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1.0 INTRODUCTION

The research reported herein represents a continuation of an
earlier study, reference 1, which investigated the wind resistance of
roofing shingles. The earlier study for Owens-Corning Fiberglas
Corporation (OCF) had three objectives: 1) to review the published
literature to determine what work had been performed which would be
useful in determining wind resistance of shingles and in identifying
failure mechanisms, 2) to develop a testing procedure which would
provide an improved differentiation of shingle resistance to wind damage
and 3) to recommend research which would provide further understanding
of wind failure mechanisms to aid in product development.

The current study continued investigation into the mechanism of
wind failure to exploit findings from the first study. In reference 1,
a mechanism for shingle uplift was hypothesized. Separated flow over a
shingle provided negative (uplift) pressure on the top of a shingle
which, when of sufficient magnitude, could overcome the weight of the
shingle and start the uplift process. The detailed features of the
mechanism and its quantitative evaluation could not be determined from
the results of the first study.

The uplift hypothesis of reference 1 left a significant factor open
to question. Separated flow regions over residential roofs are quite
common and would be expected to cover an area ranging from several
shingles to an entire roof. While pressures acting on the top side of
shingles within at least some parts of a large separated flow are often
sufficient in magnitude to overcome the shingle weight, it was not clear
that this uplift pressure was the primary failure mechanism. If the

pressure on the under side of the shingle can vent rapidly, then the net



uplift pressure across the shingle will be small. An experiment was
designed for the current study to test the ability of a pressure change
above a shingle to cause a pressure differential across the shingle.
The anticipated result was that a pressure change alone would be
insufficient to cause shingle uplift.

The flow separation can have a local manifestation, shown in
Figure 1, which has the potential for sufficient pressure differential
across the shingle to cause uplift. Local flow separation over the top
of the shingle causes negative, or uplift, pressures on the top of the
shingle. At the same time, a stagnation region forms on the front edge
of the shingle which causes positive pressures (acting toward the
shingle surface) in that region. The positive pressure feeds under the
shingle providing a positive pressure acting towards the shingle surface
from below--a pressure adding to the uplift force on the shingle.
Investigation of the validity of this hypothesis with quantitative
measurements was a primary objective of this study.

A final objective of this current study was to evaluate several
shingles for wind resistance using the improved technique developed

during the first study.

2.0 EXPERIMENTAL CONFIGURATION
2.1 Wind Tunnel

The experiments reported herein were conducted in the meteorological
wind tunnel of the Fluid Dynamics and Diffusion Laboratory at Colorado
State University. This is the same wind tunnel used for reference 1.
The wind tunnel is schematically shown in Figure 2. This closed-circuit
wind tunnel is characterized by a long (100 ft) slightly diverging test

section. The test section is 6 ft 8 in. wide and 6 ft high at the



location of the turntable. The ceiling is adjustable for a longitudinal
pressure gradient correction. The facility is driven by a 250 Hp
variable pitch, variable speed propeller with wind speed varying
continuously from 0.3 mph to 80 mph. Air temperature is variable from
35°F to 180°F.

2.2 Flow Simulation

A shingle deck identical to that used in the previous study,
reference 1, was installed in the wind tunnel, Figure 3. All tests on
the shingle deck were made with wind perpendicular to the leading edge
of the deck. For shingle wind resistance tests, shingles were mounted
as in reference 1. For pressure measurements, all shingles except the
center one in the third course from the bottom were stapled down. The
unstapled shingle was the metric unit.

For some experiments, a gust generator was installed upwind of the
shingle deck as shown in Figure 3. The gust generator was 19.5 in. long
in the flow direction and 1.75 in. wide at its center pivot point. The
gust generator blade spanned the width of the wind tunnel and was
supported at the walls to permit rotation. The blade angle was adjusted
by hand from outside the wind tunnel by means of a crank arm. The usual
mode of operation was to continuously adjust the blade position,
although some portions of individual runs used a constant angular
position of the gust generator.

Neutral atmospheric flow was simulated as in the earlier study in
the wind tunnel with a smooth floor. The approach flow characteristics
were measured 15 in. upwind of the shingle deck at profile location B in
Figure 3. A profile was also measured at location E. Vertical profiles

of the mean wind speed and local turbulence intensity are shown



in Figure 4. The turbulence intensity is defined as the root-mean-
square of the longitudinal wind velocity fluctuations about the mean
divided by the local mean velocity. A boundary layer about 20 in. in
thickness developing over the wind-tunnel floor is evident. A boundary
layer on the deck was about 1 in. thick at the metric shingle location.

The local velocity near the metric collector was measured 1 inch
above the deck at the edge of the local boundary layer developing over
the deck. The reference wind speed was monitored in the uniform flow
region at a height of 50 in. for the pressure measurements on the
shingles (see Figure 3). The reference wind speed was essentially the
same as the local wind speed when the gust generator was inactive.

The technique for controlling the air temperature in the wind
tunnel is described in detail in Section 3 of the preceding report,
reference 1.

A photograph of the test installation is shown in Figure 5.

2.3 Flow Measurement

The mean wind speed and the local turbulence intensity profiles
presented in Section 2.2 were measured using a single hot film probe in
conjunction with a constant temperature anemometer (TSI Inc. Model
1050). The hot film probe consisted of a 0.001 in. diameter platinum
sensing element 0.02 in. in length. The probe was carried by a vertical
traverse to measure the local wind speed and turbulence intensity at
different heights above the wind-tunnel floor. The data were sampled
for 32 seconds at a rate of 260 samples per second. The output from the
hot wire anemometer was fed to a data acquisition system consisting of a
Hewlett-Packard System 1000 minicomputer and a Preston scientific
analog-to-digital converter. The data were then analyzed and stored

using appropriate software.



In addition, the same hot film anemometer was used to measure the
approach wind speed 1 in. above the shingle surface for several time
series wind-tunnel runs. The location of the probe is indicated in
Figures 1 and 6. The data for these runs were obtained at a rate of 512
samples per second.

Calibration of the hot wire anemometer was made by comparing output
to the reference pitot-static probe in the wind tunnel for a number of
wind speeds. The calibration data were fitted to a variable exponent
King's Law relationship of the form

g2 = A + BUS
where E is the mean hot wire output voltage, U is the mean wind
speed, and A, B, and C are constants determined by data fitting. The
root-mean-square speed of the fluctuating wind Urms was determined

from

U y M8 (1)

in which Erms is the root-mean-square output voltage from the

anemometer.

2.4 Pressure Measurement

Pressure data were obtained at fifty positions on the flexible
metric shingle surface and on the deck. Tap locations are illustrated
in Figure 6. The pressure taps were connected individually by 1/16 in.
I.D. plastic tubings to four pressure transducers through a pressure
switch. Pressure tubes connecting to the top and bottom sides of the
metric shingle used 8 in. lengths of 0.02 in I.D. tubing at the shingle
connection to reduce flow disturbances. The plastic tubings were short

enough so that the pressure response of the data collection



apparatus was adequate to record pressure fluctuations. Only mean
pressures are of interest for this study. Photographs of the
instrumented shingle are shown in Figure 5.

A pressure switch transmitted the pressure to transducers without
attenuation from four locations on the shingle at a time. Sequential
operation of the switch permitted measurement at all fifty positions.
The switch was operated by a computer-controlled solenoid drive. The
pressure transducers used were Setra differential pressure transducers
Model 237 with a 0.10 psid range. The reference side of the pressure
transducer was connected by the plastic tubing to the static side of the
Pitot-static tube mounted above the shingle model in the wind tunnel.
By doing so, the reference pressure was automatically set to the static
pressure of the ambient flow in the wind tunnel.

For the wind-tunnel tests in a steady flow, the pressure data were
sampled at a rate of 260 samples per second for 16 seconds. A sample
rate of 512 samples per second was used for the time series wind-tunnel
tests with gusting and with local velocity measurement to assure that
all significant information was obtained from the pressure output.
2.5 Test Program

The test program consisted of 38 tests identified in Appendix 1.
The 38 tests consisted of 177 individual data runs. Tests 1-15, 24-29
and 36 were tests of shingles instrumented for pressure distribution.
All of these tests included steady pressure data at 50 taps for several
wind speeds and time series data on 6 taps for a few wind speeds. Most
of these runs were videotaped and some had gusting action. Configu-
ration designations were for run identification. Additional détails of

runs are given on pages following the summary page in Appendix 1.



Tests 16-23 were wind resistance tests similar to those performed
in reference 1 with gusting included. Videotapes were made. Tests
30-35 were similar to those performed in reference 1 without gusting.
These runs were also videotaped.

Tests 37 and 38 were suction tests intended to determine how
rapidly pressure would vent under a shingle with a sudden negative
change in pressure over the shingle. A box connected to a suction
system was adhered to the shingle deck over the metric shingle with
silicone sealant. Three pressure taps were monitored (one under and two
on top of the shingle) while a sudden decrease in pressure was applied.
One run (#37) was made on the deck as prepared for pressure tests. A
second run (#38) was made with all adjacent shingle cracks (and the
junction between shingles and deck at the edge of the deck) sealed with

silicone sealant.

3.0 RESULTS

3.1 Pressure Distributions

For each of the pressure taps, the data record was analyzed to
obtain four separate pressure coefficients. The first is the mean

pressure coefficient

C _ (P-pR)mean (2)

Pnean 0.5p UR2

where Cp is the nondimensional pressure coefficient, p 1is the

fluctuating pressure at the tap location, p is the air density, P,

and UR are the reference static pressure and velocity in the approach

flow. C represents the mean of the instantaneous pressure dif-
mean

ference between the shingle pressure tap and the static pressure in the

wind tunnel above the deck, nondimensionalized by the dynamic pressure



2
0.5p UR

at the reference velocity position. This relationship produces a
dimensionless coefficient which indicates that the mean pressure
difference between shingle surface and ambient wind at a given point on
the deck is some fraction less or some fraction greater than the
undisturbed wind dynamic pressure in the approaching wind.

The magnitude of the fluctuating pressure is obtained by the rms

pressure coefficient

. ) ((p-PR)-(P-PR) e an’ rms ()

P

rms 0.5 p U”
in which the numerator is the root-mean-square of the instantaneous
pressure difference about the mean.

If the pressure fluctuations followed a Gaussian probability
distribution, no additional data would be required to predict the fre-
quency with which any given pressure level would be observed. However,
the pressure fluctuations do not, in general, follow a Gaussian prob-
ability distribution so that additional information is required to show
the extreme values of fluctuating pressure expected. The peak maximum

and peak minimum pressure coefficients are used to determine these

values:
c (P-PR) pax
Ppax 0.5 p UR2
(4)
(p-pR)min
C -
P 2

min 0.5 p Up

The values of P-Pg which were digitized at 260 samples per second for

16 seconds, were examined individually by the computer to obtain the



most positive and most negative values during the 16-second period.

These were converted to C and C by nondimensionalizing with
max Pain

the free stream dynamic pressure.

The four pressure coefficients were calculated by the on-line data
acquisition system computer and tabulated. Pressure coefficients for
all tests are listed in Appendix 2. Run labels in Appendix 2 refer to
test conditions identified in Appendix 1.

Distributions of the four Cp coefficients at the 50 tap locations
are shown plotted in Figure 7 for Test 2 (shingle 2-75-HVY-2) for 25, 30
and 35 mph approach velocities with no gust generator. Distributions
of Cp for other shingles are presented in Appendix 3. Several comments
can be made. The differences between C and C are relatively

max min
small so that the variation in C is most significant in shingle
mean
load determination. Thus all further discussion of Cp refers to
C and the subscript is dropped from the coefficient.

mean
The variation in C from tap to tap follows a characteristic

pattern which is consisteﬂiatith the flow model presented in Figure 1.
For a 25 mph wind prior to shingle uplift, positive surface pressures
are found just upwind of the shingle step and negative pressures are
found just downwind of the shingle step. A gradual transition from
negative to positive is found as position advances downwind from the
negative pressure at one shingle step toward the positive pressure in
front of the next step. Pressures underneath a shingle are positive
providing additional uplift.

The pressure distribution for 30 mph in Figure 7 shows clearly that

the flexible metric collector has been lifted by the wind creating

strong positive pressures on the windward side and strong negative
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pressures on the leeward side. These pressures add to hold the shingle
up. Because the coefficients are larger when the shingle is raised, the
pressures are larger. Thus the shingle will remain up once the wind has
pulled it up as long as the wind speed remains constant. The influence
of the raised shingle on adjacent shingles is significant as can be
observed from taps 18-23. A large uplift pressure is created in the
region of tap 23.

At 40 mph, the qualitative behavior of the pressure coefficients in
Figure 7 remains the same as at 30 mph although the precise magnitudes
differ.

Figure 8 shows a more detailed distribution of mean CP across two
courses of shingles as a function of position on the shingle for three
wind velocities. The coefficient distributions are similar at the two
lower wind speeds, but differ at the higher wind speed where the metric
shingle has flexed up.

Figure 9 shows the variation of mean pressure coefficients at six
pressure taps on nailed shingles not free to flex as a function of
approach wind speed. The pressure coefficient values are approximately
constant with wind speed up to 30 mph at which velocity the adjacent
flexible shingle raises up disturbing the flow and hence the pressure
coefficients on these adjacent shingles. The implication of the
constant value of Cp up to the velocity where the flexible shingle
moves is that the 1local flow over each shingle is Reynolds number
independent. Thus, these coefficients can be applied in other situ-
ations, including full-scale situations if an appropriate reference wind

speed is selected.
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3.2 Pressure Differential

Pressure differentials across the flexible roofing shingles were
obtained to analyze shingle uplift forces. The local mean pressure

differential was given by

AC =C -C (5)
P p top Plbottom
surface surface

The ACP values yield an actual pressure differential Ap when

multiplied by the corresponding reference dynamic pressure. Thus,
Ap = ACqu (6)

_ 2

where 9g = O.SpUR
or, Ap(psf) = 0.00206 URZACp (7

at an elevation of approximately 5000 ft, where UR in the above
equation has units of mph.

In the wind-tunnel test data presented herein, five pairs of
pressure taps were used on the top and bottom surfaces of the flexible
shingles in order to determine pressure differentials. The selected
pressure taps were

tap number (see Figure 6)
top surface 35 36 37 38 39
bottom surface 41 42 43 44 45
distance from the
front edge of the
shingle (in.) 0.1 1 2.5 4 5
The analysis of pressure differential was only applied to the flexible

shingles which were the third course on the deck and not to the fixed

shingles.
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The variation of ACp with position on a shingle is shown in
Figure 10 for a variety of shingles at 75°F and 35°F at one wind
velocity below the speed where uplift occurs. While scatter is evident
in the data, due probably to the slightly different geometry of each
shingle and the way it lies on the deck, the overall trend of the data
is similar. This figure shows that, prior to uplift, the wind load on a
shingle is largest at the outer edge. The data in this figure will be
of significant use in application to full-scale structures.

The variation of pressure difference coefficient with wind speed is
shown in Figure 11 for eight shingles, four at 75°F and four at 35°F.
Difference coefficients are essentially constant before uplift and vary
with shingle geometry after uplift. Shingles at high wind speeds at
75°F tend to have less pressure across the shingle than do the same
shingle type at 35°F. The reason is that at 75°F the shingles will bend
completely over while the more rigid shingle at 35°F was still sticking
straight up into the wind. Figure 11 gives some indication of repeat-
ability of data, since the figure includes data on two different
experiments on the same shingle type under the same conditions. Some of
the variation can probably be attributed to the pressure tap installa-
tion since small changes in geometry about the tap (especially near the
front edge) can cause changes in pressure reading. However, it is
likely that most of the variation in ACp values can be attributed to
changes in physical geometry of the shingles themselves. The step
height at each shingle edge is a primary (if not the primary) deter-
mination of ACp. There was a visible variability in the step height
from one shingle deck to the next even though care was taken to ensure

that the decks were manufactured in the same way. Variability in step
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height in field applications may be even greater. (After a period of
time, the shingles in the field applications may "relax" providing a
more uniform step height.)

The actual pressure differences in psf across a variety of shingles
at 75°F and 35°F are shown in Figures 12 to 16. The measured shingle
weight in psf is also shown for comparison. The shingle weights were
not adjusted for deck angle (a 5 percent factor) to account for the fact
that gravity load acts vertically downward while wind pressure forces
act perpendicular to the deck. 1In general, the uplift pressure on the
shingle had exceeded the shingle weight at the outer edge of the shingle
by 25-30 mph while shingle uplift did not occur until 30-35 mph when
uplift exceeded weight over a larger area of the shingle. Because the
local velocity was equal to the reference approach velocity in these
tests, these velocities refer, in a full-scale building, to local wind
velocities over a building roof and not to wind speeds approaching the
building.

One data set in Figure 16 refers to a 'tapered" organic shingle.
This shingle was modified in shape by filing the leading edge corner to
reduce the severity of the step. If the mechanism for shingle uplift is
as described herein, then tapering the front edge should decrease the
uplift pressure as compared to other untapered shingles. Figure 16
indicates that tapering did not reduce uplift. Three possible reasons
are evident. Tapering may not have been sufficient, pressure tap tubes
may have extended above the shingle surface in the tapered region giving
a false reading, and the shingle may have been installed with a larger

than average gap from leading edge to the shingle below creating an
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effective step of similar magnitude to other tested shingles. This
single test of a tapered shingle should not receive too much weight.

Figure 17 shows pressure differences across several shingles. These
data were obtained by multiplication of the coefficients of Figure 10 by
the QR appropriate for each shingle test. This summary graph shows
how actual pressures varied across the shingle for the cited shingles in

the wind-tunnel test as it was run.

3.3 Prediction of CP from Local Velocity Measurements

Consider the fluid flow along a streamline A-A' in Figure 1.
Although the flow is turbulent, we may consider the streamline of the
mean flow. We also consider the flow to be incompressible. If we
neglect viscous diffusion terms in the equation of motion, then the

equation reduces along the streamline to
q + p = constant (8)

where q = 1/2 pU2, P is the air density and U is the velocity at the
point of interest. This equation is known as Bernoulli's equation in
which fluid gravitational forces have been neglected.

If the 1local velocity measurement position (see Figure 1) is
sufficiently close to streamline A-A', then the velocity at the local
velocity position (measured by a hot film anemometer in the experiment)
will be representative of that on the streamline. While this approxi-
mation is not correct due to a local boundary layer between the velocity
measurement and near-surface streamline, the method developed here to
predict variations in local surface pressure coefficients from measured
variations in local wind speed accounts for that difference in calibra-
tion of the method. It is only required that the ratio of the velocity

at some point on A-A' to the local velocity measured by hot film
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anemometer be constant. We also assume that the pressure p on the
streamline A-A' is representative of the surface pressure (to at least a
constant of proportionality).

The pressure p on the streamline is related to the surface

pressure coefficient by

P~ Pp (9)

where Pr is the static pressure at an upwind reference location not
affected by the shingle deck or gust generator in the wind tunnel as
described earlier and a4z is the dynamic pressure at that reference

location. Substituting (9) into (8) gives
qt Pp + g Cp = constant

since is constant

PR
q+ a4 Cp = constant = C (10)

The constant C can be evaluated by inserting baseline values of q
and Cp for one time instant when both q and CP are known (call

them q,, C for Baseline values):
B Pg

C=gqy+aqp CpB (11)

Inserting (11) into (10) for C and solving for Cp:

q
c =c +-B2_.9 (12)
P Pg R YR

Equation (12) allows the calculation of an estimate for the surface

pressure coefficient at any time based on the constant values of Cp
B

and ap valid at one point in time, on the constant value of approach

wind s and on the local value of q at the time instant for which

C is desired.
P
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Equation (12) was used to calculate expected values of Cp as a
function of time for several data runs with the gust generator opera-
tional. Data recorded during two runs are shown in Figures 18 and 20.
The computed Cp values are compared to the actual measured value
of Cp in Figures 19 and 21.

The agreement is quite good except when the local velocity position
recorded short-duration gusts (a few hundredths of a second) with magni-
tude greater than the baseline velocity (the no-gust velocity). It is
posible that when this situation arises, the size of the gust is not
sufficiently large to permit establishment of an equilibrium flow
locally so that the ratio of streamline velocity to local velocity is
not the same value as during baseline conditions. There is significant
question as to whether very short-duration gusts of this type are found
in a full-scale situation. In other words, the gusting action may not
have been realistic for these short-duration gusts.

3.4 Blow-up Tests

Pressures were recorded on the metric shingle after lift-up to
permit determination of wind pressures acting on a shingle after lift-
up. During lift-up, videotape records (augmented by slide photographs)
of the shingle positions were made. A 1/2-inch wire grid immediately
behind the shingle (as viewed by the camera) permitted the deflected
shape of the shingle to be picked off the photographic record. This
data will permit shingle stiffness properties to be evaluated.
Reduction of that data is not contained in this report.

3.5 Suction Test
A test was performed to determine the ability of a pressure change

above a shingle, in the absence of wind flow, to provide a pressure
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difference across the shingle. The purpose of this test was to
determine whether or not negative pressures on a roof associated with
large-area separated zones could cause a significant pressure differen-
tial across a shingle. A sealed box with one side open was attached to
the shingle deck with silicone sealant. The box had dimensions of
10 in. x 14 in. x 2 in. high. The box was connected to a large volume
vacuum source through a solenoid-activated valve. Three pressure taps
were installed--one under the flexible shingle and two on the adjacent
shingle upper surface. The valves were activated during the data run
producing a step function pressure change in the box over the shingle.
Tests 37 and 38 were devoted to those tests.

Figures 22 and 23 show the results of two data runs. The locations
of the three pressure taps are shown on the figures. Both data runs
used a 10 psf suction in the large vacuum chamber. In Figure 22, the
deck was as constructed for wind-tunnel tests. In Figure 23, all cracks
between shingles were sealed with silicone and the junctions between
shingles and deck were also sealed.

The results of Figures 22 and 23 are quite similar. Neither shingle
configuration permitted the full 10 psf of suction to be developed. A
maximum of 1.5 psf and 3 psf could be developed. The implication of
this is that the shingles overlying one another are quite porous.
Sufficient air was supplied from under the shingles to quickly destroy
any pressure differential. The fact that the tap under the shingle
closely tracked the taps on top of the shingle (except during the
unrealistically fast pressure rise time) means that uplift loads on

shingles cannot be attributed to pressure changes over a roof.
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4.0 DISCUSSION

4.1 Implications for Product Development

The experiments described herein provided quantitative measurements
of wind pressures on both sides of a variety of shingles before and
after uplift. Also measured were the deflected positions of the up-
lifted shingles. This data can be used to determine effective stiffness
properties of the tested shingles at 75°F and 35°F. Comparison of
mechanical properties of tested shingles with properties of products
under development, using the wind loading data of this report, should
permit determination of superior products from a wind resistance
standpoint prior to wind-tunnel or prototype testing.

Changes in physical characteristics of proposed shingles could
require additional wind-tunnel testing to obtain new ACP values for
use in calculating uplift pressures. The values of Cp before shingle
uplift are functions of shingle geometry: height of step at the edge of
a tab and distance from one upwind tab edge to the step in question
(5 inches for shingles tested here). Thus a change in shingle geometry
should be tested to obtain new values of AC .

4.2 Implications for Prediction of Damage Potential

The data obtained herein are valuable for product development as
described above. However, relative performance between two shingles is
not sufficient to determine the absolute level of performance--that is,
the risk of failure per year for a shingle on a particular roof in a
given city. In order to evaluate failure risk, we need sufficient
information on shingle 1loads to relate uplift pressures to local

climatic data.
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Information developed within this study has shown that, for the
shingle geometry studied, the uplift pressure can be predicted if the
velocity over the roof just above the shingle is known. The writers of
this report are unaware of any study in which wind velocities just above
a roof were measured. At the same time, this study has shown that
shingle uplift pressures are not correlated to wind pressure distribu-
tions over a roof. Thus, the information available in the literature
reporting roof wind pressures is not useful in predicting shingle uplift
pressures.

The lack of quantitative measurements correlating wind velocity
near a roof surface to the approaching wind speed prevents a quanti-
tative evaluation of failure risk. What qualitative information exists
indicates that local wind velocities above a roof, and hence uplift

shingle pressures, may be maximum near eaves and ridge lines.

5.0 CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions

Three types of data were collected during this investigation: 1)
shingle wind resistance tests wusing the improved testing procedure
developed in an earlier study, 2) static pressure change tests to
evaluate the ability of the pressure on the bottom side of a shingle to
adjust to the pressure on the top side for a pressure change without
wind velocity over the shingle, and 3) measurements of fluctuating
pressure on the bottom and top sides of a shingle with wind flow over
the shingle to determine quantitative uplift on the shingle.

Conclusions concerning these three tests can be summarized as

follows:
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Test 1 - The improved wind resistance test procedure was able to
differentiate between shingles whose varied properties would indicate
that they might have different wind resistance.

Test 2 - Static pressure changes alone are insufficient to cause
shingle wuplift. A pressure change on the top of the shingle is
reflected on the bottom surface almost instantaneously. Thus, infor-
mation available in the literature which gives uplift pressures on
building roofs cannot be used to determine uplift pressures or failure
potential of shingles.

Test 3 - a) Wind velocity acting locally over a shingle can
produce a negative pressure separation zone on the top and a positive
pressure stagnation zone on the bottom resulting in a net uplift pres-
sure. When this local velocity is sufficiently large, the net uplift
pressure can overcome the shingle weight and lift the shingle off the
roof. This mechanism appears to be the dominant factor in shingle
failure due to wind. b) Quantitative measurements of pressure across
shingles were obtained before and after the shingle was lifted by wind
action. Uplift net pressures were largest at the outer edge of the
shingle reaching values of 1 to 3 psf at the outer edge and 0.5 to 1 psf
farther in before shingle uplift. (Shingle weight was about 1 psf.)
c) Uplift pressures in a simulated wind without artificial gusting
could be predicted through local pressure coefficients and the local
wind speed near the shingle surface. With artificial gusting applied
from an oscillating airfoil upwind, uplift pressures could be predicted
by the same method when the rate of change of velocity above the
shingles was not extreme. Uplift pressure could not always be related

directly to 1local wind speed .above the shingle in the presence of
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rapidly changing velocity. In these cases, this is probably due to a
gust simulation which was not realistic.

5.2 Recommendations

On the basis of information developed during two wind-tunnel
studies which have been performed to investigate wind resistance of
shingles, several recommendations can be made. These recommendations
are directed toward gathering additional information needed to provide a
risk assessment for shingles in typical field service.

1. Additional wind-tunnel tests on shingles instrumented to
obtain pressures on top and bottom sides would provide the following
information:

a) Uplift pressures are needed on shingles as a function of
local wind speed above the shingle and local flow angle
to the shingle course. Previous tests examined just one
wind direction perpendicular to the shingle course.
Winds on roofs often occur at directions other than
perpendicular to shingle courses.

b) Additional gust tests are needed to define how rapidly
the local velocity above a shingle can change and still
preserve the Bernoulli equation prediction of uplift
pressure.

c) Developmental tests on modified shapes of shingles might
lead to improved wind resistance. This test should be
undertaken only if shingles with potentially improved
aerodynamic shapes appear to be commercially producible.

2. Velocity measurements near the surface of building roofs in a
variety of surroundings are needed to determine the failure risk of

shingles on various portions of a roof. These tests can be performed on
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small-scale models placed in a simulated atmospheric boundary layer in a
wind tunnel. Geometrical modifications to buildings to decrease shingle
vulnerability can also be developed during these tests.

3. The tests outlined in (1) and (2) above should enable an
assessment of shingle failure risk in field installations. Instrumented
shingles with appropriate velocity measurements in a full-scale
situation may be desirable to confirm fajilure risk assessed by wind-

tunnel measurements.
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Figure 5a. Photograph of Test Installation
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Figure 5b. Photographs of Test Installation



Figure 5c. Photographs of Test Installation
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Figure 5d. Photographs of Test Installation



23
Q. ] L Q | L Q40
6 220 50 ® 390 U5
21 26 38
50 ei0 T—0O ® 490 ° o,
K
s drd ! 20 25 a8 37
o} ® —%———O e ® U]
4 COURSE ] 43
_\g\‘ 3ll
o o , ' 4798% ¢ FLEXIBLE SHINGLE
3 iy " Vo | ¥4 42
= ~he R
29 o° b2 (J || 34035%ede
! g Y 4« 33
I u
' "
16° '% 320
2nd
COURSE
I.'So 3IO
140 300
@) 130 29,
o) 6]
| st 12 | 1 28
COURSE “O 270
NOTE: LEGEND
1. Vertical dimensions are typical. O Top surface exposed to wind
2. Staggered taps on flexible shingle are ® Top surface under an overlying shingle
1/2 in. apart horizontally. ® Bottom surface of shingle (flexible
3. Flexible shingle was not flexed prior shingle only)
to final installation. X Hot film location #1 above surface

Time Series Data obtained on Taps 35,41,44 and 34,37,43

Figure 6.

Pressure Tap Locations on the Metric Shingle and Adjacent Deck

Y€



cP

FILE Dez5ez
2.0 T r 1t r 1t 1t 1 1T 7T & 71 177" T 1T 7T T 11

| ! 1 1 1 | ! 1 1 1 ! | | | 1

11 1 1 1 1 l
1t 2 3 45 6 7 8 1611 12 13 14 15 16 17 18 19 28 21 22 23 24 25
TAP NUMBERS

Figure 7. Pressure Coefficient Distributions among 50 Tap Locations

119



cpP

FILE Dez2se2

2.0 LI LI i | I i ! v 4 1 | I 1 1 4 | ) 1 ¥ ] 1 i V

2.8 i L 1 i 1 1 1 1 1 1 L1 1 [ 1 Lt 1 1 | | i | 1 1

26 27 28 29 38 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 43 59
TAP NUMBERS

Figure 7. Pressure Coefficient Distributions among 50 Tap Locations

9¢



cP

FILE Do3ge2

2‘9 T 1 ¢+ T+ 1T 1T 1T 17 71T 1T 1T 71717177 1777 % 717 %9 17 ¢ 1T 719
1.8
|
-
T\ AR
| \\f \\// N VA
-{.0
U7 N, SR DR NN NN N HNS WA SO (NN U N NN WU S (NS DU SN WA (N NN S SN S
{ 2 3 4 5 6 7 8 1811 12 13 14 {5 16 {7 18 19 20 21 22 23 24 25

TAP NUMBERS

Figure 7. Pressure Coefficient Distributions

among 50 Tap Locations

LE



cP

FILE Do3.rz2

2.0 | ! | I I 1 1 | I 1 1

1+ 1+ 1T U 1T & ¥ 1t 1 § 11

-2.8 1 i 1 | i L | 1 1 1 | 1 1 1 1 1 1 i i | | 1 1 1 | -

26 27 28 29 39 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
TAP NUMBERS

Figure 7. Pressure Coefficient Distributions among 50 Tap Locations

8¢



CP

2.0

FILE De35e2

6¢

v LI I ) ] I ] 1 1 I 1 ¥ 1 ] 1 1 i I ] ] 1 I 1
| ]
i |
1.0 -
= 4
! |
0 '//\\xL ll‘lAvr/v\T‘ ,///——__-,/"\\x__‘
jav= v N
- .
"1ar— —
-2.0 1 1 1 | | 1 i 1 1 [l | i 1 1 i | i

TS T DR N U B
t 2 3 4 5 6 7 8 18611 12 13 14 15 16 17 18 19 28 21 22 23 24 25
TAP NUMBERS

Figure 7. Pressure Coefficient Distributions among 50 Tap Locations



CP

FILE De3sez

| L) I 1 I 1 1 1 1 ] ! T 1 1 LI 1 1 1 LENL ] 1 1

~A 10

Ll

L L

i 1 1 i L 1 [ i 1 1 1 1 i { 1 | | i i 1 1 1 { i |

26 27 28 29 38 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 £9
TAP NUMBERS

Figure 7. Pressure Coefficient Distributions among 50 Tap Locationms

0¥



0.5

-05

1.0

0.5

-0.5

-1.0

41

Shingle 1-75-HVY- | C (Test 1)

- Tap Nos
2nd Course O 13—=17
3rd Course A 18 —22
Ugr = 20 mph
(@)
(o) o © 8
1 1 1 N ]
o A 2 AN 3 4 5
x (in.)
A
B
2nd Course O I13—17
3rd Course A 18 —22
N Ug = 25 mph
R
o) O
Q 1 1 LJ\ ]
x(in.)
AN

Figure 8.

Pressure Coefficient Variation across a Shingle



42

1-75-HVY-1C (Test |)

1.0
2nd Course O 13 ~17
3rd Course A 18 —22
0.5} Ugp = 40 mph
o O
o (@)
c 0 é} 1 AN 1 1
PR | 2 3 a4
x (in.)
-05}
- 1.0+

Figure 8. Pressure Coefficient Variation across a Shingle



(.0

0.5

-05

-1.0

05

-05

-1.0

43

Shingle 1-75-HVY-1| (Test |)

o 13

3rd Coursed A 15

o |7
M O —0
A A A A
i 1 1 1 -
—3 W o o
40 50 60

O 18
3rd Course { A 20
0D 22

N

60

Figure 9. Pressure Coefficient Variation with Wind Speed



44

x(in.)
0o | 2 3 49 5
O LN L T L
O
- = o
0.2 s o] ﬁ
£§ A
-0.4}- g
o
/! A
-0.6| S
Ac,
-0.8¢» T =75°F O HVY-I
o Uz= 25 mph & HVY-2
- 1.0F 0O HVY-3
¢ ® LT-|
-1.2F A LT-2
AC, = Cp(35~39)— Cp( 4| ~45)
x (in.)
o) l 2 3 4 5
0o T 1 T 1
0]
o N 2
osf %
AC,
-0.8[R T = 35°F O HVY-|
Ug= 25 mph ® LT-I
-1.0a A LT-2
o A ORG - |
-1.2F O ORG -2
Figure 10. Variation of Pressure Difference Coefficient

across a Shingle



45

Shingles | -75- HVY - | (Test |)
18-35-HVY -1 (Test 24)

20 30 40 50 60
o 1 T T T U
Ug(mph)
Acy
-1}
-2L
O Cp(35) - Cp(4l) Edge
& Cp(37) - Cp(43) Middle
® A T =75°
O Ao T=35°%
Shingles 2-75 -HVY -2 ( Test 2)
19-35 - HVY -2 ( Test 25)
UR(mph)
10 20 30 40 50 60
0 T T T T 1
ACp" | -
-2F
Figure 11. Variation of Pressure Difference Coefficient

with Wind Speed



46

| Shingles 4-75-LT -1 (Test 4)
B 20-35- LT -1 ( Test26)

UR(lTlph )
20 30 %0 50 60

o 1 I V ! i
ACp
-l—
-oL
& Cp(37)-Cp(43)
@A T =75°%
OA4L T =35°F
| Shingles 5-75-LT-2 (Test 5)
21 -35-LT-2 ( Test 27)
Ug(mph)
20 30 40 50 60
0 1 ] |
ACp
-1}k
-2L

Figure 11. Variation of Pressure Difference Coefficient
with Wind Speed



47

Shingles |-75-HVY-|

18-35 - HVY -|
x(in.) x(in)
0 | 2 3 4 5 ) | 2 3 4 5
o ' J 1
- -, S—
- -2 Weight Dist.
a -3
2_4_ URf 25 mph o _4L URi 30 mph
b -5t qg = .31 psf <] -5 dg = 1.84 psf
-6} -6}
-7L -7+
o T=75°
& T =35°F
AP =[Cp(35~39) - Cp(41~45)] xqq
I 2
OO T

AP ( psf)
D

-5k
-6 Ug= 35 mph
-k Qg = 248 psf -k Ug= 40 mph

qg = 3.31 psf

Figure 12. Pressure Difference on HVY-1 Shingles
versus Position and Wind Speed



48

Shingles 2-75-HVY-2

19-35 - HVY -2
x(in.) x(in.)
0] I 2 3 4 5 0 | 2 3 4 5
O I | i L | 0 v L] L ) L
A= ——0o"° e e——=t =)
~ 2oL Weight Dist7 ~ -2F Weight Dist.
% _3 w _al
3_4t Ug = 25 mph Z al Ug = 30 mph
S -5k g = 131 psf % -5k qg = 1.84 psf
-6} -6k
.7L -7L
T =75°F
& T =35°
AP =[Cp(35~39)-Cy(41~45)]xqy
x(in) x(in.)
0o | 2 3 4 5 o | 2 3 4 5

AP ( psf)

Figure 13. Pressure Difference on HVY-2 Shingles
versus Position and Wind Speed




AP ( psf)

AP ( psf)

49

Shingles 4-75-LT- |

20-35-LT- |
x(in.) x(in.)
I 2 3 4 5 0 | 2 3 4 5
OOE o T T j T ]
-1~ - __mIF T X =
-2F Weight Dist. - -2 Weight Dist.
(74 O-
_3_ Q._3b/‘01 A —O0——0
-4} Ug = 25mph :_4r Ug = 30 mph
-5} ar = |.31 psf < -5} dg = .84 psf
-6 -6
_7L -7L
T =75 °F
T =35 °F
AP =[C (35 ~39)-C,(41~45)] xag
x(in.) |
o] | 2 3 4 5
o J ! 1 l 1 o
-1 Weight Dist. - |
'2_ [T '2
3 A, r—=a a3
-4 o -4
-5 -5
-6 Ur= 35 mph -6
- qg= 248 psf - Ug = 40 mph
Qg = 3.31 psf
Figure 14. Pressure Difference on LT-1 Shingles

versus Position and Wind Speed



AP (psf)

AP (psf)

50

Shingles 5-75-LT-2

21-35-LT-2
x(in.) x(in.)
0o 2 3 4 5 0 I 2 3 4 5
0 O ] L ! 1
T - - -
-2} Weight Dist.]— ~-2F Weight Disi.7
-3 g-3f
-4} Ug = 20 mph :_4_ Ug = 25 mph
-5} gr = O8lpsf -5k qg = .31 psf
-6 _sl
oL ST
o T=75°F
T =35 °F
aP =[c (35~39)-C (41~45)]xaqg
x(in) x(in.)
o) 2 3 4 5 0 | 2 3 4 5
0 1 ! LI 1 O L 1 I 1 1
"2 ~ Weight Dist, -
-3
-4
-5
-6 -
-7 qg = 1.84 psf -T- Ug = 40 mph
Qi = 33| psf

Figure 15. Pressure Difference on LT-2 Shingles

versus Position and Wind Speed



AP ( psf)

AP ( psf)

51

Shingles 22-35- ORG- |

23-35-0RG -2
29-35- ORG - Tapered

x(in.) x(in.)

00 | 2 3 4 5 0O lI ? 3 :‘ ?
e —— N
-2 Weight Dist. ~_oF Weight Dist.
-3F a-3F
-4l Ugp = 25 mph 2_4_ Ug = 30 mph
-5} qg = 1.31 psf Q-5} qR = 1.84 psf
-6} -6}
-7L -7L

T =35 °F

ORG- |

ORG -2

ORG - Tapered

AP = [C, (35 ~39)-C_ (41~ 45)]xqq
x(in.) x(in.)
OO | 2 3 49 5 o0 | 2 3 4q 5

T weoer '
-2 -2k Weight Dist.
. 3-3;__—_&3;2
-4fF = -4
-5} UR= 35 mph < -5} UR=4O mph
-6[ qp = 248 psf -6 qg = 3.31 psf

Figure 16. Pressure Difference on ORG Shingles
versus Position and Wind Speed



AP (psf)

52

(in.)

0 | 2 3 4
0] T T T 1 ﬁs
0.2 N
er o) o 8
0
-0.4} a A
AN
-06} Eg ® A
-0.8}
-I'C)23 T =75° O HVY-I
UR = 25 mph S HVY-2
-1.2F - O HVY-3
d, = L3lpsf
8 R ® LT-I
-1.4l¢ A LT-2
AP [ Cp (35~39) - Cy (41 ~45)]xag
x (in.)
0 [ 2 3 4
O i i 1 1 ?
-0.2}
-04} g
- o)
A 0
0 o
-06o !! A ;5
-0.8} A O HVY-|
® LT-I
-1.0}F T =35° A LT-2
Ug = 25 mph & ORG -1
-1.2}F ag = 1:3! psf O ORG -2
A
-1.4le

Figure 17.

Pressure Difference Distribution across a Shingle



TIME SERIES DATA PLOTS FOR RUN #

81

7-8 ¥ l L l T r L} 1 )
SYM LABEL CHAN #
a T3sw3gi 1
8.8 o T4iw3sl 2 -
L ¥ A T44W3BL 3
* VEL/1@ 4
5. ¥
4.
2
& 3
|
a 2.
O
1.
-1 .8 -
_2.8 Y 1 'y 1 A 1 A |
14 .23 16.28 18.882 2. .88 22.88

Figure 18.

Time (esecd
Velocity and Cp Values Measured during Run #81

249 .89

139



TIME SERIES DATA PLOTS FOR RUN # 81

7;82 Y ¥ ¥ ] ¥
SYM LABEL CHAN #
e TAP3S . 1
8.282 | e EQ 12 -
N A VEL/1B., 4 d
5.8 -~ ”
4.
0. “
G
i
&2. -
)
1.88 7AP 35 ]
_ AUA A
M\ ! f‘f
2 = f " ! A\ T )‘i' S \"\‘ 'A‘Wi
¢ ,/ o', i ' ‘ AN
P [l /A L e—
- | N /] _
1 .88 £o 12
L -
-2.88 A i . ~ =
17.8 18.8 19.8 28.

Time {sec>

Figure 19. Comparison of Measured and Calculated Cp Values for Run #81

%S



TIME SERIES DATA PLOTS FOR RUN # 74

7.2 : : , : , : , l ,
SYM LABEL CHAN *4
a T35W30. 1
.8 T41wsa, 2 -
- T44W33. 3 J
VEL/10. <
5.8 —
SQUARE. (S
4.
a
“ 3
i
w
o. 2- v
(&
1.
ey
lll\alhlt’;,\llv!".‘ll
—-1.8 | -
_2.9 [ 1 " 1 L 1 N 1 L
23 .88 22 .88 24 .80 26 .38 28 .8 38.008

Time (secd
Figure 20. Velocity and Cp Values Measured during Run #74



TIME SERIES DATA PLOTS FOR RUN % 74

7 .88 . — . [ i
- SYM LABEL CHAN ﬁd
8 TAP3S . 1
6.0 |~ . EG 12 _
- A VEL/18, < -
S.008 |~ 'y h —
400k | I
r
i } |
2 3.00 |- '
| Il
(%Z.QBP-
; 4 "“ e |
- 7 7L AN
. BB pygitiad : G | e —L Marea -, i o d
el 774Fﬂ?5"’ r\\\ | AN g !
B . i
EQRI2
-1 .88 [~ —
-2 .88 L ] . | N
22.8 28.08 24 .8 25 .

Time (secd

Figure 21. Comparison of Measured and Calculated Cp Values for Run #74

9%



TIME SERIES DATA PLOTS FOR RUN #% (74

Time (secd

Figure 22. Results of the Suction Test for Run #174 with 10 psf Applied Suction With Unsealed Deck

.aa T ] L4 ] T 1 .

I SYM LABEL CHAN #

8 TAP A . {
.88 |- -

¢ TAP B . 2

- A TAP C . 3
.28 |- -
.88 |- -
- o
.ee_‘ -
p= -
. BB |l it ORI Vo S W SN VN WS ve— .
L 4
.88 -
= -
.89— pu—
B UNSEALED DECK 1
.88 - .
.88 |- -
- o

.ae ' ] 2 ] 2 ] 2

8.8 12.8 11.8 12.8 13

.0

LS



.88

. B8

. 8B

. BR

TIME SERIES DATA

PLOTS FOR RUN #% 177

. BB '

.88 —~

1 L]
SYM LABEL CHAN # |

a TAP A . 1
¢ TAFP B . 2
A TAP T . 3

. B8

.88 —

.88 -

.88 -

1

SEALED DECK

L 1 L

.88 4

5.9 S.

7.8
Time (secd

8.8 8.

Figure 23. Results of the Suction Test for Run #177 with 10 psf Applied Suction with Sealed Deck

8S



59

APPENDICES



60

APPENDIX 1

TEST PROGRAM



61

APPENDIX 1
TEST PROGRAM¥*
Test Air Test Label Configu~ Testing wt/ft2
Number Tenpegature ration (psf)
")

1 75 1-75-HVY-1 c Pressure & Scol*¥ 0.976
2 75 2-75-HVY-2 D Pressure & Scol 1.003
3 75 3-75-HVY-3 E Pressure & Scol

4 75 4-75-LT-1 F Pressure & Scol 0.777
5 75 5-75-1LT-2 G Pressure & Scol 0.770
6 75 6-75-1LT-3 H Pressure & Scol

7 75 6-75-LT-3 I Pressure & Scol w/gusting

w/gusting

8 75 7-75-LT-4 J Pressure & Scol w/gusting

9 75 7-75-LT-4 K Pressure & Scol w/gusting

10 75 8-75-HVY-GUST L Pressure & Scol w/gusting 0.976
11 75 9-75-0RG-GUST M Pressure & Scol w/gusting 0.947
12 35 10-35-LT-GUST N Pressure & Scol w/gusting 0.853
13 35 10-35-LT-GUST 0 Pressure & Scol w/gusting

14 35 11-35-HVY-GUST P Pressure & Scol w/gusting 0.922
15 35 12-35-0RG-GUST Q Pressure & Scol w/gusting

16 35 -35-VMA-GUST - Videotape shingle action

17 35 -35-L92-GUST - w/gusting

18 35 -35-JAX STD-GUST -

19 35 13-35~-NOM-GUST -

20 35 14-35-DEM IMP-GUST -

21 35 15-35-XLT-GUST -

22 35 16-35-CHAP-GUST -

23 35 17-35-GIAS-GUST -

24 35 18-35-HVY-1 R Pressure & Scol 1.003
25 35 19-35-HVY-2 s Pressure & Scol 1.003
26 35 20-35-LT~1 T Pressure & Scol 0.841
27 35 21-35-LT-2 )] Pressure & Scol 0.766
28 35 22-35-0RG~1 v Pressure & Scol

29 35 23-35-0RG-2 w Pressure & Scol

30 35 24~35-VMA-1 - Videotape shingle action

k}| 35 25~35~VMA~2 -

32 35 26-35-1L92-1 -

33 35 27-35-L92-2 -

34 35 28-35-GLASS-1 -
35 35 29-35-CHAPP-1 -
36 35 29-35-0RG~-Tapered X Pressure & Scol

edge

37 - unsealed - Suction
38 - sealed - Suction

* See Section 2.5 for comments
** "Pressure"” indicates steady state pressures at taps 1-50 "Scol" indicates
time series records for taps 35,41,44 or 34, 38, 46
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HEAVY WEIGHT SHINGLE TESTING AT 15° F

Test 1. 1-75-HVY-1, Videotape numbers 2 and 3, Configuration C, Datatape #l

MPH Pressure File Name SCOL Run #

15 015 C01502 32-2, 33-3 Videotape #1
20 020 C€02002 34-2, 35-3

25 025 C02502 36-2, 37-3

30 030 €03002 38-2, 39-3

35 035 C03502 40-2, 41-3 Videotape #2
40 040 C04002 42-2, 43-3

50 050 05002

60 060 Cc06002

10 070 C07002

Test 2. 2-75-HVY-2, Videotape number 4, Configuration D, Datatape #1

25 025 D02502 44-2, 45-3
30 030 D03002 46-2, 47-3
35 035 D03502 48-2, 49-3
40 040 D04002 -
50 050 D05002 -
60 060 D06002 -

Test 3. 3-75-HVY-3, Videotape number 5, Configuration E, Datatape #1

25 025 E02502 52-2, 53-3
30 030 E03002 54-2, 55-3

Tap #9 blocked



Test 4, 4-75-LT-1,

Test 5. 5-75-LT-2,

25
30
40

Tap #34 leaked

Test 6. 6-75~LT-3,

25
30

Tap #9 blocked
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LIGHT WEIGHT SHINGLES TESTING AT 75° F

Videotape

Pressure

020
025
030
040
050
060

Videotape

025
030
040

Videotape

025

number 6, Configuration F, Datatape #1

File Name @~ SCOL Run #
F02002 57~2, 58-3
F02502 59~2, 60-3
F03002 61-2, 62-3
F04002 -

F05002 -
F06002 -

number 7, Configuration G, Datatape
G02502 64~2, 65-3
G03002 66-2, 67-3
G04002

number 7, Configuration H, Datatape

H02502

68-2, 69-3
70-2, 71-3

#

#2

#2
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75° F_SHINGLE TESTING WITH GUSTING

Test 7. 6-75-LT-3, Videotape number 7-8, Configuration I, Datatapes #2
Tab was sealed down - videotaped
Tab uplift, gusting, smoke

MPH Pressure File Name SCOL Run #
30 030 103002 73-2, 74-3
40 040 104002 75-2, 76-3 - (10/20)

Pressure taken with gusting blade horizomtal. SCOL rum 73-2 taken
at 20 sec. of steady blade and 10 sec. of moving guster (20/10).
SCOL run 74-3 taken at 10 sec. of stable blade, 20 sec. of moving
guster (10/20)

Test 8., 7-75-LT-4, Videotape number 8, Configuration J, Datatape #2
30 030 J03002 77-2, 78-3 (5/10/15)

Scol taken with gusting blade horizontal for 5 sec., 10 sec. at
fixed angle, 15 sec. of gusting (5/10/15)

Test 9. 7-75-LT-4, Videotape number 8, Configuration K, Datatape #3
Tab sealed down

30 030 K03002 80-2, 81-3
40 040 K04002% 82-2, 83-3}(5/10“5)
Test 10. 8-75-HVY-GUST, Videotape number 8, Configuration L, Datatape #3
SCOL only
30 - 84~2, 85-3, 86-3 (5/10/15)
40 - 87-2, gusting-uplift-gusting

88~-3, gusting-uplift~gusting

Test 11. 9-75-ORG-GUST, Videotape number 8, Configuration M, Datatape #3

SCOL only
30 89-2, 90-3 (5/10/15)
40 91-2, 92-3 (5/10/15)
50 Simple gusting-video only

*Data Lost



Test 12.
MPH

30
40

50
Test 13.
30
40
Test 14,
30
40
50
Test 15.
30
40
50

*Data Lost
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35° INGLE T WITH GUSTING

10-35~LT-GUST, Videotape number 8, Configuration N, Datatape #3

Pressure File Name SCOL Run #
130 N13002* 93-2, 94-3 (5/10/15)

- 95-2, uplift and gust
96-3, uplift and gust
- video only

10-35-LT-GUST, sealed tab, Videotape number 8, Configuratiom O,
Datatape #3

130 013002 97-2, 98-3 (5/10/15)
- 99-2, 100-3 (10/20)

11-35-HVY-GUST, Videotape number 8, Configuration P, Datatape #4
SCOL only

101-2, 102-3 (5/10/15)
103-2, uplift and gust
104-3, uplift and gust
video only

10-35-0RG-GUST, Videotape number 8, Configuration Q, Datatape #4
SCOL only

105-2, 106-3 (5/10/15)

107-2, uplift and gust (15/15)
108-3, uplift and gust (15/15)
video only



Test
Test
Test

Test
Test
Test

Test
Test

16.
17.
18.

19.
20.
21.

22.
23.
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VIDEOTAPING VARIETY OF SHINGLES AT 35° F
with gusting

-35~-UMA-GUST
-35-L92-GUST Videotape #9
-35~JAX STD-GUST

14-35-DEM IMP-GUST -40 wph 1 min, 50 mph 2 min,
15-35-XLT-GUST 60 mph 2 min, GUST
60 mph 2 min

13-35-NOM-GUST } Videotape #10

17-35-GLAS-GUST Gust at 40, 60 mph for 3

16-35-CHAP-GUST } Videotape #10
min each
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HT SHING NG AT 35°

Test 24. 18-35-HUY-1, Videotape number 11, Configuration R, Datatape #5

MPH Pressure File Name SCOL Run #
25 125 R12502 113-2, 114-3
30 130 R13002 115-2, 116-3
35 135 R13502 117-2, 118-3
40 140 R14002 119-2, 120-3
45 145 R14502 122-2, 123-3
50 150 R15002 -

60 160 R16002 -

Test 25. 19-35-HUY-2, Videotape number 11, Configuration S, Datatape #5

30 130 §13002 124-2, 125-3
35 135 $13502 127-2, 128-3
40 140 $14002 -
50 150 $15002 -

60 160 §16002 -
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LIGHT WEIGHT SHINGLE TESTING AT 3§° F

Test 26. 20-35-LT-1, Videotape number 11, Configuration T, Datatape #6

MPH Pressure File Name SCOL Run #
25 125 T12502 129-2, 130-3
27 130 T13002 131-2, 132-3
35 135 T13502 133-2, 134-3
40 140 T14002 -

50 150 T15002 -
60 160 T16002 -

Test 27. 21-35-LT-2, Videotape number 11, Configuration U, Datatape #6

20 120 v12002 135-2, 136-3
25 125 U12502 137-2, 138-3
30 130 U13002 139-2, 140-3
40 140 U14002 -
50 150 U15002 -

60 160 U16002 -



69

ORGANIC SHINGLE TESTING AT 35° F
Test 28. 22-35-ORG-1, Videotape numbers 11 and 12, Configuration V, Datatape #6

MPH Pressure File Name SCOL Run #
20 120 V12002 141-2, 142-3
25 125 V12502 143-2, 144-3
30 130 v13002 145-2, 146-3
35 135 v13502 147-2, 148-3
40 140 V14002 -

50 150 V15002 -
60 160 V16002 -

Test 29. 23-35-ORG-1, Videotape number 12, Configuration W, Datatape #6

25 125 W12502 149-2, 150-3
30 130 w13002 150-2, 151-3
35 135 W13502 153-2, 154-3
40 140 W14002 -

50 150 W15002

60 160 w16002

Test 36. 30-35-ORG, tapered edge-1, Videotape number 12, Configuration X

20 120 X12002 158-2, 159-3
25 125 X12502 160-2, 161-3
30 130 X13002 162-2, 163-3
35 135 X13502 164-2, 165-3

Taps 1, 4 and 9 blocked
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PREVIOUS PHASE I SHINGLE TESTING AT 3§° F

videotape only with commentary

PHASE I TEST
Time (min) MPH
01 (1) 40
03 (2) 50
08 (5) 60
13 (5) 70
18 (5) Stop wind, singe relaxig
23 (5) commentary

Test 30. 24-35-VMA-1 .
Test 31. 25-35-VMA-2 } Videotape #13
Test 32. 26-35-1L92-1 .
Test 33. 27-35-192-2 } Videotape #14

Test 34. 28-35-GLASSLOCK-1

Test 35. 29-35-CHAPARRAL-1} Videotape #15

* The Chaparral Shingles (35) tested at 50 mph for 30 min.
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SUCTION TEST
Test 37. Unsealed deck
SCOL Run #
0.5 PSF € 3 sec 172 cannot get pure vacuum
2.0 PSF @ 4 sec 173 with setup
9.0 PSF @ 10 sec 174
plot - 9 sec. for 3 sec. for Rum 174
10 PSF @ :21 sec. 175 N.G. - not in valve position

10 PSF @ : 6 sec. 176

Test 38. Sealed deck
10 PSF @ : 6 sec, 177
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APPENDIX 2

PRESSURE COEFFICIENTS
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RNS HAK MIN TaP HEAN RKS MRX MIN

HEAN

MEAN RHS HAX HIN

Tap

NVOCTOCRNNGPMN - NP ®
ANIDNOETMAAMBPNNMDMN
NNNMOVN At O OO =IO O

................

NN ETMEEMmwNNNTAMM
Ldaiid Lo dadidudalalad s oS A 1)
OAtOOVITMM et TMNNN

................

wPONAINTORAMNNNANY
Mt Nt MO N et e NN
L-2-4-4-2-2-4-X-X-%-1-7-1.1-1.%.3

................

MEPONIMNT=MANBONOA
PRINTNNDDOMN~OOMMN
O vt O O N (N O v vt ot MY (N ot ot ot

................

NBANOOFO~NMENINONO
Ll ladidul o 8 4 4 & 4 4 4 4 4]

et B e O MR =M = PP s M 0@
FOMACONVAONOVIVOON
CNHOONNOOOO=OOO =N

COONMNN P =NINDON OO
FNOMMACOBRRYErMN~DONG
HOOONNYTOOMP e M

DNNMITON=ROTMEBIMINNS
CNNNMM PN TN -
L4434 2-2-2-2-2-4-1-2 1-2-2-2-2

.................

OANEARNANTINAOAOI. O
WMNDBOOMMNOO D MDA
MO TNOONNOOOOINN

.................

VOO~ NMIPTNBNDPO MM P
e NNNNNNNNMNMMMMM

DNONFPORRNMORNNNNM

MONNOON~NDONNNG Y =M

Ot ONwmN=OwNOOOD
t10 00 -.—a. ] Tt

NPOBBOMNEMBOBNDON
OOMHEMOEMNO ~TO-NN
N OOONNT = OMM O =t vt vt}

.................

IRt = MINN BT MMM A
NMNNNMTTNNMNMNNYM
[-2-2-2-1-X-2-2-2-2-2-2-1-2-%-F-2-3

.................

COOMNMPMNTMNaADOD SR
NOODMBPMINN NSO O =M 0
M OQPOOTNAODONNNO GO ™

.................

#NMENINOOO=NMTNAN
b 9t 2b 9t ol et b vt

83

2

40 TUBING NO.

VIND
TapP

DATA FOR PROJECTY 35390 CONFIGURATION I

RNS HAX HIN TAP HEAN RHS BAX NIN

HEAN RNS KAX NIN

TAP

MOONRNNMNMINONVRDEN
BN N NN RO O NN D
N NOPINNOOON=OOO

COCOMPMEMOONOWYY
MM =t HON MO = iNMA N
OO == INMMOINNETMNMNMN

................

OOV NCNO DV OVWDNINDN
N w0 ot 0t s o O] vt vt st s MMV NN O
L-2-4-2-2-21-2-2-2-2-2-2-2-1-1-2-3

................

MNP O DD O N oA =N
WMOBNM A HNTODN D
O vt ot ot vt PN V) TN 9 vt ot [ O et ot ot

................

NON OO~ NMFENON0ONO
Lot ol d 4 4 4 4 & 4 &4 4]

NOADNMANRBENINOMM YD
O NGB TN ) = O O WD N
Wttt PO OOt OO O~

= RNANODVEMETNONONN
SONNONA IR OMMIONETM
NOOHNNE =OM Pt N O

............

MOMNBACN O WD O =MD D
nNoMN~N OMON.

MO O EMNOONMNOG OO Nt

and 12348‘7390‘2nu

O W 0) == PID O we GV (N W O 00 0 O M
VMM COONINARPONNGMee

............

LI I A ] ] (I}

MM AN MONDN ONNO NN
NETOOCOM IO =R MINMNNON
MO OONNEMOMMO )

MDD MmO TONMARMO~OO
NMNNCIRY o Mt NN =M VNN
A i-4-2-2-1-21-1-1-1-1.1-2-3-2-1-2-3

.................

MINW WS ODD 0N DM O I e
TN Dt = DI O P D N O
HNOC OO PNMINNG OO

HNMCNBOANDAN T =N TNDN
ot vt vt vt vt vt ot



2

30 TUBING NO.

VIND
Tap

DATR FOR PROJECT 3390 CONFIGURATION J

RHS HAX BIN TaP HEAN RHS HAX HIN

HEAQN

MEAN RHS nax HIN

ThAP

84

NINDARMMONNNONNSINM
O NN WD N D ONINM ¢ N
Pert e N OO NN NN = NSO NN

................

DOOM O s A MHNINN ON N
Ot BN NN=NO v ¢
NOO=ONVTTYweNErevw

................

MOOONTMONNOOMO -

d Mo - »
L1423 4-2-2-2-1-3-3-1-1-7-% )

................

AN OPRANA AP SN ND
DI MIM N TN ENNDIN
WVOONONMMMMMMMMMM

................

NDOURONOMNMTININDOND
MMIMHMMeETTeTeTeewn

CDNNONMIE O O DD NI
INONOMNOEMIO D e N O
et OO SO O =IO

.................

BNIDMON BTN ODNNCINN
ONMMOTO=EANNWOONDY
O OSME CmOM Y = NNTIN

.................

O MM D v vt ot ot © O IN VM DD O
CNNNEMONFSNNMMIMNNNM™
a3 4-4-4-2-2-2-2-2-2-2-2-2-2-%-4

.................

PO Pe e @ MW INWIN D NM MO~
“ONINKROMMMONCHOOMO
MOCOINMOONMO DM

.................

DROG~NMENDON DN O=NM T

AT ONRTNAOMODPINNON
DM OMONONONNN=M -
OF OO W NONNHNOOO ™

.................

MDD DOANMNTNONON
DR NON T DD~ 0 BIMBO
N OOONNTNOMMOwwNM

.................

MM MIMNND=INN~“YTMMN
NI NNNM @@ =N NNMNNNY

..............

RO ANNNDNTNONODD~O
O =T MO T =M ODINTONMN
MOCOO~FNNONMOIO O wN

.................

H“OANMPHOVRD OO ~NMIENDBA
e b ot ot e v ot



2

30 TUBINC NO.

DATR FOR PROJECT 35390 CONFIGURATION K UIND

HERN RNE HAX HIN TaP HEAN RHS HAX HIN TAP NEAN RHS HAX HIN

TaP

85

NMINONNWOCTORONMONM
INOPEBN—ONNNDDOBNMBIN
-30120,210601‘000

...............

INNNON—OONC=I'METVO
MENONVTOONOMOMM
MOO~OYMNMNETMNONN

................

758857278’8805‘5

ooooooo °°°°°°°°°

...............

MR NINOODNT D NMIN
BN NNOD O DNNN M NP
WO N O O w0 ot vt vt VY OV w4 0t ot

INONBOO=NMTNOMNDONO
MMOMMIMeeTTreTteeTen

OREMA DB NNIMOBOM TS
NONM=ONETTOD—=NMOCO~—
Nt OGONANOOOT=mMOOO =N

.................

OMNONN=NAM =i NDYO
NNEYMIaEONNCT @ TN
4&00‘344003‘11!243

................

NEME O OM et OV D =P M) = oD
FNENMDEN=NECPTNNNTN
°°°°°°°°°°0°°°°°°

................

PR ONDINNODOLTONTOOW
MOTEDONN==INOwMNMOM
zl°°x‘3°023°°°!¢2‘

@ s e s s e e e e ..

DAO = NMENENDRO =NMP
v (NN NNV NNN okl )

-ODNNONOMETTONRNBONM
DNECTDOFOTMANANMNNG
0‘.1100“101120000

..............

o-- [} ] (I I |

NS DNGOR N CMOMIN =
MINNASODON =NC=NON
NHOOONNE~OMMO vty

.................

ssozz“u°l7“3‘2‘
(i
0000 00000000000

.................

CONCHR DU CTOMOTRBECN
INORDOMNOWONDRMBOw
ONOSOMPN=ONNOOO—N

.................

wONMENONONO~NMETNON

ot et vt o vt vt et et



2

130 TUBING KO.

DATA FOR PROJECT 33590 CONFIGURATION O VIND

NEAN RuS NAX HIN The HEAN RHUS HAX HIN TaP HEAN RS HAX NIN

TaP

86

WENORWOM = P =i N
M INANRPNO O =T O
OOV ONMBNNNOIN v v

................

PNt NOMDEN =N et NP
MMOTONOMMIMNANOPT O
MO =N TMMMNOMMM

................

=INOND =t RO eM
D vt e vet vo N (VD vt v vt M) (NEONL ENDON
[-2-2-2-2-4-2-2-3-2-2-2-7-1-2-2-3

OB OWMOINGONNMNA
NANNMB MO A DN
O vt WD W IN NN N N NN

NVNQONO M CTNOINDNO
MMIMMMCESTTET TN

@NE—INNW= A NINM N IDN
O v D O RD N FINWCINYD
MOOCOONNOOMNNOO—NY

WOMe i G M MO CA-MO e
POPHOXVNMNOOWDDDM I
Ot et NEMONNNINNNNMINN

MEMPORNC =M RO WM G e P
FNNNMNETNNMETNNNTN
L-2-2-2-2-2-2-2-2-2-2-1-2-1-1-2-3-4

M END P =N OO e
COWVENNTNIN DN O el
NOOSNINE =M PormmNEM

DO =M TN W DO\ w NN
NG NNNMMM "™

POVDONSLCONMT = DO NN &
NDEECN~OETMI T D=DOOWONO
HMOOOMNNPOIONMOOO—N

.................

NSO O CMN NN N ol OOD
CENNOD~=ONOMDIM OO
MO e N ¢ W N -

.................

CRNNTNDODHNNNS ¢ ¥ M
o SOl
00000000 ~00000000

.................

DOA-POONINOCTONO T
WrHMPTOCNANNET O NNN N
NNOO=NMIMM e M O NM

=NMTDWNDO e NMECNBN
W b vt et v vl vt 90



2

123 TUBING HO.

OATA FOR PROJECT 5590 CONFIGURATION R UIND

HEARN RMS Hax HIN ThP REAN RS HAX HIN TAP HEAN RKS nax HIN

TAP

O WONNOIANNOMN
WRARWVO=MDONON P
Wt O vt QP OIPII NI = NN ON N

NONN O AN = AN
AOERINONDOOD NN+ O
[-2-2-2-2-2 4 4 4 & 4. 4120 4 2 4

................

AR ONDIND =W —=DO
o 50 0N vt v PI O N (N we =t € PO Y O D
-X-2-2-2-X-2-2-1-2-2-2-2-2-2-2-4

ANOMINWTEONOVONTNND
MMM OOMNDOTPNIN T O
W OWOWMEMMMM Y MMM

NONOONTF=NMENWONONO
MMM CTE PN

O PRO~SN DN T DD G st
MM ODRNENETOMO OO
et OON O OO™NG O b

MNNOS T OMIOONND VN O
WP OO P 0D OO ¥ ol we M) =i (O
OOOMMPTOOMN ™ NMINW

ACNF A IO NO P e O IN Ty W O
MNNNCEMONNTNINNNC Y
[-2-1-2-2-X X -2-2-2-2-2-2-1-2-3-2-4

.................

MO MIDVONINEDONMON NN
WO OO T O=INMNMNM D
NOOO—EMOONMOO—NMD

DARO =MD DO D =N
e (NI NI NN NN NI MMM

NENDAROENEROICTHFANCO T
ONDOMDMAOVEDO~GNOMO
YOO OT =OOONMIOOOD

DECPBOEMNNN =@M OHON
MMM NONG w0 O
MO O NN e O v e (NM

.................

NOONE AN =M NBMON D D
MPONNNMPFNNETMINNNNG
-x-1-3-2-%-2-%-1-2-2-2-2-%-2-1-2 -4

.................

WONOBONAP ¢ OO
N O NN O NP N = OO W e
NMOOSO~MMOOMMOOO vw

"NMETNONDRHO =NMENON.
P vt 90 w8 90 vt vb e

2

130 TUBING NO.

UIND
TRP

DATA FOR PROJECT 35390 COMFIGURATION R

RMS HAX MIN YAP HEAN RNS A X AIN

NEAN

HEAN RHS NAX 3%

TaP

87

O D ONINI vt NP MO vy
P N QWA MINND O DO
TN O R = MMM MONMNNN

NN O WD EOON NN
NONVNN=ONNVWONNO ¥
COOOOETINTETTININNIN

NORDE Nt N vt MW~ DM &
~ Licd) - ™
oooooooooooooooo

NI PONINE LT NN O
NOEYMONCINNOOMNO ™
Lot~ ol -1 ol & 4 & dud & 4 4 2

................

NWOROOO—IIMENWONDOND
MMM rSY TN

= OWUMININ MO N
FOMOOC NI DTN G INYD
Wttt ONIC OO ANOO S

W BN DN~ DOVIV W NN D
N Pt DN C IO N D P DD
O OQOMNY vu v O YD v v (NI WD

WD WAD v D) (VY VN DO Y = NI
MONNNM S M NOIMININNM @
L-2-2-1-2-2-2-RLa~2-2-2-2-2-2-1-2 -

P DO I DN P = I MM N
POPTOSHTVTNVNOCVINNNOD
Nt OOV MOICONMO O N

DA =NMENDINDONO =M

Ny MMM

QE-NONCTOONPSONHOWE
CNDR=CTNONRMAMO=NOW YT
QOO T=OOONMOOOO

NOBMEDOMPNMIOWRINN.
NP NDNO OISO = NN NN
MO O NNINOM ¢ v (NM

.................

NP A D OTMNDSAOMDY
M ONNNMTNNTNNMNNY
(-1-4-1-2-1-2-3-2-2-2-2-2-3-2-2-2-3

MMMNOWINOE VN =B OW
SN CCNINEMN e P DD NP e
NMOOOMMOONMO OO veve

NMYNONORO ~NM TN WA
O e ot ot et 9ot b vt

2

135 TUBING NO.

DATA FOR PROJECT 3390 CONFIGURATION R VIND

REAN RNS LT LBY] TaP HEAN RHS LD NIN TaP NEAN RHS LR HIN

TaP

OAMPMOMNININO T NN
NN vt O 1) O e 00 F NN
N ONNOT MMM = NMMM

DN DIA DT MNP =P ND
WTNOINNOPTNOOMENNO
NMOOONTINWVIVODDON

AN O MG = O WD M v
WM NNNETMHNNNNN NN
-2-2-2-1-1-2-2-2-2-2-2-2-2-2-2-7

Do NN v M P D W NG
NS NPNINE DO ONI v vy
Ot OMMITININN Y TINNN

O DNO —NMTINIONWBEO
Ledadnl il 4 4 o 4 4 & 4 & & J°]

N D v BN TR RN NDN—~IDMID
Mt MNNOD D 'DHPNKDD DM
TNt ot ONOOCOONOC vt

OOV W et ot et MWD~ WD D OMNN
NONNON D DO ONDIND O0P
HOOOMME N NTNG

O OONNNET RO WT DR
MNNNMEMNNTDNNONM T
A~a-2-d-1-2-2-2-F-2-2-2-2-2-2-3-1-2

WON=OGD=MNONPDANIND W
SO NINDNMMNINM~INA MO
NHOOEMOONMOOMMOS

DA =“NMENONDONO =N

TMMM

SONNMOE—MINCPOT T
CVWONTNW=ENNNOIMOMN
Ot OOPTNOOONNOCOOS

INWEMNNINNRNOOTN =t OW
QDI e P RO N DD
MO HNNINOMEP O NN

N NN D= MECTONN D DHM
L - T NN -
-a-2-2-2-2-2-2-3-4-1-1-1-2-3-2-1-4

.................

MM DD DD DOINODOM ve e NWDDO
=IO C =t N e O DOV =
NMOOOMMOONMMO O

.................




2

140 TUBING NO.

DATA FOR PROJECT 3359¢ CONFIGURATION R MIND

REAN RNS RAxX NIN TAP NEAN RNS RAX RIN TAP MEAN RNS nax HIN

TaP

AN ONDING O =TI ONOW
WM WM NDO RO MN N NP
ORI ENNONTMM

WON—ODMON ¢OOININMINY
OO NNTONCONTONT
N TNHONONNNONRE

PN OMNOT DN O~
MMTODONIDMMMMINWWONN
-2-2-2-1-2-2-2-1-2-2-2-2-2-2-2-2

DPINOINDN-O NN DN
" WMNO OO ™ ¢TI MMOW
WO ONMM DN DDD T INDOD

NWAOOO~OIMTNONDINO
el il A 4 4 4 4 4.4 & 4 41

OFPORNNANEFOODN — NN
ODINE GWONN T DD =T DO
Wt vt ot O AL vt vt (N e vt vt O et (N e OO

.................

OMOMON DT WINMIRN —G ¥ TN
WMMIMNNNT MmOl R DTN
=OQONMT —OTINNNMINWYIN

.................

WMIMNNNWNONODNONST OO
MNNUMNT MMM BINMMeINMm
(-2-2-3-2-21-2-2-F-2-J2-2-F-2-X- 1% -4

WA RO MO D NDIN D SNV
CONPOO~ONANITMIN —TrO
N OONMMOOMNMO T v

DAO=NMENON OO NN
T NCINN N SIS NM MM MMM

W MNIN NG NN DN OO~
CROCINNADWONCNOOMM
OF OO =OOINNOOOO

.................

VWRONON=OW~DONDINOO
OSEINO=NNDOTBCODSIMD
Mt O OwNNT =DMV v NN

ONNOCETLONT =INMNINTO
M OSNNNIMNNTCINNNNM
L-2-2-2-2-2-3-2-2-2-2-2-2-2-2-2-2-4

- P NAD I = DN M O MM O
OMONNMNMNO DN NN
NMOOO=MMOONMO O vewem

-NMTNONDNO NNV
0 vt vt vt vl V0 e

2

145 TUBING NMO.

DATA FOR PROJECT 35390 CONFIGURATION R WMIND

HEAN RNS LR MIN TaP MEAN RUS LR HIN TAP HERH RHS HAX MIN

TaP

88

AENOANDOONTOMIND w
POV D vt vt P o8 W =2 O IDININ N D
ANOROOFCTNDINNNETrY

NMMONOMMNETNMNONN
WA DWW Mt MO DD
WVMIONVIDNOWORPINNOOO

................

MNAHNE Mt NN DOOMNO
Laludad d o8 & & & 471 2 )
L-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2

MMOITEOTODDERONOO
WAOON=MODDIVDENINO®
NONNRNAOONRNNINDINRNA

NOARSO~NMTNDAOND
D lulyldnl 4 4 A h & 4 4 4 4 4 )

HOOMOINANO=RNO O =N
P MO N'DNM et D i)
Mttt NODNO == NOwwNMMR

PN PTN=INNOTMOD DOV
O MINITMOD N 0
OOONYT T MNTINIMMIN DN

WINWROWENOONMEONNA
MNNNMDMNDVDSDIDMMYTIDM
~1-2-1-2-2-2-X-2-X-2-2-T-2-1-21-2-]

PN OORINOOMN O ODWMIN D v
MO OBNMIMFINMI DD (N e
NOQO O DM OME~NTININN

CORO MM NDN-CDON O M ¥

NEAMOICOPNMOO DRI~
OO =OATODINNNONO
OCE MO OETHOOONNOOCO

=NCTNDWDOPOMDDONINO®
OCOVWOSANROENIMOONAO TN -
MNOOO N = FONNNNM

OCON =T NWVONNONA TINNA
M ONNNMMINNMNETNNNM
[-X-2-3-2-X-2-1-2-2-2-2-2-2-2-2-3.7

POMONNMNOTMINDDONMNG
OYRDO=DNT NN A NDDIN
MO OCO—MMOONMO vt

.................

“NIIETNONDOO=NMETINON
0 vt 5t Yt ot vt v vt

2

150 TUBING NO.

DATA FOR PROJECT 5390 CONFIGURATION R WIND

HEAN R¥S HAX HIN TaP HEAN RHS HAX RIN TAP HEAH RHS HAX RIN

TAP

CWIMN DW=t i QNINNG
O ANOINOMMON DV DON
OO DINFINDONNT I

................

FINTEMONNAMINODINDN
MO ONINDNDONINA- D
WINVINWVWOONDIANNNOOO

OO VOMNM T —~INOCOVNDONOW
FONNMIM M ONDETCETNONN N
L-2-2-2-21-%-2-X-2-2-2-2~-2-2-2-2-4

NO D= DA INNRARTA-N
DD © w00 QO NNM NN vt o=s M OV
PO AN O DN AW 1N N OO ®

OO O=NMENONDONO
L Ll i iul o a o 4 & 4 4 4 & 4]

OMME—ON =B ON SO DT
NN A=l "t NN MO
Mt t MIN O Dt NN O = MM MDD

ONMMODONMNOPININ DN
WINWECAMMPONNMINO =D
OCOOONNTEMNWMETINNNY

WNCEDO T DVINNWO S ND DM =
MNNMEAMDINMNEMMEInM
(-2 2-X-1-X-T-3-21-3-2.3.2-1-2-2-2-

It NN QM ¢ NGO
CETFTIDMMMONAN w—NCTO
OO HONMN=MENMYTININN

.................

BAO=NMETINBANC O N

A4 NONMMMMM

QOO =MNBOVON~IION
ANt OO—OMWON =DM
CE Nttt ON O ONNOOOD

.................

CONDINODINDNN D IMNNMD
CMDOWONDINMIN T ONINC
NNOOO N m ¢ T NNNN

.................

GO WOVM TM MWD DN MNW
NMO—NNMMNNMNTNNNM
L-2-2-1-2-2-2-2-2-2-2-2-1-2-2-2-2 -3

.................

FOAMARNINOO T OVTTOM
PEANOONNNTDONWEROD
MO OOHMMOOONMO v

.................

N TNONRO O NM TN ON
O vt vt vt vt e



2

160 TUBINC NO.

DATA FOR PROJECT 5590 CONFIGURATION R VIND

HEAN RHE MAX NIN TAP HEAM RHSE NAX NIN TAP HEAN RKS HaX HIN

Ta&pP

89

SPNNN—INDONNDDOETN TINN
DND s COR NN N = OO D e
QWO QO RINNONRNNON BN

................

O NOWRINDONN NDODN
N NDODDNDAONTDOMD
WRODN DRV O N O

FOMMI-OVET VDTN DN
PMNNNNMTINMM AN
L A-A-2-2-2-2-1-2-2-2-2-2 2-2-1-4

................

ONOBADON FINPONDN v P
Nt OMMOCANNOROONA NS
P Po P e B N QO QO 00 CO I % (O D O

................

INVWAONO=NMETINONONMO
MMM YT TN

CENMOID T O DCOINDNN
NGO D= NOMIND = AD O BIN
2024432‘623023328

...............

081 Qv -

MO MIC N~ INO D *rMINC M
MOTONMAOG T T BNMINOM
VOO TOCTOWENON-NW

.................

PWOWENDENETDEMODNIM
MNON 2 ONMOINM T EMM e inMm
-2-2-1-2-3-3.2-1-1-2-2-1-2-2-1-1.3

.................

MONDWANEDNOR ROV
OCOVOPTVINOONODN~N WO
10020833345235557

DRO=ANMNTINDONOPRO mNMY

MMM

P BN QO N = @ NI DO
SOMONNVDOMOBVOONMY
04111051001221110

...............

AORCVWTONNNONDMHING Y
MM T MDD DO NN
3200013‘11“02333

................

NOOCMELVRVOMNOMTIM
MM O~ NNMMNNMNYT NN NM
L-2-4-2-2-2.2-2-2-2-2-2-2-2-2-2-2 -4

NGOV NN DINONG TN
NOOM DT N v O DNMN
N O OO ETMOOMMO NN
e 4 e s b e e s e s s e 0.

NI TNBONONO=NM ETINDN
0 vt 0 vt 5t et ot et



2

130 TUBINE NO.

DATA FOR PROJECT 5590 CONFIGURATION € WIND

MEAN RHUS Max MIN TapP HEAN RHUS HaX HIN TaP HEAN RKS LER S HIN

TapP

"= A0 QO NN v et O
MO M OSTOON
Q0 vt vt (NOUICIMI IO O N CH CI O e

................

NAMMAOPDOOIRININOCOW
FTONMOF OO ONNN
COO—OMITETTrewrinneeww

................

COOOMWMnt DN N DD~ v
NNNN=MINNNNNTM MM
-1-2-2-2-3-2-2-2-2-21-2-3-2-2.3 7

Mt NTR~ONANOTNR NS
NWN=NOND M PN FIND
NMONOTMEMMMMM MM

................

BN ONO—=NMENOAROO
MMM T CCT e

CTOMNNMNNEMNOOOOMN
MO ONODD BN =D MONN
Tt OOVt OO O™ Nt Ow e

.................

DONOOOONNININO e
NP Ot NN DO UNIM G v e I
HOOOMMPTOOMNMI M

.................

CEMNDMONNO NN = OO
CNNNME NN NNMLD
L-2-2-1-2-2-2-2-2-F-2-2-2-1-2-1T.2-

DO N=NOWRH NS M NN
OOM—OUIFO PN IO
MO O=EMNOONMOC—NM D

.................

WO NMTINONOPO ‘234

et vt DWW SO0 ONO o MY i
DN =MINTOMDO = * N IN
CETOHOOYTNOOONMOOOY

.................

NGV NN DO W vt (NI vt V) vt
MR IMENOHTONONONS
MmO O NN O W ¢ v NN

.................

M OWe=MN.CONNMD NG NNDIND
MO NNNMMNNTMONNNY
~1-2-2-2-2-2-2-2-2-2-2-2-1-2-1-2 ]

GNPt OO NA-NO WD N O ¢
IR DN NP =t ) et QO N vt O
MNMOOO—PIMNOONMNO O v

.................

M N WA DS O INMI TN O
Yl ot ot vt et vt ot ot

2

135 TUBING NO.

DATA FOR PROJECTY 5590 CONFIGURATION § WVIND

HEAN RHS NAX nIN TaP HEAN RUS HAX nIN TaAP HEAN RHUS nax HIN

TAP

90

MOANOVININOWNNTIDMONM
IOM OO O MW WD ve vt vt
1322052333319.333

al_.—.—

DWNOMAFTOMD OO N
OMINMMINIANWBINOWO O™
Dt O=ONTNNNNNYWYWWWY

NOONANWOONONMMN
INNOIN=-MIMNINNTYTrY
L-2-2-2-2-2-3-1-2-X-2-X-2-2-2-2-3

AMAR Nt D OONNDP O
ONMOMA W ODOONORN
PN NOMMETEErMewTrYy

NDONONO = NM TN O DONO
MMM T e TN

CNMONOODIMINNOONNNY
MR DUMONMINOTDD=O®O
411006(0001206!11

—-.—-- [N} -t

MNNVNNNAOS—RNDONADOM
CNEN I D NN MO
WMOOOMMWP PN et (NN

ML INHMADNDODNOCNONE
MONINM M N TININNNM Y IN
A-A-2-2-2-2-1-2-2-%-2-1-2-T-2-2-1-1

.................

SO NMNTOOMETRONNOY
COM~NMAAIDMMMYeOWN
N OOEMOONMOO-NMN

690123‘3679’0123‘
Ladaly ] NN M

CUPONDON == NNNDTNOMN
CRPONMOMAMPVOONMNS
OYO=VOYT™OOONMICOO

.................

OONDA D e DM NIM T DIN
=ONMAI* NN OM NN NG
MNO O NN ¥t o F et e (VO

............

QIO VAN VM N V) s D e D - )
MMONNNMMOMNEMINNNNY
L-4-4-2-2-2-2-3-2-2-3-¥.2-2-1-%. ¥

.................

NOMETDTONMNOEOCNON
HSANNEMINNENM P et ON vt M
NMOOO MM O OMNM O v ssvn

SHNMETNWORONOwNMENOA
et ot ol ot 9t 4wt

140 TUBING NO.

VIND
TaP

DATA FOR PROJECT 3390 CONFIGURATION S

R¥S HAX NIN TaP RERN RHS LB MIN

NEAN

REAN RHS HAX NIN

TaP

M NNEME =M DOPINDOON
NI DO WDOONMIMN =DM
NN M =M eerNMMMM

................

WENEEONNMADWOWM N ¢
WHRONMETROINO=INMIETOON
WMOwO—ININWOWWOININ

................

WM Nt NN N OO
W NNNMCNNNMIN Y FIDN
L-2-2-2-X-2-2-2-2-2-2-2-2-2-2-2-J

@OV O = 1N O PICO N =D VY
MOASIDNINDN ~MIDMEOMININ
N ONETINNNY TNNN

................

DANOOO=NMTNONDVOO
edala iyl l 4 4 4 & 4 4 4 & 4 4]

Wt TNNONAMDONM~MINN
W OO vt v GO N NN W v (N o e O N
Wttt OO OO N O NN

HOWMMIDY O~ DETIINM e
NAMNNANNSO OO
HOOCONMENNTN =M TN

.................

Nt NN TNV N
MNONNM T MMM INNNNSMY O
L-2-2-2-2-2-3-F-3-2-2-1-2-2-%-2-1-3

MOAMONNINVDWVD=NLWVWDO
COYMMYNGT DD W =N I w®
MetOOREM=ONMOO~METO

.................

OO =NMETNONDONO ~NM P
vt (NN NI NN NI NI MM MMM

O N e N e N O D PO NN 0O
WBONCTNON =MD NEM
CCOMOOYOOONNOOOD

.................

VBNt N NP NMDIN =D
ONCN™ECNN=RONDOND
3100!224‘13301222

................

N OMBNWNM=ETOINYT O
MPSNNNMMINNCNINNNNY
-2-2-2-21-2-1-2-2-2-1-2-1-2-2-2-1-3

.................

T OWNNONN DI v i G M o
Il ot dn it i 1ind Sadaiidadnds ]
230001330023]01«1‘
.......... IR

11 L] ]

=AM YINWRDOOWNMTINDA

Wt O 9 vt 9ot ot vl v



2

15¢ TUBING NO.

DATA FOR PROJECT 33590 COMFIGURATION S WVIND

HERN RNS RAX RIN ThP HEAN RNMS HAX HIN TaP REAN RNS BAX HIK

T4P

NRAININPMOVOON=ONR M
MAL et O DNMOM BB O M@
NN P INNNM Ty

................

CMOUNLTRNIMO O mMmMD
NADBNRNECNNAINOIMON
WP IINOGONNONANON

................

QMM TSITNMODN O
STNNDDOMMIMIPIN DS NN
- 2-2-1-2-2-X-1-2-2-2-2-1-2-%-4

PN OCNINOOCONONIM
MePe et GBI =INNMNINOM e
SN B WININBINVONININA NN

................

NWNOOO=~NMENOANDINO
Ll ldulyl 4 4 4 4 4 4 & 4 & 44]

IBMNMNMOMNONO O wE
CONNBVOCHNNETMORMw DD
W rten et O\ O mtould vt ONMNS

......

OIMBNINOGTNINASNPTNMMM
M NNOTEMBNNMONINN
‘00023‘22‘.5235“‘

D O DO D W v @ B e (N W) 9P (N OO
MEINMEMEeTMINNDMM P INe
[-1-2-2-1-2-2-2-1-1-2-2-2-2-2-2-4-4

.................

ONOOBNY OMNONNNND
WM GOONNEING O IR ON
NOOOSEMOOMEP MmN

.................

OINMONMicumB BTN rBM
RO NNIMMOT DO
0“"‘3‘0‘0220’0‘

PO T BB NN i ) o @ Q) 3
QNGO OFINNIMA T NP
3200022“‘3401222

.......

03733‘3?5‘73“237

°°°°°°°°°°°°°°°°0

OCOVWOMANCONANNw-PN
OMBNNBNBEThRNOOPSE
IO DO MM O O NN 9 v v oo

MM YOO OwNMLINON

VO ot vl et vt S S

91

2

160 TUBINE MO.

DATA FOR PROJECT 339¢ CONFICURATION € UIND

HEAN RES nax KIN TAP HEAN RHS LT} BIN TAP HEAR RNS nax RIN

TaP

=M EDCINOD DM O NN
BOMMP DO O B DB D e
088888455b720455

...............
1.-—_
1

NN =N NORDOOMNM DD
AN OM N OO IND NG
NOVGONACDNRDDO D

G OOVET VNPT MO OND
FONMNNNDNC CTN =i O
-1-2-2-2-1-1-T-4-2-2-2-2o8-2-2 4

................

CLRONDNNIINMND MM G
ONMETNAMNOGANO DG
WP AN ORI OBNINO0®

................

NONRBRNO-NMIETNOBNO
MMM TP CE L+ D

WNRODOOMODETOF IO
MANSMNARNCCINONIOCO T
NONSLLNNI NN~ MMM ND

CPPTOMNCHR OO TIHNG®
Aot NE =D O NWEO TN -
DO mNTC R IND TN DN

.................

RN TN WDINE ¢ OIWD\D v
MONNTROMVOIMETMIMPINM
L-2-2-T-1-2-2- 2.2 X-1-2-2-2-2-2-2 -4

.................

RN NN P O O © OB MM DN
G P ONON € F NONN O P
QOONONMEF CCTNMNNINA

[ L1 TINDONBOOC
ot N CV U VN I L N N ) VY

BMNBOTOOMIN BBV DN
DNND NG~ NSO D RNTN
0‘11105‘001210110

.............

B P At BDONP D INNMOO
Gr ot MIVINCI 1 G O I s B O e
2200“3‘?- NC @ = NI

ABACMIEMC IO TOMEINM
NN O wsNVMII S M N NV VM
.000000000 -2-1-2-2-2-7 23

MBONMAHON M i et O
P OOMN P O N et Q¢ DNMD
VPN OO O WM v MO e (N (e

.................

MM TN OO O=WNM IO
Pl vt vt 9t ot 920



2

123 TUBIHNG NO.

VIND
TAP

DATH FOR PROJECT 3559¢ CONFIGURATION T

NIN

HAX

w

RMS KaXx HIN TAP MEGN

HEAN

MEAN FME Max MIN

TaP

QD MY Do OIS [ D N Py o e N
Q3 W 0D 1) 0 v v O D v Pre w4 P vt e
Q) vt O vt QO UM Y O D NN O

WININM O QT = QO WMMNIM W =
PP v B v QO v D PN O ] o
OO0 FININ Y FUIDVIW

OWRDret M NON WD DOM O
W vt vt e M PO IO ND U o T
VOLOVOOVOTVTOOCOTOD

DO 0O M = D IO PRIV IO
0O 0 OGN ND OO M VAL DI W) NGO Pu v
WOOOOIIMEMMMMEMMIM

DD RSO OV O v O W 1Y ') P QD CY
MIMPIMM P S ot v ¢~ D)

MPRMP O OMODON Y = DR W
SIMEOMO O TUVIIMNMSR O
N mwmONOVOmOTOOOCW®

PRSI ONR = R ORVINNEMIMO
POMNBOOCOMIND D WO U
QDD v W vt e vt N OIN = DI D

WRHOORNOSINTMOPODDWIR
WOIMMINP NN A OMOIMNIN Y
VOV OOOVOVOVOOOVOOTVOO

WOWVWEN=OIMIONOMNNDD
O 50 100 vt O E (NN vt vt =t ) O MY O
NOQO=MNMOONMO—ONMY

OROUNMTNDONONO =M
et I NI NI NN I MMM ™

OO O (N vt wst ot I 1) DI o
P DINMIO DT =MD E I
QNSO O~=OMO=mOCOO

LI I I B B | LI S B A )

CINNAONDBCINVINN =DM ¢
ODPNE A OM O O TN
NOOOOI-POINTMMINNY

=t D) P W VN S AN OO QD ITM N
CPNMNTMFNCIR-INDM MM
QOO CO00OSOOCOOODO

NOSOWNIINGWONO OO O
DO vt M D O e MO WC- o
O DO ONN~SCGNONO OO~ N

=HOIMY N DONRNO~OIMTINON
-0 vt v ot vt vt vt

130 TUBING MO.

DATA FOR PROJECT 5590 CONFIGURATION T WIND

HEAN RMS nax HiN TP HEAN RHuS Hax HIN TAP HEAN RNS HAX AIN

TAP

92

QA MRS W OOND = D
W OAD = PMINT DN FINMINTM O
VA NO W PIMMIMM e NN

ANUINONRVOMELOT—ND
MAONMORO v NN O -
A O O NNVIOW IV

b dabd dad LTI E JULTVT]
DTNV NTIIMITMIA DO W
0000000600000000

PO =W O OO P DNON N
ONA —~NINPLOC-ORVO—~O
DMOmOTTrY 44434555

NWABMG=UIMAT IO O
Ll il 4 4 & 4 & d 4 4 & 42

NMHADRROP LOCETNOONSE
NP TMINONTNND) s OO NN
NewOOYOSO~OMOONOw

NSNS DTN PTNCITO —~N
EOMNNODMNETNSN~TOP
WO M =N NI NGNS O

WO O P WP N O NN * o (N
MONMMIN TN T EWNOMMN YOO
0000»@00,\000000000

DTV NACHONNHNGHONMN D
OMMAOWVWMONON/NO N DN
MAIOCOMN=ONMQeumNMBP

QDN = NMEEIWVNOEO =M P
M MNM N NMNNNMMIMMNYM

NMOOBNPWERBONOH TN
NNNED st TP DO TN
0‘2‘004110101‘000

VONOPWOOMIAO=AMMO
DRVOTHRIMNONOOAMMO
NOOOONSNTOwmPTETMHINNNT

PR NVONONTON N-ONNN
MMNNNTMENNONNMMMN
L -2-2-1-2-2-2-2-1-2T-1-F-%-3-2-2-2 -3

e 0 e 4 s e 4 e e a s e e e s e

POONVIN A =DM
W W ot M AN ) o DD DB MM
MO OOmMNNOONNOOOwN

WNMENBAROOO=NMETNON

P ot Pt v e v

2

133 TUBING MNO.

DATA FOR PROJECT 5590 CONFIGURATION T NIND

HEAN RHUS nax HIN TaP HEAN RNS HAX HIN TAP HEAN RHS MR X HIN

TaP

MO~ DOANTWVODT =N+ ID
MAEMHONNAMANODNOM TN
SURCMHONDONYTrTCONMIMY

CNCIONT DB M = RN
OCOCONOMMNOOCTOHD -
NN DON NN —D

COROARO=eMONNONM Y
DYWL NINBNNOMN
L-2-2-2-2-%-2-2-2-1-X-1-2-2-2-1-2

CONSAMIMNMINDNANAROS
ORONNODMNERNO NN e
VO DN DOBNNNONN

MOAVORO = NMENONBNO
Ll d ool 4 4 4 & 4 4 4 4 & 43

P O NWO P et N D e O N
SO DNDECNNONN=DIND
501!0@10091111219

Nt A =PI NOM Wi SO
Ot~ VOHBPOONNNDO T
OO EMNTONNWVWMYY TOLD

ORI RO OVNNANDM
VMNMMLNTWIOMNMENOYN
°°°°°0°°°°°°0°°°°

PN NSO OR D¢ +INO
CPONm= B MOBVANTIMAOO
MOOO=MMNNNMNMPDN

WA v NN

DR DNO =AM
N NNNNNNNOI MMM

TNV OONNOBNONNNANG
DN ETR Dot MONANOONMN
012‘00‘1100000001

DRI

- ONOTNICOMAMEDINTD
DN NOONOCTONNOIMOD Y
2l°°°2!‘°“422224

@ e o 4 s 8 s s 8 s s e e s

ONRTIONOIMDONBIOVO W
MMHNNNEMIMHINNOYTETMNNMY
(-2 2-X-2-2-2-1-2-2-3-2-2-2-2-2-2 -3

DR AN ONCOMAMAONO
VWD ONOOMANO NN
10100122002211112

P e e e e e e e

LI I B B |

HONMENONBRO-NMETNON
0t v vt POt e e



2

140 TUBING NO.

DATAR FOR PROJECT 3590 CONFIGURATION T WIND

RERN RNE L} HIN TaP REAN RNUS nAx BIN TAP REQN RNS LI} niN

TaP

WM = NP MMININ MO OM
AN INWO T Dt QDN MIO
WURNDVROMIT NN D NP ¢ ¢

................

PNOPARONTDOIN <A O™
WINDMestN = DO T D ADNN M
PONNDWO ORI OO wewe

AN AN ONNNY Y
MMM OO
(-2-2-2-2-2-2-2-2-2-2-2-%-3-%.2.3

ARV CEONMDIIO N OD N -
OO THOTNIINOUHNIN v
PSP DON NN N O

| 2dcdad ot ety Licd 4 ;Y- 151, 1 X -3
el ddudnl 4 8 4 8 4 2 4 4 4 4%)

QNN ONENIAD et D SN
OO DOCEMDMIN
WO OV vt SN vt vt 5t © wi =t ot 0N VI N QD

.................

MNENNOOD R OINIWDINY —
WO O DT TR M e DO TN
OHOONNNDNNWC TNV

.................

= ANTEMMHIONNNON D
PMPOMOOTSOAEN e DO &
L-2-2-4-X-2-2-2-2-3-2-2-2-2-%. -2 4

v+ DD DRI NI DO M S D
EMWC D CNIP M F OIS v
NOOSODPNIMIEEMETNMNTINNN

.................

890123‘567‘90123“«
tad

NN™NMMT

MOV OAMINVOA OO
NM PO e ™M QIO D vt O \D vt 9 W vt )
O ™N et OCTOOO OO O

LI B B

ONOB IV TR e @O MWDo BN
WM ~INTOSNIONMOTNOH W
NOOOONNM NPT NNNNT

.................

“L.“.szsgwﬁ"tv-f?““
r *«mM YN
°°°°°°°°°°°°°°°°°

OVORR DOMINP. e ON DD
WOMNRNOMIN =R ONYET N D
OO OGOMNOONM NN

.................

N TSN O —~NMTNBN
V-t ot vt et vt vy

2

150 TUSING NO.

DATR FOR PROJECT 53590 CONFIGURATION T VIND

HEAN RNHS LEH HINH ThP HEAN RNS HAX nIN TAP HEAN RNS RaX MIN

T&P

93

OMNCITO=INDNONINRMN.
NN NNOMND=INNNDIN YT
WO ONNIVIN DM —MINN

WM OMANOOA S NEMOD
e ONONWDONNITIWD MO v MM
WO W ROV ODROEORNNO O

AvQINNOM=eOONOCIN—
MMINGINMLTNINTIDAROMR D
[-2-2-Z-2-2-T-2-1-2-2-3-T -T-%-.%-]

WNOQDRRAMIDPN~POOON
TP RODMNERONG YO0
NARANOACRDO VNN T

WONDEOO = NHDEINDONDO
el pd il A 4 4 4 4 & & 4 2 J'%)

GBI DI DNTMNNE DN
CEMNOMOTETNODWDOMNQN
MOPIF I UM N NONNMN®D

CRNNNYONNMIMOASLIINM ¢
OO NCTTONNAINNDNNM
O OOMETINN=PBDNNDNI O

MO ODYIOM = DO P v M P O
HNMT O TNSOY DO NNM
24 2-2-2-2-2-2-2-2-2-X-1-3-2-X.J

SENP=INNMPMINOVITOD .
MOMPDBMINPDBONMMONC Y
OO DITEMENINDI

WO NN TN DD O~ NM ¢
N taae R od id o d

v OO

O MmO ONAMNMETNNM
e ROETNRPMIMONNDMETO~NM
QNSO OO NO st

M ONOMNOPINET D OM e
ANV N—OWODRNANND AN
NOOQONNM-NTTNNNMe

......... P

MRINTIMOSTDETAMMONWE N
MNNNNTMIMINNTMNNNNGN
-2-2-2-2-2-2-2-1-2-2-2-2-2-%-%-%.9

.................

SONNMNAIPMNYONWErOON
NETOVIONCTMMNING e v
PO NHOOCTNOHMM NN

NMETNOARNO=NMITNAON
Ot 9 vt v vt s

2

160 TUBING NO.

SIND
TaP

DATR FOR PROJECT 3390 CONFIGURATION T

TapP

RNS HAX RIN TAP MEAN RS LR MIN

REAN

RNS nax MIN

MYV INMONIDWIN i NOD
QNN MO I ID N OP
VOVNGOMNTWOWMMNYT @

ONISAROBNONNMOMNED
DU DONNNOOMN DD
ONISWANMNONBOONANOOCO

N AWM DA D OM -
M CMONMIMIMINM e INS oD
L-a-R-g-2-2-2-4-2-2-T-2-2-2-2-2-1

NN N A w N
W MW AM DG w0 SN SV
AR AOOW®—~DONW®INWIN NN

LU I I I |

VN0 O = MMIPNINDCNO
Ledlalulnd 4 4 8 4 4 & 4 & & 1))

OFNAP- DRI NNONSINNM
AP DERONDDRCINMIMAN GG
MO MPImNMN~NONMNMIM O

WMIEMCONDIIN SN DN e
POMERNON—NON O TNAD
CNOONNBOTNVETNIIN

RADOONO =IO MMMIDBM O
WONMUNOSANNNVEMMMNYM
222 -2-3-T-2-2-T-T-2-T.2.T.2-7-9

INNCOMOICORMEMNOMAIN
MOWMWOBOETONANN—INGD
QG OMMICOMETNMTINDN®

QRO mONMENON DN O =N ¢
W NNNCMCINOINNMD M OMM

NS VOWVC OB v
N COWONMITAN =MD O N -
Ot N ONA OO NGO mrwm N

.................

NDANDOVINAN=DOTMHOeON
NAENTONOODNOMNA OIN
NOOCOO=MMNNTTNNNM ¢

MARDNMAONNE NSO+ MN T
MONNNNMMMNNENNNNNN
(-2-1-2-2-2-2-2-2-2-2-1-1-2.2.1.¥-9

.................

D= eACTMOMNMOVOOO
CER AT A DPINNOPON N
OGO TN MM == NNM

SNMEOBNDOO =M TINAN
Vo6 vt ot et ot ot ot e



2

120 TUBING NO.

PATA FOR PROJECY 9590 CONFIGURATION U VIND

HEAN RHUS LD HIN TaP HEAN RMS HAX HIN TAP HE AN RNS HAX HIN

T&P

MINWVNDBINDV O MEMBE™M
it -dul2d b il ledadad X t L
oot O vt OUV N ot N (M vt 0t O vt vt

...............

NT e OOMONANreren.
N DCOODVOWNBORN N
COOONMeTTErMNNT e

O SO NOMODONINIMIN -
MN = NMIMOIPDMNOD T
(-2-2-2-X-1-2-2-2-2-2-2-2-2-2-1-2

GINNM =R O WARORONO Y
RO MICINO CM s MM e
VO OCwmsarMmMMMMMMMMM

WOV RNCO NN NDANDHO
MMM CCCCETr TN

OO OCVSHONIMANCTAONNNNA
DOON™BONWOm=DONINON
NN ON—OONOMOOOON

“INCHCNORQNMIOAMTY
NDOVNNOD=OONDINAN-N
COONENNDm T INNN=MNT

NO O OCNTWOMMOQW BN v
e CETIINANNDDAMMMN T
-2 2-2-2-2-1-2-3-1-3-2-2-2-1-2-2-3

.................

= OINWNONANTDODOE DD
PMO et Bt NNOOMNDOwT ¢
NOOONMMOINMO=ONMD

.................

PAOSWNMENONDO SN+
T NN NN NN NN N MMM

wBOMNETIVTNOONNNIN
N NO = OWWI N OP PP e
QDErN™M O CONMO=ONOOOO

.................

LI N B I [T T I B A

MNADWONMENRTMINODD
mNOCMNOWC~ONTRATAOM
MHOOMNNETO=PTTMINNNT

.................

W) vt P M v O 9 € Y VO QO O WD
CMMNMTCTNNNAOINTTYD
-4-1-2-2-2-2-2-3-.2-2-2-2-2-1-2-2-4

OOV MOTAONOOMNOW
WO MNMTDONOMOPDETN
HMOOOONNNOONN=OO~N

.................

ONMPINOAROO =NMETNIN
e 0t v b vt vt vt vt

2

123 TUBING NO.

DATA FOR PROJECT S390 CONFIGURATION U VIND

TaP

RNS HAX HIN T/P MEAN RNS HAX nIN TaP AEAN RKS HRX HIN

HEAN

9%

DU QMDD OMDON DL P
NOWONFOWM e DD O e
L0t Ot O I a NN G v s NN

................

NONCLOAFINODOMOTN
WD OO NP OO WA O v O
WOOONMIE T T THDNVNN

OO T ONF DTN PO
NN = NNMIMOMMIMOID Y e
COVONDOCVOOVCCDOOO

N B NODNDONA NN OMNN
W ONNPMIPTOAWWDONON
Dol -R ol ol dulada Tl donh gt 1 )

N WA G = (NM NIV 000 O
MMM T CT TN

PO X NI ONA
MENOONQNT ST COINNDOI
NN ONOTOMIOYTOOON

LI 2 I B B ) ]

MtNORPA WO DF NI >
WOM et vt Gy NN DIV v O
OOONPNN == TOINN=MINN

QN > D WO D =D NP NN
MMM NGAT-OMNMNN
h-2-2-2-S-1-2-2-2-2-2-1-1-2-2 -1 2

ORODDWE N PINDNO =N O
OMYOWORMIMNOMOOOMI
MOOOMNOONMOOCIMD

OAOD=CIMFIN DA DO O M %
vt vt N NN NN I NN NNM M MMM

OMOIDIN=NOTMAEODCO
MDD P = INDIDFT NO W=
ONNHOO P —NOWMOmOOOO

M IO OR N O MO NS
Ot @t VNN O O T MO ) e
MO OTN O T TMN N

.................

)i
FHNNNTIIS NN BINPHMMN
C00O0DOCOOGOOOIO00

.................

Wt OM P I PTNONPOM
D NO TN MO D0 N we @ SO MO
HOHOOMNNOINNO OO~

.................

N CNONDPONMETNON
= 8 970 9ot et ot vt vt

2

130 TUBINC NO.

DATA FOR PROJECT 5590 CONFIGURATION U VIND

MEAN RAS Hax L3 TapP HEAN RHS nax HIN TaP REAN RBS HAX niN

T4P

WD CRR= NP SN O WO v i
ANINWVINO = O et DOMN BN
COONINNMME T T=NMMMM

OFNINNNNANMe e ONNAO
OV CTNONNAGONONG®O
MITMINOONONDONOSNO

Mt MAN NSO NOONN O N
W DPDOOT DN DR
L-2-2-2-2-2-2-2-1-2-1-2-1-2-2-1-2

QO D == NI O\ v et N KD w= DI e N
NOMMOLDOMNAROINE Ow
PR OINIMM OINOVBININWONA

WO ONMPINIONDEO
MMM een

DM =AM PODOEMM OV IR
NSNS EPIMO DN N v i) e D
N et vt O P vt O O OO e (NN OO

TN G DWVENINNTNOMD
DNEOMAENROMETNOPRTETEeM
OOOOMNINNWVMM T VO

eI vt O E AU = I DM
WNMMIDWINWWNN I e NVY
QOCOOOVOVOOVOVODVOO

OMOTHONRNOCODY ¢~ ONO
Qi O =N NNNNT e ON
NO OO MONNMM = NM €D

OO NMEINONRONAO N
vt vt NI NI A I N NN M MM Y

v SR E) e i IN= N -9
MADNOACTAO~OTNRT—MMO
QNN OOE~=OOOOOOOw™

.................

NP e OO QD v G O O S et
OPOMANINNCRDNON =N
MOOOON—-MOmEETMNNNG

DO NNIBM =PI O DO =
MM NNNYEYNNOeTYMIMM e
-4-2-2-2-2-2-2-2-2-21-2-2-2-2-1-1-3

.................

ONPVOTDPINEOONOMND
DN =IO MDOMD NI O vt v DD
O v OO NNO O NN s v v 0N

.................

NMICNBIDRO~NMITNDN
€0 vt =4 50 vt vt vt 9t



2

140 TUBING #NO.

DATA FOR PROJECT 3390 CONFIGURATION U VIND

KERN RHS nax HIN TAP HEAN RMS HAX MIN TaP HEAN RNS nax MIN

T4P

NN TN COWO DM DM
N NNINDNEN) ¢ ¢ =M INO
MWWV AWNTINWBNMNTT e

WO =OMO—NINNOMOW
ONPNEMO A O DO ¢
NNV OOONDO O weve v

................

MONODNBON- DTN OMe—
MM NNV DT NDIONONND
A-2-2-2-2-2-2-2-2-2-2-2-2od-2-2-4

................

MEMANNO = PO E\OO
O vt M DM 0 OO DO
PoPal Nl A O NN 000 WD IN IS0

................

WSS =NMTINONDOO
MMM CTr T ET ¢TI

NN~ ONOINDINNEN OO
DMt O = iIN et O OO v i S
M OMIM (Nt MO (N e NI NS

VROMNON-PRCIO = DM IM DO
NOOOMNNOP RV ON-Mesi e
ONO OMMIN =& DM NN OONN
............. oo .
[} -t )

NOVNDOTD TN~ DOMINWRN
NMOIMEDV=ITOONNNYCeNDY
L-2-2-X-2- ot 2 ot ogv2-2-2-2-2-2 -2

B DN =PI O NI WD =N DD
W RO N NN O
YO = ONMYOIMEME EININC.

clacdirdod]

M

NN DA M A NN A DD IOD
NN T INDNNEND NP M
VN ON O OONOOO =

.................

DDOTMHOCANINOMMEDEN
VNPT OWET TN TDBNINC
NOOOONNM N TNNNM

oo 4 o

on

reMNMeMne s

.°°°°°°°°°°°°°o°°

NN DA OOMNM B O D
NEMONDRONTMINMERONO
OO OOMNO MMM

.................

N L INDA DO N TN BN
V=t vt ot o8 wd e ot

150 TUSING HO.

WIND
ThpP

DATA FOR PROJECT 33590 CONFIGURRTION U

RNMS HAX NIl TAP HEAN RHS Hax MIN

HMEAN

MEAN RMS nAX MIN

TaP

95

MONIDMNOINETRNOMN=O
CRNORTTINMNDBOONNOW
ORI MAN OV R CTNNND

NINDVION WO DMWLNININMN —
MNMIMOMINTNETETANNONG
PN NNV N

NONWNC = NAAANIMMANMN
CCTMOAUMNIMEMTIDNDON
L-Z-2-2-2-2-1-1-2-2-X-2-2-2-2-2-2

AN BIN M NN
MeRMNDMMOOETRNR=MINOM
00 007D GO0 A0 © FHCD 00 KO WD B0 N D OO

VNN OQOmNMEINTOAONS
MMM EC PP e

VOO CONINNOINMBOTDMM
DONPAECDOMNNO = OM N win
NONMINNNE P ONMNMN O

NOMNCPSOMMMN ~ DO &IM
DOMONCNMOO™MPINMI O
ONDOMPDIN == WO NN 'SR

WOV AD NI D v i YO S W N
SN O TRDWIOM TSI
OO OO TLODOOODOD

.................

P OVNCVO MDD VIN (NS WIN M w Y 1D
O OWIN I OGN et NN OV O
Oetwi v O OMN I & M P NN

DO NMEINDNDNO NN
e (N NN NI NN NM MM MM

OWRD D= = NININDOVBNNIO
NEONOCOPMIMETLIND MO O
QN vt w1 O O v (N O et e N

OSBRI O DN~ MO IN WD
NEeETMNRHOOTNRINWOOOw
NOOCOD—NMHNNETTNMMIM v

! i N
L-3-2-3-2-2-2-1-2-1-2-2-2-2-2-2-2 -1

M PR OM =MD OINOBNM
MECCrOCNNNTLOOONDLM
WOver O QTN MM e (NNNM

e NMENONONO = NMETNWON
0 w0 5t ot ot 9 et 7ot

2

160 TUBING HO.

DATA FOR PROJECT 5590 CONFIGURATION U VIND

MEAN RMS HAX HIN TapP HEAN /NS HAX HIN TAP HEAN RS HAX HIN

TapP

OOt et AO NN v
LN ONDANND = NMM M)
O ORON =D INVIMMM N

A= NO MO WNOWON SN
CTOOD~MWONINDWONMON®
QOO N QO IO G0 CO O N 00 O

DO = NOMONONND
NN € ¢ DO
E-2-2- T 2R X -X-2-2-2-2-2-1-2-1-4

POEMITCCNDOONORP=O
I D OO QWD NDN O
OO NODONDONININWN

NWI-RDNOANMENON0OND
[l inivl 4 4 4 4 4 & 4 & & 42)

MOON-IDN o (NI DO O e
Mt DM N DD MWD N e - O
MO vttt OV O PIN) vt e O e (N MY (N

MDD P =DM N DO MR N0
CROEANIOMO=MNOIMIN
OCmOONINOONNWVWETrTNVO

VYN OSSO FTNONE W ON
T ONNNE NGO N D WM MMM
L-2-2-2-2-2-2-3-2-2-2-2-2-2-2-2-2 -2

"t vt GNP v vt N W ) 0O W G0 OV D et
MO CIDNMIPIMWONNGININ OO
~OOOONMOVOMPTNMMETNO

.................

NONNINKRA OV OO RN MMM
MOPTOLINN AN =INMPO-INO
OwNHNHtOE OO NNO O

NPAOOVDVT=NMNSOCT=MM
MAWENNONNNINDMMDWVONTN
NOOOOWNMNNTTNMNME

.................

WODBHMBDININOBONOINMAY
MMNNNMMMNNT NMNNNM
L-1-2-2-2-2-2-1-2-2-2-2-2-1-2-1-2-3

A DORT—NODNNNOO TN
VWYMONNNANDRNAYTINAONN
" O et GO OM N vt (N v wo e (Y

HONMETNONONO = NMEeN D
4 vt e ol e



2

120 TUBING NO.

DATA FOR PROJECT 35590 CONFIGURATION ¢ VUIND

HEAN RHS nax NIN TaP MEAN RUS HAX niN TAP HEAN RHS HAX HIN

TP

MODEDOOMDVEHNOWYONIN
AODA N Q= O DN M NN
VINO = OWNMNNN - NNOIN

MO DINQOCNNN-NODIM
PN T NINN O O v e D ws M N N
CIOOCONMETNNY INPINN

P OR e OONWEINOVNDND®
NS NMMIMNMMNOPETMIM
-1-2-2-2-1-2-2-2-X-2-2-2-2-2- 13

NOAODOMANARIOD =D
LONONMINNN=OONANNOI OO
MmO O™IDMETMMMITErMm

................

NONDM D= NMTINWA DO
MPOMMOMETE TP Cr &N

AOCO~NOCOTMOVNOROI M~
e NINO AP DD D NNNIN
AN=OONOOIOOWOOODO

L0 I I I I | L I I A |

OOOMINMOMMNWYAR ~ DN O
WD O NOMM = RONINNM
¥t > vt N NI vt vt U AD vt =t NPV IN D

MOGOOOWIONDN v W PGP
COW o F D WD NNNDSHNMMMININ
R-1-2-X-2-2-2-2.-2-2-2-222-2.2-2- 2.

QWO = NDN =M PR MNO DN e
FA=ONOTIDMEINNONG T
HOOONINIMOONMO mIMND

OO vl M I DN DO =M

™~ NI O

OE B HD OO OINUIM D ~N. M
WM N =D ORI A QM @M
NNV OONOHWOWNOT™OOO
NS I Nwe 3 vl 1YY
] [ ) 1

NG O ONCOMNIOININDIWN.
OCOUwHNRNADINPUM~ONOND
COOWVA T WOSINNN=NNDN

.................

PA0OM OMINN NN v IOV I v v
MOMMBOINNNMMhOSTTeA
(-2-2-2-2-2-31-2-2-2-3-3-21-2-1-2-2-1

.................

NOPON=DDINCONO mwiNTNM
OO TINON Nt v N ¢ N
OCONOMNDNMMONM O Oty
L ANE, NI LI ]

] 1] ]

WNMTNONOCO~NMTNON
P 0 ot el et vt et vt

2

123 TUBING NO.

DATA FOR PROJECT 53590 CONFIGURRTION ¥V VIND

HEAN RS RAX HIN TAP HEAN RNE HAX HIN TAP REAN RHS HAX HIN

TAP

96

PEONNOF ~NNT DV DHN
WO N IN vt O vt S vt D) v=0
WNOOWMMMM—OINNN

SO MNF P ID P OO0 ¢ =M
COM=INANONNOONVDN
Mt OONMFNINEINNHND

MM SN ONMIN M
NN NM Y rmMmMINONe e
L-2-2-2-2-2-2-F-2-2-2-2-2 -2 2.3

NONGOTRNITNTNAORDBN.
NOMINMOW—MN=NOIMNM -
R Aol-R-2 d e lul & 4 & Jdul 4 & 4 J

NV NMTNONDORD
[l lcinl & 4 4. 4 4 & & & & 4]

GO MO e W DO AN DM
QOO NOIMAN T OO TR wsDN M
AN OVONOCICOOVWOOOC -

AWEGR D NDDCMHIMNNINA T NO
NN RMANNONND®WINW
VO v (NN = NN M NN

YOI W e (N e WM OV O v \D O D
QAMMMOINONFMMINGO =MMNM WA
VOCOOIPIOOOOCO=NOOOOO

v 1D \D & O P o 00 v I B> D O O e U GO
W CGOM OGN GNP O P
VOOOMNPITMOONMNOONMS

DO =OIMENDINDRO =P
et (NI NN CHNOI N PYM MY M

W= OMNOMNOOMHINNWON
HINAONO=NOWNOCICIOM
NN RROWIOOOOTOOOO

NOONOMN =DM =M N
Nt DN NODM T OO
COONVMNNOrMET N

.................

PRASINMO =N ANNN
CRNCTIDNWO~NNNOMMMY
-1-4-2-2-2-X-%-3-2-2-%-2-3-2-1-1 7

MO DD NINAMBIOIIN =
MO HNOWA =M N=OPTNOMN
“MNOWVB=MMOONM~OO N

.................

[ BN B AN ] LI ]

wONMETNONOOO=NMETNVN

Y vt vt oot et vt vt oo

2

130 TUBING HO.

VIND
TaP

DATA FOR PROJECT 3390 CONFIGURATION V

RuS nAX nIN TAP REAN RAS HAX RIN

HEAN

REARN RNS naxX RIN

ThP

N TOMM PN DEOMWY =
NN TOSOmmMENC DO~
ANt Q= MMOMMONMNM

COUMMABAWOWODVTINTM
ONMONANEATNmNM S
MNSONMINNNINWVYWWY

CONRTAR ONONNNOOHO
IDMN=MPTOMNMMBNTNn
-2.2-2-2-X-F-2-2-2-2-2-%-2-2-2-3

TINAOWNONONDOBC=WDY
NEDVVOIN OB AN
L olpl-2-2ob dul d & & dul 4 4 4 4

DO O=OIMNTINONDNO
el il A A 4 4 4 4 4 4 4 4d;)

OCW AN TOMOMNE PO
OOMSOTNTONMOINCETN
MmO OMN=OOO0OROO~Ow

.................

OMNVONDO—NID-MA. O
AN OWMGMIMOONNOMOYTO
MOt OINNNTD =Nt

.................

CRWOANNDTNOHNIN-NONN
AMONNIDWOIMMND A -MMMNNO
[-2-2-2-3-2-R-2-1-X-2-2 L-2-2-2-2-3

COMEEtTMNOMNOWETMINA®
DO ST OPECETMOIN0O
COOONTM=ONMNO=NME

ORO~ANMENONDAO —=NM e
et NI NN NN IMMM MM

NPT CTNNM—~ADONON
ONOVCONMOWErMINEORENO
TNNOOW=NOO—~MOOOO

-y
(] ]

MOOWRNNMNONO~MIO P =
OPTOPW DO =NVYOAOMMO >0
COOONCNDr TN

MIEDOYONIMADO=NMAGD
=NNOENNW=NDNOLMNNG
-2-2-21-3-3-2-2-2-2-%-2-2-2-2-2-3-3

.................

PO NINEAMNONNEN
M ONTOMNDONTNNNOMD
MO NTMNONM=OO-N

e —.-l...-....
[} ]

HNMTNWVADSHO~NMETNAN

Pt v P Pt v vt v



2

135 TUBING NO.

DATA FOR PROJECT 5590 CONFIGURRTION ¥ WIND

HEAN RNE nax MIN TaP REAN RUS fnax nin TAP HEAN RNS LIRS nIN

TaP

PO AANTAMONNDBNMOD
OPNNDTOANONOMONNG
AN OTNeTMMOMNMM

................

N EMMNONMOCIWVDINNMNN
NN O NI QN OS v N O OV N
MMOO~ONINWVINWVOWOON

WOt INONDCHINTIDNINO
WO NPT OMMIMMBINNININ
(-2-X-2-2-2-2-2-2-2-2-2-2-2-2-2-7

OPDOBD =N SINPINT D
OO ENDO=AMO=OONO NN
DIN-OOMETBINNTTNINN

PIONDCO=NMTINBNDNO
iy lel & 4 & & 4 4 & & & 4]

NSO vt o (P v D v - PID NN D
OO NOONO—=NN BT eM
Nt OOONVANQOOOONOO N

.................

NINACNO ~=OINEANINN
WORNONINDr =l v
NO D¢ HNNNT DN

O DWNENODOI- ¢ O i P i
NOINNDWRIDWPF N MM PN
OOODOOVOOOITDO=WOOODO

.................

[T i adal-0 S g2 10 \Te B 4 5 42 X Lo
WOVt Ne et (N NN ENNP OO
COOONIM =t CIMNO =M PO

DA QN U DT DD w NN ¢
vt (BN OI NI S NN I M MY MY 1)

NNOLOOININITLPHRVIOO
DM YT PIN~N MO NN
SN P PO QO ETO OO

.................

P NN D C DM DI ¢ v
N ~NIDMNNINDMNNONINDMN
O CO PO NN

.................

OOWNNNE=MNTSRDIN-INRN
NN T TN~ IR NNIN
[-2-2-2-2-4-2-2-2-2<1-2-2-2-2-2-2-3

.................

SUMECOINNDBNWOM =T ORN
CONSODVDONNNDONIMIMINNOMGS
MO MIMOONM—OOwN

Tty LI ]

“ONMTNBDCO =M NON
0 =t o6 v 94 vt vl vt

2

140 TUBING HO.

WIND
ThP

DATAR FOR PROUVECT 353590 CONFIGURATION V

RUS nAaxX HIN TAP NEAN RMS MAX HIN

MERN

HEAN RNE MAX HIN

Tap

97

MOV TINDWOMSH D= rDINN
DONMMBOM OND NN PN
NOPM=MOMMEPTOMNNMM

teEve e

WARNONRQONINO DR MIN e
F OO HOTCIEN v DO we
GO OO IIDDDDN .00

OMNNOSAVTrMOADOMY
NI MAMIMOIMO DN 9w
L-2-2-2-2-2-2-2-2-2-2-2-2-1-1 -1~

P EOWNMID DN VNN QON o
DD WO MO FINNDNEN N
M WON=C =N T NNNETINNN

NONDVOO=NMTNONONO
MMM CF T EC TSP

NOAORANEDONINO—~RP N
MON=OMOR P NGB DINN Y
Nt OTON=OOOONOO-MN

MOOETRN—HOETMAOC NN
VWO EWNQONOCTOR~OINM
NO s =M ANNMN T 'D=MIMIINOIN

MO T OO NN AN
NNNNNDIN S P MM N0
CODVDTOVOOOODWmMOOVOD

MEM DN NG MINWON WNLE O
RO WO M ISINWINE O VINNN
HOOCOMIM et (NM e M

OO =OIMITNDADANO=NM
e I NOINN NI NN MMM

MMM NG =ONO PR
NORENONMNUNMOB-MINN
QOCmTRONANOO~MOOOO

Tttt
]

P OONOCHNANEINOMTONM
MNNMTNORNEMINDNING
O MOYNMNTOSETEOmmND

PO VOO T =DONOWINT
CUWN—MIE R L ANNIINNONN
£-2-2.2-2-2-3-%-2-2-2-2-2-%-2-2-2-3

.................

VOPRTDORHNOMMO~ED
QNOVNWOR O WMMINNAMS
OMOCTRWMMNOONM=OO—N

.................

M NMETNONROO=NMITNON
B e ]

2

15¢ TUBING NO.

VIND
ThP

DATA FOR PROJECT 5590 CONFIGURATION V¥

TaP

RHUS MAX MIN TAP MERN RMS MAX HIN

HEAN

RHNS LEE MIN

HEAN

NOWOWM=RNONEN~NOOY
OMODOINCNER O e \DON
QO IN NN NN

AWTRHNOTWDNONIOE M
S NONDONMINOMOEMEeON
FINFNO O DNN O 000

................

H*INONBONCGMAOMO —E
i A lndnd Al & dadad -
L-Z-2-2-2-2-2-1-2-2-2-X-1-2-2-2-4

OMNINM VM ONNIN- N \D vt waeie )
NN =MMINTONMI-N i
VMONNM MO TN D0 TIN OV

LI I T I O

NWRNONONMENONOOHO
MMIMMMECECT P CCET N

INMAMONOINMN~=ONNINND
DN DB =N N—MIMIT NN
WO O~ N vt O OO NI

LI I I I A ) ) 1)

MPNONMOON~ONHODANOND
CNETNWONMHIODDOMY
QIO v =PI M ¢ N UMM N WIN

NWNWHDINAOTNINNNWVWNN
WNMNODWISINTOOMMrINe
p-2-2-1-2-2-X-X-2-F-2-2 2-2-2-2T-3 -3

MO MOMNC DTN NNWN
AICMNONNOWVN0 ~ D W@
FOOONIMN™ONM v (N D

DO OMAMEINBNDND =N+
Y N NN NN NNNNMMM MM

ONTEOVONNDIMANMON
RO ONY = O NG NN DN
NI ONNOONTOO O w

MM P OO OO W 0N ) MY CO -1
NMONEMETONRNN NN NV
NHOONMNYEO~CTO N

ONMONINOWNONETT DN
W NOMET T TNMNMONINN
R-1-2-2-2-2-2-2-2-2-2-2-2-2-2 -T2 -1

A —INNONINN AN w0 INY
MNBNONA OO ¢ E DN
MO D= MM = ONM=O O —N

.................

SMNMENVAOTO=NMETNON
V4 v ot ot et ot vt et



2

160 TUBINC NO.

DATA FOR PROJECT 35390 CONFIGURRTION Vv VIND

NEAN RNS NRX RIN ThAP REAN RNE LT} HIN TAP HEAN RNS HAX RIN

TaP

98

PO ETMNOIOMNO DT
=N OWINN G\ D O G ¢ WA W \D\S
WO OIMMNINNONOMT Y

................

TOONMOON =N mwe NN
NP P vt GV G5 e OV D (N e QY e OO P
NNNVITNOVRDVPONOOO

OPMNCMNO~NEM=MRON
MANMMIMIPTONTETINPRCDOD
-2-2-1-2-2-2-3-1-1-2-2-2-2-1-%-3

................

WO Wt P NNT MO MEIND vt
R-INM Q=D RN VN
WAONNNOPTONNNNNNN

NWONDONOOIMTINWONDOO
[elelyl il 4 4 4 4 A 44 4 4 J ]

NN O P OGN M) v DN vt e BN
SN =OMONONNONTNN
WHtOAIONOOM = N=MNND

NOTHNMOOMMOOMOmON
WARAMD e BNNOPNNDREHOD
SO HOMMNNNTOMMNWNN

NOWNIN e MINOTMAND =
WMNM YR TOOTORMIMEOM
-4-3-2-2-1-X-3-2-2-3-2-1-%-%-2-2-3

.................

NO OO ODTON T =N
O MNONNOEIME OO w0
MOOCOIMMNMTONYTTND

WRNONMYETNWONDONO ~NM P
St NI NI NN NI MM MM ™

OGP MOBO " NAMOM
HTRODO =" WMONMOOONON
MPHORNON T © = NNO Ot v

DONWORMMNONDODA- ONDM
WANMOSEMNN ~ DO B @
MO MNPO~ T CTO NN

.................

ONME AN =T NNALTNMBY
HPNONCEC P NTNINNNN Y
L-4-2-X-2-2-21-2-2-2-%-2-1-32-1-2-2-3

.................

Pt O e B NN ND M I =D
MMOONMOONR DD A MED
MM et Qe M OO NM e O s ve

.............. o ..

“NMETDBEDRO ~NMETNBN
=t et vt vt 7t 0 v et



2

123 TUBING NO.

VIND
Tuf

DATA FOR PROJECT 3390 CONFIGURATION ¥

RS HAX BIN TAP HEAN RNS LI} BIN

REAN

HERN RNS nax MIN

ThP

OINNNOONMOMIINTINM
OF N ONe OO DN
v O v O 00 NI O NV vt vt et vt vt

OWVE DN DONNODOMNMN
MOVDONOMMN IO OMM
MOCO—INT YT NNT ey

QOO ONDOMDV O D
CNN=NIDMNNMNNNCMMM
-a-2-2-2-4-2-2-2-2-2.2-7-2-3.2-3

WDOMININ == OCONMON
WOONBOMDEEPTNINNOO
COOOOOMMMMMMMMMM

NONONONMETINOARNO
MMM TS TE TN

OCWOMPOMMNINOON=ETON
NP OETMMEETNNTTMO
Mt tOONMO OO IO O

.................

LI I I B I ) LI |

O~ ~INNMOOETMNON
WONE = DON~NONNRONT v
OO ENN = IN ===

.................

WONRINMT NN NBINSMONM
NOINNINDWINNND O =MHMM NG
[-3-2-2-2-2-2-2-2-2-2-2 %-2-2-2-3-4

.................

NOBONDONDOM =N OO =~OCIN
NCCINOWVNTMIM = WNAOMIN
COOONTMOONMNOO-MW

COR O CONID - BONNON
S DINMIMBD QW OPNRO
NN A SON =D MO OO D
LI I O q-l- 1

INOO=APNETMOmENNT Y
POMABONNOMNGONSMN
HOOWVWOM =N E PO NG

.................

CVNRREHSGNRDETNNSEOOM
NINN=CNNN~NNDNOMMM G
-2-2-2-2-2-2-2-2-2-X-2-3-2-2-2-2-4

.................

P DM O INME v @ OMINONN
MDD OO W= ¢ ¢ s O N INNIIN
NHOAMN~MMOONM=OOwN

.................

M INONBOHO =wNMETNVA.
Raldad ol ol ol ol oL

2

130 TUBING NO.

DATA FOR PROJECT 5590 CONFIGURATION ¥ WIND

REAN RNS Hax L3 L] TapP NEAN RNS RAX niN TAP REAN RMS HAX HIN

TaP

99

MAONDOONDIMOOOR AN
QN S NN O O P QU Q) I w4 vt N OV QD
Wt O v O 00 NN OSSO w8 (N vt vt vt

AT OSOEMAANINOONDWN
R W OMINNET WO
MOCONTERCTITNNTEYT

N O A v AN D WIND ¢ N OD
W = NINMNNNNIN TMYMIM
L-2-2-2-2-2-2-2-2.2-2-2 -1 XL .2 -2

WINPT MIMOONDNO N
PG = DINONNONN TN INTN
MOOOODMMPMIMMMMMMM

PN QO = MM DN DO
MMMOMMTYeTE T ren

Nt NI OAIMIN =D OMO
MORTODVINNMONPDINWON
ANOOCOWWOEOOOWOOOO®

MO INWO™MNOY O
WONW—MNETNNLTDINNNOO
NG vt v W O vt vt W Y ot vs e DY YD) W

.................

MOOR =DM+ D ND IO
NONNNID QNN = MMMINY
L-4-4-2-2-2-2-2-%-2-1-2 X-2-3-2-2-7

.................

Nt PN F N = O DNO DO
WO O WD IMNNEMNIMNO* O
COOONTMOOINMNOONMY

DR QNI DNONEO = NM

edadd td

DI OO 2 N © MG w4\ we i) (N D e
NG WINM DY O INMIN TN
QI ON™HOIOO~NE~OOO
LI I N I O c.l. ]

DO DIMIMICNOCOND e
et O DA A ot (NI W D D = D
OONBOMntNONE N

.................

ONDPOCVDRYE ¢ OO NVNDD O
YN ¢ NI MMNCD
[-2-2-X-3-2-1-2-3-1-2-1-1-2-2-2-2.3

.................

MODODVTDDOBIrNVNOSW
Wt O vt P N NN (N I = D WO
OMOVA“MMOONM~ OO N

11y L '

NPT DINDOO=NMIETNON
V8 vt v ot ot ot vt et

2

135 TUBING NO.

DATA FOR PROJECT 5590 CONFIGURATION U WIND

MEAN RMS HAX HIN TaP MEAN RHMS MAX MIN ThP HEAN RHS MAX HIN

TaP

DV F DORDRODRIN-MN
OV INDONOARTVOETHFONON
OVt vt O N NMIMIM O NNMN

NCOLOMNDAMN — QU
OCAROMOMOWOMINODONGS M
N OOOMF NN BNVOND

DO O N BORDMONMNOOD
W NN OMMIINM DN~
COoOOCOOOOOOOVOOCOO

DU R s NN v=aD VP I D Y
MO NN v v P O N N MDD WD
WMOOONIMECETEMPrrew

NV VN O~ NMPINONVNS
MMMMOMET Y e T Cerin

MO AMI N NINIME M SN
WA M DD vt NO ¢ DG NN DD
At OOOWWIOOOOWOO—MO

.................

OCOVTIMODOMNINNAONTT M
PNOOCTRRNIOMN =INNNMNIN
O v =) (NI vt vt W ) vt = N DN

NP D= P NDD DIV N O NI
RN NI NN R = MM 19
E-2-2-2-2-2-2-2-21-2-2-2 2-2-2-2-2-3

.................

W=D OMSDWDNON ¢SO
OO N AMON M IMIINNNNM
HOOONETMOONMNO—NM®P

DAONMENVNRDNO N
- AP

N M

OWO =NW— =N NNNO =N
WNO N NINMOMMOMNM MO
ONNMAPNONSNOOO ~EwmOOO

.................

WO DWW NN NN TINB N
NOOHOMOCMM T D Nw
N OMPAMNEO ¢ O NN

e (NN O R D00 =MW & N B v YN
=N @ N NN N M NIN
L-2-2-2-2-21-2-1-2-1-2-2-2-2-2-2-2-3

.................

ROMY O OMIN O NNDNNN
NN =t N D NIN DM (VD w4 4D M \D
OMOMWN=MMOONM=OO —N

“ONMETNBROOOwNMTIN BN
V8 9t vt et v e



2

140 TUBING NO.

DATA FOR PROJECT S390 CONFIGURATION W WIND

TaP

RNS Hax MIN TAP HEAN RNS Hax HIN TaP HEAN RHMS LR MIN

HEAN

wMNRO =M OO NINDWOINW
QORNDID =t = MM \D
SRNOMINIME TS OMIMM

GSNOIMD T OMO DDA N v~
WOMAPNE NV ONIDN N
NIOPM=~OOWINWANOWAN®

MOV GEMON ¢ NG~
FDNCEFNDFTMIMMIM OV DO
L-X-2-X-2-2-2-%-2-F-2-2-2-2-1-%-4

A NMIAONRINADNA-MND
NN M WNMM N 0 G000
NI e NPETNNIN Y NN N

NONOOBO=NMETNWALOESO
MmMmMMMeTTeTTYYeTTrewin

G ONM =M O N TN =N ON MM
S QOGAD O w1 O M P O WM =i WD U e
OO ON~OOOOINOO e

LI I B B O t et

NONMO~“AOOMNETAONMD T
NOSMELOIOMOOMINYT VO
CIOO=MMINNNYN—MNMNN-D

POBINOWPIADONOMNWVYO
MNNNYINTMIME MM Y IDY
-2-2-2-2-2-2-2-2-2-2-2 1-2-1-2-1.-3

.................

NMOOMDDINNNTINND DN
OPOMPOPNOMLIVINNA MW
NOOO=INMri= M v NN

.................

DARO=NMIPHIDADOO =M
et NN NIINNNNNMMIM MM

CCOMDEONT AN DM
DEONNONMIMOUNODOM TN
OWM™MMIBPONHHOO-NET =D OO

.................

NOPAM =D DOIND N O
INMC O ONMD TN ME-0O NG MG
HEHOMNMNCO T O NG

SN M HBVOTVOMOIMONNY
OWMN=MIEETN=NNMAMNNNN
(-1-2-2-2-1-2-2-2-2-2-2-3-2-2-F-1-2

DBDMMO =S OMBDENMOWON
N TNDOWD = DN MINNWY MWD
MOMPD MMM OONMOO -

.................

HNMTINONOROSNMEN DN
9t b v et et ot

2

130 TUBING NMO.

DATA FOR PROJECY S39%0¢ CONFIGURATION ¥ WMIND

MEAN 4. MAX NI ThP HEARN RNS MAX NIN TAP HE AN RS HAX MIN

The

100

DN MDD O NN
PN v O P vt vt S W O A O vt - D v
OROAPENTrNINNNMIM

OO POWBP—WINWOOI =D OO~
SHONINNA OO N WD NN D
WOWEMMOVIONONNOSO

................

OCONNNINVOWVWOINMWEON
MM N SOINME T DN O
COCOOOOTCICOTCCOOrOO

TR OCOOMNOFRRTOODPTN
HMODINROCIC R ONNMONO
BNORN DS DTV ON. TINWOWN

NONWHIC~OIMEINORONO
MMMt T reen

S ONE OO MN = INON =M o
TP rtet MDD N OND=ON
Wt OO DO C i MO N

.................

MDA~ ORTTMONMNOM~OO
S SFNMINO T OO0 r ON D
NOQOe == MMOMIMeN M COWW

WRONMM R DTN T DD v
VNN P O T EDOMMEN™
L 2-2-2-2-T-L-S-1-2-T- R 2-X- £ -2- 23

OINVDVORNrLOFNNTDOAMAM
C NIV OWDOMI—~NIND O
OO~ UIM M NI D

DARO=NMETNIONDNO=NM T
"t e NI I CIIN I NI P M MY

NPt DM ONNOO—OMOH
PDR NI TMO DT DI e
MEH AN CIN ANOONMNOOD ™

OO ~MOOONONG®O S
ONAHOOS~MNINTINMINVErDWwe
N OAMNTONTCOmmNG

.................

OOWP AT BNNUWOONMBS
ASCNAOI TSN ONNN
L-X-2-2-2-1-X-X-2-2.- 2 T-2-2-1-1-2 -]

.................

OwmiN-ONINTVWESHWONOO Y
POMOTMITND~OBDINTNOND
MO R PIPIC O NP D v (N

.................

NI NER OO ~NMETINWON
V8 vt et vt et gt e

2

160 TUBIHG NO.

DATR FOR PROJECT 5590 CONFIGURATION ¥ VINKD

HEAN RNS nax HIN TAP HEAM RHUS nax NIN TAP HEAN RHS LERS HIN

TaP

OCM=EWONAMONOODVOO
M= T ND ~D PO ONOCDOM
DOAWOSNNETINDWNONYIN

................

ONO=OIMVNOTONDO—=M
MNP P3O O M N PO D
WOWDDWUONNOCHONDBOOO

WNONOTOM O+ NOMS
NN NOIMWI T T OO
OO0 COVDOCOO=COO

................

BNOONNHRN SO TN DN v
NWICO DO CINO T OO e i
PPt R R O WO N CO WD A0 0O

NWA B D (NM LI ON OO O
[l il pinl 4 A 4 & & 4 & & & d

CROWEOMOBNONDN DTN
PGP NN B O NN AW M O N vt
OO N ettt e NN N N

.................

Nt CONNADDWt=NO OISO
QeI ETMPINASDONOERI N
Ot OMTNNINDOTEINSIN

NGO MDOCMIBDOMN = PIN OSSO
WNNETNOSINRNTIGMEN UM
[-Z-2-X-2-1.2-2-2-2-2-2-2-2-2-3-2-4

.................

NVECEOIODDENNDON ™
MOTWEICTNN N W Or o (Nt Mo
MOOIPHIMIMMIMTOMYTNING

QRO ~OIMNEINONDONOC=mNME
v NN NN N NI NM MMM

OMBADORNITHNO O wNENIN -
WNDONOOINTO=ONOMNNN
NN OTOW e DN OO v

.................

VD v ¢ O 2 N O OO < NN NS NOD
NYEYMIMHNDONMUOMHOMO W
MEOONIMETO = TEO M

.................

N OONNO WD OENM
Nt F N NIDNNN T
L-d-4 22~ 2 2 -J-2-X.2-2-2-2~ 22~ -4

SRON—~DORC WL ON =MD
DMNOONUNNTONONNC O W Oy
NN WOt MO I M e O e (VO

HNMTNDDOO=NMTNWN

" vt b 9 Tl v vt v



120 TUBING NO.

DATA FOR PROJECT 3390 CONFIGURATION X WIND

HEAN RNS nax niN TP NEAN RUS nax RIN TAP RERN RNS L NIN

TP

QOO P - D vt s
WM MICO W+ O WY NN o o
MO O~ NNMNNONNNG

................

NDBMIR M= DOWECNNN O~
WO WBOMNDEON BINN-NINM
NONONTINIVINNVWIVDY

................

CMOTNNSINNO L ONMSN
OO VEN ~ VDD WO W
L-d-d-4-2-2-2 21-1-2-2-4-2-2-2-2-7

W e G0 A M) AD M) =t D O = NI M IN
Mt P ot ) N e QD MY
[ 2o X-2 -2 V1 L 4 & & 40l 4 & 4 4

NAROOC ~OMPNOIDOOO
e lplalulel & 8 4 4 4 & 4 & & 47

MM OON P DOINN ONINDWD
=NWOOOOOINNINTOINMO
DNt vt P\ ot vt ot O G N O O OV

WM MOM DO DM TGN 0
QRO VNN NMOCOEIN
O O W OID v v W D v NN D D

.................

WO MO M EE CNOVN DD -
NGV QANNIINN DN N ©
L-2-2-4-2-2-2-2-2-2-2-Ld-2-2-2-2 -4

.................

et OO VOMBPO N TDEMN
WON ¢ B N VT ONN N
COOWNINIMNOONMNODINMS

OO v NMTINIDN DN O N ¢
v NOINCINCINN NN MMM M Y

OMINONT W =R OANONNY
NOWSME =T DO O DA ND
OCWDNNMOO - NNONE WO O

DY NIMER =DM PGOO N
SeEMOVOINDONNE I
WO ONNDNOMIM DN —NNMND

OMM NN VN NN
MM ON~NOOMBONDBVR
OO it M OO OO O

.................

PP (O e 9 W vt e O I B O
O N OO N W+ DI W v GV M R. o O
CPOCOOCINNOOMMOOO N

wONMENINDNO wNMETNON
Radad ol ol o2 Lo X o]

2

125 TUBING NO.

DATH FOR PROJECT 5590 CONFIGURATION X WIND

HERN RNS Hax MIN TarP MEAN RS nax HIN TRP HEAN RS HAX HIN

TaP

101

DD ONNN D NDOMMUNMMM
NCMIN =N QOONN P OO~
NM et vt QO et NONIDINONINM

COMINOON AN M
DORTNNEMDTLTNOM W o
NOOCONTTNNNNVWVEWDD

OMPOONNEMMN OO
Lo dud dol'ed & 4 & S 812 o] ]
COOOVOOOIOCODOCO00O

DMt PN DN AD PO NE N O
INAMIOCOMmETEMANVON
[l a2 2V 1ok 4 & & dul 4 4 & 4

WA DO I INON0E O
Lrlaclinlul 4 & 4 4 4 & 4 4 4 d1)

OMMDOVNG N DO INOM e OIN.
WOMw=INCN'DE MO+ NI
At O ONODOOW OO

S PN OO NN
NN ONCWOD %+ ONNO IO
NO NN et T ID v = NN D

CSRMINMICMHOOWNDINNM M
A b d OACINI IV ] A-0 & & digl-+]
(~4-2-4-2-2-1-2-2-2-1-2 JX-2-3-2-2-3

O DMONDNIN NN
O 0~ 0t DWW QNI FNMINOMI DN
FOOONNMNOONMINOSNMO

~N

34

QONSIL-MU~RDINTNINNOON
INDPOMPOR~WOTOONWD M
CONFHHONMOMOWMEWmOOO

.................

LI I I T B ) LI I |

NN OV =N MINOOOM DO
WOETPONNONRNONOEA N
WO D vt O W v il vt vt @ ) vt ot s VD

.................

MAVDBA NN IR DD DR TINN
WO T VOO T TNV TN
~4-4-2-2-2-2-2-3-2-2-2-2-2-2-2-2 -3

RN NN SN M MY
DN ON w4 W D O M WV w WM o
NMOOO=MMOONMOOO~N

NMENRDR OO NMEINON
VO et vt vt ol v

2

130 TUBING NO.

DATA FOR PROJECT 33590 COMFIGURATION X WIND

REAN RNS HAX nIN TAP NEAN RNS RAX HIN TAP HEAN RHS HAX HIN

TRP

NI ONON =M NG e DOV
OO CNIMONTLOND—~N
MmO MMM ONNMNM

NNINWNONNOMARNO wHO
—~DONOONMMON D = DN DN
Dt QOO ~MNNNNNVWRIVWY

SOC=MODDIENNANGOOO
SEMIMMINTMMIMMYNNINN
[-2-2-2-2-2-1-2-E-Z-2-2-2-2-2-2 -]

= DONOFONOONINN NN
NDOMNONIONNDANOGHOO
OMOCONMreTTreMme TN

KD OCIMNTNIVNONS
Ledadcdaile b d & & 4 & 4 4 4 4 4,

ONNONNTINOTOWNN OO N
WOOFOTOTNGCOTANOMY
ANEOOOmMOOOONOOONM

NWO=BOCIMONAYMOOOSM
WMNOMNONMNMEOPOM O
NDO et RN N = NE WD

WODNPVINADNI MO P NS N
MMM MR~ M O
[-2-2-2-X-2-2-1-X-X-2-2 X 2-1-3-%-4

COMMONNE ~NONNIND D
QOANOMODOOUFNO DD
NDOVOOCNNMOOSNMGMO~NMO

.................

ORAO=NMENWDr-DO
T NI NI N NN N

~NM
mMoMmMm

3¢

NN = 1NN = OINI0 O N vr B e
D=t N COMET DO NO
OV NSMONHOOONET~OOO

CMINVATOR=NANMOCTANO
CEMOCN N A DM =t INDP ¢
e QOOMetNw et E N s e NN

.................

MR WONKOD YW —=BN N
DOVMIMMHDNONIHMONOEMIMO
-a-4-4-2-4-2-2-%-2-21-21-%-2-1-2-%-3

SMOVNINDNGS =NNNOGC
DN ONDMOMN~MOMO
NMOOOMMOONMOOOwN

“NMTNBNOOO=NMETINWA
Vo 90 ¥4 9=t P v vt e



2

133 TUBINGC NO.

DATA FOR PROJECT 3390 CONFIGURATION X WIND

MERN RNS HAX MIN TapP HEAN RNS HAX MIN TAP MEAN RNS HAX HIN

ThP

102

QBBAROEM=INOCINNINON
OO RN NN NN
4732032234‘.12333
ittt -

)

WMADR=INAMNDN—M Y
NANMOETMHNNI~MONRNMTN
WMOO=NNWRVWNNAN

R I T S oo

1t ]

MO —MINOTMEMENMON
“EMMIMOEMNIMMNMWRPNN
Lad-4-2-2-1-2-2-3-X-2-2-2-7-2-2-3

NPt VAR MY M AD P Ao e O O O
OCROMMNNEMMNEMND
DO OMTTNNNTTONN

NOVAONO~NMENWINLRSO
Ldle bl a4 A 4 4 & 4 4 4 2]

NP TNMW OO~ YA
VWOANT=NAON=OWOINNO®O
DO OOR™NOOOOCWOO—OM

NDNCO = OWM—MIBNOMNG
Ot MMNWINENGw=wOOMY
3011‘356&24512346‘

NNMN—=MO = OO NN CON
AMMMIDNNMMNIDRE oMY TING
00000000009!‘00091

W OONONT =N OIN—W— M
O ICMN M T OOINN~M
500025311231013‘9

BRO—CNMEN DD =M P
e OINMNONNOINNNNMMMMOM

NOMNNOTADBINHONOBINN
WA DND~NEMNCOMMN
05111051090141000

NOMWBNOOWVTETNOWNONN
NO—=OMPONDNINVOMNYTO
‘0000325‘1‘41‘125

....... e

COMMeMEMMNMONDNNG
N@MMIMNNHMMBYTMMmN
ooooooooooooooooo

DR v e e s e . .« e

WNOANNTMINONINNOEO
NMD e O NOMNTMNNNY D
23000‘3300290‘001.2

HMNMYNONGRO“NMETNIN
Vot 9ot o v Pt vt vl vt



103

APPENDIX 3
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