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ABSTRACT

A large number of vehicle crashes occur every year on the horizontal curves
found on many of America’s rural two-lane highways. Of these, a significant number can
be attributed to the encroachment of a vehicle into the opposing lane of traffic. While
multiple factors may contribute in forming these hazardous road segments, most are not
corrected due to economic considerations. The purpose of this study is to note the driver
response to the application of raised pavement markers by measuring the chan ges in
speed and encroachment distance after varying the spacing intervals of these markers. All
data was collected in dry, daylight conditions and thereby testing the “rumble effect” of
the markers rather than their reflective delineation qualities. It is found here that daytime
encroachment levels can be significantly reduced by an optimal marker spacing (40 feet)

though operating speeds are generally not affected.
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Chapter 1. Introduction

Background

High speeds and rapidly increasing vehicle volumes characterize America’s rural
two-lane arterial highways. These features, combined with mid- to short-radius ﬁon'zontal
curves and limited sight distances, can create hazardous road conditions for the motoring
public. These highways may or may not exhibit high accident numbers or rates but are
usually described by the road users as dangerous due to near misses or other experiences.
Problems often occur on stretches characterized by yellow solid double-line striping on
which no passing is allowed in either direction. In negotiating sudden and/or sharp
horizontal curves, vehicles on the outside of the curve tend to encroach upon the
opposing travel lane. If performed at an inopportune time, this action may prove to be the
cause of crashes causing property damage, injury, or death. Roadway features or
conditions such as poor striping visibility, narrow lanes, limited shoulder width, roadside
hazards, and wet or polished pavement all tend to compound the likelihood and severity
of these crashes. However, the implementation of a simple control measure on the curve
to encourage speed reduction and less lane encroachment is a much needed safety

improvement on many rural 2-lane, 2-way minor arterials.

Objective
This study attempts to characterize and modify motorist behavior upon

encountering mid- to short-radius curves where sight distance is limited. More



specifically, this research will note driver reaction to two variations on a single control
measure (the use of raised pavement markers) and will be evaluated by changes, if any, in
vehicle speed and encroachment distance on the curve. Two locations in rural Knox

County, Tennessee will be used for the study.

Limitations
While the results and conclusions of this study may be generalized to many
similar road locations, good judgement should be exercised in doing so due to the

following research limitations:

e This study is limited to two sites on rural minor arterials. These sites
display several differences, most notably different curve radii.

® Measured speeds may contain some relative error due to restrictions
inherent to the sites.

* While some adjustment period was provided for the control measures,
thereby eliminating the novelty effect of the changes, time constraints
prohibit long-range evaluation of the sites.

* Sight distance inconsistencies due to seasonal vegetation may affect

encroachment measurements.




Chapter I1. A Review of the Pertinent Literature

History

In the past, many rural roadways were used primarily as farm-to-market routes
with some inter-city travel occurring on larger highways. Though traffic volumes ‘
utilizing these roads continued to grow dramatically, the infrastructure did so sparingly or
not at all. Today, these highways commonly are classified as major and minor rural
arterials; nevertheless, their characteristics often do not reflect the advances made in the

vehicles traveling them.

Accidents

In 1994 it was estimated that approximately 75 percent of all non-collision
crashes occurred in rural areas, making up 88 percent of the non-collision fatalities that
year (Martz, 1994). Ten years earlier, USDOT had published the following safety figures
pertaining to two-lane rural highways in the United States (Brinkman et al, 1984).
® Two-lane rural highways represent 97 percent of rural mileage and 80 percent of all

highway miles.

® 66 percent of all rural highway travel and 30 percent of all highway travel occurs on

rural two-lane roads.

* An estimated 38 percent of rural two-lane roads have ADT volumes of less than 50
vpd, and some 80 percent have ADTs less than 400 vpd.



* These roads have higher percentages of head-on collisions and single-vehicle crashes

than any other type of rural road.
o The likelihood of an accident is highest at intersections, horizontal curves, and
bridges. However, compared to other rural roads, two-lane highways have a lower

percentage of conflicts at intersections and a higher percentage on curves.

The FHWA's current highway statistics (1997) show that of the nation’s 3.9 million miles,
137,500 (28%) are rural minor arterials (RMAs) (see Figure 1). The state of Tennessee
classifies 3,400 of its 86,000 miles (25%) as RMAs (see Figure 2). Nationwide, these
roads carry 157 billion (16%) of the total 2.5 trillion annual vehicle miles (see Figure 3).
Tennessee estimates that 5.4 billion out of 58 billion (1 1%) annual vehicle-miles are
traveled on minor arterials in rural areas (see Figure 4). Aside from high volumes, vehicle
types negotiating these roadways also play an important role in accident occurrence. On
Tennessee’s RMAs, 92.6 percent of traffic consists of passenger cars and other 2-axle, 4
tired vehicles. Trucks with 6 or more tires make up 6.6 percent of the road users. While
passenger vehicles are smaller, requiring less width in a traveled lane, their speeds tend to
be higher, sometimes resulting in more severe opposing lane encroachment at horizontal
curves.

Certainly, RMAs are some of the most accident-prone roads with many factors
leading to these statistics. While a significant number of these crashes are collisions with

fixed objects or other roadside features, improvements to the roadway itself may assist in















lowering the accident numbers at hazardous road locations. In order to fully understand
the performance of the driver-vehicle system in negotiating a curve, it is important to first

understand the design criteria and current theory of operation at these locations.

Horizontal Curves

AASHTO’s "A Policy on Geometric Design of Highways and Streets"” (1990)
states, "A smooth, flowing alinement is desirable on a rural arterial. Changes, in
alinement, both horizontal and vertical, should be so gradual that the driver will not be
surprised by any of the changes." The circular path of the vehicle around the curve is
governed by the rate of roadway superelevation, the side friction factor, the speed of the
vehicle, and the radius of curvature. Generally, however, the usé of design speed on a
given roadway is the primary vehicle control in the negotiation of horizontal curves
(AASHTO, 1990). While alinement corrections to under-designed rural roadways would
prove most beneficial, construction costs are often prohibitive.

The alinements of most RMAs have ﬁever been modified even though average
operating speeds on the these roads have increased by as much as 5 miles per hour over
the past fifteen years (Islam et al, 1994). These design inconsistencies have initiated
many studies concerning speed-curvature relationships. While parameters such as those
mentioned by AASHTO are major functions of the speed-curve relationship, research
shows that speed differentials between tangent and curved sections play a crucial role in

determining the relative safety and consistency of the roadway (Islam et al, 1994).



Road Markings

Several studies have been performed to evaluate the effectiveness of traditional
pavement markings such as reflective paint while others involve the motorists’ perception
of and reaction to certain types of roadway delineation. Al-Masaeid and Sinha (1994)
estimated that the application of painted markings at hazardous sites resulted in an
accident reduction factor of 13.5%. The 1986 evaluation by Good and Baxter concluded
that motorists favored continuous treatments such as a painted centerline over discrete
ones such as chevrons. Relating to the current study, raised pavement markers guidin g
the motorists around a curve may prove more beneficial than painted lines, advance
warning signs, speed advisories, or any combination of these.

Widespread use of raised pavement markings (RPMs) began in the 1950's and,
though often modified, have been consistently used up to the present. While no
guidelines currently mandate the use of RPMs, they have been utilized predominately on
Interstate highways and have been shown to increase safety through added delineation
where applied. Research on the subject has shown that markings on the roadway receive
much more attention from the driver than do lateral signs (OECD, 1975) and provide
more guidance than typical roadway markings.

Visual cues about the roadway are delivered by highly visible colored plastic
casing and the retro-reflective lens of the reflective RPM. The color of these components
depends on their placement and conforms to normal usage as defined by the MUTCD.
Also, the rumble effect of the markers alerts the motorist that the vehicle has traveled

outside of the assigned traffic lane.

10



Research involving the use of RPMs at high accident locations has been

performed to evaluate both the additional delineation of the roadway provided by these
markings and the effect of the markers on encroachment. Pigman and Agent in 1979
found that the RPM applicatiqn resulted in a small decreaise in mean operating speeds,
while the 85th percentile speed remained constant. However, they also found that
moderate and severe levels of daytime opposing-lane encroachment dropped
significantly. Earlier research performed by Stimpson (1977) in evaluating various
continuous delineation systems suggested that the application of RPMs decreased

nighttime speeds by up to 35%.
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Chapter III. Plan and Procedures of the Study

Research Hypotheses

A review of the pertinent literature has shown that hazardous horizontal curves
may be improved by the application of additiona] delineation. Traditionally, these
marking systems have been used either in advance of the curve to provide ample warning

to the motorist who may not be aware of the changing alinement, or at the curve location

- with retro-reflective RPMs to increase the nighttime visibility of the changing alinement.

It has also been stated that many characteristics of the driver-vehicle system combine to
create a hazardous location, though possibly none more than the changes in operating
speeds and travel paths that occur as the vehicle navigates the curve. Therefore, based on
the proceeding research and on anticipated driver behavior, the following research

hypotheses were generated:

General Research Hypothesis. There exists a strong relationship between roadway
delineation and motorist behavior in negotiating horizontal curves on rural two-lane

highways.
Specific Research Hypothesis I. By installing raised pavement markers at 40 ft. intervals,

daytime encroachment into the opposing travel lane can be partially corrected by means

of the “rumble effect” of the raised markers.

12



Specific Research Hypothesis II. By shortening the traditional 40-ft. RPM spacing

interval to 20 ft., vehicle encro'achment will be reduced further.

Specific Research Hypothesis III. The application of RPMs at horizontal curves will

lower average operating speeds throughout the entire length of the curve.

Site Selection

For this study, two sites_ were selected based primarily upon their funcﬁonal
classiﬁcatidn as minor arterials, average operating speeds, and observed encroachment
occurring at specific spots. Both may be classified as rural as they are at least 10 miles
outside of the city 1imifs of Knoxville, TN, and both predominately serve residential

traffic to and from rural collectors and local roads.

Site No. 1 ~ Hardin Valley Rd. (Figures 5, 6, 7, and 8)

Resident complaints here suggested that high speeds and travel outside of the prescribed
lane were causing abnormally high accident numbers (9 in 8 months), most collisions
causing only property damage, but some with minor injury. It was a concern that wet
pavement was the chief cause of the crashes, however, in March of 1999 15-tons of skid-

resistant surface mix was placed at the site then re-striped to ensure visibility.

13
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Figure 7. Warning Signs and Area of Investigation at the Hardin Valley Rd. Site.
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Site No. 2 ~ East Emory Rd. (Figures 9, 10, 11, and 12)

An infersecting collector road in close proximity to the curve location makes vehicle
conflicts here more likely. While the accident experience at this spot is not extremely
high, resident concerns have been well voiced. The added vertical curvature here also

makes this spot difficult to safely navigate at speeds over 30 mph.
Other features of each site are given in Table 1.

Data Collection Procedures

In evaluating the effect of the RPMs on motorist behavior, four data points were
collected for each vehicle traveling through the test site. As the vehicle navigated the
horizontal curve, its average speeds were calculated over three adjoining 100-ft. segments
(Zones 1,2, and 3); Zone 1 being the first segment traveled by the vehicle (see Figures 8
and 12). Upon entering and travelling at least 50 ft. into Zone 2, the distance of opposing-
lane encroachment, if any, was measured. The results of these measurements are given in
Chapter IV.

In order to obtain the speeds of the vehicles, four standard speed marks were
placed at 100-ft. intervals around the curve. As the front wheel of the vehicle made
contact with the mark, the computer program was activated to record the current time to
the nearest 0.10 seconds. At the second mark, the time was again recorded; likewise for
the other marks. With the distance and travel time being known, the average speed

through the segments could be calculated and recorded.

18









Figure 11. Warning Signs and Area of Investigation at the E. Emory Rd. Site.
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While speeds were being recorded, encroachment data was simultaneously
captured for every vehicle. This was accomplished by a continuously running video
camera focused on 3-ft. x 4-in. longitudinal marks spaced at 4-in. intervals from the
painted centerline (see Fig. 13). A frame-by-frame analysis of this video clearly revealed
the level of encroachment for each vehicle. By noting the exact point of contact with the
front tire and the road (with respect to the longitudinal marks), errors due to parallax were

non-existent.

Sampling Procedures

Data at the sites was not collected on weekends, holidays, or during peak hours of
travel. All data collection and observations were made in dry conditions during daylight
hours. Vehicles with headways less than three seconds were omitted as the follower
speed may have been affected by the lead vehicle’s speed; neither was data for vehicles
slowing for turning movements onto adjacent roads or driveways recorded. Also, all data
collection devices were placed in a discrete manner such that they did not influence the
operation of the vehicle. The sample population per site per RPM application was no less

than 100 vehicles, yielding a total of 600 analyzed data points.

Instruments
Two instruments were used at each site to accurately capture both the speeds of
the vehicle and its wheelpath without inadvertently affecting the motorists’ behavior. A

speed calculation program was developed for an on-site laptop computer and used in

24






conjunction with standard speed markings to allow the researcher to capture average
speeds over the three 100-ft. segments of the curve without using radar or road tubes that
may be distracting to the driver. Also, the vehicle encroachment was measured by an
analysis of film taken by a roadside video camera. Both the on-site laptop computer and
camera were powered by constant supply sources.

The marker utilized in this study was a traditional non-plowable raised marker
(Stimsonite LifeLite 88A). Its dimensions are 4 in. x 4 in. x 0.70 in. and is the standard
amber color as prescribed by the MUTCD for centerline delineation. All markers were
placed immediately outside of the painted centerline in accordance with current standard

practice (see Fig. 14).

Variable
Following is the manner in which encroachment data was coded in the present
study (see Figure 13 for the marking configuration). These measurements refer to

distances outside of the proper travel lane:

No encroachment 0
0in. -4 in. 1
4 in. -8 in. 2
8 in. - 12 in. 3
12 in. - 16 in. 4
16 in. — 20 in. 5
20‘in. -24in. 6

26






24 in. - 28 in. 7

>28in. 8

The speed data calculated from measured time and known distance is presented in
miles per hour. These speeds are accurate to approximately 1.0 mph as the precision of
the timing device was limited to 0.10 seconds. Likewise, in test runs using a vehicle with
known speed, data was generally accurate to 1 mph. The resuits of this study follow-in

Chapter IV.
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Chapter IV. Results of the Study

In order to fully understand and quantify the effects of the RPM placements, the
pertinent data has been analyzed using three distinct and well-recognized statistical
procedures. By combining the results of both study sites, a response to the research
hypotheses can be formed (see Tables 2 and 3). However, in order to more completely
evaluate the driver response, the site results must be separated, thereby making

differences inherent to each road segment of no effect.

Significance of the Data

In order to confirm the validity of the data, a standard variance ratio distribution
(F-distribution) was performed across the four separate dependent variables (speed in
Zones 1, 2, and 3 and vehicle encroachments), taking into account all 600 data points.
The results of these analyses are given as Tables 4 through 7. While these tables are
further explained later in this chapter, the small probability (P<0.0001) for all conditions
should be noted here. This indicates that the probability that the speed variations
experienced between sites are random occurrences is practically zero (less than a 0.01%
chance). However, the F-test does not show a statistically significant difference in the
speéd variances with relation to the RPM applications. All vehicle encroachment data

presented has been shown to be statistically important (Table 7).
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Table 4. Variance Ratio Distribution (F-distribution) for Zone 1 Speeds.

Dependent Variable: Zone 1 Speed (mph)

F-value 55.67
Probability <0.0001
Model Degrees of Freedom 5
Error Degrees of Freedom 594
Mean speed, Zone 1 (mph) 414
Population Variance F-value Probability Degrees of Freedom
Between sites 269.42 <0.0001 1
Between conditions 1.77 0.1717 2
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Table 5. Variance Ratio Distribution (F-distribution) for Zone 2 Speeds.

Dependent Variable: Zone 2 Speed (mph)
F-value 75.01
Probability <0.0001
Model Degrees of Freedom 5
Error Degrees of Freedom 594
Mean speed, Zone 2 (mph) 38
Population Variance F-value Probability Degrees of Freedom
Between sites 373.77 <0.0001 1
Between conditions 0.42 0.6555 2
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Table 7. Variance Ratio Distribution (F-distribution) for Vehicle Encroachment.

Dependent Variable: Encroachment Level (0 - 8)

F-value 10.8
Probability <0.0001

Model Degrees of Freedom 5

Error Degrees of Freedom 594

Mean Level of Encroachment 2.62

Population Variance F-value Probability Degrees of Freedom

Between sites 31.98 <0.0001 1
Between conditions 10.81 <0.0001 2
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Tukey Test Results

This test was likewise performed across the four dependant variables and includes
all data points. The procedure defines the significant differences in the variable means in
a side-by-side comparison. It may be obvious that characteristics inherent to each site will
cause different driver reactions and for this reason the site comparison results are given
only in the Appendix. However, it is interesting to note the mean comparisons between
the control group and the different RPM spacings (Tables 8 and 9). These results will also

be elaborated on further.

Analysis of Encroachment Data

By utilizing the chi-square statistic, which involves the difference between
expected and observed value frequencies, an accurate evaluation of the effect of RPMs on
opposing-lane encroachment can be attained. A complete analysis of the chi-square test is
best undertaken by individual inspections of the various tests run; these are presented as
Tables 10 through 15. These tables present total encroachment frequencies in two
different forms. First, all levels of encroachment (LE) are displayed, 0 — 8, for combined
sites (Table 10), Hardin Valley (Table 11), and E. Emory (Table 12). Secondly, these LEs
are categorized into a “high” condition (LE 6 — 8), a “moderate” condition (LE 3 - 5),
and a “low” condition (LE 0 - 2). Again, these results are given for combined sites (Table
13), Hardin Valley (Table 14), and E. Emory (Table 15). It should be noted that for the

measurements taken at the E. Emory site, a relatively high probability indicates that there
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Table 9. Tukey Range Test for Vehicle Encroachment Levels (0 - 8).

Condition . Tukey Group' Mean
Contol Data (existing road) A 3.34
40 ft. RPM spacing B 2.46
20 ft. RPM spacing B ) 2.05
Alpha, a 0.05

[Degrees of Freedom 594

Min. Significant Difference 0.6666

are not significantly different.

'Note: Means in the same zone with the same group letter
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Table 13. Categorized Chi-Square Encroachment Frequencxes
for combined sites.

Level of Encroachment’
Condition | - High Med. Low Value?
Control 57 46 97 Frequency
44.667 .35.333 120 Expected
9.5 7.67 16.17 Percent
28.5 23 . 48.5 Row Percent
42.54 434 26.94 Column Percent
40 ft. spacing 42 32 126 Frequency
44.667 35.333 120 Expected
7 5.33 21 Percent
21 16 63 Row Percent
31.34 30.19 35 Column Percent
20 ft. spacing 35 28 137 Freguency
44.667 35.333 120 Expected .
5.83 4.67 22.83 ' Percent
17.5 14 68.5 Row Percent
26.12 26.42 38.06 Column Percent

DF Value Probability
Chi-Square 4 17.8300 0.0013
Sample Size : 600
'Note: High = Levels of Encroachment (LE) 6 - 8.
Med.=LE3-5
Low=LEO-2

ZFrequency number of times this level of encroachment (LE) was observed
Expected: number of expected occurrences for an even distribution across conditions
(Z LE freq/3)

Percent: frequency comparison to entire table (LE cond freq/sample size x 100)

Row Percent: percentage of occurrences for one condition across all LEs

Column Percent: percentage of occurrences for one LE across all conditions
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Table 14. Categorized Chi-Square Encroachment Frequencies
for the Hardin Valley Rd. site.

(Z LE freq/3)

Level of Encroachment’
Condition High Med. Low Value?
Control 38 21 41 Frequency
30 20 50 Expected
12.67 7 13.67 . Percent
38 21 41 Row Percent
42.22 35 27.33 Column Percent
40 ft. spacing 28 19 53 Frequency
30° 20 50 Expected
9.33 6.33 17.67 Percent
28 19 53 Row Percent
31.11 31.67 35.33 Column Percent
20 ft. spacing 24 20 56 Frequency
30 20 50 Expected
8 6.67 18.67 Percent
24 20 56 Row Percent
26.67 33.33 37.33 Column Percent
DF Value Probability
Chi-Square 4 6.0867 0.1928
Sample Size: 300
"Note: High = Levels of Encroachment (LE) 6 - 8.
Med.=LE3-5
Low=LEO0-2

2Frequency: number of times this level of encroachment (LE) was observed
Expected: number of expected occurrences for an even distribution across conditions

Percent: frequency comparison to entire table (LE cond freq/sample size x 100)
Row Percent: percentage of occurrences for one condition across all LEs
Column Percent: percentage of occurrences for one LE across all conditions
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Table 15. Categorized Chi-Square Encroachment Frequencies
for the E. Emory Rd. site.

Level of Encroachment'
Condition High Med. Low Value®
Control 19 25 56 Frequency
14.667 15.333 70 Expected
6.33 8.33 18.67 Percent
19 25 56 Row Percent
43.18 54.35 26.67 Column Percent
40 ft. spacing 14 13 73 Frequency
14.667 15.333 70 Expected
4.67 4.33 24.33 Percent
14 13 73 Row Percent
31.82 28.26 34.76 Column Percent
20 ft. spacing 11 8 g1 Frequency
14.667 15.333 70 Expected
3.67 2.67 27 Percent
11 8 81 Row Percent
25 17.39 38.57 Column Percent
DF Value Probability
Chi-Square 4 16.8409 0.0021

Sample Size: 300

Note: High = Levels of Encroachment (LE) 6 - 8.
Med.=LE3-5
Low=LEO0O-2

2Frequency: number of times this level of encroachment (LE) was observed
Expected: number of expected occurrences for an even distribution across conditions
(Z LE freq/3)

Percent: frequency comparison to entire table (LE cond freq/sample size x 100)

Row Percent: percentage of occurrences for one condition across all LEs

Column Percent: percentage of occurrences for one LE across all conditions




is less significant difference between two or more conditions. This is because of the small

number of data points in the middle encroachment ranges.

Findings Concerning the Research Hypotheses

The general research hypothesis stated in Chapter III is again included here: There
exists a‘strong relationship between roadway delineation and motorist behavior in
negotiating horizontal curves on rural two-lane highways.

This statement has certainly been upheld and proven true through the data
collected in this study. Below are listed the specific research hypotheses and the evidence

from this study that either supports or fails to support them.

Specific Research Hypothesis 1. By installing raised pavement markers at 40 foot
intervals, daytime encroachment into the opposing travel lane can be partially corrected

by means of the “rumble effect” of the raised markers.

¢ Simple mean results in Table 1 show a reduction in encroachment from LE 4 to LE 3

at the Hardin Valley site and from LE 2.7 to LE 1.9 at Emory Rd.

o The Tukey range test in Table 7 shows a significant difference in mean encroachment
between the control and 40 ft. spacing conditions. The LE combined means for both
sites were 3.34 (control) and 2.46 (40 ft.). This test predicts that a significant

difference would be (0.67)*(LE 1).
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e Overall, high'LEs were dropped 7.5%, moderate LEs dropped 7%, and low LEs rose

14.5% (Table 13). This rise includes a 14% increase in vehicles with no

encroachment at all (Table 10).

Specific Research Hypothesis II. By shortening the traditional 40 foot spacing interval to

20 feet, vehicle encroachment will be reduced further.

e While the average encroachment was lowered at both sites, the change was almost

negligible.

e Table 9 showing the Tukey range test results indicates that no significant difference
was found between the 40 ft. spacing (mean LE of 2.5) and the 20 ft. spacing (mean

LE of 2.1).

¢ In combining both sites, the number of vehicles exhibiting no opposing-lane
encroachment rose almost 10% when RPM spacings were shortened to 20 feet. The

number of vehicles in the worst encroachment category, however, remained constant.
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Specific Research Hypothesis III. The application of RPMs at horizontal curves will

lower average operating speeds throughout the length of the curve.

e This hypothesis cannot be verified due to the lack of significance in any test through
any speed zone. There is a significant difference in speed between the test sites,
however, these a primarily due to variations in their respective environments and not due

to any influence of the RPMs.

Summary

Statistical testing has shown there to be significant differences in encroachment
levels after placement of the RPMs, but no difference in average operating speeds
through the curves. Therefore, one of the three specific research hypotheses has been
supported, one has some supporting evidence but remains inconclusive, and one has

failed to be proven by this study.
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Chapter V. Summary of the Study

This final chai)ter provides the essence of the research in brief form. First, an
overview of the study, including the problem and the research procedures used in testing,
will be sumarily restate.d. Secondly, the major conclusions are outlined and given with
respect to the research hypotheses tested. Finally, the implications of this research and

suggestions for further study are discussed.

Procedure Overview

Statement of the Problem. This research investigated the relationship between
pavement surface delineation and driver behavior on rural two-lane highways. Specific
facets of tested driver behavior were (1) average operating speeds around the beginning,
middle, and end of the curve and (2) the distance of encroachment into the opposing lane
of travel.

Statement of the Procedures. To test the response to the raised pavement markers,

three rdadway conditions were evaluated at two different sites. These were:
Condition 1. No markers placed (control group).

Condition 2. RPMs placed at a 40-ft. spacing along the centerline.

Condition 3. RPMs placed at a 20-ft. spacing along the centerline.
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Speeds for these three conditions were measured by standard speed markings and

encroachment levels were measured by roadside film review. Data was only recorded in

dry, daytime conditions.

Conclusions

Specific research hypothesis I concerning the initial placement of RPMs at a 40 ft.
spacing was supported due to the significant decrease in encroachment at both sites.
Approximately 15% of vehicles exhibiting “high” or “moderate” encroachment levels (>
8-in. into the opposing lane) were brought into the “low” (< 8-in. into the opposing lane)
category (Table 13). More specifically, 9% of vehicles travelling more than 2 ft. across
the painted centerline were corrected by the RPMs. Furthermore, this 40-ft. spacing

increased the number of vehicles completely in the prescribed lane of travel by 14%.

Specific research hypothesis II, dealing with the shortened spacing of the RPMs

to 20 ft., could not be adequately supported. Statistical analysis of encroachment data

* found no significant difference in the vehicle travel paths between the two RPM

conditions. However, because some notable shift was made at one of the sites (an
increase in the “low” category by 8% including a 6% increase in vehicles with no

encroachment), this hypothesis cannot be completely rejected.
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Specific research hypothesis III concerning the effect of RPMs on speed has

failed to be supported by this study. Under no condition change has the difference in

speed been significantly altered.

Implications

In promoting the increased safety of rural two-lane highways, the engineer is
often faced with correcting multiple problems with limited tools, time, and budgets.
When accident records indicate head-on collisions or off the road crashes where sudden
movements were made to avoid an oncoming vehicle, it can logically be assumed that
one or both vehicles were partly in the oncoming lane of travel. This study has shown
that the proper use of RPMs can at least partially correct this behavior in locations where
it is most prone to occur.

For most conditions, the results of this study recommend at least a 40-ft. spacing
interval for these markings. Spacings below this have been shown to be no more effective
in daylight conditions and are more costly and time consuming to install. Nevertheless,
additional research on short-radius curves may prove a decreased interval more efficient.
While speculative, it is the opinion of the researcher that spacings greater than 40 ft. are
not as effective in nighttime delineation, particularly on short to moderate-radius curves.

Another important implication of these results comes in the type of RPM used.
Here, the traditional 4-in. x 4-in. amber retro-reflective marker was evaluated (see
Chapter III). However, many other types of markers, particularly plowable ones, are’

currently being utilized. While additional study using different types of markers may
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prove otherwise, it is the researcher’s theory that smaller, less obtrusive markers may be

less effective in wheel path control.

Suggested Further Research

In observing motorist behavior and analyzing the data of the study, several
implications arose that might prove beneficial for future study. Following are some

questions which, with researched answers, could be of great value:

1. Does the type of raised pavement marker play a criticél role when attempting to
control vehicle encroachment?

2. Do the RPMs cause drivers to shy away from them excessively toward the edge
lines?

3. Istheresi gniﬁcént impact on encroachment in nighttime/inclement weather
conditions?

4. Are other rumble features located in the centerline equally or more effective in
prevénting opposing-lane encroachment?

5. What effect, if any, do RPMs have on roads carrying high volumes of large trucks?

Summary

This chapter has provided a summary of the study as well as its conclusions and
implications. It was found that only the initial application of raised pavement markers

had a significant effect on motorist behavior. This effect came in the decrease in the
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amount of c;pposing-lane encroachment on horizontal curves; no effect was had on
vehicle operating speeds atveither site. Certain ideas for future study in this area have
been raised in conjunction with some notable implications of the results. It is here noted
that, above all, roadway improvements should not be solely based on this or any other

re

study, but on motorist safety and sound engineering judgement.

52




REFERENCES

53



REFERENCES

Al-Masaeid, Hashem and Kumares C. Sinha. “Analysis of accident reduction potentials
of pavement markings.” Journal of Transportation Engineering. Vol. 120. Sept./Oct.,
1994. p. 723-36.

American Association of State Highway Transportation Officials (AASHTO). “A Policy
on Geometric Design of Highways and Streets.” 1990.

Brinkman, Charles Philip and Steven Smith. “Two-lane rural highway safety.” Public
Roads. Vol. 48. September, 1984. p. 48-53.

Good, Malcolm C. and Graham L. Baxter. “Evaluation of short-range roadway
delineation.” Human Factors. Vol. 28. December, 1986. p. 645-60.

Islam, M. Nazrul and Prianka Seneviratne. “Evaluation and design consistency of two-
lane rural highways.” ITE Journal. Vol. 64. February, 1994. p. 28-31.

Martz, Eston. “Beware of rural roads.” Traffic Safety. Vol. 94. Sept./Qct., 1994. p. 16-19.

Organization for Economic Cooperation and Development (OECD). Road Marking and
Delineation: a report. OECD Road Research Group. 1975.

Pigman, Jerry and Kenneth Agent. “Raised pavement markers at high-hazard locations.”
Kentucky Department of Transportation. Bureau of Highways, Division of Research.
1979.

Retting, Richard A. and Charles Farmer. “Use of pavement markings to reduce excessive
traffic speeds on hazardous curves.” ITE Journal. Vol. 68. September, 1998. p. 30-34.

Stimpson, William A. “Field evaluation of selected delineation treatments on two-lane
rural highways: executive summary.” USDOT. FHWA, Offices of Research and
Development. Report No. FHWA-RD-77-119. 1977.

USDOT. Federal Highway Administration. Highway Statistics 1997. Office of Highway
Information Management.

USDOT. Federal Highway Administration. Manual on Uniform Traffic Control Devices.
1988.

54



APPENDICES

55



APPENDIX A

COMPREHENSIVE VEHICLE SPEED AND
ENCROACHMENT DATA

56



109
109
130
1i0¢
1i0¢v
0¥
1jovp
1jov
1jo0v
10t
1j0p
1j0%
1o
1jov
140t
130t
1ot
1j0¢
1j0b
1job
1j0p
1)0b
1jop
1j0v
130
1jov
1iov
1i0v
1jov
109
1j0v
10t

- 3j0p

130v
10t
1ot
1j0¢
1j0¢

puod

a3
33
33
33
33
33
33
33
33
33
33
a3
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

aJaym

€Yl 6661 '22 4800190 ‘AepTa4 25:D|

OO NONOOODO" TN MOODDOTODMDOXDNNONTOONOO~NOOO N

80 oug

v/166° 0E
91199°02
£529v°2€
v2166°0€E
82€22°92
16060 bE
€L2L2° L2
£1688°SE
16060 g
16060 €
6060¥ ' 82
€549 °2¢
16060° b€
£L2l2° L2
16060 ve
16060° bt
688 ¢
£5.9v°2€
€L2L2° 22
8162292
16060 bE
11588 6¢
$6901 "0v
12vv9°62
6:818° L€
€5252°52
L2vv9 - 62
S6901 0
SGPGSY Sy
€529%°2¢
v2166°0€
6.828° L€
11588 ¢
€l2lz L2
£529b°2€
16060 vE
11588 S€E
16060 vE

gauoz

v.166°0€
82€22° 92
£529v°2€
12Vb9° 62
6060¥ ' 82
£529¢°2€
€L2L2° L2
S6901 "0
16060 vE
16060 b€
16060 vE
£1688°SE
£1688°GE
€060t ' 82
16060 vE
£1688°G¢
S6901 'Ot
11688°S¢
6060% ° 82
6060 82
11588 °GE
6£848° L€
vIELD 2
v2166°0€
PIELY ZY
L2vv9°62
8162292
v9ELY b
v9EL9 " 2gY
£1588°GE
£529v " 2¢
61828° L€
62828 L8
12vv9° 62
£5/9v°2€
64818° L€
£5/9v°2¢
16060 v€

g2auoz

ua1sAg Sys au|

11588°SE
£5.9¢°2€
628.8°LE
£1588°S¢
XX ADY:
€629v°2¢
16060 ¥E
£10L°8Y

62828° L€
11588°SE
S6901 'OF
21588°SE
£1588°S¢
11588°SE
62828° L€
£1588°S¢
v9EL9"2p
62818 LE
£1588° €
62828° L8
628.8° LC
vOELD 2
€10L° 8¢

62848° /¢
€10L°8Y

16060° bE
82€£22°92
SSbSh'SY
€102°8Y

6.8.8° L€
688" L€
v9EL9"2h
vogL9 2y
16060 bE
16060° bE
SE901 °OF
v9EL9" 2h
628.8°LE

Lauoz

@
™

< O~ oo, O NO T WHWWMNDODDNDO —~—NMT WO OMN
9:gev—mv—v—'—FNaNNNNNNNNﬂﬂﬂﬂﬂ(")(")ﬂ

=]

AN M T W OWMN~o©

-

yea

o NOTOONDNO ~NMTWOND
PRIV r220 0N NRIRERRASSYRILSSS

—N O T WO ON®D

SGo

57



1jov a3
10v a3
1400 EE]
ov a3
10t a3
. 1j0v a3
10t a3
1400 a3
10t a3
0¥ a3
1or 33
1jov 33
or 33
oy a3
10 a3
1j0¢ 33
140t 33
1jov a3
1400 23
10 33
) 1j0v 33
1400 a3
jov a3
1oy a3
1400 a3
1400 33
1400 33
1400 a3
140v a3
10t a3
130 a3
1oy a3
1jov a3
140t 33
100 a3
100 33
1300 33
1ot 33
puoo EREDT

vPlL 6661 ‘gz J48Q0120 ‘Aeptud gsS:ol

OCWOO0OO0O0O~TANON-TOOOOMNODOUNOOODODOM~ON~MNMNMND~MMOON

870 ou3

6060 '8¢
¥2166°0€
64848 LE
6.8.8°LE
voelo ey
21588°SE
16060 ' ve
L1588°SE
6060% 82
S6901 "0v
£5252°52
Levv9 62
€59 2€
L1588°SE
€529 °2€
21688°S€E
L2vy9°62
61828 LE
v.l66°0¢E

-16060° vE

£5.9b°2E
68.8° L€
£5L9b° 2E
16060 ¥E
v2166°'0E
€529t °2¢
pL166° 0O
pL166°0OE
12v9°62
8.£22°92
£1588°S€
648.8°LE
Y2166 0€
£1588°S€
L2vb9° 62
£529¢°2¢
12v19° 62
£1588°SE

gauo;

p2166°0F
606082
6488 LE
¥9€19 ey
S6901° 0
£1588°SE
21588°SE
16060 bE
12v%9°62
62828° LE
gL2L2° L2
L2Yb9° 62
£529¢°2€
£1588°SE
16060 ¥E
688" LE
6060t 82
S6901° O
t2166°0€
16060° bt
£1588°GE
£1568°SE
12vv9°62
£529b° 2€
v2166°0E
Y2166 0E
£529p°2€
£5.9b°2€
v2166°0€
6060 ° 82
£ig88 s¢
$6901 ' Op
PL166°0E
62828°LE
822" 92
v2166°0€
£549p°2€
62828 LE

zauoy

walsAs Svs ayy

21588°G€
21588°S€E
POELD 2P
S6901°0b
£10L°8Y

648.8°LE
6.8.8° LE
21588°SE
16060 bE
S6901°0F
£5.0%°2€
16060 ¥E
16060 ¥E
v9cL9° 2P
21588°S€E
v9E19°2h
16060 vE
¥9€19° 2
6.8.8° LE
S6901 0
v9ELD 2V
$9€49° 2
16060 p€
21588°SE
£5.0p° 2€
64818 LE
b9EL9 2k
21588°SE
S6901 O
21588°SE
64848° LE
S6901 0
21588°SE
SSYSY S
16060 bE
64848°LE
6.8L8°LE
vot19 ey

18uoz

9L
SZ
[ £4
74
(23
|72
073
69
89
L9
99
S9
v9
€9
29
19
09
6S
8S
LS
9S
SS
¥S
€S
2s
1S
0s
6%
8y
Ly
=14
St
|44
514
44
94
014
6€

UaA

9L
SZ
173
€L
el
73
0L
69
89
L9
99
S9
v9
€9
29
19
09
6S
8s
LS
95
S§
¥S
€S
[4:]
1S
0s
6v
514
FA4
514
St
144
14
(44
(34
[+14
6

$Q0

58



1419 13
1439 i3
1430 33
1430 33
1430 33
OTa30 i3
1419 33
1439 33
1419 33
1430 33
1439 33
. 1439 33
TJ30 a3
1430 33
1i0¢ 33
1300 33
1jov 33
3130p 33
1j0v a3
1300 33
130 33
1i0v 33
130 33
1J0v 733
1400 33
130 i3
1i0% 33
1i0v 33
1300 33
10v 33
1300 13
1i0p 33
1i0¢ 33
ov 33
130p 33
1300 33
1309 33
1ov 33
puo?d aJdaym

Sbl 666} ‘22 J8q03o0 ‘AepTJd 25:01

T OO0 0O D00 MOO0ODM«~ OO NMO~NM™¥OOrMO®OWWO«~M«~OwTOWNO

870 ou3

16060
12h19°
€529v°
11588°
16060 °
$6904°
L6060
$6904°
16060°
91199"
€529V "
paEL9"
$6901
gLzLe”
L2rv9°
€5L9p°
€5L9%"
16060°
16060°
64828°
16060°
Sspsy-
62828"
S6901
16060°
62828°
r9E1g"”
62828°
€l2l2"
vL166°
€529y
60607
16060
6.48.8°
62828°
£1588"
€szse”
16060

gauoz

walsAs Svs ayl

ve
6¢
ct
St
[4Y
[e14
ve
ov
ve
[¢14
ce
[44
ov
le
62
ce
ce
ve
pe
LE
e
Sy
LE
[+14
ve
LE
144
LE
L2
o]
ct
82

ve |
Le

LE
1%
S¢
ve

€S9V

Ix444°N
X144 N
16060°
DETAtES
648.8°

chigr

6288
16060°
£5252 "
£1588°
£1588°
S6901°
6060% *
L2v99°
21588"
£1588"
16060°
£1588°
£1588"
16060
pocig"
56901 -
¥9ELY"
16060
628.8"
v9E19”
628.8"
L20b9"
£5.90°
62828
£L2L2"
£1588°
62828"
£1588°
6288
L601S°
16060

¢auoz

2c
62
62
ve
2g
L8
iy
L8
ve
s2
se
se
oy
82
62
s¢
se
ve
1
se
ve
ey
ov
2y
ve
e
A%
LE
62
2e
e
2
se
L€
se
L€
€2
ve

16060 bE
£5.9%°2¢
£5.9v°2€
62828 LE
£16688°SE
S6901 'O
16060 b€
S6901 'O
$6901 O
6060t 82
62828 L€
v9€19’ 2t
v9EL9 2
£L2.28° L2
16060 pE
61828 L€
6.8.8° L€
648.8° L8
6.8.8" L€
6.48.8° L€
S6901 0V
€108y

v9€19°2v
v9c19 2t
v9E19 2P
v9€19° 2P
v9cl9 2y
648.8°LE
618.8° L€
21588°S¢
v9EL9° 2P
16060 ¥E
1 2°154 524
5.8.8" LE
S6901 "0
SSbSY S
6060V ' 82
v9EL9 2P

Lauoz

(2}
€l
el
bl
01

NOMTUON~ND

00}
66
86
L6
96
56
v6
£6
26
16
06
68
98
L8
98
S8
v8
€8
28
t8
08
6L
82
L

Uaa

4%
el
13}
(%3
0Ll
601
801}
201
901
SO1
(4}
€01
2o}
10}
001l
66
86
L6
96
S6
v6
€6
26
16
06
68
88
L8
98
S8
v8
€8
[4:]
3]
08
6L
8L
LL

59



1439 33
1439 a3
1430 33
1439 a3
14319 a3
14390 33
1439 a3
1439 a3
1439 33
1439 33
1439 a3
1439 a3
) 1439 a3
1439 33
1439 EE]
1439 33
14390 33
1439 33
1439 33,
1439 33
1430 33
143D 33
1439 a3
1430, 33
1439 a3
1430 a3
1439 EE|
14390 33
14390 33
1430 33
1439 a3
T420 33
1439 33
1219 a3
1419 a3
14390 33
1439 33
1410 33
puod aJdaym

9t 6661 'g2 J49G031op ‘ABPTJY 2S:0L

N M M-~ O TNMTMOH~NTOOMODONTMOOONOD~~ NN~ DODNON -~ O

8 0 ou3-

/1588°SE
2508v " 61
16060 vE
£529v°2¢
16060° bE
v2166° 0
16060 bE
11588 GE
SSLbY ' 25
S6901 "0
21588°S¢
648L8°LE
v9E19 Y
v9ELY 2h
£529%°2E
6818 LE
2890€° 12
6488 L€
16060 bE
12vv9° 62
16060° VE
16060 bE
S6901 "0
£5.9v°2¢
ELY66° 12
16060 bE
628.8° L€
12vv9°62
16060 ¥E
L1598°s¢g
v2166°0€
L6060 bE
64818 L€
gLeLe’ L2
16060 bE
16060 bE
64828° L€
v2166°0€E

gauoz

16060 vE
6060V’ 82
16060 vE
v2166°0€
£1588°SE
16060 vE
16060° bE
€529 °2€
€104°8¥

£1588°GE
S6901 'OV
62828°LE
S6901 0¥
£1588°G€
vL166° OE
16060 VE
gL222° L2
648.8° L€
L6060° vE
L2vv9 62
16060° VE
16060° bE
S6901 0¥
£5.9¥°2€
6060782
£5.9v °2€
62828° L€
£5.9¥°2¢
£1588°S€
21588°S¢
v2166°0€
vZ166°0€
L1568°5¢
€L2L2" L2
16060 " vE
£529v°2¢
£5.9v°2¢
12vv9°62

Z8uoz

walsAs svs ayl

SSYSP Sh
21588°S¢
§6901 ‘O
21588°G€
62828° L€
62828 L€
£1588°G¢
16060 vE
SSLbb 2S
YSELY T
62828°LE
62828° L€
v9E19° 2
v9EL9 2y
62828° L€
v9ELD 2V
21588°6€
§6901 O
62818 L€
vL166°0E
£1588°5€
£549p°2€
SSYSE Sh
16060 bE
£1588°S€
£5L9v'2€
64848 L€
S6901 ° 0¥
21588°S€
21588°S€
£1588°G€E
11588 G
62828 L€
L2v¥9° 62
16060 vE
£5.9b°2¢
v9EL9 2P
62828 L€

Lauoz

[4°]
1S
0s
514
534
IA4
214
Sy
144
%14
(44
34
014
6¢
8E
LE
9¢
St
ye
€e
et
1
o€
62
82
ie
9¢
Ss¢
ve
€c
(44
34
(014
6l
8l
L
91
Sl

Uaa

est
151
0ost
-1 4}
8vl
Lyl
avi
Spl
1443
%24}
t44)
34
+1 4%
6€1
8etl
LEL
9t
Set
veEl
eel
cel
331}
0l
621
8el

L2

921
Scl
vel
P13
cel
14}
ocl
611
g1l
A
9ll
Sl

sqo0

60



1439
-TJ39
1430
14390
143190
1439
1430
430
1410
1430
1430
1430
1430
1430
1430
1430
1430
14310
T430
1430
1430
1430
143190
1430
14390
1430
T439
1430
14390
1430
1430
1430
1430
1430
1430
1430
1439
T430

puoa

33
33
33
33
33
33
33
33
EE!
33
33
33
33
33
EE!
33
33
33
33
33
33
33
33.
33
33
33
33
33
33
33
EE!
33
33
33
33
33
33
33

.I\IDNO(OOVIOOF)ODOOFOOOVOV(’JLD.OONO!D'\Nl\vaOml")m

aJdaym

LYl 6661 '22Z 49903100 ‘AepTJd 2S:01

T80 ou3

11588°SE
21588°SE
628.8°LE
£5L9v°2€
SSYSY SY
v2166°0€
61818 LE
v9EL9 "2
1E060° vE
16060 vE
S690} OV
£5.9v°2€
6060V 82
£5L9v°2¢
£1588°SE
62828° L€
21588°S€
618.8° LE
£1588°S€
62828° L€
16060° vE
16060 ¥E
£5L9Y° 2€
£5L9v°2¢
£l2L2° L2

2890¢€”

1

v9el9 - 2h
£52se 52
£529%°2¢
v2166°0E
64828 L€
648.8°LE
£1688°SE
16060 bE
V9EL9 2P
12%¥9° 62
SSYSP SP
62828°LE

£auoz

7

L6060 vE
£1688°SE
648.8°LE
£529%°2¢€
v9€19°'2¥
16060° vE
11588°S¢
$6901 0
£1588°'S¢
648.8°LE
S6901 '0F
v£166°0€
£5.9%°2€
£529v°2¢
£1588°SE
6.8.8° L€
11588°SE
S6901 "0V
2158856
21588°SE
v1166°0€
£5L9v°2¢E
vL166° 08
£529v° 2€
16060 ¥E
eL242°L2
S6901 0V
8.€22°92
16060 ¥E
vL166°0E
S6901 'OV
6.8.8°LE
v2166°0€
16060 ¥E
S6901 " O
v2166°0€
6.8.8° L€

,1588°SE

25u0Z

‘wa1shs §vs duL”

16060° V€
£1588°S€E
56904 "0
£1588°S€
SS¥SY"SY
£11588°5€
56904 "0
v9E19°2Y
6901 '0Y
v9E19° 2P
6901 °0Y
11588°S€
16060 V€
£1588°S€E
£1588°S€E
SS¥SY" St
62828°LE
v9EL9° 2
£1588°S€
628.8° L€
62828°LE
62828°LE
16060 v€
16060° ¥E
Y9ELY"2Y
€5L9v°2€E
S69014°0F
vL166°0E
6.8.8°LE
v9€19° 2y
v9E19° 2y
62828°LE
16060 ¥€
16060° v€
v9EL9" 2
16060° v€
SSYSY' Sy
21588°S€

Lauoz

06
68
88
28
98
s8
v8
€8
28
18
08
6L
8L
7
9z
sz
7
€L
2L
(X4
0L
69
89
29
99
59
v9
€9
29
19
09
65
8s
L5
9§
ss
vS
€s

Yaa

061
681
88l
81
981
S8l
8l
€81
[4:28
181
081
641
743
Ll
9Ll
SL1
vl
€L}
22}
(YAS
0Ll
691
891t
191
991
S91
9l
€91
[4:13
191
09l
6S1
8sl
L51)
951
SSt
¥S1i
eS1

61



1400 AH
140v M
1j0v AH
140v M
or AH

) 1j0v AH
1jov AH
1i0¢ AH
0¥ M
1j0v M
1i0v M
10t AH
1400 AH
1i0v AH
1400 AH
1j0v AH
1i0v AH
10t M
100 AH
1400 AH
140v AH
100 AH
0% M
0% AH
1i0% A
1910 33
1430 EE!
1439 33
130 a3
1430 13
119 33
1410 33
1410 a3
1439 33
1430 33
1430 33
1430 a3
1439 33
puoo aJaym

8vl 6661 ‘22 48Q0120 ‘AepTad 2S:01

O -~ MO MO0 OND®DM®OMO OB N~TO WOWMOGBO OO M~

T H ——MOWN O NO ON

8 0 2u3

81818795
ELGL "8y

SSivv°es
voEL9 2y
y9ct9 ey
8181895
648.8°L¢
SSPSY 'Sy
£10L°8Y

SSiyPy eSS
£104° 8¢

£10L°8Y

S6901 "0V
cLoL 8y’
648.8°L¢
SSivves
SGivv'2esS
SSivv-es
voEL9 2y
SSvSy Sy
81818799
y9EL9 CY
SSPSP S
648487 LE
81818795

£1588°SE
v9EL9 2y
£1588°S¢
628.8°LE
62818 LE
S69014 " 0Y
16060 vE
16060 vE
S6901 "0
6060t " 82

gauoyz

€10L7 8y

S6901 "0V
SSpSy Sy
£1588°¢CE
56901 Qv
SSivb°2S
16060 ve
S6901 " 0¥
$9€ELI8 2P
S6901 0V
5690} "0V
roEl9 eh
16060 vE
voeiL9:2eh
£5.9v° 2t
SSySv 'Sy
roEl9-ep
voeLg ey
648.8° L€
6.8.8° L€
€10L°8p

16060 vE
voEL9 CP
16060 vE
SSbSP Sy

€59V - ¢
S6901 'OV
L6060 vE
41588°G€
6.8.8° L€
S6901 "0t
16060 pE
vL166°0€
S6901 "0V
6060v " 82

gauoz

waysAs Svg aulL

SSiby°2S
vIEL9 2y
£10L°8Y

64848 LE
648.8°1€
eLoL 8y

11588°S€
y9E19 2P
c10L" 8y

SSYSy Sy
SSpysSy Sy
yo€I9 2Py
648.8°LE
roeL9 ey
£1688°S€E
1211344
£L0L "8y

voeEL9 ey
S6901 'OV
§6901 "0V
€L0L 8y

S690} " 0¥
SSvSy Sy
L1588°S¢E
B81818°9S

pogio- ey
GSvSh 'SP
,11688°G¢E
S6901 " 0F
142171 3 A 4
Y9ELY 2y
S6901 '0v
£€G.9v°2¢
eL0L "8y

L6060° vE

|auoz

DO~ NOMTWOMNMDOODO - NMTLW
- - - = - - v -~ 0NN NN

- N M T O~ o

001}
66
86
L6
96
S6
v6
€6
c6
16

Yaa

922
[32
922
522
vz
£
zee
122
022
612
812
L2
912
512
vig
g12
z12
¥
012
602
802
102
902
S0z
02
€02
zoz
102
002
661
861
L6}
9614
561
61
614
264
161

sao

62



1i0v
1i0t
1i0t
1i0v
1i0v
ov
1i0v
1i0t
1i0v
1iot
1i0v
1i0v
3oy
1i0t
liov
10v
iov
1i0v
150¥
1i0t
130t
ijov
1i0¢
1io0v
1iov
1i0t
130v
10y
1i09
130v
oy
iiov
Hiov
1iot
10t
ij0v
oy
dov

puos

AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH

aJdaym

6v1 6661 ‘22 J8q0390 ‘'AepTJ4 25:0L

vNwaww-:romnoomwmwr\woommoonovmowmoowwmm

8 0 ouzg

€10L°8Y

€10L°8y

SSLvy 2S5
€10L° 8¢

$9€19° 2y
SSYSY Sy
SSLvY 2S
SSpSY 'Sy
€108

v9€19°2Y
81818°9S
€L0L°8Y

SSpSY Sy
voeL9 ey
€10L°8Y

LYEBE " 19
€loL 8y

SSivy°2S
62828° L8
81818°9S
€L0L 8y

€10L° 8¢

€10L°8Y

81818°95
SSivY°2S
S6901 "0
SSPSt°SP
€10L°8v

SSLvy ' 2S
y9€19° 2y
§S¥SP.SY
SSivy " 2S
8181895
LVEBG 19
€loL 8y,
SSYSY Sy
¥9€19°2Y
SSibY°2S

gauoz

v9€19° 2
v9EL9 " Y
SSbSY Sy
SSYSY 'S
6488 L€
56901 ‘O
SSYSE S
S6901 ' Op
v9€19°2r
11588°5¢
SSYSP G
56901 * O
6.8.8' .8
£1688°GE
SS¥SySb
SSLby2s
v9ELY " 2Y
¥9EL9" 2y
L2v%9°62
€102° 8y

¥9€£19° 2
S6901 -0
¥9E19" 2P
£10.°8Y

v9eL9° 2P
£1588°S€
S6901 "0v
v9El9 2y
SSYSY 'S
16060 bE
¥9€19° 2y
SSYSh Sy
€10L°8p

SSLbY 2s
SSYSy S
£1588°S€
61848° L€
£10.°8Y

23uo0z

wayshs sys ayL

10478y

SSpSY Sy
€10.°8Y

SSpSv S
vrogi9-ey
SSbSy°SY
SSvSy " Sy
56901 0t
SSYSv° S
S6901 0Ot
€10L°8Y

voel9 ey
56901 °0v
648.8° L€
SSYSv°Sy
81818°9S
SSYSy - Gy
€10L° 8%

6060t °82
€102 "8y

SSvSv° Sy
SSySv Sy
€10L° 8y

€108y

1 XV 14

64848 L€
56901 "Ov
v8eEl9 ey
SSLvy - 2S
648.8° L
56901 0¥
€10L° 8y

SSLby°2S
SSibv2s
ySEL9 "2y
L1588°S€
6.8.8"LE
€10L° 8¢

18u07

€9
29
19
09
6§
8s
LS
9§
SS
1£°]
€S
(4]
3
0S
6¢
214
FA4
14
Sy
144
244
14
94
oy
6€
8t
LE
9e
SE
ve
€e
(4
3%
ot
62
82
x4
92

Yaa

992
§9¢
y92
€92
(4:14
192
092
65¢
85e
452
95¢
§5¢
14°11
314
[4:14
(311
0se
5144
gve
i¥e
5144
Sve
1441
eve
eve
lve
ove
6€¢
gee
LE2
9ee
Sge
vee
€ee
cee
(114
oee
622

$Q0

63



1439 AH
0¥ AH
1400 AH
140¥ AH
13i0¢ AH
130t AH
’ 140¥ AH
140t AH
1300 AH
10t AH
1iov AH
1400 AH
liov AH
130¢ AH
130¢ AH
1i0¢ AH
1400 M
1400 AH
140t M
10t M
10t AH
140¥ AH
140¢ M
140¢ AH
130t AH
1i0¥ AH
1ot AH
130t AH
' 13i0¢ AH
340¢ AH
1j0¥ AH
1)0t AH
140t AH
140¥ AH
1io¢ AH
140¥ AH
1iov AH
1i0¢ AH
puoo aJaym

0Sl 6661 ‘2z 4890120 'Aeptud g5:01

TN OO TOANULOTr-rO0ANMODOMOMODOOOWOOO VDO ODITO ™ O ™ N M

78 0 ou3

SSLvb°2S
SSYSY°Sb
v9EL9°2Y
92y
S'Sp
81818°95
€102°8Y
81818°95
v9E19° 2y
SS¥SY Sy
£L0L°8Y
SSLvY 2§
SSYSY Sy
SSYSYSY
SSLvb 2
SSLvy2s
61848°LE
EPERA
SSLY'2S
8181895
CIV AT
SSPSY ' SY
56901 "0
£102°8Y
v9€19° 2y
SSYSY Sy
SSbSY Sy
v9ELD 2y
Y TAS 1
SSYSY Sy
£10Z°8Y
€102°8Y
SSLbY°2S
v9EL9 2y
SSYSY Sh
€104 8
S6901 " OF
SSLbb°2S

gauoz

L2

vogl9-2Zy
21588 75¢
6.8.8° L8
5'Sy
92y
81818°95
v9c19' 2t
£L02 8V
628.8° L€
v9c19°2
v9EL9 ey
SS.bv°25
16060°vE
628.8° L€
SSYSP°Sv
voEL9 ey
21588°5¢€
16060° vE
v9el9° ey
£10L° 80
v9EL9 2P
SSPSY S
6.8.8°LE
v9€L9° 2y
6.8.8° 28
21588°5¢
S6901 " 0¥
62828° 28
SSYSY°Sb
62828° L€
S6901 °0¥
21588°5¢
SSYSb°SY
21688°SE
S6901 "0v
S690} "0
21588°SE
Y919 2P

zZauoz

walsAs SvS 8yl

£10L°8Y
£1988°SE
$6904 'O
92y
55t
SSLvY°2S
LT
SSLYY2S
56901 ° 0¥
v9EL9 2y
29619°2Y
£102°8Y
16060 ¥E
SSYSY 'S
€108y
v9EL9 TP
£1588°SE
v9EL9 T
v9ELD "2
€10L°8Y
SSPSY Gy
§SYSY°SY
62818°LE
v9E19° 2
$6901°0p
56901 ' 0¥
vIELO 2y
S69014°0p
SSPSY b
6288°LE
v9ELY 2y
v9EL9 Ty
SSbSP Gy
¥9€EL9° 2y
S6901 "0
P9ELD 2P
SSPSY’SY
voci9 2y

1auoz

I
(¢]e]8
66
86
L6
96
S6
v6
€6
c6
16
06
68
88
8
98
S8
v8
€8
(4]
18
08
62
8L
LL
9L
SL
vs
€L
el
(73
0L
69
89
19
99
S9
9

usa

o€
o€
z0e
10€
00€
662
962
162
962
562
v62
€62
z62
162
062
682
882
182
982
582
82
€82
282
182
082
622
8.2
L2
9.2
5.2
viZ
€22
2Lz
122
0.2
692
892
192

$Q0



1430 AH
1419 AH
1430 A
1420 AH
1439 AH
. 1439 AH
1439 AH
1439 AH
1419 AH
1419 - AH
1439 AH
1419 AH
1419 AH
1430 AH
1439 AH
1419 AH
1439 AH
1419 AH
1919 AH
1419 AH
1419 AH
1430 AH
1419 AH
1439 M
1439 AH
T3 AH
. T4 M
- T4 AH
LI NI 1) AH
1419 AH
1439 M
1430 AH
1439 AH
1439 AH
1419 AH
1939 AH
1439 AH
1439 AH
puod  auaum

1S 6661 ‘22 49qc1dp ‘Aeprud 25:01

N O O THNDmMWOODDEODODOIDMNDODON-OOTON~-~ODMOMUWLONDITNDODITAN®M

“870 ou3

SSLvY'2S
SSYSY S
£10L"8Y

€10L°8Y

SSYSY " Sh
v9E19° 2y
vOEL9" 2
62828 L€
SSLvv-es
€102 8Y

SSYSY S
SSLbY 28
SSLPY°2S
SSLbY 2GS
£10L°8Y

81818°95
€10L°8Y

81818°95
SSYSY°SY
£102°8Y

£102°8Y

SSLbY'2s
SSLvY 25
SSLbb°2S
SSLbY°2S
SSLbb°2S
LVEBE" 19
SSLbY 2S
SSLbY 2S
81818°95
£102°8Y

€10L" 8

SSLbY 2S
£10L" 8

SSSYSh
SSYSY - Sb
SSYSY Sy
SSYSY 'S

gauoz

SSYSh b
62848° L€
10" 8Y

6.848°LE
62848° L€
£1588°S¢€
16060 vE
16060 ° vE
v9EL9 2y
628.8° L8
SSYSY Gy
p9E€L9 2CY
SSYSY SY
YT TR T
5690¢ " 0p
€108y

¥9€19°2p
v9EL9 2P
SSYSh S
$6901 °0b
62818°LC
SSYSY S
£L0L78b

S6901°0p
SSYSY S
v9EL9 2h
SSYSY'SY
£10L:8Y

SSvSy Sy
SSYSY S
SSYSY 'S

V9ELD Ty

$690} "0
SSYSY' S
mmwOW.bv
618.8°LE
$6901 " 0v
£1588°5¢

2auoz

walsds Svs oyl

SSLbY°2S
56901 0¥
SSYSY'Sh
v9ELS 2P
S6901 0¥
£1588°S€
16060 vE
£1588°S€
SSYSY Sy
£10L°8Y

SS¥SP Sy
SSYSY Sy
81818°95
SSYSY Sy
SSPSY 'Sy
€102°8Y

SSYSP Gy
SSLvP es
SSPSh Gy
SSpSP° Sy
P9ELS 2y
SS¥SY Gy
€10L°8Y

EL0L"8Y

E10L°8Y

SS¥SY°Sh
€10L'8Y

€10L°8Y

SSYSY°Gh
€10L°8Y

E10L°8Y

SSYSY° Gy
€10:8%

€108

R
S6901 0¥
P9ELD "2y
S6901 O

Lauoz

6€
g€
LE
9¢&
S€
ve
13
43
3
0oe
62
82
L2
92
S¢
ve
€e
(24
134
0
61
81
Ll
9l
Sl
vi
€l
cl
L
ol

N nwoOoND

Uaa

(443
(32
ove
6eE
8€EE
LEE
9¢e
See
yEe
€ee
cee
Lee
0€e
62¢€
82¢
L2€
92¢
S2€
e
€ce
cee
1ee
oze
61€
:2%
Ll

giLe:

SlLe
vLeE
€le
cie
tie
oLe
60€
80¢
40¢
90¢
SO€

$qo

65



1410 AH
T AH
1419 M
1419 AH
1439 A
1439 A
' 1410 AH
1419 A
1439 AH
1419 A
14319 AH
1410 AH
14319 AH
1439 AH
14319 AH
14319 AH
14319 AH
1410 AH
14319 A
1439 AH
14319 A
1439 AH
1439 A
49 AH
14319 AH
1439 AH
1419 AH
C T4 AH
o149 AH
14319 A
1419 AH
14319 AH
1439 AH
1419 AH
14319 AH
1439 A
1419 AH
1410 AH
puos aJaym

2SL 6661 ‘22 49q01d0 ‘AepTud 26:01

Nrmh e th©0®DO 0O ~0WTODO®DMONWOOOODOOWLW®Drerw ~0O0O0 WO O

“g70 du3

£102°8b
SSYSh 'SP
SSYSY S
€102 8%
£1588°§€
SSYSY ' Sh
£10L°8Y
vOELD 2
81818°95
€102 8%
SSPSY Sy
£102°8Y
£1L0L°8b
62828° L8
Y9ELY 2P
€102 8b
€10L°8Y
LVEBE" 19
SSLbY 25
SSLbb 2S
SSPSYSY
SSLbY° 2S5
SSYSh S
€10 '8¢
SSLbv 28
SSLbY° 25
SSibb 28
SSPSY b
SSLbb 2S
€102 8
81848°95
LTI 1
€102 8Y
SSPSh'SY
SSYSh Gy
v9EL9 2k
£10L°8p
€10 8Y

gauoz

v9ELD TP
62828° L€
£1588°5¢
pOELY’ 2k
€529v°2¢
£1588°G¢
S6901°0p
16060 ¥E
SSPSP Gh
v9EL9 2y
628287 L€
56901 0¥
SSYSY sy
L2vv9° 62
£1588°5¢
62828°LE
$6901° 0¥
SSLbv es
SSYSP'Sp
SSYSP Sy
£1588°5¢
SSYSYSY
61828°LE
62828°LE
SSPSP Sh
v9ELY 2
SSYSh Sy
£1588°SE
v9ELD " 2Y
569040
61828° L€
61828 LE
POELS " 2h
$6904 0
POELS TP
S6901 "0
E RS
6£8.8° L€

cauoz

wal1sAs svs ayy

SSbSh 'S
64818 L€
voEI9 2P
SSYSH S
11588'GE
56901 ° 0
SSpSY Sh
648848
SSLvb 2S
£10L°8Y

SSbSY " Gb
SSPSPSh
SSbSH S
21588°SE
S6901 ' O
S6901 ‘0
v9EL9° 2
81818°95
£10L°8v

SSPSp S
648.8° L€
SSLvy°2s
$6901 ' OF
56901 OF
SSLvy'es
SSbSh* Sb
€104 BY

S6901 0%
€108t

SSPSp Sy
21588°GE
v9€19°2Y
SSYSY' S
P9ELO 2y
61828° L€
62828'LE
SSYSY 'S
S6801 ' 0b

1auoz

iL
9L
73
ve
€L
13
73
0L
69
89
L9
99
S9
v9
€9
29
19
09
65
8S
LS
95
SS
14°]
ES
[4:]
S
0s
514
514
Ly
=14
Sy
144
EY
(44
94
oy

UaA

08¢
6L€
8.¢
e
9.¢
S.E
vi€
€L
(73
1LE.
0l€
69¢
a9¢
49¢
99¢
S9¢€
[£°1%
%21
[4:1%
19¢
09¢
6S¢€
as¢
LS¢E
9SE
SSE
vSe
ESE
(41
iS¢
0S¢
6ve
gve
fA4>
114
14>
144"
eve

sqo

66




1j02 33 0 €549¢v°¢¢ 21588 °S¢€ 6.8.8°LC [+18 8iv
1j02 33 0 16060 bE L1G88°S¢E SSvSy G 6 F484
1j02 33 S €549v°2¢ 6.8.18°LE yoci9 ey 8 9ty
102 33 3 648487 LE 56901 0P SSySv St L Siv
102 33 0 21588 'S¢ 6.28.8°LE 64848 LE 9 1494
1)02 33 3 €549b°¢¢ €59 °2¢E 21588°S¢€ S 134
1102 33 4 L6060 pE L1588 °SE S6901 " 0v v 134
1)02 33 8 y9€L9- gy voeL9 ep vocL9 ey [ 954
1302 33 ] 16060 bE L1688 °G¢E 56901 "0p e (134
102 33 0 g.€22°9¢ 6060v 8¢ 16060 ° vE 3 60V
1439 AH ) ’ ' : 8oy
1430 AH ) : : : L0V
14319 AH : . ’ : ) 90
1439 AH : : : : - Sov
1419 AH : S : ’ : voy
1430 AH [ yacL9ery v9E€L9 2P voeL9 -2y 001l €0y
T430 AH 14 SSivp°es €10L°8p ELOL BY 66 cov .
1430 AH L G690} "0p pL166°0E 16060 vE 86 1014
1430 AH 8 SSivv°2s SSPSv Sy €10L°8Y L6 ooy
14190 AH 0 €L0s 8y 648.8°LE p9ELY 2P 96 66€
1430 AH 0 £10L°8v 6.8.8° L€ G690} ‘0¥ 56 86€ o~
1430 AH 8 8181895 €L0L°8Y SSLpb ' 2s v6 L6E \©
1419 AH 8 €L0L 8V SSPSY "GP SSPSY Sp €6 96€
| 14310 AH 3 S6901 "Ov 21588 °S€ 648.48°LE 26 S6€
' _ 1410 AH 8 g1818°9g EL10L°8Y ELO0L"8BY 16 p6€E
i 1410 AH 8 SSYSy S S6901 "0Op SSbSY Sy 06 £6¢€
1410 AH 0 £102°8Y v9ELD 2P voetLg ey 68 26¢€
1430 AH 9 €10L°8Y 64848°LE S690! '0v 88 . 16¢
: 14310 AH € EL0L 8V 64848 L€ SSpySYy 'SP 18 06¢€
1410 AH S SSivv°es SSpSy " Sp [ ¢ V14 98 668€
1410 AH 8 LYEBG 19 SSvSh 'GP SSLvb *2S S8 88¢€
1439 AH 3 €los 8y G690} "0p 56901 " 0Ov 14:] L8¢E
1430 AH 9 SSYSy Sy mhmhm.hm 1211344 €8 98¢
1439 AH S SSpSY°Sp p9ELg gy 12175 : 244 (4] S8E
430 AH 8 €10°8v SS¥Sv 'SP SSPSYSp 18 (1
1430 AH 8 €los 8y SSPSH Sy SSvSY St [0]:] EBE
14190 AH 4 GSpSY Sy £1588°s¢ 64828 L€ 6L 28e
- 1430 AH ] yo€L9 2y 16060 ¢vE 21588°S¢E 8L I8¢
puod 3Jaym 8 0 ou3 €£3uo0z 2auoz 1L.oU0Z r:w> sQQ

€Sl 6661 ‘22 49Q0320 ‘AEPTu4 25:01 walsAs sys ayl




1j02 33 2 6.8.8° L€ 6.848° L8 SSYSY St [:14 9sY
1j02 33 0 41588°S¢ 64848° L€ S6901 "0p VA4 SSb
1i02 33 S 56901 'O P9€L9 2P pocL9’ey 214 14°14
1j0e 33 I 6.8.8°'L¢ S6901 "0V 56901 "0¢ Sy [%°34
1302 33 1 €G49¢v°2¢ S6901 0OV SSPSH Y 144 [4:14
1j0e 33 0 v2166°0¢€ vL166°0¢€ 21688 °G¢ 54 [3:14
102 33 0 16060 vE 41588°G¢ 11588°G¢€ (44 0Sv
1joe 33 I 16060°vE 16060 vE 21588°G¢ 84 5144
1i02 a3 0 11588°5¢ 41688°5¢ S6901 ' 0b ov 5144
1302 33 0 L2v¥9°62 v2166'0¢€ 64848°LE 6€ I444
1j02 33 0 €529V °2¢ v2166°0€ 21588°5S¢ 21> 2144
1j02 33 0 16060 vE €529 °2¢E 648.8°LE LE Sty
1i02 33 0 L2v¥9°6¢ 6060¢ 82 £€629v°2¢ 21> 1444
1j0¢e 33 0 €549V °2¢ 16060°vE 64848°LE Ge %44
ljoe 33 0 648.8" L€ 6.8.8°LE 6.8.48° L€ 14 (444
1joe 33 0 €549V °'2¢ €549V "¢ 648.8°L¢ €€ (344
1j0e 33 L v9gL9 ey S6901 'OV v9€l9 et (4> ovy
1j0e J 313 3 16060 vE 16060 vt Y9€1L9°2v 1% 6EY
1j0e 33 [ v.2166°0¢€ €949 et 41588°'S¢ o€ 21514
N 1i02 33 ] 21588°6¢ 16060 vE L6060 °vE 62 LEY
0z 33 9 BSL9v°2€  £158B°SE  pdel9iTy g% 9ey B
li0¢e 33 4] 16060 vE £S49v°2¢E SSvSY Sty 2 SEp
N 1j0e 13 0 €5252°Ge 8l¢€eZ 92 v2166°0€ .wN 14544
1j02 33 0 €549y °¢¢ 16060 °v€ 6.8.8°L¢E T4 [53414
m 1302 33 0 S6901 "0v v9EL9 2P S6901 'Ot ve . CEP
| 1j02 33 0 6.848°L¢ S6904 "0V €102 8¢ €2 LEY
W 1j0¢2 33 0 v2166°'0¢€ Levv9°62 21588°'6¢ (44 oey
W 1j0e 33 0 L2v¥9°62 16060 vE 628487 LE 12 6ev
102 33 0 21588 'S¢ 21S88°S¢ 64848°L€ 02 gz
1i02 33 0 €549¢v°2¢ ~16060° ve 21G88° 5S¢ 61 x4
1j02 33 € nmhwv.wh 648487 L€ v9€19° 2y -]} 92y
1i02 33 0 16060 veE 16060°vE S6901 "0t Ll Sevy
1j02 33 9 6060 82 16060 v€E 64848°LE 9l [ 444
1j0e 33 0 82€22°'9¢ €LeLele L6060 °vE Sl %44
| 1j02 33 9 S6901 'Ot v9€19° 2P €108 vi t444
W 1j0¢ 33 0 €529y '2¢ €529v2¢ 648487 LE £l (%44
, 1j02 33 v €549y °2¢ 21588°'S¢E y9€19° 2t 2l 1144
1j02 33 4 €5.9v°2¢ ,1588°G¢ 6488 L€ 33 6it
- ) puoas aJtaym “8 0 ou3 £auoz 2auoz Jauoz “yop $q0

vSL 6661 ‘22 J8qo100 ‘AepTuy zg:gL wa1sAs gvs auj




1j02 33
- 1302 EE]
1)02 33
1j0e - 33
1j02 33
1j02 33
1j02 33
102 33
1)02 33
1joe 33
1302 33
1)02 33
1302 33
1302 33
13102 33
1102 33
1jo02 EE]
1j02 33
1302 33
1joe EE]
1302 33
1j02 33
1302 33
1302 33
102 33
3302 33
1302 33
3j0e 33
102 33
ljoe 33
1i02 33
1302 EE]
1302 EE]
1302 33
302 33
1joe 33
2302 33
1joe 33
puos aJdaym

SSI 6661 ‘22 J8q012Q ‘Aeptud 2G:01

G)OG)GJOOOOG)OOOOv—OOO(')v-O"—OON-—OOOOOOOOOOOON

“80 ou3

y9EL9 ey
S6901 "0Y
vL166°0€
6060V " 82
16060° v
S6901 "0t
16060 " veE
levv9'62
L6060° ve

'L1588°S¢E

6.8.8°L¢E
€65/9¥°2¢C
€5.9v°2¢C

.v.166°0¢€

16060° vE
vZ166°0¢€
16060° vt
21588°s¢
vZ166°0€
16060 v€
16060 vE
6060¢°'82
6.8.8°L€
21588°S€E
1601S° €2
6.8.8°LE
€529y 2¢
v2166°0¢€
€529y °¢2¢
£1589°5¢
6060¢ 82
601G6°€2
v2166°0¢€
S905E" v
y9€19°2Y
6060¢ 82
16060°v€
21588°S¢€

£8u0z

£102°8Y
618.8°LE
L2v%9°62
12vv9°62
16060° €
£1588°SE
£1588°S¢
v/166°0€
£529v°2¢
L6060 vE
6.8.8"LE
16060 vE
v2166°0€
16060 vE
£529v°2€
v2166°0€
16060 vE
£1588°SE
£529v°2¢
$6901 ° O
£529¥°2€
L2vv9°62
64848 LE
61828°LE
£l212" L2
S6901°0b
£529v°2€
£529v°2€
16060 vE
628.8° LE
£Lel2° L2
£l2.2° L2
6060 " 82
S90SE " ¥
S6901 O
£S29v°2€
€59V 2€
vacl9 2y

2auoz

wa1shs svs ayL

SSYSh Gy
v9€19° 2
16060° bE
£529%°2€
v9E19 2t
6.8.8"LE
6.8.8°LE
£1588°'S€E

£1588°S¢E .

v9EL9 et
voEL9 et
£1688°S¢€
16060° vE
11588°6¢€
£1588°SE
L1588°S¢E
L6060 vE
6.8.8°LE
16060° vE
SSySv St
£1588°SE
41688 5¢
S6901 ‘0t
SSPSv St
vL166°0€
$6901 Ot
11588°S¢E
11588°S¢e
64848° L€
S6901 Ot
€5.9¥°2€
16060° vE
L2vv9° 62
6060¥ " 82
S6901: 0¥
L1588°G€
21588°S€

YOELD 2y

|auoz

98
S8
v8
€8
c8
18
08
64

BL

LL
9L
S¢
v
572
[
|2
0L
69
89
49
99
S9
v9
€9
29
19
09
6§
8s
LS
9s
SS
14°]
€S
4
IS
0s

ay.

CE

1434
e6Y
z6Y
6%
06%
68¥
8sr
9%
98r
sey
14:14
€8y
z8y
1514
[o]:14
-84
744
Ly
744
Sy
viv
€Ly
(144
(¥4 4
bhv
69
89y
L9¥
99¢
s9v
14504
cov
29y
9%
09%
65
8sv
L5

$q0

69




302 AH
1302 AH
1302 AH
1302 AH
13402 AH
1402 AH
1302 AH
1302 AH
1402 AH
1402 AH
1302 AH
1j02 AH
1402 AH
1j0¢ AH
1402 AH
1302 AH
1402 AH
1302 AH
1402 AH
1402 AH
1j0¢ AH
1402 AH
1402 AH
1302 AH
1302 33
1402 33
1302 33
1302 a3
102 33
1302 a3
1402 EE|
1402 33
) 1402 EE|
1402 33
1302 33
1402 33
1402 EE|
1402 33
puod aJaym

951 6661 ‘22 J2Q0320 ‘Aepr.q zg:g1

o-—ov-Ooomnonomoowonon—ooml\nvr\cncncnoomo:)o:)mv—

T80 ou3

€10, 8Y
€10L°8¥

SSLpv°2S
SS2vv°2S
$6901 OV
SSPSY Sy
SSPSH 'GP
SSPSY Sy
SSLbY2S
SSPSY SP
€10s°8Y

£10L°8Y

€104 BY

SSPSPSb
v9EL9 " 2p
SSHSh Gy
SSibb2S
S6901°0p
£104°8¥

SSPSY S
8181896
SSipv 2s
v9ELD " 2Y
SSipy°2S
£529¢ ' 2¢
v9€L9°2p
16060° ¥E
v2166°0F
11588°5¢
SSPSYSP
8.£22 92
£4242° 22
6060V ' 82
vZ166°0€
£1588°S¢
£529p°2¢
16060° b€
v9E19 2H

gauoz

S6901 " 0%
S6901° 0
SSYSY ' Sb
SSPSY S
16060 vE
16060 vE
S6901 0
S6901 0b
$6901 " Ob
$6901 “Ov
$6901 " O
yo9eL9 cy
21588°5¢
p9EL9 b
688" L€
y9ciL9°2y
SSvSy 'Sp
16060 vE
v9E19 " 2p
S6901 O
SGLyb Ees
SSPSh b
1" vE

v9EL9° 2P
v1166°0€
SSYSH' S
£5/9v°2€
v2166°0€
£1588°GE
v9EL9 2P
8.£22° 92
LEvY9. 62
£549v g€
£5.9b°2¢
L1588°S¢
pLLI66°0¢E
£59b°2¢
56901 " Ob

Zauoz

ma1s84Ag Sys Ay

v9€l9 2y
v9EL9 " TY
€102°8Y

SSpSY Sy
6.8.8°LE
POELY 2
SSYSh SY
v9ELD Ty
€40L°8Y

PIELY T
pOELY 2
SSYSp Sy
S6901 ' 0¥
€10°8Y

S6901 O
SSPSP ' SY
€102° 8

$6901 'O
€10L°8Y

Y9ELY " ZY
SSLbp 2
§SLvY°2s
£1588°GE
€10L°8Y

£529¢°2C
$6901 ' Op
628.8°LC
L2Y¥9°62
P9ELY 2
SSYSY Sy
£l222°22
16060 vE
61828° L€
£1588°GE
¥9EL9 2y
L1588°s¢
62828° ¢
POEL " 2

}au07

o. N T OMNOOO T~ NOM
eQoNQIvweoerag ot AOS

N M T O N

N O
o O
-

MO o r-raNmOMwTWnOMNO®
DDDODOHDNNDND DO

yaa

2€s
185
0€S
625
8zs
128
925
szs
ves
€25
2es
12§
02s
615
81s
Lis
91§
SIS
v1S
€15
ZIs
LS
0ls
605
805
10§
90§
506§
v0S
€0s
205
108
00§
66¥
86v
L6y
961
56

sqo

70



1302 AH
1402 AH
1402 AH
1402 AH
1302 AH
1402 AH
1j0¢ AH
31302 AH
1402 AH
1302 AH
1302 AH
1302 AH
1402 AH
140¢ AH
1302 AH
1j02 AH
1402 AH
102 AH
1402 AH
1302 AH
1402 AH
1402 AH
1302 AH
1402 AH
1402 AH
1102 AH
1402 AH
102 AH
1302 AH
1402 AH
1i02 AH
1302 AH
1302 AH
1402 AH
31302 AH
1j02 AH
) 1502 AH
1j0¢ AH
puoo aJdaym

LSl 6661 ‘ge J8Q0190 ‘Aepru4 gg:p|

oo-:rv-om—v—u)w-—mmmvmoa)oommoomv—oovmmwo—omo—

8 0 ou3

£L0L 8P
€104 8V

S6901 0¥
SSYSb S
SSYSY St
SStSy - SY
€10 8¢

S6901°0p
SSLVY ' 2S
v9El9 2y
SSivypes
€104 8P

SSYSY - GE
£102°8Y

£10Z° 8¢

SSibb2s
LvEB6° 19
€102°8Y

SS¥Sh SY
Y919 2y
SSivY'2S
S6901 0¥
SSLYYeS
SSivY2s
€102 8P

81818°95
vociL9 2y
SSYSY - Gb
€102 8p

SSLvy2s
SSYSE Sp
£L0L°8p

£10L°8Y .
81818°95
S6901 0%

‘€10L° 8y,

SSivv'es
€102 8Y

g€auoz

$6901 O
SSYSh Sy
628.8° L€
56901 'O
v9EL9 2y
S6901 'O
p9EL9 2h
628:8° L€
SSHSY ' Sp
62828° ¢
€10 8%

S6904 O
61828 L€
SSYSH TGP
v9EL9 2y
v9EL9 2
SSLvb 2s
€L02°8%

S6901 °Ob
£1588°GE
YOELY " 2Zb
16060 b€
£10L°8Y

SSPSY° Gp
Y9EL9" 2p
P9EL9 " 2b
S6904 'O
16060 bE
v9EL9°2Y
v9EL " 2Y
16060 vE
¥9E1L9°2p
64848° L€
SSYSh 5
21588°SE
v9€EL9 2y
SSvSY S
¥9EL9 2y

23uoZ

walsAs Svs ayl

SSYSY Sp
SSPSY ' Sb
688" LE
¥9EL9" 2y
SSYSY Sy
SSvSY Sy
€104 8Y

y9ELY 2y
EL0L°8Y

£1588°S€
€102 8Y

€102° 8y

Y9EL9 ZY
SSYSY Sy
SSvSY Sy
£10L 8

SSLvv°2s
€L0L°8p

€102 8y

68.8° L€
£102° 8

y9ELg 2y
SSLYY°2S
SSYSY 'Sk
¥9€19 "2y
EL0L°8Y

y9€1L9 2y
9ELY CH
SSVSY 'Sk
€L0L'8Y -
S690L " OF
v9EL9 2y
§5vSP."Sp
1028

SSvSy Sy
€108y

SSivb s
SSYSYGh

lauoz

29
L9
09
65
8s
L5
95
55
¥S
£s
2s
IS
0s
6
8y
Ly
oy
sy
122
£v
zv
12
oy
6€
8g
e
9e
s¢
ve
£e
3e
ie
oe
62
82
L2
9z
52

Uaa

048
695
89S
49§
99§
58S
$9S
€95
29s
196
09§
655
855
LSS
9SS
§SS
¥SS,
€SS
[4:4]
334
0SS
6¥S
8vs
LYS
14°]
141
144°)
Evs
A4}
34°]
ovs
6ES
8ES
LES
9€g
SES
14%°]
€ES

$q0

71




1302 AH
102 AH
1j02 AH
1102 AH
1302 AH
1J02 AH
lio02 AH
1302 AH
1i02 AH
1102 AH
102 AH
1jo02 AH
1i02 AH
1)02 AH
1302 AH
1402 AH
3102 AH
13102 AH
3402 AH
102 AH
1302 AH
102 AH
102 AH
1302 AH
1302 AH
1j02 AH
1joe AH
1joe AH
102 AH
1302 AH
102 AH
1302 AH
. 1102 AH
1302 AH
1302 AH
ljo0e AH
1302 AH
1102 AH
puod Juaym

8BSl 6661 ‘22 J48Q0190 ‘Aepruy zg:Q)

vlnv-OOOOOC!)OOCDOOOOFO!’)O!DOF!D(DOFN!’)!’)'\OONGJPLDO

870 ou3

SSLbY°2s
SSLbp'2S
v9EL9° 2
€L0L" 6Y
v9E19° 2p
SSLbb'2S
€162 8Y
SSPSP S
SSLbb 2S
SSvSPSp
€10L°8Y
€102 8Y
€10L°8b
€102 8¥
SSPSh 'S
81818° 95
81818°95
SSibb°2S
62848 L€
SSPSP ' Sp
SSPSP - Sp
81818°95
SSLbb S
cL0L 8Y
€102°8Y
SSLbY 2§
£10L°8¥
21588°G¢
£102°8Y
v9ELS 2Y
SSLvp 2S
€104 8Y
SS5LPb Es
€102 8b
SSYSh°Sb
SSPSH-gp
81818°95
vgeio-zy

gauoz

vOEL9 2
€10°8Y

S6901 'OF
¥9619° b
628.8°L¢E
S6901 " 0f
vOELg 2
$6901° 0¥
€L02°8Y

61828° L8
SSHSH Sp
SSbSh 5P
$6901° 0¥
£L0L°8p

62828°LE
SSvSp S
€102°8Y

£102°8p

16060° vE
S6901° 0P
11588°5¢
SSibb 2s
SSPSH 5P
S6901 " Of
vOELY "2
SSPSH 'SP
SSYSH SH
606082
SSYSP 'SP
S6901 "0
£10L°8Y

SSYSH° Sy
€102°8b .
v9€19"2Y
£1588°5¢
SSbSY Sy
SSYSH'Sp
6,828 L8

¢auoz

walsAS svys oy

SSLbP 2S
SSLbP'2S
v9€19°2¢
SSbSt Gt
S6901 0%
SSYSH S
£102°8p

S6901 0%
£102°8p

S6901 'Ot
£10L° 8%

£102°8Y

£10L°8F

SSbSPh S
v9€19" 2
81818°95
£102°8p

£10L°8Y

£1588°S€
£102°8p

SSbSH St
8181895
SSLbb 25
L1588°SE
SSPSY S
SSbSH Sp
SSbSP ' Sb
£529%°2€
SSYSH St
v9EL9 2t
SSLvY2s
SSbSP St
SSivb°2S
SSPSP Sy
S6901 'O
£10°8Y

£loL 8t

yoEL9 2P

Lauoz

001
66
86
L6
96
S6
6
€6
c6
16
06
68
88
.8
98
S8
14°]
€8
c8
I8
08"
64
8L
u
9.
72
bL
€L
cL
(V2
0L
69
89
L9
99
G9
14°]
€9

yan

809
L09
909
509
v09
€09
209
109
009
66S
865
L6S
965
S6S
$6S
€65
¢6S
16S
06§
68S
886
L8G
985S
S8S
1437
€8S
c8s
18S
08s
6.5
84S
LLS
9.5
SLS
¥LS
€45
¢LS
LLS

$qo0

72



APPENDIX B

SAS PROGRAM USED IN
STATISTICAL ANALYSIS
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jata
jata
lata
Jata
jata
jata
jata

lata

iroc

Jata

aroc

oneb;set one;where='EE';cond='40ft';run;
twob;set two;where='EE';cond='Ctrl‘';run;
threeb;set three;where='HV';cond='40ft"':run;
threeb;set three;where='HV';cond='40ft';run;
fourb;set four;where='HV';cond='Ctrl';run;
fiveb;set one;where='EE';cond='20ft"';run;
sixb;set one;where='HV';cond='20ft';run;

bilg;set oneb twob threeb fourb fiveb sixb;run;
print;run; ’

big2;set big;if zone1=. and zone2=. and zone3=. then delete;run;proc print;run;

glm;class where cond;

nodel zonel zone2 zone3 enc_O_8_=where cond where*cond;
neans where cond where*cond /tukey;

~un;
data big3;set big2;

if enc_0_8_ ge 6 then encr='HI ‘;

if enc_0_8_ge 3 and enc_0_8_ le 5 then encr='MED';

1f enc_0_8_ le 2 then encr='LOW';

proc freq;tables cond*encr/expected chisq;run;

proc sort,by where;

proc freq;by where;tables cond*encr /expected chisq;run;
proc freq;by where;tables cond*enc_0_8_ /expected chisq;run;
proc freq;;tables cond*enc_0_8_ /expected chisqg;run;

data big4;set b1g3;

vi_2=f2.13;

dv2_3=f3-f4;

proc corr;
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var f2 f3 f4 dvi_2 dv2_3;
~Lth f5;run;

=/
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- APPENDIX C

ANALYSIS OF VARIANCE OUTPUT
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The SAS System
The GLM Procedure

Class Level Information

Class Levels Values

where 2 EE HV

cond 3 20ft 40ft Ctrl
Number of observations 600
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