�p� �m�i�l�l�.� 
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�U�n�s�e�a�s�o�n�a�b�l�y� �h�i�g�h� �o�r� �l�o�w� �s�h�o�r�t� �t�e�r�m� �t�e�m�p�e�r�a�t�u�r�e�s� �h�a�d� �m�i�n�i�m�a�l� 

�e�f�f�e�c�t� �o�n� �p�i�n� �a�n�d� �f�i�n�e� �p�r�o�d�u�c�t�i�o�n� �b�e�c�a�u�s�e� �o�f� �t�h�e� �n�a�t�u�r�a�l� 

�i�n�s�u�l�a�t�i�n�g� �q�u�a�l�i�t�y� �o�f� �w�o�o�d�.� �H�o�w�e�v�e�r�,� �i�f� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e�s� 

�p�e�r�s�i�s�t�e�d� �f�o�r� �s�e�v�e�r�a�l� �d�a�y�s�,� �c�h�a�n�g�e�s� �i�n� �c�h�i�p� �q�u�a�l�i�t�y� �c�o�u�l�d� �b�e� 

�f�o�u�n�d�.� 

�T�h�e� �s�i�m�p�l�e� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

�S�i�g�n�i�f�i�c�a�n�t� �(�p� �<� �0�.�0�0�1�)� �f�o�r� �a�l�l� �t�h�r�e�e� �m�i�l�l�s�.� �A�s� �s�e�e�n� �i�n� 

�T�a�b�l�e� �8�.�1�,� �R�*� �v�a�l�u�e�s� �f�o�r� �t�h�e� �G�e�o�r�g�i�a� �p�i�e�d�m�o�n�t� �a�n�d� �S�o�u�t�h� 

�C�a�r�o�l�i�n�a� �c�o�a�s�t�a�l� �p�l�a�i�n� �m�i�l�l�,� �0�.�6�5� �a�n�d� �0�.�5�0� �r�e�s�p�e�c�t�i�v�e�l�y�,� 

�p�r�o�v�i�d�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �m�u�c�h� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �w�a�s� �d�u�e� �t�o� 

�t�e�m�p�e�r�a�t�u�r�e�.� �T�e�m�p�e�r�a�t�u�r�e� �e�x�p�l�a�i�n�e�d� �l�e�s�s� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �a�t� 

�t�h�e� �S�o�u�t�h� �C�a�r�o�l�i�n�a� �p�i�e�d�m�o�n�t� �m�i�l�l� �(�R�®�?� �=� �0�.�2�5�)�.� �T�h�i�s� �m�i�l�l� 

�l�i�k�e�l�y� �h�a�d� �a� �g�r�e�a�t�e�r� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �s�p�e�c�i�e�s� �(�L�o�n�g�l�e�a�f�,� 

�S�h�o�r�t�l�e�a�f�,� �V�i�r�g�i�n�i�a�,� �a�n�d� �L�o�b�l�o�l�l�y�)� �a�n�d� �p�e�r�h�a�p�s� �g�r�e�a�t�e�r� 
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