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ABSTRACT 

The report provides a full account of 51 laboratory 
erodibility tests carried out on undisturbed samples of cohesive tills 
frun three sites on the north central shore of Lake Erie and from one 
site on the south shore of Lake Ontario. The erodibility‘ tests were 
conducted on 10-cm dia., 10-cm long cylindrical samples using a 
rotating-cylinder apparatus described in Part One of the report. In each 
test, the erodibility was characteriied by both the critical shear 
stress, Tc, and the erosion rate, é. In addition, index-property tests 
(particle size, natural water content, Atterberg limits and vane shear 
strength) were carried out. The most consistent results and best 
correlations with sediment index properties were obtained using only 
rc to characterize sediment erodibility. The analysis of variance 
confirmed statistically significant difference for- two different till 
formations occurring along the central north shore of Lake Erie, while 
no significant difference was obtained for two sites within the same 
formation. Although é values are highly variable for individual samples, 
averaged values show consistent direct relationship between 1 and é . 

The two Lake Erie tills are more resistant to erosion, both in terms of 
rc and é , than the Halton Till from the Stoney Creek site in Lake 
Ontario. Surface roughness during the erodibility tests was estimated 
from comparisons of shear stresses measured with those obtained for five 
calibration cylinders of known standard-surface roughness. The ks 
values for eroding tills were typically found to range from 0.0 to 0.5 
mm, exC8Pt for occasional higher values due to disintegration of samples 
along existing microfissures.
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MANAGEMENT PERSPECTIVE 

Cohesive sediments of glacial and glaciolacustrine origin form 
most of the highly-erodible shores of the lower Great Lakes. The 
potential for cohesive sediment to erode (its erodibility) is poorly 
understood. To address problems of shore erosion during periods of high 
water level, and as related to potential water level fluctuations due to 
interbasin transfers, the erodibility of soils must be understood. An 
instrument has been developed to quantify erodibility in terms of 
critical shear stress and erosion rate and has been used to detect 
differences for different till formations on the central north shore of 

> . 

Lake Erie, and to show that the till near Stoney Creek in Lake Ontario 
is more erodible than the Lake Erie formation. 

Chief 
Hydraulics Division 
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1 / RESUME 

_ 

Le présent rapport fournit une analyse détaillée de 
51 essais d'érodabilité réalisés en laboratoire sur des échantillons 
non perturbés de tills cohésifs provenant de trois sites de la rive 
du centre nord du Lac érié et d'un site de la rive sud du lac Ontario 
Les essais d'érodabilité ont été réalisés sur des échantillons 
cylindriques de 10 cm de diamétre et de 10 cm de longueur 5 l'aide 
d'un appareil 5 cylindre rotatif décrit dans la premiere partie 
du rapport. Pour chacun des essais, l'érodabilité a été caractérisée 
en fonction de la contrainte critique due au cisaillement, Tc et 
de la vitesse d'érosion, E. De plus, des essais afin de déterminer 
les propriétés (taille des particules, teneur en eau naturelle, 
limites d'Atterberg et résistance 5 l'essai scissométrique) ont été 
effectués. Les résultats les plus uniformes et les meilleures 
corrélations avec les propriétés des sédiments ont été obtenus en 

'4 utilisant seulement Tc pour caractériser 1 erodabilité des sédiments. 
L'analyse de variance a permis de confirmer des differences 
statistiquement significatives pour deux formations de tills 
différentes, situées le long de la rive du centre nord du lac firié, 
alors qu'aucune différence significative n'a été obtenue pour 
deux sites provenant de la méme formation. Bien que les valeurs 
de E soient trés variables d'un échantillon 5 l'autre, les valeurs 
moyennes montrent un rapport direct uniforme entre T et E. Les 
deux tills du lac firié sont plus résistants 5 l'érosion, tant en 
termes de Tc“ e1” de E, que le till Halton provenant du site 
de Stoney Creek au lac Ontario. On a pu estimer la rugosité‘ 
en surface dans le cadre des essais d'érodabilité 5 partir de 
comparaisonsentre les contraintes dues au cisaillement mesurées 
et les contraintes obtenues pour cinq cylindres de calibration 
de rugosité de surface standard connue. Les valeurs de ks pour 
les tills en cours d'érosion variaient généralement de 0,0 5 
0,5 m, sauf en de rares cas ofi des valeurs plus élevées 
correspondaient 5 la désintégration des échantillons le long 
de microfissures existantes. 
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PERSPECTIVE-GESTION 

Les rives fortement vulnérables 5 l'érosion des 
Grands Lacs inférieurs se composent principalement de sediments 
cohésifs d'origine glaciaire et glaciolacustre. Le potentiel 
d'érosion des sediments cohésifs (érodabilité) est encore peu 
connu. Afin de résoudre les problémes d'érosion de la rive 
durant des périodes ofi le niveau de l'eau est élevé ou 5 cause 
de fluctuations potentielles du niveau d'eau par suite de 
transferts entre les bassins, il faut bien connaitre la question 
de l'érodabilité des sols. Nous avons mis au point un instrument 
capable de quantifier l'érodabilité en terme des contraintes 
critiques dues au cisaillement et de la vitesse d'érosion, lequel 
a été utilisé pour déterminer les écarts dans des tills différents 
de la rive du centre nord du lac érié. Cet instrument a aussi 
permis de montrer que le till situé pres de Stoney Creek dans le W 

lac Ontario est plus érodable que la formation du lac érié. 

Chef 
Division de l'hydraulique
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1.0 INTRODUCTION 

Quantitative measurements of sediment erodibility should prove 
useful for interpretation of measured subaerial and subaqeous erosion 
along cohesive shores, as well as for attempts to model complex 
processes of bluff recession. On the basis of laboratory and field 
data, Sunamura (1977) proposed a basic relation for the recession of 
rock cliffs of the form

f 
"l<=1n<-”> (1) dt fr 

where dx/dt = the recession rate, fw = the erosive force of waves and 

fr = the resisting force of cliff material. According to Sunamura, 
fr is controlled by mechanical properties of the rock cliffs (e.g. 
compressive strength, tensile strength and wear resistance) and by rock 
structure (e.g. joints, faults and stratification). Physical reasoning 
suggests that the same concept, with appropriate modifications, should 
be applicable to predominantly cohesive shores of the lower Great Lakes. 

A previous study (Dick and Zeman, 1983) applied spatially 
limited data from the Lake Erie north shore and proposed a linear 
relationship between the work done by the waves, which is strongly 
dependent on lake-level fluctuations, and measured average toe ‘re- 

cession. The erosion resistance of sediments occurring at the toe of 
bluffs appears therefore of particular interest. 

Quantitative measurements of sediment erodibility are also of 
interest in connection with subaqueous erosion of tills and glacio- 
lacustrine clays that occur in the nearshore zone of the Great Lakes. 
In comparison with vast amount of information available on the erosion 
resistance of cohesive sediments in general, the site-specific informa- 
tion on subaqueous erosion in the Great Lakes is relatively scarce.
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Field studies of subaqueous erosion at a nearshore site in Lake Ontario 
near Grimsby, Ontario were carried out by Davidson-Arnott and his 
coeworkers (Davidson-Arnott and Askin, 1980; Davidson-Arnott, 1986). 
Recent measurements of till surface using a fixed-transducer systen at 
the Stoney Creek site in Lake Ontario are described in Coakley et al. 
(1986). Philpott (1983) estimated erosion of the nearshore till shelf 
in the central portion of Lake Erie by comparing 1896 and 1979 
bathymetric charts; and his data were later used by Rukavina and Zeman 
(1985) to estimate contribution of this erosion to the coastal sediment 
budget. 

Considering many intricacies of the shore-recesssion process, 
the objective of the present report is deliberately limited to 
measurements of fr for undisturbed cohesive sediments that occur at 
the toe of the bluff and in the nearshore zone. The intent is to express 
fr in terms of the critical shear stress, Tc, and the erosion rate, é, 
the two most common parameters used in the literature concerned with 
erodibility of cohesive sediments. Published results for cohesive 
sediments of comparable consistency as the glacial and glaciolacustrine 
sediments investigated in the present study are scarce and the values of 
the critical shear stress obtained from these studies vary widely with 
different researchers (Kamphuis and Hall, 1983). It appears that this 
wide discrepancy is due not only to variable geotechnical properties of 
sediments tested, but also due to differences 'in testing procedures 
used, sample-preparation techniques, and due to differences in the 
definition of the critical shear stress (Zeman, 1983a). 

An abbreviated version of this report has appeared previously 
as a contribution to the Proceedings of the Symposium on Cohesive Shores 
held in Burlington in 1986 (Zeman, 1986). '

'
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2.0 SAMPLING AND METHODS 
2.1 Field Sampling 

The Lake Erie samples used for laboratory tests decribed in 
the present report were obtained from three sites located on the north 
central shore of Lake Erie (Figure 1). All three sites undergo active 
shore erosion in the general absence of granular beach deposits. 
Location of the three sampling sites in reference to bluff stratigraphy 
of the north central shore is shown in Figure 2. 

' 

The first site (Site PS) is located in the vicinity of the 
Elgin County water Intake Plant. The geology and geotechnical conditions 
at the site are described, in detail in Bou (1975) and a summarized 
description is contained in Quigley et al. (1977). The site is 
characterized by 40-m high bluffs, which fail in huge rotational slides 
as a result of continuous toe erosion. All samples collected fron the 
site were taken from the toe area of the bluffs, which is formed by the 
Port Stanley Till (Dreimanis, 1967; Zeman, 1980). During sampling care 
was taken to avoid slumped, fissured and desiccated material. The 
samples were collected using 15.2-cm (6-in.) dia. heavy-duty plastic 
tubes, which were slowly hammered into the in-situ bluff stratum. In 

total, 30 cores, each approximately 15 cm long, were collected at this 
site. The cores were wrapped in a cheesecloth, waxed immediately after 
collection, and transported to the laboratory storage room within the 
week of sampling. 

The other two sites (PBA and PBB) are located in the area east 
of Port Burwell, where a clayey waterlain_till occurs at the toe of the 
bluffs. The extent of this deposit is known from previous studies 
(Zeman, 1980). Stratigraphically, the deposit is correlated with a 
prograding deltaic sequence, which occurred possibly during the latter 
part of the Port Bruce Stadial and the Mackinaw Interstadial (Barnett, 
1983). As the toe of the bluffs in this area was found inaccessible, the 
cores were collected by divers using a hand-held till corer. Site PBA 
was located 4 m offshore on previously established survey line X 14 of
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the NWRI erosion study site (Zeman and Thompson, 1982) and Site PBB was 
located 6 m offshore at the Elgin/Haldimand - Norfolk County line. The 
15.2-cm dia. plastic tubes were pounded approximately 18 cm into the 
lake bottom using the till corer. The tubes were then dug out using a 

shovel, and sealed with plastic sheets and waxed cloth to prevent 
desiccation of the sediment surface. In total, 8 cores were collected 
from Site PBA and 12 cores from Site PBB. 

Six samples from the Stoney Creek site were collected by 
divers using the hand-held till corer and the location of the sampling 
stations is shown in Figure 3. 

2.2 _Sample Preparation 

All cores collected were stored in a temperature-controlled 
humid storage room at 4°C prior to testing. An aluminum cylindrical 
cutter was used to trim cores to the standard 10écm_dia. sample size. 
The top and the bottom of a sample were trimmed with a wire saw to the 
approximate height of 10 cm. Exact caliper measurements of the sample 
height were recorded as'a part of the testing procedure. The sample was 
then carefully pierced with a thin stainless-steel shaft and metal end 
pieces were attached tightly to the sample. The sample with both end 
pieces was then immersed in distilled water for approximately 24 hours 
and sample weight was measured several times until no gain in sample 
weight was recorded as a consequence of sample immersion. 

2.3 ' Geotechnical Identification Tests 

The natural water content of all samples was determined using 
the standard ASTM procedure (D 2216) and the results are reported in per 
cent of oven-dry weight. The Atterberg limits were measured in 
accordance with procedures D423 and D424. The particle size analyses 
were carried out using a combined pipette-Sedigraph method (Duncan and 
LaHaie, 1979). Vane shear strength measurements were performed using a 
Hykeham Farrance 2350 vane apparatus.
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2.4 Erodibility Tests 

The laboratory erodibility tests were carried out in the 
rotating-cylinder apparatus described in detail in Part 1 of this report 
(Zeman, 1984). In accordance with, procedure used in previous studies 
(Sargunam et al., 1973; Arulanandan et al., 1975), erosion rates were 
determined by the loss in mass of the sample after 60-sec periods of 
erosion. Measured erosion rates are expressed in kg/mzs in order to 
account for the slight variation in sample height of individual samples. 
Both the torque and mass-loss were recorded at 50-rpn increments. Net 
shear stress, rs, was computed from torque measurements following the 
procedure outlined in Part 1 of the report. A test was terminated when 
major degradation of the sample occurred or when the rotational speed 
reached 1800 rpm. All erodibility tests described herein were carried 
out with distilled water as the eroding fluid. Within the context of the 
present report, the critical shear stress, Tc, is defined as the 
lowest 1 value at which erosion is quantitatively detected. 

2.5 Determination of Standard Surface Roughness 

As discussed in Part l of this report, measured torque values 
during erodibility tests are significantly influenced by the effect of 
surface roughness. For irregular surfaces, it is convenient to correlate 
surface roughness with its equivalent standard (Nikuradse's) roughness 
(Schlichting, 1968). For this reason, five calibration cylinders with 
closely-packed granular surfaces were used to obtain torque measurements 
for the surfaces with the following grain size: 0.5 nm (1.0 phi), 1 mm 
(0.0 phi), 1.41 mm (-0.5 phi), 2.0 mn (-1.0 phi) and 4.0 mm (-2.0 phi). 
The torque measurements were taken in the range from 50 to 2000 rpm at 
50-rpm increments and the measured data were converted to net shear 
stress values following the procedure described in Part 1 of the present 
report.

.
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3.0 RESULTS 
3.1 Analysis of Variance 

In order to evaluate geotechnical and erodibility test results 
obtained for the four sites, the one-way analysis of variance was 
applied to test the difference in mean values for each test. First, the 
differences among the three Lake Erie sites were evaluated. The 
computed F values (where F is the ratio of independent variances 
estimating the same population variance) are tabulated in Table 2 for 
Treatment Groups PS-PBA-PBB, PS-PBA&PBB and PBA-PBB. The values marked 
with an asterisk indicate significant difference at 1% level between 
sites PS and PB for the silt and clay contents, the liquid limit, the 
shear strength and the critical shear stress. There is no significant 
difference in geotechnical and erodibility tests between sites PBA and 
PBB. Consequently, the data for these two sites are lumped together and 
average combined values are given in subsequent tables, Second, the 
three Lake Erie sites were compared with the Lake Ontario site for the 
Treatment Groups PS-SC and PBA&PBB-SC, and the computed F values are 
tabulated in Table 3. The values marked with an asterisk indicate 
significant differences in the sand and gravel content, the clay 
content, the natural water content, the liquid limit and the plasticity 
index. when the PBA&PBB site was compared to the SC site, additional 
significant differences were obtained for the vane shear strength and 
the critical shear stress. Other values in Table 3 are not significant, 
which reflects the relatively high textural heterogeneity of the six SC 
samples. In general, the SC samples are appreciably coarser and less 
plastic than the PS and PBA&PBB samples. 

3.2 Geotechnical Identification Tests 
3.2.1 Partigle size 

Average values of particle-size analyses are presented in 
Table 4 and results for individual samples appear in Appendix A.
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According to Shepard's classification (Shepard, 1954), samples collected 
from Site PS (Figures 4 and 5) are all silty clays and the results are 
in general agreement with previous sampling at this location (Zeman, 
1980), Eight samples collected fran the waterlain till stratwn at Site 
PBA (Figure 6) are characterized by the absence of sand and gravel, and 
they are either silty clays or clays. Ten samples collected frat site 
PBB (Figure 7) are texturally very similar to the PBA samples, except 
for.a small percentage of sand} They are also either silty clays or 
clays, except for Sample PBB 3, which is sandy silty clay. Data 
presented in Table 4 show that the PS samples are in general coarser 
than the PBA and PBB samples. The six SC samples (Figure 8) are sandy 
silty clays and silty clays, which all have relatively high sand 
content. Samples from the site SC-7 are appreciably finer than samples 
from the sites SC-5 and SC-6. Sand and gravel contents of the SC samples 
are, in general, lower than those reported by Davidson-Arnott and Askin 
(1980) for the study site near Grimsby, which was referred to in Section 
1.0 preceding. 

3.2.2 Natural water content 

Average values of the natural water content are presented in 

Table 5 and the individual test data appear in Appendix B. Values 
obtained for the PS samples are closely scattered around 20 Z. These 
values are somewhat higher than the range 16-18 % reported by Bou (1975) 
for this stratigraphic unit. Measurements for the PBA and PBB samples 
are, except for a low value obtained for the relatively coarse Sample 
PBB 3, in the range 26-32 %, being in general agreement with previous 
determinations carried out for the waterlain-till unit (Zeman, 1983b). 
Values for the six SC samples range from 15.7 to l9.1 Z and are 
appreciably lower than those obtained for the Lake Erie tills. As 
expected, the coarser samples from Sites SC+5 and SC-6 have lower water 
contents than the finer samples from Site SC-7.
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3.2.3 Atterberg limits 

The results of the Atterberg limits (Table 6) yielded slightly 
lower values for the PS samples than for the PBA and PBB samples. The 
difference is more conspicuous for the liquid limit and the liquidity 
index than for the plastic limit and the plasticity index. The 
liquid-limit and plasticity-index values of the Lake Erie tills are 
plotted on the Casagrande plasticity chart (Figure 9), which shows that, 
except for two anomalous samples, samples from all three sites are clays 
of low plasticity according to the Unified Soil Classification System 
(Terzaghi and Peck, 1968). The results for the six SC samples are 
plotted in Figure 10, which shows all samples to be clays of low 
plasticity (Groups CL and ML), except for Sample 7B, which falls in the 
region of Groups ML or 0L. In general, five out of six samples from the 
SC site are less plastic than the Lake Erie tills. On the other hand, 
the SC samples are slightly more plastic than the values from the study 
site near Grimsby reported by Davidson-Arnott and Askin (l980). The 
difference is likely due to different texture, as discussed in Section 
3.2.1 preceding. 

3.2.4 Vane shear strength 

, 

Average values of laboratory vane tests are presented in Table 
7 and results for individual samples appear- in Appendix D. The suu 
values for the PS samples range from about 42 kPa to 83 kPa, thus being 
of finm to stiff consistency. All values are significantly lower than 
the single value of 268 kPa (2.8 tsf) reported by Bou (1975) for the 
till at this location. The suu values measured on the PBA and PBB 
samples are, except for one sample (PBB 3), of firm consistency within 
the range 25-46 kPa. The results are in agreement with previous 
measurements on six samples from this area (Zeman, 1983b). The values of 
sensitivity, suu/sur, are remarkably uniform for all three sites 
within the range 2.1-3.2, and the average values are given in Table 7.
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The suu values for the six SC samples range from about 48 kPa to 
82 kPa and the values are thus quite similar to those obtained for the 
PS samples. The sur values for the SC samples are slightly lower than 
those obtained for the PS samples‘ and, consequently, the sensitivity 
values are slightly higher (Table 7). Relatively high scatter in 
measured shear-strength values reflect the textural heterogeneity of the 
SC samples discussed in Section 3.2.1 preceding. 

3.3 
_ 

Erodibility Tests 
3.3.1 Critical shear stress 

All numerical results pertaining to erodibility tests are 
tabulated in Appendix 0.1 for Lake Erie samples and in Appendix D.2 for 
Lake Ontario samples. Results of a representative test are shown in 
Figure 11 as a shear stress-rpm plot, and in Figure 12 as an erosion 
rate-shear stress plot. Critical shear stress values for all 51 samples 
are presentedd in Appendix D.3 and plotted against the number of 
revolutions in Figure 13. 

The critical shear stress ranges from 0.68 to 7.05 Pa for Site 
PS, from 3.06 to 17.66 Pa for Site PBA and from 1.72 to 9.75 Pa for Site 
PBB; mean and standard deviation values are tabulated in Table 8. The 
analysis of variance (Table 2) shows statistically significant differ- 
ence between Site PS and Sites PBA & PBB; no such difference occurs 
between Sites PBA and PBB. Both Table 8 and Figure 13 indicate that, on 
the average, rc values for the PBA and PBB samples are higher than 
those obtained for the PS samples. The critical shear stress values for 
the six SC samples range from 0.53 to 2.28 Pa (Appendix D.3) and the 
mean and standard deviation values are given in Table 8. The critical 
shear stress values of the SC samples are somewhat lower than those 
obtained for the PS samples from Lake Erie but the difference is not 
statistically significant (Table 3). A significant difference, however, 
occurs between the SC samples and the PBA & PBB samples (Table 3).

\
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3.3.2 Erosion rate 

As shown in Figure 12, measured erosion rates for individual 
samples vary considerably as a result of changing surface roughness (see 
Section 3.3.4 following) and disintegration of samples along micro- 
fissures at higher shear stresses. Sample erodibility in terms of 
erosion rates is determined as the slope a1 of the linear-regression 
line 

é = ao + alt (2) 

for T > TC- 
Values of the erosion rate gradient, al, and the correspond‘ 

ing coefficient of determination, r2, for all 51 samples are tabulated 
in Appendix D.4. For the Lake Erie samples, mean and standard deviation 
values (Table 9) indicate somewhat higher a1 values for PS samples 
than for the PBA and PBB samples, however, the difference is less 
conspicuous than in the case of rc values, as is also evidenced by 
relatively low F values for the erosion rate gradient in Table 2. 

Another method to present erosion-rate results without 
experimental scatter associated with individual samples is to compute 
the average values of 1 and é for each preéset value of rpm. These com- 
putations have been carried out for the PS samples within the range from 
150 to 1300 rpm, for the PBA and PBB samples from 350 to 1800 rpm, and 
for the SC samples from 200 to 1750 rpm. The computed average values are 
tabulated in Appendix D.5. Linear regressions on the averaged data 
yielded the following relationships
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Site rs; E = 0.851 + 0.211 T ; 
r2 = 0.73 

Sites PBA&PBB:' E = -0.371 + 0.097 Y ; 
r2 = 0.54

I 

Site so; E = 0.120 + 0.386 T ; 
r2 = 0.90 

The three empirical relationships are plotted in Figure 14, 

which shows that the waterlain till is less erodible than the Port 

Stanley till also in term of erosion rates, and that both these tills 

are less erodible than the Halton Till. This result is consistent with 

the values of average r¢ obtained for the three tills (Table 8). 

3.3.3 Changes_in surface roughness during erodibility tests 

. The results obtained with five calibration cylinders of known 

standard-surface roughness are tabulated in Appendix E.0 and the six 

resulting curves (including the curve obtained for the cylinder with a 

smooth surface) of rpm vs. 1 are plotted in Figure 15. These curves 

were than superimposed on the rpm-shear stress plots of the erodibility 

tests for the estimates of ks of the till samples. The ks values of 

eroding till surfaces were found to vary typically between 0.0 and 

0.5 inn. Below 'tc, the surface roughnes of most samples was close to 

ks = 0. Above Tc, the ks values varied irregularly within the 

general range 0.0 to 0.5 mm with no apparent increase with increasing 

1. This trend suggests the unifonn mode of erosion by the detachment of 

clay aggregates or flocs. Occasionally, an increase in ks values 

beyond 0.5 mm was obtained when a sample started to disintegrate along 

microfissures in relatively larger chunks of material. This mode of 

erosion occurred typically at high shear stresses. Apart from the 

general association of high ks values with high‘ erosion rates, no 

obvious differences were noted in the modes. of erosion of the three 

tills tested. Figures 16, 17 and» 18 show variations in the surface 

roughness during the erodibility test on representative samples PS 28, 

PBB 6 and SC 5A. _

’
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4.0 COMPARISON OF GEOTECHNICAL AND ERODIBILITY TESTS 

Linear regressions have been performed on results of 
geotechnical and erodibility tests (Table 10). As shown in individual 
tables, (Tables 4 to 7) geotechnical properties measured vary within 
relatively narrow ranges. When data obtained for the PS and PBA & PBB 
samples were analyzed separately, values of the correlation coefficient, 
r, were not significant, apart for the regressions PL-TC (Table 10). 
Upon combining the data for the three sites, significant relations at 
the 1% level were obtained for w-rc, LL—1c, PL-re, LI—rc and 
Suu-Tc- The first four relations are direct, the remaining one is 
inverse. The direct relation C]%-Tc and the inverse relation si%-Tc 
are significant at the 5% level. 

Linear regressions for the six SC samples (Table 10) yielded r 
values significant at the 5% level for 61%-tc, sa%-1¢ and w-Tc. 
Considering a very narrow range of rc values and the small number of 
samples, these relations are regarded of limited validity. 

Combination of all data from the PS, PBA, PBB and SC sites 
(Table 10) yields, in general, similar relations as those obtained for 
the three Lake Erie sites. For this combined data set, the relationship 
Si%-Tc is not statistically significant, while the inverse relation 
53%-Tc is significant at the 5% level. The combined data set (51 
samples) is believed to provide the.best insight into the control of the 
critical shear stress by the geotechnical and grain-size properties. The 
direct relations between 1¢ and plasticity parameters (the liquid 
limit, the plastic limit and the liquidity index) reflect the control of 
clay-mineralogical composition and the percentage of clay-sized material 
present. The relations are in agreement with experimental findings of 
Smerdon and Beasley (1959). The direct relation cl%-rc and the inverse 
relation sa%-Tc are also in agreement with expected trends (Zeman, 
1983a). The inverse relations w-rc and suu-r¢ should be treated 
with caution because both geotechnical parameters vary only within 
relatively narrow ranges (Appendices B.0 and C.0). In summary, the
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results indicate that, for the three till formations studied, the 
critical shear stress is controlled primarily by the sediment mineralogy 
and texture, while the depositional history (reflected in the values of 
w and suu) seems to be of smaller importance. 

The comparison of geotechnical test results with the erosion 
rate gradient, a1, yielded no statistically significant values of r. 

5.0 DISCUSSION 

' 

The tests described in this report have been deliberately 
conducted on undisturbed samples. Most studies concerned with erosion 
resistance of cohesive sediments described in the literarature have been 
carried out on artificially-compacted samples, which do not include the 
effect of the natural structure of the sediment. 

Quantitative determination of erodibility with a rotating, 
cylinder apparatus has both its advantages and limitations. The 
principal advantage is that the testing procedure is relatively rapid 
and therefore a large number of samples can be tested within a 
reasonable length of time. This aspect of the testing method' is an 
important one because of significant differences in erosion resistance 
encountered during tests on sediments from the same location. This is 
particularly true for the determination of erosion rates as a function 
of applied shear stress. Another advantage is that the shear stress 
applied. to the sediment surface can be directly computed from torque 
measurements and does not have to be derived from measurements of fluid 
velocity. Furthermore, significantly higher shear stresses can be 
generated than in flume tests. As to the limitations of the rotating- 
cylinder test, it is not possible to study the effect of sand abrasion, 
which is known to be of fundamental importance (Kamphuis, 1983). The 
testing method does not permit testing of samples that are too soft or 
that have very low cohesion. Testing of samples under the conditions of 
oscillatory flow is not possible at present without major modification 
of the apparatus. In spite of these shortcomings, test results are
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considered to be encouraging as they provide answers which are quite 
conclusive and which would not be probably obtained otherwise. 

6.0 CONCLUSIONS 

The principal findings of the study can be summarized as 
follows: 
1. 

2C 

3. 

4. 

Forty-five samples from three sites and two till formations on the 
Lake Erie north" shore were collected. The two tills differ, at 
statistically significant levels, in several geotechnical properties 
(si%, cl%, w, LL and suu) and in values of r¢. No differences of 
this type were obtained for samples from the two sites within the 
same till formation. 

Six samples from the Stoney Creek site in Lake Ontario are relatively 
heterogeneous in their geotechnical and grain-size properties, but 
all samples are characterized by low r and high é values, most likely 
as a result of relatively high sand content. 

The critical shear stress values of the Port Stanley Till are 
significantly lower than those obtained for the waterlain till. 
Average erosion rates for the Port Stanley Till are also higher than 
those measured for the waterlain till. Both Lake Erie tills are less 
erodible than the Halton Till from Lake Ontario. 

The critical shear stress values of all 51 samples tested correlate 
reasonably well wfith several geotechnical and grain-size properties 
(cl%, W, LL, PL, LI, suu at the 1% level, and sa% at ithe 5% 
level). Relations between the erosion rate gradient and geotechnical 
properties are not statistically significant.
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0 5. Surface roughness values, expressed on the scale of standard-surface 
roughness, ks, are close to zero below the critical shear stress, 
and within the range 0 - 0.5 mm when a sample erodes by continuous 
detachment of sediment flocs. Roughness values in the excess of 0.5 
mm are associated with disintegration of samples, typically at high 
shear stresses, along till microfissures. 
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TABLE 1. LEGEND FOR BLUFF STRATIGRAPHY (FIGURE 2) 

No. Stratigraphic Unit Tentative Age Correlation

1 

O‘lU'l-POOR)

7

8

9 

10 
11 

12 
13 

Glaciolacustrine Silt and 
Clay 
Sand and Gravel 
Catfish Creek Till 
Sand 
Port Stanley Till 
Glaciolacustrine Silt and 
Clay 
Glaciolacustrine Silty 
Sand to Sand 
Waterlain Till 

Glaciolacustrine Silt 
and Sandy Silt 
Wentworth Till 
Sand 

Dune Sand 
Alluvium 

Port Talbot Interstadial 

Plun Point Interstadial 
Nissouri Stadial 
Erie Interstadial 
Port Bruce Interstadial 
Port Bruce Stadial and 
Mackinaw Interstadial 
Port Bruce Stadial and 
Mackinaw Interstadial 
Port Bruce Stadial or Early 
Mackinaw Interstadial 
Early Mackinaw Interstadial 

Early Mackinaw Interstadial 
Mackinaw Interstadial to 
Recent 
Recent 
Recent
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TABLE 2. ANALYSIS OF VARIANCE (ONE HAY), LAKE ERIE SITES 

Test 
Type 

Treatment Groups 
PS-PBA-PBB‘ PS-PBA&PBB PBA-PBB 
F (2_/42)_ F (1/43) F (1/16) 

Gravel&Sand % 
Silt % 
Clay % 
Natural water 
Content 
Uqmdljmt 
Plasticity Index 
Vane Shear 
Strength 
Critical Shear 
Stress 
Erosion Rate 
Gradient 

3.07 
11.63* 
6.46* 

29.52* 

6.40* 
3.84 
8.89* 

14.26* 

2.75 

1.73 
18.88* 
13.20* 
57.08* 

12.75* 
2.90 
17.08* 

23.95* 

5.36 

1.72 
2.00 
0.01 
0.69 

0.11 
2.07 
0.54 

1.75 

1.40 

* significant at 1 % level



TABLE 3. ANALYSIS OF VARIANCE (ONE HAY), LAKE ERIE S 
AND LAKE ONTARIO SITE 
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ITES 

Test Treatment Groups 
Type PS-SC 

F(1/31) 
PBA&PBB-SC 

F(1/22) 

Gravel & Sand % 
Silt % 

- Clay % . 

Natural Water 
Content 
Liquid Limit 
Plasticity 
Index 
Vane Shear 
Strength 
Critical Shear 
Stress 
Erosion Rate 
Gradient 

171.83* 
1.48 

25.49* 
18.44* 

15.49* 
12.34* 

2.39 

0.81 

0.67 

24.52* 
2.19 

17.50* 
32.75* 

l4.70* 
10.68* 

12.07* 

9.37* 

0.29 

* significant at 1% level
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TABLE 4. NEAN (Y) AND STANDARD DEVIATION (5) 
OF PARTICLE-SIZE PERCENTAGES 

Site‘ No. of Sand and Silt, Clay, 
% % Samples Grave1,% 

Y‘ s Y‘ s Y‘ s 

PS 

PBA, 
PBB 
PBA & PBB 
sc 

26 5.02 1.58 
8 0.00 0.00 

10 5.12 10.87 
18 2.84 8.40 
6 21.24 5.80 

32.26 
27.66 
23.09 
25.12 
29.87 

4.01 
9.10 
4.29 
7.02 
6.09 

61.50 7.66 
72.34 9.10 
71.81 14.15 
72.04 11.86 
48.89 11.39 

TABLE 5. MEAN (R) AND STANDARD DEVIATION (S) 
OF NATURAL HATER CONTENT 

S1188 
A 

No. of Samples Nat. Water Content, % 
X S 

PS 

PBA 
PBB 
PBA & PBB 
SC 

27

8 
10 

' 18
6 

20.79 
28.84 
27.07 
27.86 
17.44 

1.80 
2.73 
5.31 
4.34 
1.32
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TABLE 6. HEAN (T) AND STANDARD DEVIATIDN (S) OF ATTERBERG LIMITS 

Site No. of Liquid Plastic Plasticity Liquidity 
Samp1es Limit,% Limit,% Index,% Index,% 

Y S Y S Y S Y S" 

PS- 27 
PBA 8 
PBB 10 
PBA & PBB 18 
SC 6 

31.74 
37.07 
34.99 
35.92 
27.63 

1.39 19.13 1.16 12.62 1-32 0.13 0.12 
1.74 23.25 1.57 13.81 1.83 0.41 0.13 
5.83 19.87 2.39 15.12 3.57 0.45 0.22 
4.51 21.37 2.65 14.54 2.93 0.43 0.18 
4.81 17.33 3.93 10.30 2.06 0.00 0.33 

TABLE 7. MEAN (Y) AND STANDARD DEVIATIDN (S) OF VANE SHEAR STRENGTH 

Site No. of 
S6mp1es 

Undisturbed 
.Shear Strength 

suu,kPa 

X S 

Remoulded Sensitivity 
Shear Strength 

sur,kPa suu/sur 
Y 5 Y s 

PS 27 

PBA 8 
PBB 10 
PBA & PBB 18 
SC 6 

55.4 
36.5 
41.8 
39.5 
63.0 

10.8 
-5.7 
19.7 
15.0 
12.0 

2.4 0.1 
2.5 0.2 
2.5 0.2 
2.5 0.2 
3.8 0.6 

23.2 
15.1 
16.7 7.5 
16.0 5.8. 
17.0 4.6 

4.8 
2.9
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TABLE 8. MEAN (Y) AND STANDARD DEVIATION (S) 
OF CRITICAL SHEAR STRESS 

Site No. of Samples Critical Shear 
Stress, Pa 

X S 

Number of Revolutions 
at Onset of Erosion 

rpm 
X S 

PS 

PBA 
PBB 
PBA&PBB 
SC 

27 2.00 
8 7.03 

10 4.88 
18 5.84 
6 1.36 

1.70 
4.58 
2.16 
3.51 
0.60 

361.11 
768.75 
635.00 
694.44 
316.67 

155.25 
240.44 
158.20 
204.28 
93.09 

TABLE 9. MEAN (i) mo smmnnn DEVIATION (s) 
OF EROSION RATE GRADIENT 

No. of Samples Erosion Rate Ggadient, 
al x 10' *

I S I 

Coefficient of 
Determination, 

r2

S 

PS 
PBA 
PBB 
PBA&PBB 
SC 

27 0.290 
8 0.100 

10 0.154 
18 0.130 
6 0.180 

0.281 
0.083 
0.105 
0.097 
0.368 

0.43 
0.45 
0.35 
0.39 
0.44 

0.27 
0.22 
0.26 
0.24 
0.32 

* determined from linear regression é = ao + al T (for 1 > rc)
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TABLE 10. SIGNIFICANT VALUES OF CORRELATION COEFFICIENT (I) FOR 
LINEAR REGRESSIONS BETHEEN GEOTECHNICAL PARAMETERS AND 
CRITICAL SHEAR STRESS

A 

Site(s) Regression* Type of Significance at Significance at 
Regression 5% Level 1% Level 

PS PL - Tc d r = 0.42 

PBA&PBB PL - Tc d P = 0.61 

-"Q-O-D.D-"'Q 

1 

'13 

1
1 

PS&PBA& c]% - t¢ r = 0.36 
PBBA si% - rc r = 0.30 

W - Tc = 
LL - Tc = 0.46 
PL - rc = 0.55 
LI - 1C = 0.54 

- = 

SC cl% - Tc i r = 0.83 
sa% - re d r = 0.85 
W " i F = 

PS&PBA& cl% - rc d r = 0.38 
PSB&SC sa% - rc r = 0.32 

w - Tc r = 0.61 
LL - tc r = 0.45 
PL - rc r = 0.49 
LI - Tc ‘ 

r = 0.52 
suu - Tc 1 r = 0.43 

D.O.Q.O.—l- 

* Symbols: cl% = clay content; si% - silt content; sa% - sand 
content; w = natural water content; LL = liquid limit; PL = 

plastic limit; LI = liquidity index; suu = vane shear strength ; 

we = critical shear stress; d - direct regression; i - inverse 
regression.
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* Figure 3. Location of samp1ing sites, Stoney Creek, Lake Ontario.
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Sample N0. Sand & Silt, Z Clay, Z 
Gravel, Z

1
1 Q 

Pi} 

P“ 

II} 

\! 

53- 

U1 

41‘- 

-*-.11 

14 
1:. 
1"; 

1a 
1? 
HO 
E1 
.01.. ~...' 

E4 
R5 
E6 
2% 
TU h.
O 

4. 6';-E3 
5. 

‘$7111’ 

3'. 85 
3. 41?! 
El .. 

4.5fi 
6. 9'9 
7 . 1 7 

BC? 
H 
.\'_ 

3.Q& 
5.49 
4.55 
4.83 
2.83 
3.16 T mm 
-..- =1 .._" .-:1. 

4.85 
3.7? 

3.65 
7.58 
2.95 
7.13 
6 

~¢@ 
i-'5 

aw =¢¢ 

39.55 
34.10 
3é.89 
30.75 
35.74 
-'.'?lEi 

.. ISO 
36.29 
33.15 
35.55 
34.62 
33.1? 
E4.?U 
30.85 
34.1? 
E&.§E 
3'7 . ‘-90 
35.17 
$3.8? 
21.88 
E?.3? 
3E.H2 
35.35 
£8.33 fifi vm LLuQL 
28.79 
33.45 

65.77 
é:Q . <‘;':s'..7;' 

59.El 
65.4O 
éQ.B5 
553 . ‘Y8 
5?.Ei 
5?.8é 
57.27 
60.5B 
59.71 
éZ.U4 
61.65 
$1.27 
63.25 
61.57 
61.91 
73.27 
66.9? 
60.95 
&1.D1 
b4.0? 
"74. ';>=~'1 

6'1‘: . OS .. -_,__ 
C21).



§§.:.i..?..§_-fi1!?i.@. 

_- . . 

‘.1! c.__. ,, . ,7 Sample Nn. Sand L wllt, A Clay, F 
- ' Grav@1. Z 

F3» 

!I!\IU‘i'_'F£-15.-J 

\_1_ 1._1t_! E. 1 , _I_ 

0.00 2?.65 
C1. DC! . 37 
0.00 1?.70 
C! . CHI) 10. 
0,00 28.00 
C3 . CH") E6: . 59 
0.00 38.19 

§§iE..i..E:i=-.-_'i"i'.E.*_£'.*. 

é:-E'- . 6:‘? 

70.35 
$2.63 
R0,?Q 
89.45 
72.00 
73.50 
61.31 

Sample N0. Sand & fiilt. Z Clay, Z

1 

r—-, 

.11.. 

§3I\if_?~U'-F= 

L) 

Gravel. Z 

$.77 22.48 
35.25 31.08 
1.31 17.61 
1.§? E1.5& 
O.9W 18.81 
0.44 27.94 
2.18 25.7? 
O.7& $0.84 

11 P.fl5 24.78 
IE é.é& 1§.84 

74.7fi 
32.67 
81.18 
7é.4fi 
81.3 . 17;‘?! 

71 . 

72.02 
?B.4U 
72.8? 
77.96
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“.-
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‘§*._-.Q~';T.__._~....-.-:.iE,.»; ....... .;...-M‘: ......... ._"__.__Q“;,..E...:._...:.iT.. 
Lale Ontario Sam 19¢ 

1 Sample Nun & 
_ Gravel, Z 

$5Q 
Si 

6: F1: 

£311 
7%?» 
1’ 1'55 

"£6. 
2'5. 

4‘? 
L315. 40 
15. 9*-'5 
12. 

$111. . 1»; (Slay, 

1 9 

. C165 

Eé» . (36:- 
EC! . 18 

45 . 

. 6‘? 
4-75 . I-EC? 

. ‘E34 

5&3. C11 
6.-1'?" 

I1 

‘Z

0



<1. 

' E5QHRIEMQfimHfiIHEfikwHfiI§E1EQHIEfilwfiflfiwfillfifififififimkifillfiulfii 
fififififlglfimfilfi 

§i~...1..__2.E1£22__§':i§__§§me.l.§§; 

EH 1 @E:....E'__‘€>; 

Sample

1 
.,,. 
._-. 

:-2-.41-K.-= 

-.l-‘~13-m\553U1-P= 

,_ 
.1... 

13 
14 
15 
17 
13 
1?
0 

E1 
..'_'. -._I' 

E4 

HE 
E9 
IE;O 

'7' 

N0. 

~V1—A 
V1—B 

Natural Liquid 
Water Limit. 
Content. Z
Z 

E1.W# 
QU.W1 
,.. _._ __ _.\ 
..:L'..:L1 - U"? 
22.39 
21.41 
20.14 
$0.49 
20.42 
I-'10 . 353 
20.56 
14.93 
1é.&1 
30.52 
,__| 

1 
..E. 

-4.. . u '..' 11..

r £0.78 
21.58 
20.39 
H1.27 
20.1E 
0 . 0 
£2.48 
2m.4E 
££.22 
20.21 
25.10 
20.§4 
LEO. ea 

33.44 
34.50 
33.44 
32.83 
33.32 
31.42 
31.3? 
32.60 
31.93 
32.64 
E9.52 
E9.97 
33.87 
30.9? 
28.76 
E?.94 
30.E7 
30.98 
31.55 
31.48 
32.35 
30.97 

20 
31.59 
30.86 
32.36 
3E.17 

Flaatic Plasticity L1qU1d11\ 
Limit. Index, Inde 
A 7 

20.21 
19.92 
20.15 
19.BE 
19.76 
17.5? 
20.18 
10.07 
17.61 
18.90 
15.88 
18.23 
2U,UU 
18.85 
18.98 
1?.81 
1Q.97 
18.42 
1@.@fi 
1q.7a 
19.40 
1@.3? 
21... 
1@.@1 
I-Z0 . 1-‘0 

18.48 
18.60

1 

13.23 
14.57 
13.29 
12.95 
13.55 
13.85 
11.E1 
14.53 
14.31 
13.74 
13.64 
11.55 
13.88 
1H.07 
?.7B 
12.13 
1 1 . 30 
1E.5é 
11.62 
11.71 
1E.Qb 
11.60 
10.54 
11.96 
10.66 
13.88 
13.57 

(_.I ,, 

(I) , 1 I._.\ 

(:3 , 

1:) _ 1 I 

0.1 
0. 
Q, 1 '=i 

Q, 
0.1 
(),\)I 
0.14 
0 C4

H .. 
0.1 

Q‘! 
Q, 
c 15 
0.17 
D. 

.1 '7" 
.__~. 

0.1b 
0.1 
U.1‘1‘ 

‘.3. 1(::- 

11-"J

1 

...,. 

Oa 
. .- -3 

(__.l , _,;'.__. 

.--, 

..:'_ 

Q , Lat. 
J5 

,..‘ 

AL. 

(_) _ ( )1}

1 

.-~_~, 

1.. 

...., 

0 . 1'0 
C!. 153

1 
..:,. 

.__-. 

,...

4
Q

4é



_.;' .0 
Series PEA

_ 

; Sample No. Natural Liquid Plastic Plasticity Liquidity 
5 Water Limit, Limit, Index. Index 

Content. A Z Z
X

1 
P-. 
..:. 

28.42 37.46 22.08 15.3% 
30 . 53 O2 . 9‘? 15 . O3 
26.62 38.68 22.67 16.01 
31.51 38.76 23.24 14.81 
26.57 35.57 22.83 12.75 
27.40 36.65 22.81. 13.84 
33.55 37.76 26.82 10.93 
26.09 33.64 21.8? 11.73 

.__,. 

lIl\.*U*l'_F‘-F=i'. 

Sample N0. Natural Liquid Plastic Plasticity 
Water Limit. Limit. Index. 
Content. Z Z I
v 

'1 1‘ 
36.27 .34 ' 15.53 
2Q.1é 3.4? 6.67 
40 . 40 . 1 "9 . Q4 
3?.27 22.00 12.27 
34.05 20.30 13.74 
33.27 19.59 13.68 
35.22 19.75 15.46 
40.4? 21.03 1§.@& 
35.51 20.29 15_32 
34.50 19.53 14.97 

1- 
J 
H 

.+.__'; 

I-~ 

0-‘

. 

2 28.3% 
3 13.08 

22.37 
31.49 

$ 
"~i 

0* 

U! 

-lb 

Y}-3 

-ii 

e-'- 

‘J3 

"\ 

23.19 
10 28.8? 
11 27.41 
12 27.27 

0.41 
£1), 15(1) 

0.25 
O.51 
$.29 
C1. 
O . 152 
0.36 

Liqu 
Inde 

$.45 
Q ,, ll:lI(;. 

0.42 
0.55 
0.83 
0.39 
0.55 
C) _ ii-Q3 

0.43 
0.52 

idity 
\_: 
: \ 

(1-'



~ 

~ Series SC 

5 Water Limit, 
Sample Nu. Natural Liquid 

Content, Z
Z 

5% 15.73 24.27 
5H 1&.E8 25.34 
bfi 18.Q1 24.94 
6H 15.86 E5.3& 
7% 1?.11 29.02 
7E 18.52 3é.85 

17.34 
1 Ei _ (I) (I! 

14.97 
15.54 
15.98 
25.15 

Z I 

1U.¢ 
9.97 
9.82 

121, O4 
11 . 7'13 

_..,. 6.95 
- 14 

Plastic Plasticity Liquidit; 
Limit, Index, Inde 

-O . 

0. 
0. 
(I), 1'41) 

<3». :24 
~<"\.. 5'1



@§fi§HHlEWQ;Q 
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BE§HB15WQE-!fiH§Wfififififimfilfifififilfimlfifilii- 
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Sample N0. Undiaturhmd Rwmoulded Eenaitivity 
Shear fitrength, Shear Strength, 

" = lF- 5 /F 1' -' .' .- E"\.|ug -"L..u'~=_z -- 
.3 mu-' -71.10"

1 
-1- 
._;. 

_T-Eb 

\._

M 

r¢-emw.@ 

“'1. i--! 

.. ,,. 

—v1~A 
_ MB 

13 
14 
15 
1? 
1% 
19 
in _w 
E1 
,...| .7. 
.01.. ~..‘

1 E4 
Q5 
Efi 
QQ 
Q9 
IQ 

53.1 
6171.4 
56.5 
E31. 1 
5C!.‘}’ 
4-5.1:! 
6127.7 
'51 .. 7 
59.6 
1:‘-.y ":5 
\J-._' n -..= 

83.2 
7q.Q 
52.? 
4?.5 
53.9 
54.Q 
49.5 
47.6 
4B.1 
fiQ.1 
48.0 
46.9 
43.3 
62.9 
4b.Q 
51.? 
4$.Q 

SIC! . ‘E’ 

E7.E 
'3”. 
.:_-.. 

35 
EIJ 
EO.T 

..\:w-h 

¢~~~, 

.. 

21.- 
IE4 . '7 

3E.8 
$4.3 
21.? 
$0.? 
21.7 
1?.E 
17.? 
19.4 
1%.? 
$4.4 
fi1.fi 
"0 

¢ 
~z@ 

1H.O 
27.3 
19.1 
24.9 
II-TC? . 7

Q 
J-. 

m 
AI. 

P1g 
,...‘ 

.|:I. 

W 
-AL 
/-~_ 

AL, 

"-2 
.c.. 

2.4 
.~—, 

.£_ 

.~‘-, 

.11.. 

,.._ 

.-—_~, 

.nI.. 

.-—-, 

.n'.. 

"‘
| 

.|-L. 

,...‘ 

¢... I 
.~~‘-, 

.12..

M 
.-3 
.11.. 

r <, 
.11.. 

.~-, 

41- 

1-- . 

4.. 

.-~_-,h
q 
.11-.

w 
-I1. 

.-IL 

-1 
.¢.. n -..' 

.5 
..;,. 

,, .__| 

9.4 
T" 

u -...‘ 

"1" 
n ~..' 

..:,. 

,, ._| 

.5 

.4 

.4 
IL" 

ll \-J 

¢»m 

# 

HIJED

é 

.4
W 

:2 aI.. 

~.-' 
. -.;- 

.4 

.5 

.1 
..._,. 

1 ~..1



Serie= PEA 

Sample Nm. Undisturbed . Remmulded Seneitivity 
;. Shear Strength, Shear Strength.' 
5 suu, kPa sup, HPa suu/5“.

1 

.:,. 

D3'\il3’"L'1-¥>. 

§§:L§§MEfiE 
Sample N0. Undiaturbed Remoulded Eenaitivity 

31.4 11. 
33.1 12. 
38.6 16. 
'.7;'f:'5.‘-I! 11 . 

45.5 1?. 
36.7 15. 
36.6 16. 
41.8 17.

7
4 
—.v 
._-I 

1+ 
"'_1 
.01.. 

III‘ 
~..J

7
B 

Shear Strength, Shear 5tFength, 

-*1 
»'.. . 

-""1 

.:.. - 

1' 

,..,l 

.\I_ I 
.--, 

.._ . 
--| 
.~_ n 
.—~, 

.11.. 1: 

.-~-, 

....u

T 
"'7 

._fi 

~<P=-

1 

.34.

4 

. flu“, kPa sup. kPa EMU/Eur

1 

.1. 

_:, 
._;. 

\.C»"'i'_|"-F3

.

8 
10 
11 
1E 

. 45.8 17. 
94. 1. 

34.5 13. 
46.? 18. 
24.5 7. 
32.7 13. 
43.3 18. 
29.4 12. 
31.6 15. 
35.0 15.

0
&
4 
8 
-_. 
._-. 

L3 
I"’| 

.11..

1
5 

.--_-, 

41.. u 
r-, 
41- u 
.—'-, 

-5.. : 

.|1. u 
_." 

‘.1.

. 
.- 

11*.“

1 

.-—_~, 

41.. w 
_....‘ 

..'_-

6
5 
1:2." 

,__n

5 

m-&'nw

1



3% 

if 

E.-A.E._i1@.ka;.§2__9nI§!:i.9 ...... 

T Seriea SC 

Ehear Strength, Shear Strength, 
Q Sample N0. Undiaturbed Hemoulded Sensitivlt, 

- S u 1.1 1 "7: Fl 5 E |..u" -_| 
I’: Fla u l..l -'4’ m..\ r- 

SQ 
EH 
69 
68 
7Q 
'7 F1. 

68.4 
bO.E 
6b.? 
81.5 
53.1 
48.1 

16$. 7 
$15}. 

4: 

Le 

1. 
1- 

r.-4 

rj, 
41- ... 

13.& 
12.9 

-!>= 

4-“ / 
.__| , .__: 

-~.=- 

._;. , 

1].”:

7 
.:3

1 

‘T

U
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" 0 1 1_..-1n--E Erie Samples (Sc-:*:j__§__§=_§ F'S__,__ F-B@‘___5;1_q__§;§§_g_,_

i



(Q 
PS# 1 

TRACK NUMBER= 0 
FILE NUMBER = 0 

SURFACE AREA 0F SAMPLE = 0.032415 gq.) 
HEIGHT or SAMPLE = 0.103151 5_UM“_ W¢H_ 

rPm UNCDRRECTEO CQRRECTED -SHEAR STR§99 L099 
_ 
8R0§10fl_BATE 

50 
150 
250 
250 

-010002 
0.0011 
0.0017 
0.0020 

2-..--- 0-0001 H.-- .H.1 
0.0005 
0.0012 
°-°Qll- ‘__2_2 

0.05 
0.45 
0.74 
0.68 

0.0000 
0.0000 
0.0000 
0.0019 

.0.000000 
0.000000 
0.000000 
0.000g75 

'0 " 
i050UE<N;$) .foR6Ué<Nlm> 7 

(Pa) (Ks) (Ks/m55q./5) 

300 
,.350 350 
400 
400 
450 
450 

-§00 500 
550 
550 T» \ 

{ta 
550 
700 

_.7Q0 

300 0.0032 
0.0038 
0.0046 
0.0052 
0.0054 
0.0071 
0.0055 
0.0032 

m__2-0101°5 
0.0113 
0.0134 
0.0145 
0.0151 
.0.0173 

-,0.0191 
0.0205 
0.0235 
0-0255 

1 »* 0I0017 
0.0017 
0.0020 
0.0020 
0.0025 
50.002§__ 
0.0032 
0.0031 
0.0037 
0.0036 
0.0047 
0.0047 
0.0052 
0.0052 
010Q50_2- w__ 
0.0060 
0.0077 
000077 

1.05 
1.05 
1.24 
1.24 
1.55 
1.52 

0.0017 
0.0014 
020019 0.0004 
0.0000 
0.0022 

0.000876 
0.000721 
0.000979 
0.000206 
0.000000 
0.001133 

1.55 
1.32 
2.25 
2.23 
2.90 
2200.2..- 
3.21 
3.21 
3.71 
3.71 
4.76 
4: 7Q 

0.0000 
0.0008 
0.0013 
0.0007 
0.0005 
0.0009 

0.000000 
0.000412 
_Q§0005?9 
0.000361 
0.000258 
0.000464 

0.0014 
0.0014 
0.0027 
0.0013 
0.0016 
0.0040 

0.000721 
0.000721 
20.001391 
0.000670 
0.000824 
01002060 

750 
750 

_Ha00 
500 
1000 
1100 

0.0257 
0.0251 

.u0.9§Q5 

0.0081 
0.0081 

._, 020990 2- -“ 

5.01 
5.01 
5.55 

0.0020 
0.0023 
0.0011 

0.0342 
0.0389 
0.042; 

0.0112 
0.0143 
0.0160 

5-92 
8.84 
9088 

1200 
1300 
1400 

0.0472 
0.0551 
0.0609 

0.0193 11.93 
0.0254 15.70 

_. __, _0.0285,_““_m_uW_18.23 

0.0030 
0.0030 
Q1QQfiQ__________Q.00412l__ 

0.001030 
0.001185 
0.000567 
0.001545 
0.001545 

0.0052“ 0.002678 
0.0057 0.002936 
0.006Z222M2- 2“0.003451

(Q



PS# 3 
TRACK NUMBER= 0 
FILE NUMBER = 1 

1 

- T‘_PIl\ 

HEIGHT OF SAMPLE = 0.101(m) 
SURFACE AREA OF SAMPLE 0.031 m sq __ -- ._._ .__- 2 __-._-.._..._.._.. .__..,.. ._ = _7i 

-_. ....). 

UNCDRRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 

550 
100 
150 
200 
750 
300 
350 

mM4_400 
_ 

450 
f 

500' 
1 550 

9_?..._.._.____..ii_._.. ._.i. . 

'0.0001 
_ 

0.0004_ 
' 

- 0.0008 
0.0011 
0.0014 

0.0002 
0.0007 
0.0013 
0.0020 
0.0023 
0.0040 0.0013 
0.0050 0.0024 
0.0005 0.0034 Mu Oh_ 
0.0030 ,0.0041 
0-0081 0.0035 
O . 0082 

0.08 0.0000 
0.25 0.0000 
0.50 0.0000 
0.88 0.0000 
0.88 0.0000 1{20“” 0.0003 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

.T9.Rl31JE_(_N-In! TQE!3.uE<N-0) (E111 q . 
<Ks> '- $5.2/_m_..2:1.£,!__... 

1.51 0.0005 
2.14 _0.0000wNMM~“_ 

0.000473 
0.000263 
.Q.Q°0°°° 

2.58 0.0001 0.000052 
2.21 0.0015 0.000788 
2.48_ _ 0.0004 0.000210 _ 

B00 
850 

__ .1 . .7.0,0_. 

750 
800 
859 

0.0038_ __ 
0.0110 0.0048 
0.0138 0.0088 
0.0155 0.0078 
0.0187 0.0110 
0.0214 0.0118 
O.025Q”W2L"2Q.Q1&l.__H“__M 

1. 900 
A "850 

Q,__,.<><>.<>_-. 
I 

1050 
: 1100 
;___u_1i50____9JQ45B- 
5 

1200 
. 1250 

-.,1300. 
1350 

‘ 1400 

0.0234 0.0113 
0.0285 -0.0154 
-0 .0306 0 .101 50 . , 

0.0188 0.0348 
0.0388 0.0218 

0.0282 

3.08 
4.35 
4.82 
8.83 
7.31 

7.12 
8.71 
10.08 
11.81 
13.81 
1§,51 

2 
0.0011 0.000577 

B123, 

0.0008 
0.0013 OM0LQ00883 
0.0009 
0.0007 ~ 

__Q.9QQ§---_ 

0.000420 
0.000473 
0.000388 
0.000288 ‘W "‘*0.0013 0.000692 

0.0013 
0.0038 

0.000882 
0.001883 

0.0025 
0.0045 

0.001738 
0.001311 
0.002384 

0.0278 
0.0302 

0.0478 
0.0517 

~,0.0538 
0.0818 
0.0888 

0.0370 
0.0424 

17.58 
18.04 

.WMM_0-03082m___~__l8.$1 
23.32 
28.73 

0.0031 
0.0043 

0.001828 
0.002258 

_._____Q_-_QQ.5,1_-.i 02992582 
0.0048 “ 

0.0120 
______lA50__ _0.088l______Q.Q§02 "___25.B§_______JQLQ05§.-- 
T 1500 
1 1550 

.‘.1800 
1850 
1700 

0.0728 0.0432 
0.0728 0.0414 

_220-0783 -M_Uu0.0480-_h2WM- 
0.0808 0.0458

_ 0.0825 0.0455 ' 

27.23 
28.10 
28.88 
28.87 
28.88 

0.002576 
0.008303 
QJOQQQDS 

0.0085 
0.0032 
0.0048-mm___ 
0.0118 
0.0078 

0.003414 
0.001881 

._Q.002418 
0.008083 
0.004150

1 

| .

I

L
|

|



___M_"~250____0-0028_u“_m- 

PS# 4 
TRACK NUMBER= 0 
FILE NUMBER = 2 

‘IF 
m"m7~““7““_“_—_m—M'“*“ V4 

éuRFn¢é AREA d?“éAHbLé # ‘0.0320(E"5éIi'”___ 
HEIGHT DF SAMPLE = 0 102(m) 

_ .rPm- UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LDSS EROSION RATE 
TDR8UE(N-ml__TOR8UE(N-m) (Pa) (KB) ‘ 

_ (KQ/m sq.ls) 
‘ _? so 

*z0o 
150 
200 

300 
350 
400 
450 
500 

0.0002 
0.0008 
0.0011 
0.0018 
0.0035 
0.0048 
0.0058 
0.0085 
0.0103 

.___——.-._.-__——_ 
0.0001 0.08 0.0000 0.000000 
0.0003 . 0.19 0.0000 . __ 0.00000O2___w 
0.0008 0.37 0.0000 0.000000 
0.0009 0.58 0.0000 0.000000 
0.0011______"_"D-89_~_H___D-0000_____;_Q.Q0QQQ0_______ 
0.0014 
0.0020 
0.0025 
0.004s 
0.0057 

0.87 
1.25 
1.82 
2.87 
3.58 

0.0000 0.000000 
0.0000 0.000000 

. 0.0002 -..2.0.000104 
0.0000 0.000000 
0.0004 0.000208 

;______S50____0.0llJL_____0.0084________“B.B9_______D-0007_______0J000384M___n_ 

I 

k 

I

4 

L_____11s0____0-0404_.____0.021B 

800 
850 

0.0124 
0.0135 

UW“700W-mm0.0154 
750 
30° 

5 900 
950 

‘I»1--M-1000 
1050 
1100 

1200 
1250 

0.0177 
0.0187 

199 
0.0230 
.0.0248 

120.0295 
0.0327 
0.0372 
0.0421 
0.0435 

~1300..m 0.0477 
1350 
1400 

1500 
'1550 

- 1800 
1850 

0.0587 
0.0582 1450--0.0787 
0.0852 
0.0905 
0.0774 
0.0789 

W ..~~0-0509_W_WH~w- 

0.0083 
0.0088 
0.0077 
0.0090 
0.0089 

3.93 
4.12 
4.81 
5.82 
5.55 

0.D090___n_____5-82 
0.0109 
0.0117 » 

0-0149 Y? 
0.0188 
0.0200 
0.0221 
0.0220 
00.0247--. -_ 
0.03g1 
0.0320 . 

0.0555 
0.0591 
0.0441 
0.0419

\

1

3 

8.80 
7.30 
9.30 

10.49 
12.48 
l3.81_______Q.Q055_______0.QQ2BB1______ 
13.79 
13.73 

20.03 
19.97 
31.11 
34.84 
38.89 
27.52 
28.15 

15-42. 

0.0010 0.000520 
0.0010 0.000520 
0.0014 0.000728 
0.0017 0.000884 
0.0018 ' 0.000832 
0.0019 0.000988 
0.0009 0.000488 

._h___M0.001A“_____“0.Q00]28______ 

0 0.0035 1. 0.001820 M. _ 

0.0071 0.003893 
0.0045 0.002341 

0.0055 00.002837 
0.0032 0.001885 

,W__".0.0020 UU_mM-0.00104012“.- 
0.0090 0.004881 
0.0057 0.002984 

1_”""_0.0108-~M___“0.00S811__"2__ 
0.0105 0.005481 
0.0293 0.015238 
0.0112 ..- 0.005825 
0.0049 0.002548

. 

<0 ~ 4 4



I 

--————250~———0:0027~—————0:0012 
1

§ 

PS# 5 - 

TRACK NUMBER= 0 
FILE NUMBER = 3 

" ‘TPM UNCDRRECTED ’CDRRECTED_ SHEAR STRESS HEIGHT LOSS ~ERO8IDN RATE 
r———————~———¥ORGUE%N-m+—*¥8R8UE(N4m+ .€Pa9 A (ks%i—————4Ks/m~5fiv%i9- 

' 50 0.0001 0.0000 
"”"‘100 ‘""0;0005"77“—"0;0002 

150 0.0011 0.0008 
200 0.0018 0.0009 

SURFACE AREA OF SAMPLE = 0.0338(m sq.) 
HEIGHT OF SAMPLE = 0.107(m) 

0.00 
__._._... -_ _ __° _______... 

0.38 
0.54 

0.0000 
0.0000 
0.0000 
0.0000 

300 0.0024 0.0003 
-- 350 0.0045 40.0019 

-—~~~~A400-~~0.0042-W 9~~0.0010 
450 0.0093 0.0024 
500 0.0075 0.0029 

F--———550‘“—*070082—"-——_0T0029 
3

I 

0.0048 
0.0039 
"0.0020 
0.0087 
0.0083 

800 0.0109 
850 0.0108 7'-*""*700 -x 0.0097 
750 0.0154 

' 900 0.0181 f“——*——B50“—""0T0207""“*W"0r0098 

Q 950 0.0294 -~——-~1000-»~0.0293~.
1 

%———~—1150————0r0355--———0¢0199~+——————10:09———————0T0141~——————0¢00999+————-
x

1

I

~ 

..__ 

___.Q..__._._.- 

._. 

._.

_

1

1 

0.0122 
10.0133 

"”0.0147 
0.0128 
0.0127 

900 0.0243 

1050 0.0285 
1100 0.0299 
1200 0.0379 0.0179 
1250 0.0405 0.0190 

"”'“‘“"1'“1300*7' “"0 ’;'0449'“'7"‘ "_'0T02'19*_‘"‘ """ ‘"13’;‘03'"_""‘”“‘*" 
1350 1 0.0471 0.0225 

-— 0.71 
0.19 
1.13 

~-- - 0.59 A 

1.43 
1.73 

0.0011 
0.0008 
0.0017 ~. ~»“0.000943 -~ 
0.0058 
0.0005 

-~ ~—1.73~ - 

2.99 
2.32 
1.19 
3.99 
3.75 

0.0019 
0.0010 
0.0019-~~-~—0.000942~-~ 
0.0059 
0.0048 

0.000000 
» A ~0.0000009- 

0.000000 
0.000000 

0.0009-———-——0T000999~——- 
0.000545 
0.000398 
0.002878 
0.000248 

0.0009-——————eTe00399———— 
0.000942 
0.000498 
0.002925 

" 0.002390 
.~~~~wm~-5.93~~~—~—~0.0115—————~—0.00s702—-- 

7.29 0.0044 0.002192 
7.91 0.0093 0.004115 

~ A ~~~9.75-*~-~“~0.0079.—-~——0;003799~.~ 
7.50 0.0051 0.002529 
7.59 0.0053 0.002929 

10.85 
11.30 
13.39 

0.0079 
0.0103 
070048" 
0.0083 

0.003917 
0.005107 

~~+"0.002291*~~ 
0.003123 

-7' _ ______ __i_____. ____ _ >_____ _____ v__“ __ 

2.. ‘ ._ . ______. _. W .



PS# S 
\ 

TRACK NUfiBER= 0 
FILE NUMBER = 4 

HEIGHT OF SAMPLE = 0.108(m) 
‘ 0 SURFACE‘ AREA OF SAMPLE = 0.0333(tn 5'1.) 

I ‘$PM UNCDRRECTED CDRRECTED_ 'SHEAR STRESS HEIGHT LQSS0 EROSION RATE" 
***--**?————1nRauE1N=m1—~ToRauE<n-m1 ---- “’"""(Pa1“"""“—"“1Ks7‘"-——*1Ks#m"$wT1s#——- 

.-1}-_— 
. _ _ 

7—*__5_250__“—0T0030 0.0015 
‘ 300 

A 350 -M_mmn°o 
450 
500 

"50 . .
A ‘"” 100 M“ 0.0008 '0.0003 0 m"' 

150 0.0013 0.0008 
200 0.0021 0.0012 0.72 0.0000 OT80“___”*“O70020“_———__0TOOT001_*”_—_ 

0.08 0.0000 
*0.18 3 " 0.0000“‘" 
0.48 0.0000 

0 0002 -0 0001 0.000000 
‘0.000000 
0.000000 
0.000000 

0.0045 0.0024 1.44 0.0005 0.000250 
0.0088 0.0042 2.52 ' 0.0022 0.001101 
0.0078 ‘”' 0.0048’** 2.78 0.0005 “"' """ "0;0Q0250 
0.0085 0.0048 2.78 0.0003 0.000150 
0.0105 0.0050 3.60 0.0002 0.000150 

550 
800 
850 
700 
750 
800 __Q_’_850_'—”‘0'. 0218*—Q*M‘ "0."0‘107 _'__— '—' '_'8"."43 "'“" ""'_0 ."0088“'i€_"0T'003403'i‘ 

' 800 0.0281 0.0170 10.21 
850 0 0328 0 0185 11 71 1"Y1""100o‘ 0:oa§2 020545 32:79 0 

0.0114 
D 0.0081 ‘ “3T88'—_____UC002U___“'_70T00100T““__”_ 

0.001351 
0.003303 

0.0148 0.0087 5.23 0.0027 
0.0183 0.0114 8.85 0.0088 
0.0182 0.0105' ' 8.31 0.0025 0.001251 
0.0170 0.0083 4.88 0.0087 . 0.004855 
0.0250 0.0152 8.13 0.0122 0.008108 

0.0054 0.002703 
0.0085 0.003253 
0.0321 A ‘ 0.018088

I 

r’ -— -—-—-——- — - ~ ~~ ~— -_- .7 0. ._ _. __ ._ 2. _... __ _ __,_ __ _________ 

-. ._.v..__ _ _..__. . ,_ , _ _ A‘

i

I

| 

L-_ ----- --_1-?.._ .._._. ...___ _ _,_________ _ __ _



PS# 7 
TRACK NUMBER= 0 
FILE NUMBER = 5 

SURFACE AREA DF SAMPLE = 0.0282(m sq.) 
' HEIGHT 05 SAMPLE =_H0.0531@14>1 WW m___ 

'}wm UNDDRRECTED 555550150 §flEQ5H§[R§§§ HEIGHT L055 5R0510@_RAT5 M 
3 T0§5UE<N~5> ToR5UE(N;m>” ‘“ (Pa) 

-,-..;50_-__0..-.00022--.Mo-0001 5 

50-0751 1

5 

1 100 0.0005 0.0003 0.21 
150 A 0.0012 0.0007 0.45 
29° °-°°19 5 _93O°19 5 1- ..92§§. 

(Ks) 

5919909 0.0000 
0.0000 
0.0000 

(Ks/m sq./5) 

0.000000 
0.000000 
0.000000

1 

\ 

9

0 

250 0.0025 0.0011 0.75 
300 0.0035 0.0014 0.55 

m“_Mg50_W_;0.0045 “0.0015““ 
_ 

1.30 
400 0.0055 0.0025 1.75 
450 0.0054 0.0025 1.71 
500 - 0,0051 __ 0.0Q§§_ 2.49 

0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0010 

0.000000 
0.000000 
0.000000 
0.000000 
0.000057 
0.000570 

550 0.0055 0.0035 2.45 
500 0.0114 0.0053 3.53 

“M0550 
_ 

_0.0125 0.0055 Mm_ __ 4.04 Q_ 
700 0.0140 0.0053 4.31 
750 0.0175 0.0055 5.02 

__;§9° 1-_Jl191$11-22-2-9;$E¥$2__________$1?2_ _-_ 

0.0030 
0.0027 
_9:0°27 
0.0005 
0.0025 
0.0015 

0.001711 
0.001540 
0.001540 ‘"0.000513” 
0.001428 
0.000858 

5 550_" 0.0235- 0.0127 5.55 ‘Q 500 0.0241 0.0120 5.21 
_2_“m.2m§§Q_2W-9.0251 .. °WQ1Z922__-- -5 9 Z1 - 

5.17 
10.34 
LQLGZ . 1 

1000 0.0280 0.0134 
1050 0.0310 0.0151 
1109 , 0.0388 0.0188 

0.0055 
0.0051 
59.0029 
0.0043 
0.0025 
0.9053 

0T665077 
0.002505 
0.002453 
0.001557 
0-002555. 

15.05 
1200 0.0502 0.0302 20.57 
L250--2.9.0491WHMm_2Q292Z§-2---" -18-89 M..U 
1300 0.0551 0.0321 21.57 
1350 0.0580 0.0314 21.49 

1150 0.0408 0.0220 

» ,_l400 _ -OLQSBS _0LQ321__, 22.38m___"~> 

F

1

I 

1450 0.0849 0.0370 25.33 
1500 0.0870 0.0373 25.53 

--H5n155Q "u50.087O___2__0.0358_,m2 H. 24.37 

0.0078 
0.0252 
0.0057 
0.0083 
0.0081 

_Q3QQ9B 
0.0102 
0.0138 
0.0025 

0.004335 
0.014375 
0.003252 
0.005305 
0.003480 
°»Q9Q4$§_____- 
0.005810 
0.007758 

WH__ _ 0.001483 A 

- _ .. . _._..._ __. . ._ __ 2 ._ .. _. _________.A .. _ . _. ___ _..¢._. ._..__._ .._._.i_____._. ... ._._..



PS# e 
TRACK NUHBER= 0 
FILE NUMBER = 8 

.__ .. _ .._ _ . _ .. . . . _ . . V __..._..._...,._. _ ._... .__..____._...... .... _. “ SURFACE AREA OF SAMPLE = 0_.0339(m sq.) 
' HEIGHT OF SAMPLE = 0.109fim) _M_1 "MW V 

;_____:IEm__UNCURRECIEDMWCDRRECIED;WH8HEQR~$TRE5$M_HEIQHT LQSS EBQ§10N RATE- _ 
== - TDRGUE(N-m) TORGUE(N—m) (Pa) (Ks) (Ks/m sq./s) 

i 
_. . 

_ _ V e @_—__..-——.--___-__--—-__—__-.--._——_-___———-__—-qt.-—_—_.——¢-.-—_-——_-__—--1---.-1-— 
-.hm.¢50 _u_0.0002 0.0001 _ 

0.08 20.0000 -W__0.000000 H _ 

100 0.0009 0.0008 0.35 0.0000 0.000000 
150 0.0019 0.0013 0.77 0.0009 u 0.000442 
209 Q.QQZ5 0. Q;QD15_M___ w_ 0.B§__0 O-OQZ5 0.0Q122§ 
250 0.0037 0.0022 1.30 0.0010 0.000491 
300 0.0031 0.0010 0.59 0.0047 0.002309 

,Wv350_m0-0.0044 “mm 0.0019 1.08 0.0010-W Hd_u0.000491 
400 0.0050 0.0019 1.08 0.0027 0.001328 

' 450 0.0071 0.0032 1.99 0.0031 0.001523 
L______50Q___"0L009$______9.D039.U___._mW2.24_Ww_-1-0.0012"_____~Q.QQ0590“+__M0 
I 550 0.0128 0.0073 4.30 0.0359 0.017598 
= 800 0.0173 0.0112 8.80 0.0084 0.003144 

. 850 0.0131 0.0082 3.85 0.0034 0.001870 
_ 

700 0.0135 0.0059 3.42 0.0048 0.002280 
' 750 0.0187 0.0090 4.72 0.0042 0.002083 
rm___“.9QQw___D.0198H;H2__Q.0Q99_________5-19______"Q.Q054_______Q.QQZ§§§_... 
’ 950 0.0209 0.0099 5.94 0.0039 0.001918 ‘ 900 0.0224 0.0103 s.07 0.0097 0.004765 

. 950 0.0278 0.0145 9.55 0.0087 0. 0.003291 . 

1000 0.0341 0.0195 11.49 0.0093 0.004077 
1050 0.0340 0.0191 10.87 0.0070 0.003439 

.__“_._li£flL____0_0353“____,_Q.019l 10.87 Q.Q1Al________Q.QQ8928____“_ 
1150 0.0401 0.0215 12.87 0.0090 0.003930 

1 

1200 0.0499 0.0299 18.99 0.0297 0.014599 

I 

3

i i-----_.4i_._ _.-__l_._...._. _-_ 0.. __ .. ._ _ _ 

i

i 

\_..___._..._. ._. ,___. __._.__._ .. ___ __



1 0 

1 - 

P5# 9 
TRACK NUM8ER= 0 
FILE NUMBER = 7 

Q V 

SURFACE AREA 09- SAMPLE = 0.032411. sq.) 
HEIGHT or SAMPLE = 0.1031») -M--- »~~w 

-——~——:remJ~uNc0RR994£04~c0RR9cw90>--99949~9rR9ss-us19HI~0099-49909Ion+9419-1 
I g - TDRGUE(N—m)"'TDRGU6(N—m) (Pa) (Ks) (ks/m sq./9) 

- .~*50 -~ 0.0002 10.0001 ~~ ---0.09--~.~~ 0.0000 -0.000000~-~ 
100 
150 

0.0006 0.0003 0.18 0.0000 0.000000 
0.0011 0.0006 0.37 0.0000 0.000000 +——~———200-——0:0015“—————0.0009-———————-0.49-——-—-0.0000-—--0.000000--- 

? 250 
' 300 

0.68 0.0012 0.000618 
2.47 0.0005 0.000257 

0.0026 0.0011 
=0.0061 0.0040 

-~~M“a50~4~~0.0091 - ~-0.0035-»~4»4M-~2.19-~4~4»~0.0019~~9W4490.000924--» 
1 

400 
§ 

450 f——————500-———0.0051———~——0.0025 
§ 

550 
' 900 

-M 950 
700 
750 

1.42 0.0003 ' 0.000155 
2.04 0.0005 0.000257 
1-55 ~» -40.0017--———0.000975——-- 
3.65 0.0015 0.000772 

0.0055 0.0023 
0.0072 0.0033 
0.0112 0.0058

7 0.0129 0.0099 4.20 0.0002 0.000103 
~0.0139 0.0070 » 3- 4.33 -0.0020-~m- ~~0.0o1030-~- 
0.0190 0.0093 5.13 0.0025 0.001297 
0.0175 0.0088 _ 5.44 0.0021 u 0.001082 -—.-—-~900 -~~-— 0».-0212 9- »- -0 ».-0 114 --»~—~--7.05 - W--0.002 1 ~--—40.001092i- 

1 850 
‘E’ 

‘900 
~ .~~~950 

' 1000 
1 1050 
¢—~+~—1100-——010999>~<——~0.0219 
L 1150 
, 

1200 =5—~'~1250 
2 

1300 
5 

1350 T___“_1400‘“ '0T0562__*“_*0T0300 
‘ 1450 
i 

-1500 
w'1550 '”0.0671_“‘""“0.0357 “_"m""22.07 0.0072 

1600 

9.90 0.0044 0.002299 
0.0242 0.0121 7.49 0.0025 0.001297 
"0.0270».4-~~0.0139~—9~~.1~-9.59 -~0.0027»----0.001991»~- 
0.0337 0.0191 7 

0.0345 0.0199 

0.0219 0.0110 

11.91 0.0051 0.002927 
11.50 0.0037 0.001927 
19.35 0.0095-———--0T001902—————— 
14.40 0.0017 0.000975 

0.0499 0.0299 19.44 0.0052 0.002979 -0.0491-5—~~0.02s9———~————19:44——-~—~0.0059~—9~~-0.002997—~~~ 
0.0570 0.0340 21.01 0.0057 0.002939 
0.0501 0.0255 . 15.79 0.0073 0.003790 

19:54 0:0042~ ~————0:002194—-+——~ 
19.73 0.0099 0.002009 
22.07 0.0102 0.005253 ~»5* 0.003709 ~~ 

0.002833 

0.0418 0.0233 

0.0582 0.0303 
0.0654 0.0357 
0.0733 0.0400 24.72 0.0055 

1

i 
. .

1 

\__.ii___..._____. __ _ _._- _..._ __.. _ _ . .



PS# 11 
TRACK NUflBER= 0 

- FILE.NUM8ER = 8 

SURFACE AREA DF SAMPLE = -0.0327(m sq.) 
HEIGHT OF SAMPLE = 0.104(m) 

*-"*_—TTPm““UNCORRECTED'—GDRRECTEDL"-SHEARfSTRESS NEIGHT"t0SS "EROS1ON'RATE*- 
_ 5 - -TDRGUE(N—m) TOROUE(N~m) (Pa) (Ks) (Ks/m sq./s) 

' ' "50 0.0002 ‘0.0001 ' ‘0.08 
100 0.0008 0.0005 0.31 
150 0.0015 0.0010 0.81 

0.0000 
0.0000 
0.0000 

7"“'“_200___“0T0024"““__0T0015 0.92 
' 250 

‘ 300 
A 350 
400 
450 

0.0035 
0.0048 ‘”"“0.0059“"“* 
0.0078 
0.0090 

0.0020 1.22 
0.0025 1.53 
'0.0033 2.02 
0.0048 2.82 
0.0051 3.12 -'*—'“*500*“__0TOT08"_””_0T0082”_'“““*“"3.80 

- 550 
- 600 

‘ "“*B50 
1 700 
I 750 

0.0119 
0.0129 5“ 0.0159 
0.0180 
0.0198 

0.0088 4.04 
0.0088 4.18 
0.0090 5.51 
0.0103 8.30 
0.0111 8.79 *_'“”“'800_—*“0T0245‘“'*“_0TOT47—“”-__““”9T00 

850 
900 

_ 

“S50 
5 

1000 
‘ 1050 

0.0249 
0.0292 

8.57 
10.47 
11.81 

0.0140 
0.0171 

0.0324 0.0193 
0.0348 0.0200 
0.0375 0.0218 

ITOO 
1150 
1200 

_ 

“""12s0 
i 

1300 
1350 

0.0388“"*" 070194 
0.0499 0.0313 
0.0525 0.0325 _W“"0.0527'“”“'”0I0312“M' 77” 
0.0575 0.0345 
0 0880 0 0434 

12.24 
13.22 

0.0000 
0.0000 

0.000000 
0.000000 
0.000000 

0T0000“—”“_”“0T000000 
0.000000 
0.000000 

'0.0000'“m”““'0.000000 
0.0005 
0.0007 
0.0015 
0.0008 
0.0018 
0.0020 
0.0015 
0.0022 
0.0018 
0.0027 
0.0018 
0.0035 

11.88 
19.18 
19.89 
19.10 
21.12 

' 28 57 %-"-1i00-*'—0§0ss0“"*""1E0seB"-—"""*24§3s 
; 

1450 
? 1500 '—'”'1550 
= 1800 

~0.0715 0.0438 
0.0785 0.0488 

‘ 0.0797 “”"0.0483 
0.0792 ' 0.0459 

28.89 
28.85 
29.57 
28.10 

0.0044 
0.0048 
0.0052 
0.0049 
0.0073 
'010078 
0.0081 
0.0105 
0.0084 
0.0077 

0.000255 
0.000357 '”"M““_0I0009‘“”““_‘0T000459“*—___ 
0.000785 
0.000308 
0.000918 

. 0.001020 
0.000785 "’_“—‘“0T0009'_*—_*_0T000459“—““_— 
0.001122 
0.000918 

"’0.001377 
0.000918 
0.001785 

0T0028_**”—_—0T001428‘ *__“ 
0.002245 
0.002348 
0.002852 
0.002499 

V 
0.003724 _—”"-0.003979 
0.003112 
0.005358 '“77” 0.004285 
0.003928

i 

1

1 

\_.-__ ..- ,..-.__ ___ . ._ _ - , _____, , ____ H _ __ ___ >______ 

((l" 1 - --~-~-m~ - ._.__.“_.-1- _ - -



PS# 12, 
TRACK 

_ . W-._“--- .._F£L€ NP"35F1= 
NUflBER= 0

8 

SURFACE AREA OF SAMPLE = 0.0320(m 5q.)_ 
HEIGHT DF SAMPLE = 0.102(m) 

‘ 1-Fm " uNc0Rr'é'écTE0 A C161?FiEE'1‘€T'”5‘F|€A'§—3T'i$E§3_T1‘€i'€i4'T""E0’§§""€§63T6N'“fiST€"""' 
- E 

u TORGUE(N-M)" TORGUE(N*m) (Pa) (Ks) (Ks/m sq./5) 

50 0.0003 
100 0.0003 
150 0.0014 

0.0002 
0.0005 
0.0008 

OI 
0.31 
0.58 

0.0000 
0.0000 
0.0000 

—._.--—_—-_——— 
0.000000 
0.000000 
0.000000 

0.0022 
0.0031 

R 300_ m_930042 
350 0.0054 
400 0.0088 
450 0.0084 

200 
250 

0'. 0'O2"8 A M" “H 
0.0013 
0.0018 
0.0021 

0.0038 
0.0045 

0.81 
1-00 
1_. 31 1.75 
2.25 
2.31_ 

"0.0000 
0.0000 
9 - Q°.°9_ .-......____.- 0.0000 
0.0000 
0.0000 

0.000000 
0.000000 
0.000000 
'0I00O000 
0.000000 
0.000000

1 

" 500 0.0031 
550 0.0033 
300 
350 0.0150 
700 0.0203 
750 0.0205 
350 0.0232 
.909 “-0-°29Z 
350 0.0311 
1000 0.0323 
1050 0.0342 

€00"’*'0T0255 

0.0045 
0.0040 
0.0051 
0.0081 
0.0131 
0.0113 __ 

2.81 
2.50 
3.18 
5.08 
8.18 
7-35 

0.0002 
0.0008 
0.0005_k_mWW 
0.0070 
0.0032- 
0.0018 

0.000104 
0.000312 
0.000280 
0.003841 
0.001885 
0.000888 0.0Y31"'"" 

0.0153 
0.0171 
0.0180 
0.0177 
0.0183 

10.05 
8.55 
10.87 
11.23 
11.05 
11.42 

0.0050 
0.0023 
0.0054 
0.0030 
0.0040 
0.0038 

0.002801 
0.001458 
0.002808 
0.001580 
0.002080 
0.001372 

1100 " 0.0330 
1150 0.0330 
1ZQQ2._-Q-0454 
1250 0.0501 
1300 0.0530 
1350 0,0535 

0.0188 
0.0204 
0.0233 
0.0300 
0-0230 

2-.-0;9Z£iM-w_m;w}51Z3 
11.73 
12.73 
17.35‘ 
13.72 
1B30&_ _ 0-00§Z_ 

0.0087 
0.0042 

0.003485 
0.002188 

0-0°45m-.2_Mm2;9Q23§Z. '“““7“'0T0033 
0.0038 

0.002028 
0.002028 
0.002444 

1400 0.0587 
.1450 0.0812 
_15O0_M_MQ,0812 
1550 0.0728 
1800 0.0888 
1550 0.0398 

0.0305 
0.0333 
0.0315 , M 
0.0415 
0.0358 ' 

0.0548 
1700 0.0814 

18.04 
20.78 
18.88 
25.80 
22.22 
34.27 

0.0053 
0.0108 

._M -0.007B-M.2__" 
0.0088 
0.0088 
0.0115 

0.0444 ""“_27.71“m_"—"'0Y0033"' 0.004317 

0.002757 
0.005873 
0.004057 
0.005143 
0.003433 
0.005881



I-U I 
TRACK NUM8ER= 0 

__ .________,______._______,_El!._§__b|L!"BER 510..- ____._,...__. -_. _ . _ -_ 

SURFACE AREA OF SAMPLE f_m0.0320(m sq.) 
HEIGHT BF SAMPLE = 0.102(m)

, 

, 

- I rrm UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
5 - 5 

, TDRGUE(N—m) 'TDRQUE(N-m) 

50 
100 

0.0003 
0.0007 

._____1.5_0___Q_._(JQ_1_§ 
f 200 
V 250 

,300 
350 

' 400 

0.0002 
0.0004 
O . 0_0.0_§B. 

(Pa) (Ks) 

0.12 0.0000 
0.25 0.0000 

.. . Q.£..5.Q_- . ._--_., _Q_-_0O_0Q 

(Ks/m sq./s) 
* 0.000000 

0.000000 
0.000000 

0.0021 
0.0031 
0.0041 
0.0052 
0.0088 

0.0012 
0.0018 
0.0020 
0.0028 
0.0038 

L______A5Q,,__Q.Q081______9.0042 
2 500 
; 550 

800 
. 850 

0.0088 
0.0118 
0.0183 
0.0128 

- 700 .0.0208 
___i15.0__._ ___Q_._0225 ____ ._. . 

' e00 
1 .050 

r 
s00 

: 950 
: 1000 
L_____1Q5Q____Q.Q331_______Q.Q118________11.l1______“0JQQ17_______Q,0Q4Q05_-__. 
1 

1100 
1 1150 

-._“1200-m4h0-0515-H_.H 
; 

1250 
Z 1300 

0.0320 
0.0278 
0.0285 
0.0301 
0.0385 
0.0485 
0.0488 
0.0558 
0.0508 

0.0050 
0.0055 
0.0102 
0.0058 
0.0132 
Q.0L3B 

0.75 0.0000 
1.00 0.0000 
1.25 0.0000 
1.82 0.0000 
2.25 0.0000 

__QZ.82-_____“_0.0000_ 
3.12 0.0000 
4.08 0.0051 
8.37 M _0.0008 
3.88 0.0004 
8.24 
B-81_______Q¢QD85_ 

0.000000 
0.000000 ' 

0.000000 
0.000000 

______0.QQQQOQ___ 
0.000000 
0.002853 
0.000488 
0.000208 

0.0002" - 0.000108 
0LQQ3433_ -_ 

0.0222 
0.0170 
0.0154 
0.0170 
0.0218 
0.0283 
0.0302 
0-0315 
0.0341 
0.0278 

L____m12s0__“_0.051B______0.0332 
' 1400 0.0848 0.0387 

13.05 0.0012 
10.51 0.0034 
10.24v _0.0017 
10.01 0.0015 
13.57 0.0034 

0.0040 
0.0045 

. 0.0005 
0.0109 
0.0074 

18.28 
18.85 
18.88 
21.28 
17.41 

0.000824 
0.001788 

W.0.000884 
0.000780 

. 0.001788 
A 0.002080 

0.002341 
-. 0.004473 

0.005888 
0.003848 

_..2Wwm20-72H-m.mw_D-01l1“_.._-H0.005773 
0.003848 

1

I

1 

i

1 

L.._.i_- ._.?“ _ _____ .___ _____ __, 2 _ _ _,__ ___ __ _v _ __ __



1 

I-01 B 

1-. M _--2-~~~.—---‘FILE NUMBER-=1-1~ - --_-__- »- 
TRACK NUM8ER= 0 

SURFACE AREA OF SAMPLE = 0.0320(m sq.) 
HEIGHT OF SAMPLE = 0.102(m) 

6----+50--0.00+3~—-——-0.0006----"0.50---M-0.0000H-—~——0T000000---
4 

F—————450—-—0r0i40——————0T007i 4.43 0r0042~———-——0T002185-—-——— 

+————+05e-———0.0405——>—6~0T0246~ ~-15.35~ 

F"-——1350——
9 

.§fPM UNCDRRECTED .CDRRECTED 1.SHEAR STRESS HEIGHT LOSS EROSION RATE 7 ‘~ TDRGUE(N—m) -TDRGUE(.N—q|) (Pa) (ks) (Ks/m 66./s) 

50 0.0002 0.0001 0.08 0.0000 0.000000 
100 0.0005 0.0002 0.12 0.0000 0.000000 

200 0.0021 0.0012 0.75 0.0000 
250 0.0031 0.0016 1.00 0.0000 

~6-M300»m-0.0042 ~~~~~0.0021~3-»-H-~1.31 ~. 0.0000 -8 
350 0.0053 0.0027 1.66 0.0000 
400 0.0066 0.0034 2.12 0.0006 

0.000000 
0.000000 
0.000000 
0.000000 
0.000312 

500 0.0108 0.0082 3.87 0.0018 0.000838 
550 0.0098 0.0045 2.81 0.0022 0.001144 

“~- 8004~"~0.0128 >@0.00875- 4‘44.18~5~~~"-0.0050""~“W'*0.002800 
B50 0.0170 0.0101 8.30 0.0038 

_ 

0.001872 
700 0.0204 0.0127 7.83 0.0050 0.002800 

1100 
1150 

5"—“1200 
1250 
1300 

1400
1 

0.0438 
0.0452 
'0;0518 
0.0480 
0.0575 
0T0804———~—* 
0.0824 

0.0134 
0.0081 
0.0038 
0.0038 
0.0045‘ 

0.0266 . 16.60 0.0033 
6—~~~~0.0316—~——~3—»16.65 --- ~~0.0056 

0.0265 16.54 0-0047 
0.0345 21.53 ' 

0.0284 18.48 

0.0040 
0.0362 ‘ 22.56 0.0055 

~950-—-0T0z06———-~0.0116~—————~——3.46---4-0.0026—~—-——~0T001352——-- 
600 0.0260 0.0162 11.36 
650 0.0265 ’ 0.0156 6.74 

-6~»-600--——0.0277~6~¢~~0.0156--@~ ~-—6.74m~~w~~ 
650 0.0322 0.0161 11.62 
1000 0.0325 0.0176 11.17 

0.008870 
0.003173 

0.0047 "*“"""0;002445 
0.001872 
0.001872 

0=0088~———~——0T004473-—-"- 
0.002341 
0.001718 

~-—~—0:003017 
0.002445 
0.002081 

"0T0358—"f""—”~22134"”**"—"070052""""——_0?002705"- “" 
0.002881 

a_.___.___._______i____,_____,__.... __ _ _.____,.-_______,_____ _ ______1_,,_ ____ _ _ ‘

I

1

1 

1 0
i



Q '|- 
- -~w~—W~. 5"<F1LE~NUMBER-=12“"7—"7" 

PS# 13 
TRACK NUM8ER= 0 

SURFACE AREA OF SAMPLE = 0.0330(m 59.). 
HEIGHT DF SAMPLE = 0.105(m) 

=——~—*150-———0:0014~——~*~0:0009-————————0:55"———-"-0:0000——-—*-0:000000*———- 
0.79 ‘0.0000 0.000000 
1.21 0.0049 0.002324 

0.0033 2.00 0.0037 “m'"f0.0018S9 
~2.12 0.0030 0.001519 
3.27 0.0059 0.002930 '—i—~4 ‘.1 9‘ "0 - - ——--0 ;-0029- * "—-0r0011n~5——- 
2.91 0.0000 0.000000 
9.24 0.0100 0.005053 
4.49 0.0000 0.000000 
5.59 0.0009 . 0.000455 
5.21 0.0019 0.000909 —————-——-5:79-——"—~—0:0017 

0.0129 7.79 0.0000 0.000000- 
9.03 0.0009 0.000404 
9.92 * "0.00000*~ ~~-0.000000 
10.31 0.0002 0.000101 
11.94 0.0039 0.001920 ””“__1050_’“_0T0338*”_—“_0T0177‘___“““”TOT73”““”__—OT0002_____“_0T000TUT“___”

»

1 

¥———~—450—*-70101095"~—~"0:0099

1 *__*““750“___0T0182‘—_——“0T0095 

1

| 

._ §rPm 'UNCDRRECTED_ CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
' TDR8UE(N-m) ‘TDR8UE(N-m) (Pa) (K9) (Ks/m sq./S) 

200 
250 '“““‘300" "0.0054 
350 
400 

500 
550 

' "800 
850 
700 

800 
850 

" "M900 “ “0.0283 
950 
1000 

1100 
1150 

50 0.0002 0.0001 0.08 0.0000 0.000000 
100 0.0007 0.0004 0.24 0.0000 0.000000 

0.0013 
0.0020 

0.0022 
0.0035 - 

0.0035 
0.0054 

0.0091 
0.0099 
0.0094 0.0049 
0.0159 0.0103 
0.0135 0.0074 ~ 

0.0191 0.0092 
0.0193 0.0099 

0.0228 
0.0258 0.0149 

0.0182 
0.0170 
0.0192 

0.0301 
0.0338 

0.0197 11.94 
0.0235 14.25 

0.0389 
0.0421 

_ '1200““5 0.0512 W*”““0f03127HW "”“718.92 
1250 
1300 

0.0257 15.58 
0.0285 ' 17.28 

0.0472 
0.0515 7_’”‘T350——*“0Z05Z8_“_”—70T028057_”_'““1B.98 

~

1 

%_7;“T850_““*0i08897_5—mm0.0539“7"”"_”’32{88—_m77“_0T0028“—”_‘mm 
3

F

. 

1400 
1450 

' "1500 
1550 
1800 

0.0880 0.0398 24.13 
0.0785 0.0488 29.47 
0.0743 0.0448 27.04 
0.0782 0.0488 - 28.38 
0.0791 0.0458 27.77 

0.0021 
0.0010 "11 0.0031 
0.0002 
0.0001 —‘"_‘_0.00Z55 
0.0038 
0.0014 

A 40.0000 
0.0018 
0.0015 

1700 ' 0.0982 0.0592 35.89 0.0033 

0.001081 
0.000505 
0.001588 
0.000101 
0.000051 
0.001283 
0.001920 
0.000708 
0.000000 
0.000808 
0.000758 
0f0013I4 
0.001887 

____“_0T000859“”_“— 

(‘i
\ ;______._...___.__ ___ ___ __ ____ _ _ _ __ ___ __



.2-»-—~-1000—-0.0263 

1Q 

PS# 14 
TRACK NUMBER= 0 
FILE NUMBER =13 

SURFACE AREA OF SAMPLE = 0.0330(m sq.) 
HEIGHT DF SAMPLE = 0.105(m) 

5 
'"_FPm- UNCDRRECTED -CORRECTED SHEAR STRESS HEIGHT L888_ EROSION RATE- g--M:---406606<~—61-10600646-5+»-4-M4499 

5 
' .550 0.0002 0.0001 0.06 

2. 100-~~~0.0007 6.~ 0.0004 A 0.24 
150 0.0013 0.0008 0.49 

i 
200 0.0020 .0.0011 0.67 g--9-250--0.0026---0.00+4-»-~-—0.65 

; 

300 0.0039 0.0016 1.09 
: "350 - 0.0050 . . 0.0024 2 1.46 

-9-4004~~~0.0062 ~W@920.0030 2 - 1.62 
; 450 0.0075 0.0036 2.16 
E 

500 0.0089 ' 0.0043 2.81 

1----4as+~i--4x9/6~54./s+»»~ 
0.000000 
40.000000 
0.000000 

0.0000 0.000000 ---—-0.0000--—-—0.000000 
0.0000 0.000000 
0.0000 0 

0.000000 
0.0000~~.-~-~0.000000 
0.0000 0.000000 
0.0000 0.000000 

0.0000 
- 0.0000‘ ~ 

0.0000 

5-—-~550-——0.0+04——~—-+0.0051 -3.09 
J 

600 0.0121 0.0060 3.64 
’ 650 0.0147 0.0076 4.73 
A-~»~700~~-0.0153 .~ 0.0076 ~"~~-~~4.61 

750 0.0197 0.0110 6.67 
600 0.0196 0.0096 5.94 

0.0000———————0T000000——————~ 
0.0000 0.000000 
0.0010 0.000505 

-w~ ~~0.0020 ~ 3~~0.001010 
0.000607 0.0012

. 0.0005 0.000252 4---650--4h0259---0.0144~—--~»~»6.93-———M—0.0030-—~————0.0015a6—————— 
0.0137 8.31 
0.0139 8.43 

' 

~ 900 0.0258 
950 0.0270 1 

0.0201 12.19 
0.0195 11.82 

1050 0.0380 
1100 0.0387 

~0.0147 ~~~» ~~~6.91 - 3 ~0.0032 
0.000101 
0.000252 

~~-»0.001617>——w 
0.000455 
0.000050 

0.0002 
0.0005 
0.0009 
0.0001 :—=—-4150--490360-—~——{h0194————~——+a¢76——————0T0022~——~——0¢0011+r————~- 

_ 
13.04 
20.31 

+~———19.70 
17.40 

. 21.22 

; 
1200 0.0415 0.0215 

j 

1250 0.0550 0.0335 
i~--~1300~-~0.0555~- ---- ~0.0325~~w 

1350 0.0533 0.0267 
1 1400 0.0812 0.0350 

0.0008 0.000303 
0.0072 0.003636 *—--—0.0012~——————0:000607-»~ 
0.0029 0.001466 
0.0008 0.000404 

. 22.43 
22.01 

¥————1450——— 070646-——a——0T0370 
f 1500 0.0880 0.0383 
. 

1550 0.0665 0.0571 34.62 "’"1500”__—°T°B4t___‘"“°T°5°B“W“—“—““3°Ia°
1 

'
. 

010007-~~———0=000354—————5- 
0.0014 0.000708 
0.0057 0.002660 

-~'~~~0.0013 ~-~—-0.000657 A

1 

\____.___ ___. ___._i_..__ __.._ .._ __ . _ __ _



D 950 ' 0.0279 
1000 0.0390 

PS# 18 
TRACK NUM8ER= 0 
FILE NUMBER 

rwm ‘UNCORRECTED "CORRECTED “SHEAR STRESS HEIGHT LOSS EROSION RATE 

=14 

SURFACE AREA OF SAMPLE = 0.0324(m sq.) -. HEIGHT OF SAMPLE = 0.103(m) 

——————:r~»»ToR9uE(N-m1~—#9R9uE(N-ma--~~--(Pa) -7“"—"-1k9fi‘—;-"‘1ks1m*swtfwf“-"" 

50 0.0002 0.0001 
100 0.0009 0.0009 
150 0.0012 0.0007 
200 0.0019 0.0010 -——~-250~—"—0:0029»-—~——0:0013 
300 0.0039 0.0017 
350 - 0.0049 »0.0023 
400- 0.0091 ~ 0.0029 
450 0.0099 0.0029 
500 0.0102 0.0059 f—*———550————0:0102———-—0r0049 

1 900 0.0154 0.0093 
' 950 0.0199 0.0119 

~~ 700 ~ ~0.0190 0.0103 
750 0.0244 ' 0.0157 
800 0.0232 0.0134 

0.06 0.0000 0.000000 
' 0.19 50.0000 “ “"0.000000 

0.43 0.0000 0.000000 
0.82 0.0000 0.000000 '“"_”‘—”‘0780*-”“‘-“0T0000”_“‘*—”0T000000**_“_—“ 
1.05 0.0000 0.000000 
1.42 0.0000 0.000000 
1.79 0.0000~~-5 ~~0;000000 
1.79 0.0000 0.000000 
3.46 0.0000 0.000000 "“_““'_”3Z03””' 0.0049 * '0?002524“_““*_” 
5.75 0.0067 0.003451 
7.36 0.0056 0.002884 
6.37 0.0072 . 0.003709 
9.70 0.0064 0.003296 
8.28 0.0057 0.002938 ——~——950-~—0:0234-~————0:0125 

900 0.0299 0.0147 
0.0149 
0.0234 

1050 0.0349 0.0197 
1100 0.0399 0.0229 ———"—1150—~——0¢0434~———-—0:0249 
1200 0.0497 0.0297 
1250 0.0537 0.0322 

' 1300'" 0.0547 1 0;0317 

“7.73 ,_' 070039“——_“”_0T0O2009*”“”__“ 
9.09 0.0060 4 0.003090 
9.15 0.0095 0.004893 
14.48 ' '0.0216 ‘ 0.011126 
11.56 0.0051 0.002627 
13.97 0.0048 0.002472 ‘“15T33‘“”—_“_0T0094—“___‘“0T004841“““”“*“ 
17.74 
19.90 

‘ 19.59 

0.0148 0.007623 
0.0031 0.001597 
0.0073 0.003760 

\- -—-—- < '~'"' —- ~-——— <~~< ~ ~ — - ~_- -~- *7 i-" -~-N2. _._ _ _ l ___ _ __ __..._._. _ . _ __- __ _ ._...i_._



I

1 

C {- 

A PS# 17 
TRACK NUM9ER= 0 
FILE NUMBER =15 

0 . 

SURFACE AREA DF SAMPLE = 0.0327(m sq.) 
HEIGHT OF SAMPLE = 0.104(5) 55 m_H 

11 TORGUE(N—m) TORGUE(N m) (Pa) 5’ 5 m sq 5 

A50H_ _0.0002_7__ %0.0001" 
100 0.0008 0.0003 
150 0.0012 0.0007 
200 0.0015 0.0010 ___ T""““256"' 010025 0.0013 
300 0.0047 0.0028 
350 0.0053 0.0027 ‘W '"406‘"“ O.O084""”“Of5O3ZwM" mm 
450 0.0078 0.0039 
500 0.0090' 0.0044 

0.05 0.0000 
0.15 0.0000 0.000000 
0.43 0.0000 0.000000 
0.51 0.0000 0.000000 

firm UNCDRRECTED CDRRECTED_A SHEAR STRESS HEIGHT LOSS ’EROSIDN RATE '““”_”"m""7”'_“'__“__”’" W """ 7:"—~““m"“'”‘ "‘_5“__—_“*__YT(-3“‘_""__“YT(“7_“"fl"5:§7—§"my 

6Y§6“’_” 55616035 0.061755 
1.55 0.0003 0.000153 
1.55 0.0017 M" H 0.000557 
1.55 0.0011 0.000551 
2.35 0.0035 0.001537 
2.89 0.0018 0.000919 

550 0.0125 0.0072 
800 0.0149 0.0099 
850 0.0189 0.0099 ‘w5MW700 ”3'010197Wfl 0.0120 3 H 

750 0.0233 0.0148 
500 0.0243 0.0145 _ _mm 

4.41 
" 0.0045 0.002345 

5.35 0.0077 0.003525 
5.055“ 0.0045 

A_ M_0.002445 
7.35 0.0035 0.001755 
5.54 0.0055 1 0.004555 
8.98 0.0050 0.002551 

. 

i

n

1

I 

055 856 610235’ W“"WOI0130 
900 0.0345 0.0224 

Q._.._._._5f-$910.-1.0440. To.-oa0s.._-_- _ 
1000 0.0353 0.0207 
1050 0.0407 0.0248 
1100 0.0507 0.0335 ~ 

7.55 0.0057 _ 0.002505 
13.71 0.0075 0.003575 
13:91. Mw9¢°192H.M__m-01°°9ZQ4 
12.57 0.003? 0.001557 
15.15 0.0105 0.005505 
20.51 0.0055, 0,0o4455 

1150 0.045%? 
"7 0.0257

j 

1200 0.0541 0.0441 
1250 0.0505 M_Mmw0.0g54H1_ “"'_1300 “—’6.0522”9 0.0352 

15.15 
" 0.0125 0 0.005425 

27.00 0.0109 0.005580 
124-12 . ._°»°99Z.._..m_Q5QQ4S§3 
24.00 0.0083 0.003214 

1“ __ _ . \_...__._. ___.____ ,______



1 

.._._ ' _.- _. _. _.__. 12.
1 

TF1!) 

PS# 18 1 

UNQ9RR§PT§Q_ CQBBEQIED;“-$HE6R_SIRESS-MHEl§HI2LQ§S__ERQSlQNwBfiIE_._- 

TRACK NUMBER= 0 
FILE NUMBER =18 

Y .50 

150 
I 200 

. ¥5hauE<~-m) TORDUE(N—m) 

V 
0.0002 0.0001_-W 
0.0008 0.0003 
0.0012 0.0007 
0.0QL8 __93QQl9 

SURFACE AREA OF SAMPLE = 0.0324(m Sq.) 
HEIGHT OF SAMPLE = 0.103(m) 

(Pa) (Ks) 

0.08 0.0000 1 

0.18 0.0000 
0.43 0.0000 

0.000000 
0.000000 
0.000000 

Q,82 Q;QQ0Q_______QL0QQ00Q_____“ 
250 

' -300 
‘ 

V 
.350 
400 

I 450 
___2_5Q9 
3 

550 
’ 800 

850 
700 
750 

;____§QQ___“Q.Q26§u_ 0.0135 10.2Q_______0.0036u3__.__0L0@A345_____. 
1 350 0.0272 0.0133 10.07 0.0103 
, 

-300 0.0332 0.0211 13.04 0.0155 
_--.350. 0.0305 0.0174 10.75 0.0113 

1 

1000 0.0317 0.0171 10.57 0.0055 
Z 1050 0.0343 0.0130 " 11.74 0.0224 
._M_11QQ___LLQ3a5-_____Q.Q2;Z_______J4.01"M_M_-0.0173-__"__LL003213___" 

100- 

0.0028 0.0013 
0.0037 0.0018 
0.0058 , 0.0030 
0.0078 0.0044 
0.0095 0.0058 
QLQ122,_____Q-0Q78__wm2_m__4.10m_3M 3w0.01301_w2___0.008888 
0.0138 0.0085 
0.0185 0.0104 
0.0182 0.0123 
0.0208 0.0132 
0.0228 0.0141 

0.80 0.0031 0.001587 
0.88 0.0010 0.000515 
1.85 0.0030. , 0.001545 
2.72 0.0024 0.001238 
3.48 0.0184 0.008477 
5.25 0.0185 

A 

0.010044 
8.43 0.0115 0.005823 
7.80 0.0188 0.008802 
8.18 0.0220 0.011331 
8.71 0.0177 ‘ 0.008117 

0.005450 
0.007334 
0.002833 
0.011538 

; 
1150 0.0415 0.0229 14.15 0.0152 0.007828 

? 1200 0.0400 0.0200 12.38 0.0073 0.003780 

7

1

I

1

1

I

1 

1 

7

1 

0.005875“ 

(Ks/m sq./s) 

L- 

' 11

E

1

\



PS# 19 
TRACK NUMBER? 0 
FILE NUMBER =17 

SURFACE AREA OF SAMPLE = 0.0320(m sq.) 
HEIGHT OF SAMPLE = 0.102(m) 

——~—<fPm-—UNGORRECTED~—CDRRECTED1~—SHEAR STRE98<—HEIGHT-LUSS——ERO8IDN RATE —~ 
' ‘ M EU” ~ (Ks/M sq./9) 1~TORGUE(N-m) TOR8UE(N-m) 

_ 

(Pa) (Ks) 

~50 A ~0.0002 - -90.0001 .»- ~ 0.09 0.0000 
100 0.0009 0.0003 0.19 0.0000 

g 150 0.0012 0.0007 0.44 0.0000 5-wuzoo~_-0.0020---90.0012----0.99---0.0000---—0.000000--—-— 
3 

250 0.0027 
1 300 - .0.0037 
1 

_ -350 ~ 0.0049 
0.0092 

1 

400 
0.0099 i 450 L--500--0.0091---40.0045-—--—-2.91-~————0.0099---~0T00a499—————— 

5 
550 0.0119 

§ 

900 0.0139 
‘ 0.0179 

0.0209 
; 

750 0.0199 
9--~900-_~0.0243 

g 

900 
‘ 4-~0.0307 
E 

1 
0.0379 

. 1050 0.0395 
g--+100»-—0.0409 
5 

1150 0.0419 
1200 0.0495 

1-~m1250 ~~'0.0472 
é 

1300 0.0530 

1-~»950-<9 
_ 

700 

§ 
1 950 0.0301 

. 0.0290 
;---950 
3 1000 

0.0012 
0.0018 0.0022~—~~w~“~4.37~~9~ 
0.0030 
0.0047 
0.0088 
0.0078 
0.0110 
0.0131 
0.0112 
0.0145 
0.0192 
0.0189 
0.0178 
0.0233 
0.0238 

0.75 
1.00 

1.87 
2.93 
4.12 
4.97 
9.97 
9.19 
9.99 1---—¢-9.05 
11.99 

A 10.55 
~-» -10.99 

- 

' 14.54 
14.73 

0.0000 
0.0000 

~~0.0019 
0.0029 
0.0032 

0-0044 
0.0037 
0.0190 
0.0088 
0.0093 

~~-~»~0.0091 
0.0147 
0.0012 

"50.0120 
~ 0.0191 

0.0118 
*"0r0111-——-*—-09005779‘ 0.0294 

0.0232 
0.0285 
0:025? 
0.0300 

1 914.90. 
14.48 
18.54 "-——7—-18.04 
18.72 

0.0088 
0.0247 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.001509 
0.001995 
0.002289 
0.001924 

A ~-0.009992 
_ 

0.003537 
0.004837 

.-—~—~0.00a199 
0.007848 
0.000824 

~ "0.008241 
0.009934 
0.008137 
0.004473 
0.012947 

-~~~~~~0.000992mm~» 

—m—“—~0.0139~“»~»~—0:007074~m- 
0.0108 0.005513

I 

\_.i___.__.______-._.__._...._. __ - _ .._ __..__
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Ps# 20 
TRACK NUMBER= 0 
FILE NUMBER =19 

SURFACE AREA OF SAMPLE = 0.0324(m sq.) 
HEIGHT DF SAMPLE = '0;103(mT*" ~ 

¢~~~1ym~—9~c0RRs9T90-—c0R99cTE0-~~99909 STRESS"NE1GHT-tOSS"“ERO8iON*RATE*——— 
; _ ; .» TORBUE(N—m) TDRDUE(N—m) (Pa) (Ks) (Ks/m sq./5) 
' 50"'“0.0002 0.0001 0.08 0.0000 " 0.000000 '"“" 

100 , 0.0008 0.0003 0.18 0.0000 0.000000 
. 150 0.0012 0.0007 0.43 0.0000 0.000000 ¢———200————0:0o20————~—0:0011———————-0n99—~——~—~0;0000-—————0:000000——————— 

0.0090 0.0015 
0.0041 0.0020 

~@0.0052 - ~~ 0.0029 - » 

0.0097 0.0095 
0.0099 0.0044 

. 250 
900 
950~ 
400 

‘ 450 

0.83 
1.24 
1.81 
2.18 
2.72 

0.000000 
0.0053 0.002730 
0.0028 ' 9““0.001338 
0.0013 . 0.000870 
0.0041 0.002112 

0.0000 

_“““500“*”_0TOT04“—__“_0T0058-‘ 3758 
8.24 

E 
550 0.0154 0.0101

_ 

' 900 0.0199 0.0079 ' 

-950 0.0170 - 0.0101- 
700 0.0199 0.0109 
750 0.0299 0.0152 ~——~900-——0:0254——~—~—0:0159 

_ 950 0.0909 0.0200 
. 900 -0.0997 0.0249 » 

1 

.950 ~0.0400 0.0299 
‘ 1000 0.0449 0.0900 
2 1050 0.0999- 0.0240 +——1100————0:0497————-0:02B5*—~———~—19:99-——~——0:0059———————0:009099- 

4.82 
8.24 ‘ 

8.74 
8.38 

0.0083 0.004780 
0.0048 0.002472 
0.0052 0.002878 
0.0043 . 0.002215 
0.0028 0.001432 

8784 
12.38 
15.20

, 

15.83 
18.54 
14.99 

Y 1150 0.0499 0.0907 19.97 
1200 . 0.0519 0.0919 19.95 1250"“”"0.0533“" 0.0318 18.85 " "” 
1300 0.0538 0.0308 18.04

1 

1

1 

0T0132“_““_*_0T008788 
0.0280 0.014422 
0.0253 0.013031 
0.0155 '0.007884 
0.0228 0.011840 
0.0144 0.007417 
0.0131 0.008747 
0.0148_ 0.007875 
10.0223 0.011488 
0.0078 0.004017 

1 

i 

"2" _ - - ~_ _.__. __.. - 2 _

I

4 

°TOZ30_’—-~—0_.01.1848i_"

I 

‘ 1 
. 1 . . {E

"

1



PS# 21 
TRACK NUMBER = 0 

_ . ____._._. .._"i$.'.-.E.._.!‘!!‘-'_["-.5-"55’_f.Z§.. .. -_-..._-- -. ---- 

SURFACE AREA OF SAMPLE = 0.0317(m'59.)‘d 
991991 OF SAMPLE = 0.101(9) 

--i-—--—-i-———~—-~ —-— — . _ —— ——- 5 -——-——~~ '5 - 5— 2‘ ’ ' 

(ks/m sq./9) 
nrm UNCDRRECTED CORRECTED SHEAR STRESS HEIGHT LOSS 

- Q‘ TURGUE(N-m) TORGUE(N-m) (Pa) 
-.—-.-.-.-.-_--.--—_.-.-.-_ 

" "'50“”'»6I0002"”'"““0;0001 
100 0.0007 0.0004 
150 0.0012 0.0007 

0.08 
0.25 
0.44 

(Ks) 

0.0000 
0.0000 
0.0000 

0.000000 
0.000000 
0.000000 

1200 0.0020 0.0011 
250 0.0031 0.0018 
300 ‘ 0.0048 0.0025 “'356"0M*6TO0548M_“~”OY002B 
400 0.0082 0.0030 
450 0.0091 0.0042 

0.99 
1.01 
1.59 “M” ‘ w’1.79 
1.89 
2-5.5 

0.0000 
0.0045 
0.0010 
0.0030 
0.0010 
0.0043 

0.000000 
0.002384 
0.000525 

0.000525 
.0.002258 
0T0b1579 

._i__.i ..._____
i

I 

H '500 0.0109 0.0083 
_ 550 0.0132 0.0079 
800 0.0134 0.0073 
950 0.0159‘ 0.0097 
700 0.0199 0.0119 
750 0.0229 0.0135 

‘0;‘02"9‘7'" ' ' " '_0'.'0 1 99 800 
850 

iwm-800 

1000 
1050 

_gS6. 

3.87 
4.99 
4.90 "‘* ”“"5.49 
7.50 
3-75 

0.0047 
0.0079 
0.0054 
0.0044 
0.0091 
0.0077 

0.002499 
0.003992 
Q;Q9ZQ§? 0.002311 
0.003204 
0.004045 

0.0302 0.0193 
0.0307 ‘HH_0.0199 0.0344"" ' 0.0213 
0.0405 0.0259 
0.0353 _ 0.0194 

' 11.91 
12.17 

M___W,_.11>72 13.43 
19.33 
12-23 

0.0315 
0.0123 
,9;°°QQ 
0.0091 
0.0127 
0.0112 

0.019549 
0.009491 
Q1994??? 0.004790 
0.009971 
0.005993

1

1 

1100 
1150 
1200 
1250 
1300 

0.0434 0.0292 
0.0494 0.0279 
Q¢Q4B1-__-_,°-Q23; 
0.0509 0.0294 
0.0519 0.0299 

18.51 
17.52 
18.34 
18.53 
18.03

I

9 

2

2 

0.0072 
0.0079 
9.9075 
0.0113 
0.0013 

0.003792 
0.004087 

"nmQ;Q9§939 
0.005838 
0.000883

L

I



PS# 23 
TRACK NUMBER= 0 

’ FILE NUMBER =20 

SURFACE AREA OF SAMPLE = 0.0314(m sq.) 
HEIGHT OF SAMPLE = 0.100(m) 

rPm .UfiE6§§EEfE5“'E6§8EETEb 7‘§fisAR‘sf§Ess u818HT”L0ss“8R0s10N RATE 
- 5 TDRGUE(N—m) TORGUE(N-m) (Pa) (Ks) (Ks/m sq./5) 

50 
1 

0.0002 0.0001 0.08 0.0000 0.000000 
100 0.0007 0.0004 0.25 0.0000 0.000000 
150. 0-0013 049905. 0-§l 29,0000 0-000009 
200 0.00217 0.0012 0.78 0.0918 0.000848 
250 0.0028 0.0014 0.88 0.0018 0.000848 

u_-300 0.0041 0.0020 1.27 0.0033 0.001751 H 

350" ‘0.0048 0.0022 1.40 0.0010 ' 0.000580 
400 0.0082 0.0080 1.81 0.0018 0.000854 
450 0.0088 0,0059 _3.78_"mW_"UQ,Q092.d_w___0.004881_____2 
500 0.0118 0.0070 4.48 0.0028 0.001538 
550 0.0111 0.0058 3.88 0.0084 0.004458 
800 _ 0.0180 0.0088 - 8.30 0.0103 0.005485 
850 0.0188 0.0118 7.58 0.0133 0.007058 
700 0.0178 0.0098 8.30 0.0048 ‘ 0.002800 

. Z50 _ 0.0258 -m"_Q801ZL_ _ _..10.B8_"~“_WwQ¢Ql§3-“2-n__Q4Q0B8§7“_2M__0 
800 . 0.0255 0.0157 8.88 0.0085 0.005040 
0850 - 0.0280 0.0151 _ 8.81 0.0087 0.004818 
H800 _ 0.0347 0.0228 14.38 0.0181 0.008541 
950 0.0351 0.0220 14.01 0.0138 0.007215 
1000 0.0338 

_ 
0.0182 12.22 0.0080 0.004244 

1050 2. 0-QQQO 0-QZ31__ _H__1fiLZlW _m_,mQ.Q1L8_____w_Q.Q08154___ww__ 
1100 0.0488 0.0288 18.84 0.0088 0.005083 
1150 0.0818 0.0432 27.50 0.0708 0.037440 
120Q-_._Q!Q472 _ 0.0272 “ 117.32 0.0237 0.012573 

I

V

' \



5“_*“—850'**‘0I0251*7‘H"70.0142———"~————B.BS——-"——0.012S—————+—0.00S709———— 

PS# 

"»rPm UNCDRREC "**‘“""“7**T0RBUE+N 
l 

__ 
' _____ _____ 

50 0.0002 
4 -~100 -~~0.0009 
; 

150 0.0012 
‘ 200 0.0019 

24 
TRACK ~um99R= 0 
FILE NUMBER =21 

’ SURFACE AREA OF SAMPLE = 0.0320(m Sq.) 
HEIGHT OF SAMPLE = 0.102(m) 

TED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
—m)-¥ORGUE(N—m)~~~-~-(Pa)“W-~~~~4Ks)=---(#9/m~s9.isJf~ 

0.0001 0.09 ~ 0.0000 0.000000 
-'——-40.0009 - 0.19 0.0000 0.000000-9 

0.0007 0.44 0.0000 0.000000 
0.0010 0.92 0.0000 0.000000 

>~—~~M250~——~0%0025——————0.0012-~~»~»—~-0.75-M--"M0.00009"-9-9-0.000000___9- 
; 

900 
950 _*-~~~400 

, 

450 
2 

500 0.0094 
*—————550————0:0109 
5 

900 0.0119 
; 

950 0.0147 
-~- 700 0.0170 

750 0.0199 
800 0.0212 

0.0035 
' 0.0045 

"““~0:0074 
0.0072 

f 

S00 0.0320 
A 950 0.0385 r"~"~1000"~ 10.0949 
; 

1050 0.0999 
- 1100 0.0499 
~+——~1150~—~—0:0499 

1200 0.0470 
1250 0.0499 T 1300 A 0.0559 

0.97 0.0000 0.000000 
1.19 0.0009 0.000159 

~-2.92 A 0.0094 um.--~0.004999»9 
2.09 0.0011 0.000557 
9.00 0.0021 0.001092 
19.12 --0T0019—---0.000790--9 
9.92 _ 0.0029 0.001952 

_ 

4.97 0.0097 0.001924 
"0.0099 A - ~5.90 ~. 9 -0.0041.»~--~M0.002199 4 
»0.0102 9.97 ‘ 0.0099 0.002029 
0.0114 7.12 0.0070 0.003841 

0.0014 
0.0019 

‘ ~»~w0.0042~~. 
0.0099 - 

0.0049 
————-—0:0050» 1 

0.0059 ~ 

0.0078 

_ 

0.0199 12.42 0.0199 0.010950 
0.0254 15.95 0.0219 0.011990 

- ~ 0.0200——~~~-~12.499»~9-~~0.0291-~-9-H-0.012015 
0.0294 14.90 0.0124 0.009450 
0.0299 19.90 0.0154 0.009010 

——————0¢0299 15.99 --~ 090192—--—-09009999_~_» 
0.0270 19.95 - 0.0124 0.009450 
0.0294 17.79 0.0129 0.009709 

~~5'0:0999~—~-~~» 21.19 .'~* 0.0102.w~-—-0.005905~

1

5

i

I

i

\ 

_._ __ ____i______ _________k_’i_iA__ I



PS# 25 
TRACK NUHBER= O FILE NUMBER =22 

SURFACE AREA OF SAMPLE = 0.0324(m sq.) 
HEIGHT OF SAMPLE = 0.103(m) 

Q 

' TPM"UNCURRECTED CORRECTED SHEAR STRESS HEIGHTjLOSS EROSION RATE 
%""~;"*-5-"wunausxn-m12~ToRauE<N-maM;*~~ (PI) "“W~*%ks)"—~“——%ks1m—sqr%1+~ 

é 

- J 
50 “"“”1o0 
150 
200 

0.0002 
0.0008 
0.0013 
0.0024 

0.08 
0.31 

0.0001 
0.0005 
0.0008 ’ 

0.0015 
0.49 
0.93 5"-*""250““""0;0034-"--0:0o1s--——————1:17 

E 300 0.0050 0.0029 
’ ", 350 0.0057 0.0031 

* 54002‘ 20.007s'" A 0.0044 
-- 450 0.0092 0.0053 
' 500 0.0102 0.0056 

800 
850 
700 
750 
900 “.*_m“850 
900 
950 

I 

A 1000 
" 1050 

1100 

7_f'““_550__7_0T0123_—7“_70T0070"‘ _ 
0.0158 
0.0185 
0.0203 
0.0214 
0.0274 
0.0289 
0.0298 
0.0323 
0.0328 
0.0343 
0.0408 

1.79 
1.92 

‘A 2.72 
3.28 
3.48 

~———~——0:012?——-#-—0.e0s541————- 

0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000 

0.003399 
0.004841 

~~0.004841 
0.004089 
0.002781 

0.0088 
0.0094 
0.0094 
0.0079 
0.0054 

4.33 
5.87 
7.17 
7.79 

0.0095 
0.0118 

' 0.0128 
0.0127 7.85 
0.0178 10.88 

“7*'0.0180 X 11.13‘ 
10.82 
11.87 
11.13 
11.37 

0.0175 
0.0192 
0.0180 
0.0184 
0.0234 14.48 

* 1150 
1200 
F??? 

0.0381 
0.0489 
0.0501 

A 0.0T95—‘““_’””T2I05 
0.0289 18.83 
0.02ss 17.68 

0.0179 0.009219 
0.0147 0.007572 
0.0099 0.005099 
0.0125 0.008438 
0.0172 0.008859 

0.0121 0.008232 
0.0100 0.005151 
0.0100 '0;005151 
0.0094 0.004841 
0.0097 0.004998 
0:00se~——-——0:00s502 
0.0148 0.007823 
0.0080 0.004121 

0:0osr"—-———0:004sa?-—~ 

-~0:01o1~——~———0:0o5202-——~ 

b

I

I

I



PS# 

7' rmn UNCDRREC 

ZS 
TRACK NUMBER= 0 
FILE NUMBER =23 

SURFACE AREA OF SAMPLE = 0.0320(m Sq.) 
HEIGHT OF SAflPLE = 0.102(m) _ 

TED CORRECTED SHEAR STRESS HEIGHT-LOSS EROSION RATE 

_; 
‘T6§EUE(N 

..22H2_59 1 “9¢9QQ3 N 
100 0.0011 
150, 0.0021 
200_ 0.0033 

-.0 T0R_I§\]"E_(_h'l:rn_Y'__T_““i'P"a'T“T "'"""'""-'i'a8'r" 
0 

1 K78/in'"§?i'I'7§')
A 

..--—_——_—_—.-————-___—_--——— _.--——u. 

V I 
0.0000 0.000000 
0.0000 0.000000’. 
0.0000 0.000000 
0.0000 - 0.000000 

0.12 
0.50 
1.00 
1.50 

.---,9.°Q9Z." 1 2 . 

0.0008 
0.0018 
0-°QZ9.- 

250 0.0048 
300 0.0080 

-_Mm“§59----9.9Q52 
400 0.0078 
450 0.0088 

. 500 0.0137 

0.0033 2.08 0.0000 0.000000 
0.0039 2.43 0.0054 0.002808 

_MhUmH0.003BA _ ‘ 
2.25VW _ 0.0029 0.001508 

0.0045 2.87 7"MM“0.0O28“' "W“w0.O01352 
0.0093 0.004837 0.0050 3.12 

' 0.0073 0.003797 
550 0.0182 
800 0.0178 
850 0.0180 
700 0.0182 
750 0.0208 

._____;_§QQ_-_.QLQZ4? 
850 0.0284 

, 900 0.0288 
950 0.0308 
1000 0.0355 
1050 0.0373 
1190, .QLQ537 

5-3° 
7.30 

__ '5.8B
B 

m_'5.88 
0.0108 
0.0117 _ 

0.0088 0.003537 
0.0081 m"V0.0035 

' 0.001820 
0.0105 0.0008 '"W‘”"0.000418 
0.0121 0.0048 0.002548 

_ --_0=9l£§--_1 -_MW9:39--;__m °-°°55 °-°°2951 
0.0155 8.87 ""0T0058"“""‘_'0T0028i3""'“ 
0.0187 10.42 0.0048 0.002488 
0.0175 10.82 W_ 0.0054 

_ _ 

0.002808 
0.0208 18.04 0.0047 "'" 0.002444 
0.0214 13.38 0.0048 0.002548 
Q.0;85__"M_mdm18.54 0.0155 

_ 

0.008082 

.0.0081 
'1 

_ __U 
0.0088 0.004577 " 

1150 0.0780 0.0584 '§7.07”* ‘0L0455' 0.023885 "

I

8 

—"-"— ——— -—-— 5 Y-—— -»—~ — _ .._.__ . ___i ____ _ _ __ 

— - _____.___._..___,- 1. ,___ _ __



PS# 28 
TRACK NUM8ER= 0 
FILE NUMBER =24 

SURFACE AREA OF SAMPLE = 0.0314(m sq.) 
HEIGHT DF SAMPLE = 0.100(m) - 

2”.1,__rrm._UNCDRRECIED__C0RRECTED A SHEAR STRESS “@EjGfiT LQ§§_”§BQ§lDN RBI; 
- I TDRGUE(N—m) TDRGUE(N—m) (Pa) .(K9) (Ks/m 5q./5) 
Q _‘ -_.__—--—.--__—.-_ 

~ 50 0.0002 
100 0.0007 
150 0.0013 

0.0001 0.08 
0.0004 0.25 
0.0008 0.51 

______2M2Q0m___0-0021"M_2___0.0012_mmw_m_,_,Q.]6_ 
250 0.0031 
300 0.0053 
350 0.0085 
400 0.0100 
450 0.0083 

0.0016 1.02 
0.0032 2.04 
0.0058 3.76 
0.0068 4.33 
0.0044 2.80 

‘..--i.___.._._5.0£)._ _._0_.. . . . ,______ 
250 -0.0120 
200 0.0121 

, 250 0.0222 
700 0.0171 
750 0.0242 

._.__.__2002“__0.02s0 
250 0.0222 

_ 

- 900 
l 950 . 

_ 1000 
1020 

0.0288 
0.0312 
0.0373 
0.0416 

0.0077 4.80 
0.0100 6.37 
0.0153 8.74 
0.0084 5.88 
0.0156 8.83 

-—_-_.__--_____—_—-—.-_——>_ 
0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000 
0.0000 9.009000 
0.0028 0.001538 
0.0103 0.005465 
0.0078‘ 0.004138 
0.0118 0.006313 
0.0020 0.001061 

0l1£L_____HQ.0067 4-27W___m__Q.0027 ______Q.001433 
0.0006 0.000318 
0.0064 0.003386 
0.0076 0.004032 
0.0028 0.001538 
0.0032 0.001687 

.0- ____-__0...0,1_62 ,____ _. _ -1.Q_.,31__. _ _ _.9_-_QQ5l--_.._ _..9.¢9_Q_3_QZ5_.-,,.. 
0.0187 11.80 
0.0178 11.33 
0.0181 11.52 
0.0232 _ 

14.77 
0.0257 16.36 

_W_____LLQ0____0@0451_______0.0278 __”_ LZ.26 
1150 0.0486 

' 1200 0.0527 
1250 0.0568 

0.0032 0.001687 
0.0016 0.000848 
0.0060 0.003183 
0.0017 A 0.000802 
0.0046 0.002440 
0,0038 0.002068 

0.0310 18.74 
0.0327 20.82 

2- 2.0.0353 . .. 22.47 

0.00££ ' 0.002224 
0.0022 0.001522 
0.0021 0.001114 

' I 

» __.-. ..__. .__, , _ _ __ I



1 PS# 29 
TRACK NUNBER= 0 
FILE NUMBER =28 

SURFACE AREA OF SAMPLE = 0.0320(m sq.) 
HEIGHT OF SAMPLE = 0.i02(m) ~—~ 

*—*“t""TPm;"UNCORRECTED“"CDRRECTED"W‘SHEAR-STRE8S-HE%8H¥—LO89~—ER8SION~RATE 
_ g TORGUE(N—m) TDRQUE(N—m) (Pa) 
'“ 5'""‘50 0.0002 

100 0.0007 
150 0.0013 -—-————200————0:0021-————0:00120 

0.0029 
0.0039 

"'0.0050 
0.0083 
0.0078 

250 
300 

“ "“”350 
400 
450 

0.0001 
0.0004 
0.0008 

0.08 
0.25 
0.50 

(Ks/m sq./5) (Ks) 

~0.000000 
0.000000 

0.0000 . 0.000000 
0:0000—————*—0?000000——— 

0.0000 -~ 
0.0000 

0.0014 
0.0015 

""~ ~~0.0024 
0.0031 
0.0037 

0595 
0.87 
1.12 
1.50 
1.93 
2.31 

0.0000 0.000000 
0.0000 0.000000 
0.0000 5"~~@0.000000 
0.0000 0.000000 
0.0000 0.000000 

5-——5—+—500~—*+0:0051—~————0:0045- - 

00.0108 
0.0124 
0.0182 
0.0188 
0.0217 

"-“0I0223 
0.0228 
10.0284 
0.0293 
0.0308 
0.0342 

3 550 
‘ 800 

' 850 
700 
750 ”_“”*“““800 
850 'A900 

' 950 
1000 
1050 :——--——1100—-——0:0577—~—~——0:0205 
1150 0.0394 
1200 0.0425 

*"1250"‘ 0.0485 
_ 

1300 0.0528 
§ 1350 0.0542 

0.0055 
0.0083 
0.0113 ‘ 

0.0109 
0.0130 

2781 
3.43 
3.93 
~7.05 
8.80 
8.11 

0.0000———»—+—0.000000~~ 
0.0000 0.000000 
0.0000 0.000000 
0.0051 0.002553 
0.0004 0.000205 
0.0008 0.000418 ' 

—-~-"0:0125— 
0.0115 

A 0.0145 
-0.0152 
0.0152 
0.0155 

7.80 
7.43 
3-93 
10.11 
10.11 
11.42 

0.0001 0.000052—*— 
0.0001 0.000052 
0.0000 0.000000 
0.0014 "* 0.000728 
0.0002 0.000104 
0.0002 0.000104 
6.9061 

0.0208 
0.0225 " 0.0250 
0.0298 
0.0298 

12.79 
12.98 
14.04 
15.80 
18.47 
18.47 5"-—"~-1400-—*—0:0550~—~-~0;0355-——~--524.54 

eT000052~—~ 
, 

0.000052 
0.000524 
0.000512 
0.000535 

0.0011 0.000572 
0.0755-“—~——~0:03525s» 

0.0001 
0.0012 
0.0008 
0.0018 

\._. . _.._ __ _ _ _ __i_> ________ _____________ ‘___ ________________



PS# 30 
TRACK NUM8ER= 0 
FILE NUMBER =25 

‘E SURFACE AREA -OF SAMPLE = 0.0320(m sq.) 
- HEIGHT DF SAMPLE = 0.102(m) 1 ~~~ 2» 

F~—4—:—mPPm~~UNCORRECTED»—C8RRECTED———SHEARMSTRESS—~HE1GHT»LO6S-~EROSIDN~RATE 
5 5 TOR8UE(N—m) TDRGUE(N-m) (Pa) (Ks) (Ks/m sq./S) 
‘ I ‘.
‘ 

» -~ "50 ~~ 0.0002 3 ~ 0.0001 ~ ».--0.03 .~-~0.0000 .» - 0.000000 
100 0.0008 0.0005 0.31 0.0000 0.000000 
150 0.0014 0.0008 0.56 0.0000 _ 

0.000000 
}~-————-200~—-—0.0022---0.001a---»-0.31----0.0000---_-0.000o00____ 
. 

250 0.0031 0.0016 
" 300 0.0041 0.0020 
¥~»—~~~~350» ~~0.0052 0.0023 
I 

400 0.0034 0.0032 
; 

450 0.0073 0.0033 
1————*-—500————0:0033~-~ - ~—0 =0047- 3 

; 

- 550 '0.0108 
“ 600 0.0125 

7 ‘ 650 7'0.0146 
700 0.0166 

' 750 0.0186 

0.0055 
0.0064 
0.0077 
0.0088 
0.0088 

—~—————B00~——£h01S3~~5—~0.0095 
A- 350 0.0223 
= 

- '-300 0.0273 
§~-3-» —~---—- 350 ---- -~10 .0230 - - 

1 1000 0.0303 H 

; 1050 0.0301 

0.0120 
00.0152 
050128 
0.0162 
0.0142 

>—"—~—-1100————0.0325~——~--30.0153 
I 1150 
- 1200 

~~w1250 
1300 
1350 -——"-"-1400" '*0T0523—-"—-0?0261 

1 1450 0.0635 
’ 1500 0.0636 

0.0388 0.0213 
0.0388 0.0188 
030508 """W"0.0283 
0.0466 1 0.0236 
0.0561 0.0315 

1.00 
1.25 
1.62 
2.00 
2.43 
2.83 

0.0000 
0.0000 

0.000000 
0.000000 

0.0000 —~~-~~0.000000 
0.0000 
0.0000 ~ 0.0000---40Amwxuu0-.- 

3.43 
3.88 
4.81 
5.55 
6.18 
5.83 
7.48 
8.48 
8.05 
10.11 
8.86 

0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0007 
0.0001 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000104 

--—~———0.0002~—~~———0.000104-- 
0.000364 
0.000052 

5 0.0001» ~—~—0.000052 
0.0001 
0.0002 

8:55 
13.23 
11.30 

-~-M—~~43.23 
14.73 
13.33 

~~0.0001----0.000052__~ 
0.0008 
0.0002 

0.000052 
0.000104 

0.000413 
0.000104 

"5~—~—0.0000~————~—0.000000 
0.0014 
0.0006 

- 0.0003. ---0.0004+3--- 
0.0356 
0.0338 

" **'1550"“—*0.0724"““""W0;0410 
1600 0.0742 

1 1650 0.0720 0.0370 
r—-~—-17o0~———0:0731——~——~0:0331 
1 1750 0.0730 0.0330 
; 

1300 0.0351 0.0542 

>

I 

0.0408- 

16.28 
22.22 
21.13 

M~ ~-M~25.53 
25.53 
23.03 -~——-—-~24.40 
24.34 
33.83 

" 0.0028 
0.0002 

"7" 0:0008 
0.0001 
0.0001 

0.000728 
0.000312 
0.001508 
0.000104 
0.000468 
0.000052 
0.000052 

'—"""'"0.0001"~ "—f~0T000052 
0.0001 ' 0.000052 
0.0258 0.013471

i

I

I I



PB#1fi 
TRACK NUMBER= 1 
FILE NUMBER = 0 

1‘ D ”d_w—~M”W”“H "-m1H7Ww7 “SURFACE AREA OF SAMPLE = 0.0330(m Sq.) 
HEIGHT OF SAMPLE = O.105(m) 

2 _ rpm UNCORRECTED CORRECTED SHEAR STRESS HEIGHT_LOSS EROSION RATE 
.._-. ___.....__.lQ.RlBU,.E.LN:ml_-..I!3_RQ,UE.(.N:.P1L>.. .<_Ei.=1.> _.<,!&.=..>;__-..-____<,_*&51_'-i=1;-*>_ 

50 
.--100 

150 
200 
Z50 

__—.-_—-.____—.-_--.-_— 
0.0002 0.0001 0.08 
0.0008 0.0003 0.18 
0.0012 0.0007 0.42 
0.0018 0.0010 0.81 
0.0027 __ ,0.0012, . 0.73 

0.0000 0.000000
_ 

0.0000 ._ 0.000000 
0.0000 0.000000 
0.0000 0.000000 
0.0000 - 0.000000 

300 
350 

. _ -.1€°0 
450 
500 
550 

0.0035 0.0014 0.85 
0.0044 0.0018 1.08 
0.0057 0.0025 1.52 
0.0088 0.0030 1.82 
0.0080 0.0034 2.08 
0-0°93_ Q390fi§_2.,H.___Z;Z§1 

500 
850 
700 
750 
800 

”_ 

0.0111 0.0050 3.03 
0.0125 0.0057 3.45 
0.0144 0.0057 4.06 
0.0155 0.0075 4.73 
0.0153 0.0055 - 5.15 
0.0212 __ _w0.0}03 _V _“B.Zfl 

0.0000 0.000000 
0.0000 0.000000 
0.0000“ _"m 0.000000 0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000__m 
0.0000 0.000000 
0.0000 0.000000 
0.0000 

_ 

0.000000 
0.0002 0.000101 
0.0003 0.000152 
0.0001 0.000051__" 

800 
' 850 . 

. 
-.-1°0° 

, 1050 
V 1100 

1150 

,_M_0.0258 0.0112 
0.0227 

7 
0.0105 5.43 

0.0255 0.0124 7.52 
8.78 
8.85 
8.73 
12,85 

0.0305 0.0148 
0.0318 0.0144 
0.0388, 0,0212 

0.0002 0.000101 
0.0008 0.000404 
0.0001 0.000051 
0.0001 0.000051 
0.0001 0.000051 
0.0001 0.000051 

1200 
1250 
i300 

1 
1350 

: 1400 
;_.__-1i§Qm___ 

1500 
' 1550 . 

. 
1500 
1650 

1 1700 
1250 

0.0413 0.0213 
0.0532 0.0317 
0.0478-M-.--Q.O24B-m- _ 

0.0502 0.0255 
0.0455 0.0223 
Q.Q§§&_"_-_“9.Q39§-"_;__-_. 
0.0558 0.0251 ‘ 

0.0524 0.0310 
0.0551 0.0325 
0.0704 0.0354 
0.0715 0.0345 ' 

9 -9.3.5 1 _.._.___0_-_Q 4_6.1_,.,_________ _, 

12.51 
19.22 
15.04 
15.52 
13.52 
18.23 
15.52 
15.50 
15.55 
21.45 
21.10 
Z7195 

_ 

1500

I 

0.0881 0.0482 28.22 

0.0027 - 0.001384 
0.0024 0.001213 
0.0015 0.000753 
0.0004 0.000202 
0.0001 0.000051 

H 0.0008_ M__MH0.0Q0303" 
0.0004 0.000202 
0.0008 0.000455 
0.0002 _ 0.000101 
0.0003 0.000152 
0.0002 0.000101 
0.0027~ 0.001384 ‘H m'“0f0055_—_'__“0I003435

1 
_

\ 

\~— --4. *._.»_._._ . . .._..______ .._ _



i 

.»=-., 

.PB#2A 
TRACK NUMBER= 1 

FILE NUMBER = 1 

SURFACE AREA OF SAMPLE — 0.0338(m sq.)_ 
HEIGHT 8F SAMPLE = 0.107(m) 

._-rPm» UNCORRECTED CORRECTED SHEAR.STRESS HEI8HT_LDSS EROSION RATE 
____________IDRGUElN:ml_;IDRBUELN:m) Lfialz 

:-__—— 
. 

* 5 50 0.0001 0.0002 
0 .Hm100 .-m0-O00BH.M0“w0.0005 

150 
200 

0.0010 
0.0015 

0.0015 
0.0024 

(Kat _ Lks/mmss.1s1__ 

0.08 
W” MM“ .D.30 Hm.“ 

0.59 
0.89 

0.0000 0.000000 
0.0000 0.000000_W_, 
0.0000 0.000000 
0.0000 0.000000 

_____.__250____0*0035______04DD20_________l-19________QL0Q00______mQ-Q0000Q_____ 
. 

300 
1 350 

0.0047 0.0028 
0.0081 0.0035 

”-MW400“MW“0-0075.2“W_10.0043 
; 

450 
“500 0.0110 0.0084 

¢~_m_mm550____0.0lA2 
. 800 0.0182 
1 850 

__. 0700 .. 0.0188 
750 
800 

' 

A 900 
~950 -0.0395 

_“m.~Wl000. . 0.0393 "- 
1050 
1100 

o.00s2 0.0053 
__0_DD89 

0.000000 1.55 0.0000 
2.08 0.0000 0.000000 

" 2.58 -..mH-0.0000.. H 0-000000 M- 
3.15 0.0000 0.000000 
3.81 0.0005 0.000248 ' 

5-30 0.0003_______0‘D001A9m____ 
0.0121 
0.0102 
0.0119 
0.0174 
0.0182 

0.0171 
0.0281 
0.0280 

'_____1_B50M1m.0.0301- ..W 0.0192 
0.0220 
0.0284 
0.0247 
0.0247 
0.0281 

0.0341 

0.0408 
0.0433 

7.20 0.0009 ~ 0.000448 
8.07 0.0001 0.000050 
7.08 0.0001 _m. 0.000050 _ 

10.35 0.0001 0.000050 
10.83 ' 0.0011 0.000545 

._HH__flw11J42." _ "-0.0007_H WWmm0JO003411____ 
13.09 0.0005 0.000297 
15.71 0.0001 0.000050 

. 14-70 0 00.0001 lm 0.000050 M“ 
14.70 0.0013 0.000845 
15.53 0.0012 0.000595 

._____ll50_~__0.D5§5____“~D.0359________21_3S_______0.0029_____@_0.001538.m-__ 
1200 

‘ 1250 
» 1300. . 

1350 
1400 

0.0485 0.0285 
0.0829 0.0414 

18.98 0.0004 0.000198 
24.83 0.0007 0.000347 

0.0855 W_ _~0¢0425__.H__m_25-29__~_Ww_D.0019 .1 .0.000942 
0.0584 0.0338 
0.0715 0.0453 

20.11 0.0027 -0.001339 
- 28.95 0.0028 , 

0.001289 
l-m—-4450__ £L0901_-___D10822~______B7101______lL0021. ___iLD01E¥l__2_

|

I 

3 

n

§

1 

A1,’ ‘E 
K . 

>. ._ __-.._.. ___ .. . _ .___. ._.~.__. _.____ ___.. __.



PB# 30
_ TRACK NUMBER= 1 FILE NUMBER = 2 

SURFACE AREA OF SAMPLE - 0.0308(m sq.) 
HEIGHT OF SAMPLE = 0.098(m) 

' 

» - PPM UNCORRECTED CORRECTED SHEAR STRESS HEIGHT.LOS5 EROSION RATE 
___JDRGUE1N*m) IDRGUE1N—m) (Pa) .___Jks1;_____JksLm_Ss@Ls)m_ 

j 

' 2 50 
-100 
150 

. 
200 

0.0002 
0.0007 
0.0013 
0.0020 

0.0001 0.08 
0.0004 20.28 
0.0008 0.52 
0.0011 0.71 

;__.___2s0__2.0.002s___2_.0-0014_________0-s; 
; 

200 
350 

...400 
450 
500 

0.0039 
0.0050 
0.0081 
0.0078 
0.0090 

0.0018 1.17 
0.0024 1.58 

. .0.0029 1.88 
0.0037 2.40 
0.0044 2.88 

__-___550__~m0.0101-_-__0+0054mw__2_mm23.51 
800 
850 

. 700 
750 
800 

0.0124 
0.0141 
0.0184 
0.0188 
0.0204 

0.0083 4.09 
0.0072 4.88 

- . 0.0087 5.85 
0.0099 8.43 
0.0108 8.89 

___. __;850_____0_ 0224_i_Q...0J.l5_-- -- 74 4.7 
900 

'-'s50 
1000 
1050 
1100 

---___ll50____0.0391______0.0205__»W~_“;13~32 
1200 
1250 

~M1300 
1350 

0.0255 
0.0250 
0.0304 
0.0370 
0.0381 
0.0302 
0.0495 
0.0528 
0.0875 

._.__-.--——___——— 
0.000000 

.. _ 0.000000 
0.000000 
0.000000 

0.0000 
.0.0000 
0.0000 
0.0000 

______“0.0000__-____D.000000_____ 
0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000 

--~»-_0.0000-_~_u"w-0.000000_m-_ . 

. 0.0000 0.000000 
‘ 0.0000 0.000000 

0.0000 0.000000 
0.0000 0.000000 
0.0000 0.000000 
0-000S_____-_0.000487_____ 

0.0145 9.42 
0.0127 '.8.25 
-0.0158 10.28 
0.0211 13.71 
0.0189 12.28 

0.0182 11.82 
0.0280 18.19 
0.0298 19.23 
0.0429 27.87 

0.0007 0.000379 
0.0001 0.000054 
0.0020 0.001083 
0.0029 0.001570 
0.0017 0.000920 

__-~_~0.0004~______0.000217_~_»- 
0.0028 0.001407 
0.0018 0.000888 
0.0049 0.002853 
0.0088 

_ 
0.003899



PB#4A 
TRQCK NUMBER= 1 
FILE NUMBER = 3 

SURFACE AREA OF SAMPLE = 0.0314(m Sq.) 
HEIGHT OF SAMPLE = 0.100(m) 

~; rrm UNCORRECTED 006660160 66606 676666 HEIGHT_LOSS EROSION RATE 
--wonauseu-m1-~w0R6uE1N—m14-~~-<Pa1~~—W-mM-+x=+;———~—1x=¢m-sq./61 

50 

4 
150 

' 200 

. _ .. ..,__. 

300 
350 

-400 " 

450 
500 A--——550————0T0110~———~—0:0057 

—__._______---__-_—— 
0.0002 
~0.0007- “~ 
0.0013 
0.0021 

0.0041 ' 

0.0053 
0.0087 7*" 
0.0079 
0.0094 

0.0001 
0.0004 
0.0008 
0.0012 

250~*——0T0031————~"0:0018 
0.0020 
0.0027 
0.0035 
0.0040 
0.0048 

0.06 0.0000- 0.000000 
0.25 0.0000 0.000000 
0.51 0.0000 0.000000 
0.76 0.0000 0.000000 -~~—~--~1.02~--~-~0.0000~—-—-—0<000000 ~~—5 
1.27 0.0000 0.000000 
1.72 0.0000 0.000000 

*»-~2.23 0.0000. - 0.000000 
2.55 0.0000 0.000000 
3.06 0.0000 0.000000 

800 0.0129 0.0088 
650 0.0146 0.0076 

-~ 700 »-~0.0165 40.0066 
750 0.0164 0.0077 
600 0.0207 0.0106 -—~—-650-~0.0235~--~—0.0126 
900 0.0284 - 

~ »:650 .»0.0246 -~-~ 1000 50.0271 
1050 
1100 

0.0354 
0.0350 

0.0143 
50.0118 
0.0125 
0.0195 
0.0178 

5 3.—63~ 5 0r0000————0—.000000--- -——~~ 
4.33 0.0000 0.000000 
5.03 0.0000 0.000000 

-~ ~-5.60.~.~ ~-0.0003-.~ -0.000156 
4.60 0.0006 0.000316 
6.64 0.0002 0.000106 ~——-~.“~6.02~~——--0.0003<—~———~0¢000156—-—~— 
9.10 0.0002 0.000100 
7.51 0.0001 0.000053 

-~" -» 7.66 - 0.0001 -~---0.000053 
12.41 0.0002 0.000108 
11.33 0.0003 0.000159 ---1150~———0.0342-+—~—+eT0156—~—+—~-——6.63-—-——~0.0002————~——0T000106—-—~ 

1200 
1250 
1300-~~ 
1350 

= 1400 
;»———~1450——- 
i 1500 

1550 -~-——1600-~-— 
1650 

0.0391 
0.0394 0;0450""""0" 
0.0504 
0.0808 

0.0191 
0.0179 
070220 
0.0258 
0.0348 

12.18 0.0003 0.000424 
11.40 , 

‘ 0.0001 0.000053 
"' * ' 14.01 "‘“““0i0001‘W"“”"—0T000053 

18.42 _0.0018 0.000849 
22.03 0.0012 0.000837 

070528 
0.0709 
0.0752 
‘0;0832 “*“' 
0.0980 

0.0249 
0.0412 
0.0438 
0.0499 
0.0830 

15735“ 0.0025 ““ 0.001328“-“_“ 
28.23 0.0018 0.000849 
27.88 0.0072 0.003820 “ ““7"31;77"““”‘w0.0023””‘”“““0J001220 

_ 40.11 0.0244 0.012945



< O 

-~~~— ---1250 ——-0 .0035 ~—-010015 ~——-——~1-.05“ ~~ ——-—-0:0000~———0:000000~—— 

———-1150——-—0r0420———-0.0234——~— —-~——14 .1>5————-0:000 1- ~---——1> .~000050 ~— 

PB'#SA. 
TRACK NUMBER= 1 

FILE NUMBER = 4 

SURFACE AREA OF SAMPLE =' 0.0333(m sq.) 
HEIGHT OF SAMPLE = 0.108(m) 

-rrm UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
TOR8UE(N- 1-TORGUEKN-mi‘ (Pa) ‘““"1flS)”“‘”*_1KB1m_S€T1S0 -‘—--~-_—-"--~" m 

_ 50 0.0002 0.0001 
'100 0.0007 0.0004 
150 0.0013 0.0008 
200 0.0022 0.0013 

0.08 0.0000 
0.24 0.0000 
0.48 0.0000 
0.78 . 

0.0000 

0.000000 
0.000000 
0.000000 
0.000000 

300 0.0044 0 . 0023 1 .35 0 .0000 0 . 000000 
350 0. 0057 0 . 0031 1 . 55 0. 0000 0 . 000000 
400 » -0.0072 0.0040 2.4-0 0.0000 0.000000 » 

450 0.0057 1 0.0045 2.55 0.0000 0.000000 
500 0.0103 0.005-7 3.42 0.0000 0.000000 ‘————550Z0~:01-15———0:0055———-—3:55-~———0 1>000~—' -—-~0:000000 -A ~- 

500 0.0137 0.0075 4.55 0.0000 0.000000 
550 0.0155 0.0057 5.23 0.0000 0.000000 
100 -- ~-0.0175 0.0101 5.07 0.0000 0.000000 
750 0.0157 0.0110 5.51 0.0003 _ 

0.000150 
500 0.0205 0.0105 5.45 0.0001 0.000050 

-~—-———550—-—0-.—0215-——-~-—0.~01110 -——-~ --5-.51 -M0-.0001-»—-———0.—000050 
500 0.0255 0.0145 » 5.71 0.0005 0.000400 

I850 00.0332 10.0201 12.07 0.0002 0.000100 
1000' ’"0.0352 0.0208 12.37 0.0002 ' 0.000100 
1050 0.0315 0.0158 8.37 0.0002 0.000100 
1100 0.0418 0.0248 14.77 0.0004 0.000200 

0.0242 
0.0248 
0.0348 
0.0281 
0.0235 

1200 0.0442 
1250 0.0483 
1300““““0.0578 
1350 0.0507 
1400 0.0487 

“““““ ‘1450"“““0Z0803'"_“'“0.0324 
0.0382 
0.0482 
0.0483 
0.0822 
0.0538 

1500 0.0858 
15501 0.0808 
1800 0.0788 
1850 0.0872 
1700 0.0808 

14.53 0.0002 
14.88 0.0018 

0.000100 
0.0008504 

;20.88 0.0001 0.000050 
15.88 0.0004 
14.11 0.0008 
21.74 0.0028 
28.55 0.0038 

0.000200 
0.000400 

” W“18.48'"‘""'0.0004‘“"“M”0.000200'”“ 
0.001451 
0.001802 

27.81 0.0017 "0.000851 
37.38 0.0078 
32.31 0.0083 

0.003803 
0.004855 

,-—--1'?50i1> r1022‘-~-——0-r0532 0- 37". 555"-—~— 0: 0225 -5"-"5 05011411 -0

\



PB#6A 
TRQCK NUM8ER= 
FILE NUMBER =

1
5 

VSURFACE AREA_OF SAMPLE = 0.0327(m sq.) 
HEIGHT OF SAMPLE = 0.104(m) H“ A 

~ ‘PPM uuconnscrzn ‘CDRRECTED_ 99949 919999 HEIGHT 5099 snusxuw RATE 
*”'_‘Q'—”““TDRGUE(N=fi7*“TURDUETN-57”" (P57 "5 (K57 (K5/E633?/937' 

A 50 0.0002 *100"“" 0.0007“""""00.0004 
150 
200 250_’_—0T0032__ ‘ 60T00T7 

' 300 
' ’350 ="""""400"‘ 

450 
500 

' 550' 
600 
650 
700 
750 

' 800 

0.0014 0.0009 
0.0022 0.0013 

0.06 0.0000 0.000000 H25 W 1-0124 0.0000 0.000000 
0.55 0.0000 0.000000 
0.80 0.0000 0.000000 

0.0047 0.0026 
0.0059 _ "0.0033 
10.0073 M m0.0041 
0.0089 0.0050 
0.0103 0.0057 

'TT04 0.0000 1 '0T000000""m_— 
1.59 0.0000 0.000000 ' 

2.02 0.0000 0.000000 W“ 2.51 W“ 0 0:0000M“ 0.000000 
3.06 0.0055 0.002806 
3.49 0.0003 0.000153 

70.0116 0.0063 
0.0125 0.0064 
0.0130 0.0061 
0.01461 6 0.0069 
0.0172 0.0085 
0.0212 0.0114 

" 0 §T86"' 1' 0.0004" 05000204555” 
3.92 0.0005 0.000255 
3.73 0.0002 0.000102 W 4.22 0.0001 W 1m0.000051 

15.20 0.0008 - 0.000408 . 

6.98 0.0014 0.000714 '_7”'”850_“_”0Y0223—“—“_—0C0114m“*__“_‘_6I98’___“"”0T0008W “““““0T000408 5"’ 

900 0.0267 0.0146 8.94 0.0001 0.000051 
950 0.0296 0.0165 V 10.10 0.0001 0.000051 755010007” "0.0298“““_““0.0152 “' '9.30 0.0001 H“0.000051 
1050 0.0346 0.0187 11.45 0.0001 0.000051 
1100 0.0374 0.0202 12.37 0.0008 0.000408 -

‘ '“*”IT50 0.0381 0.0195'"_”""“"f1I94"“' “0f00T0 0.000510 
1200 0.0443 _ 0.0243 14.97 0.0039 0.001999 
1250 0.0599 ,0.0354 21.97 0.0013 0.000993 "1300 ‘”'0.0599 “ " 0.0399 ‘ 22.53 ‘ 6"60J0049"“”_"“'0Y002347 
1350 0.0523 0.0277 19.99 0.0044 0.002244 

__2__lfi22____°-°5QZ__2_. 9:°§F9.-. ,-;9@§1 1-9-°Q°3_2_ ___2:92Q£Q§“___, 1450 0i0959 ‘0I0379"‘" '23i26 "0TO0I5 0.000795 
1500 
1550 
1600 
1650 
1700 

0.0371 
0.0399 "w"W "0.o421‘ 
0.0425 
0.0484 

0.0668 
0.0712 
0.0754 
0.0775 
0.0854 

22.71 0.0044 0.002244 
V AH 24.36 _ _ ~_0.0044 _W 0.002244 25.77 0.0064 0.003265 

’ 
' 26.02 0.0019 0.000969 

29-53 °¢QQL§_n.____Q»QQQ5§3 , ‘“'__Y7505___€C0§T5“5'__—0T0525““"_m—"W32.14‘3—_5_“01003o 0,oo153o 
1 1800 0.0983 0.0574 35.14 0.0038 0.001938
1 

L....__i_.__ii___ _____ _..__ . . _ _ . .. . . 

2____________.________--___.___.__~______»__“.-_4- _ 4-W.___..~...-_.-_N_---___~_.__.__________.___ 

1;.



"Pm UN°°RRE°TEP-_FQRRE¢TFD.HQ9HE6R 573555 “?l5fiT.ED§$__EB9§l9!_BfiI§_“_ '"“‘?"“""*T0R0U9TNI&> TORGUE(N—m) (Pa) - (Ks) (Ks/m sq./s) 
_ -3 ______ _ - 

A 50 
100 
150 
200 

; 

250 
300 
350 m”400 
450 
S00 

PB#7A 
TRACK NUMBER= 1 

FILE NUMBER = 8 

0.0002 
0.0008 
0.0013 
0.00211 

0.0001 
0.0003 
0.0008 
0.0012 

SURFACE AREA OF SAMPLE = 0.0320(m sq.) 
HEIGHT OF SAMPLE = 0.102(m) 

0.08 
0.19 
0.50 
0.75 

0.0000 
0.0000 
0.0000 
0.0000 

0.000000 
0.000000 
0.000000 
0.000000_ _ 

0.0030 
0.0039 
0.0051 
0.0083 
0.0078 
0.0091 

"0.0015 
0.0019 
0.0025 
0.0031 
0.0037 

~ 0[94 
1.12 
1.59 
1.93 
2.31 

0.0045_m_ .__m_2.91 0550 
800 

' 850 
700 
750 

'0.0109 
0.0123 
0.0143 
0.0193 
0.0183 

""70 
. 0095 

0.0092 
0.0074 
0.0099 
0.0098 

900 __g:0205 _ _ 

0.0107 7'“5'§50__' 
~ 900 

=950 
1000 
1050 
1100 

0J0229’ 
0.0253 
0.0279 
0.0304 
0.0333 
0.0384 

0.0119 
0.0132 
0.0149 
0.0159 
0.0174 
0.0192 

3I31' 
3.87 
4.82 
5.37 
5.99 
8.88 

5" 0.0o00' 
0.0000 
0.0000 
0.0000 
0.0000 - 

0.0000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
°-QQQQ9°_ """ 0.0000 

0.0000 
0.0000 
0.0000 
0.0000 - 

0.0000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 “"""'" 7.43 

9.24 
9.24 
9.99 
10.99 
11.99 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.000000 
0.000000 
0.000000 _ 

0.000000 
0.000000 
0.000000 _ _ 

1150 
1200 
1250 
1300 

‘ 1350 
: 1400 __ 
i 1450 
I 1500 

1550 
1800 
1850 

' 1700 
5 

1750 
; 

1900 
v 

3 

E

1 

0.0488 
0.0483 
0.0473 
0.0482 
0.0589 
0 - 058 9. 

0.0290 
0.0293 
0.0259 
0.0252 
0.0323 
-9193ZB 0.0888 ~0.0389 

0.0839 0.0342 
0.0878 0.0385 
0.0798 0.0485 
0.0803 0.0453 
0 0828 0.0458 I @ 
0.0990 0.0800 
0.0978 0.0587 

17.48 
17.88 
18.10 
15.73 
20.19 

.__...H-2Q.35 
24.29 
21.35 
22.79 
29.02 

' 29.27 
29.59 
37.45 
35.39 

0.0000 
0.0001 
0.0004 
0.0002 
0.0013 - 

WMWJ“0.0001 _ M W 
0.0013 
0.0018 
0.0004 
0.0014 
0.0022 

-.- 9-0°02 ,_2m 
0.0028 
0.0018 ' 

QJOQQLQQ 

0.000000 
0.000052 
0.000208 
0.000104 
0.000979 
0.900952. 
0.000979 
0.000939 
0.000209 
0.000729 
0.001144 
0.001352 
0.000832 

‘
.

5 

\ ._. _..__._____



3 »-i£m__UNCDRRECIEQ__CDRRECIED;”¢SHEAR_8TRES8--HEIGHTmLDSS@_ERDSIDN.RAIE__ 

PB#8A 
TRACK NUMBER= 1 
FILE NUMBER = 7 

SURFACE AREQ OF SAMPLE = 0.0333(m sq.) 
HEIGHT OF SAMPLE = 0.108(m) . ._ 

. 
1 

‘v 
- TOR0uE(N-m) TORGUE(N—m) (Pa) 1 (59) (Ks/m sq./s) 

_.50 
100 
150 

L____200_-__0.0018___m__0JD001______"_WQ-42_2m-1wM0-0000_"_____D.000000-____ 
250 
300 

0.0002 0.0001 ._. 0.08 0.0000 . 0.000000 -._ 
0.0008 0.0003 0.18 0.0000 0.000000 
0.0011 0.0008 0.38 0.0000 0.000000 

0.0025 0.0010 0.80 0.0000 0.000000 
0.0034 0.0013 0.78 0.0000 0.000000 

M .350_,m_0.0043 ..» 0.0017. .1 _“ 1.02 ...mM10-0000 _.._W.0.000O002"_ 
; 

400 
Q 450 
;___~500____Q40D1B____"M0.0032 1.82 0.0000_______0.000000_______ 

550 
‘ 800 

0.0055 0.0023 1.38 0.0000 0.000000 
0.0088 0.0030 1.80 0.0000 0.000000 

0.0085 0.0042 2.52 0.0000 0.000000 
0.0111" 0.0050 3.00 0.0000 0.000000 

__.850 ______ __0-0124 0.0055 3.30 .--0.0000 _w_flWm0-000000"-~ 
700 

* 750 
;___.900____0.019sM__m_W0Q00s9._““_“-_-s-29_m”-“.M0.0000._._.__0.000000_9____- 
_ L 

950 
- 800 -0.0232 0.0111 8.87 

0.0143 0.0088 3.88 0.0000 0.000000 
0.0182 0.0075 4.50 0.0000 ‘ 0.000000 

0.0000 0.000000 
0.0000 0.000000 

0.0211 0.0102 8.13 
-_~W 850 __”0.0253.m.. .0.0122-H-__ ..7.33 0.0014 .1 0.000701 “M 
5 1000 

1050 
'___llD0____0.Q344______0.0l12W___~_@_10.33._M2”__D.0D02___“___0.D00100_______ 

1150 
1200 

,--1250 
1300 
1350 

L___lA00____0.05A8u“____0-0281________17~24-__-_»D-0003 __ ~-0.000150~--- 
1450 
'1500 

.-.1550- M 
j 

1900 
' 1850 
;___1100____0~D753~____~0.0383---»-23.00--~~-~0.0011"———~——0.000550~—~—— 
; 

1750 
5 1800 
, 

._

( 

0.0003 0.000150 
0.0010 0.000500 

0.0299 0.0153 9.19 
0.0348 0.0187 11.23 

12.25 0.0001 0.000050 
11.65 0.0002 0.000100 
-11.77 M- 0-0000,_ ---0.00000o 
14.59 0.0001 0.000050 
12.31 0.0005 0.000250 

0.0380 0.0204 
0.0384 0.0184 
0.0411. .0.0188MMW.- 
0.0472 0.0242 
0.0451 0.0205 
0.0540 0.0281 15.88 0.0001 0.000050 
~0.0588 0.0302 18.14 1 0.0012 0.000800 
.D.0828 . 0.0315_~M. --~18.82 -- 0.0011 ~ .~0.000550 - 

0.0880 0.0347 , 20.84 0.0001 0.000050 
0.0712 0.0382 21.74 0.0013 0.000850 
0.0885 0.0475 28.53 0.0008 0.000300 
0.0824 0.0415 24.82 0.0008 0.000300



,.-\ 
1 ‘I’

- 

T‘PM 

‘ii 

22-1150 

50 
100 
150 
200 
250 
800 
350 
400 
450 
500 

-550 
800 
650 
700 
750 
800 
B50 
S00 
850 
1000 
1050 
1100 

1200 
1250 
1300 
1350 
1400 
1450 

(Q 

PB# 28 
TRACK NUMBER= 0 
FILE NUMQER = 1 

SURFACE AREA OF SAMPLE = 0.0302(m Sq.) 
HEIGHT OF SAMPLE = 0.088(m) 

UNCORRECTED 666666166 SHEAR STRESS HEIGHT LOSS EROSION RATE 
3066uE(N-mi -T6RGuE<N—m> _ (Pa) 

0.0002 
0.0007 
0.0014 
0.0023 
0.0033 
0.0043 
0.0054 
0.0066 
0.0060 
0.0066 
0.0115 
0.0132 
0.0146 
0.0166 
0.0165 
0.0167 
0.0210 
0.0267 
0.0276 
0.0406 
0.0345 
0.0362 
0.0331 
0.0466 
0.0517 
0.0465 
0.0536 
0.0666 
0.1062 

0.0001 
0.0004 
0.0008 
0.0014 
0.0018- - 

0.0022 
0.0028 
0.0034 
0.0041 
0.0050 

H---.M0.0082 
0.0071 
0.0080 
0.0082 
0.0078 
0.0088 
0.0101 
0.0148 
0.0145 
0.0283 
0.0188 
0.0210 

H mW0.0145 2 
_0.0288 
0.0302 
0.0255 
0.0280 
0.0407 
0.0813 

0.07 
0.27 
0.80 
0.93 

- 1.18 
1.48 
1.88 
2.25 
2.72 
3.32 
.4.11 
4.71 
5.31 
8.10 
5.17 
5.80 
8.70 
8.88 
8.82 
17.44 
12.33 
13.83 
8.82 
18.78 
20.03 

A 18.81 
18.23 
28.88 

2,053.81 

(Ks) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0008 
0.0008 
0.0031 
0.0001 
0.0031 
0.0041 
0.0001 
0.0101 
0.0021 
0.0044 
0.0002 
0.0010 
0.0001 
0.0008 
0.0388 

(Ks/m sq.—s) ~ 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 ____ “_.M_m2 
0.000000 
0.000000 
0.000055 
0.000487 
0.000332 
0.001713 
0.000055 
0.001713 
0.002288 
0.000055 
0.005581 
0.001181 
0.002432 
0.000111 
0.000553 
0.000055 
0.000487 
0.020228



»*\
5 
2 ‘F650 000 

f'\ 

T'F‘I’fl 

50 
100 
150 
200 

..250 
300 
350 
400 
450 
500 

.M-550 
600 
650 
700 
750 
800 

_.850 
800 

1050 
1100 

21150 
1200 
1250 
1300 
1350 
1400 
1450

3 

RB# 38 
TRACK NUHBER= 0 
FILE NUMBER = 

SURFACE AREA OF SAMPLE = 0.0302(m Sq.) 
HEIGHT OF SAMPLE = 0.088(m) 

UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
TURDUE(N-m) TORBUE(NPm) -(Pa) 

0.0002 
'0.0006 
0.0013 
0.0021 
0.0030 
0.0041 
0.0052 
0.0068 
0.0081 
0.0087 
0.0105 
0.0122 
0.0144 
0.0157 
0.0178 
0.0218 
0.0237 
0.0328 
0.0347 
0.0348 
0.0408 
0.0481 
0.0408 
0.0472 
0.0540 
0.0545 
0.0828 
0.0662 
0.0788 

0.0001 
0.0003 
0.0008 
0.0012 
0.0015 
0.0020 
0.0026 
0.0036 
0.0042 
0.0041 
0.0052 
0.0081 
0.0075 
0.0080 
0.0082 
0.0121 
0.0128 
0.0205 
0.0218 
0.0203 
0.0248 
0.0288 
0.0223 
0.0272 
0.0325 
0.0315 
0.0383 
0.0400 
0.0510 

0.07 
0.20 
0.53 

" 0.80 
.0.98 
1.33 
1.72 
2.38 
2.78 
2.72 
3.45 
4.05 
4.87 
5.31 
6.10 
8.02 
8.48 
13.58 
14.32 
13.46 
16.51 
18.16 
14.78 
18.04 
21.55 
20.88 
25.40 
26.53 
33.82 

(Ks) (Ks/m sq.—s)- W 

0.000000 
0.000000 
0.000000 
'0.000000 

_-.0.000000.--_2___- 
0.000000 
0.000626 
0.000166 
0.000716 
0.000221 

. . 0.000111 .. _ 
0.000221 
0.000221 
0.000606 
0.005616 
0.000665 

0. W_0.000663-__“mm_-_ 
0.000664 » 

0.001462 
0.000636 
0.001462 
0.006647 

-..22_0.000276.___22_.m 
0.000666 
0.001656 

_ 
0.001676 . 

-0.001624 
‘ 0.006756 

0.007647 Y 

0.0000 
0.0000 
0.0000 
0.0000 

, 00.0000 
0.0000 
0.0015 
0.0003 
0.0013 
0.0004 
0.0002 
0.0004 
0.0004 
0.0011 
0.0107 
0.0018 

." _ 0.0012 
0.0018 
0.0027 
0.0017 
0.0027 
0.0086 
'0.0005 
0.0012 
0.0030 
0.0034 
0.0033 
0.0068 
0.0142



v#“\ 
1.C 

‘PPM 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 

M--550 

f“\ 
1_‘IP55o 

.- 000 

600 
650 
700 
750 
B00 
B50 
900 

1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 

FD 

PB# 45v 
TRACK NUMBER= 0 
FILE NUMBER = 4 

SURFACE AREA OF SAMPLE = 0.0302(m SQ.) 
HEIGHT OF SAMPLE = 0.096(m) 

UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE PUROUE(N-m) TOROUE(N-m) (Pa) 
Li 

0.0002 
0.0006 
0.0012 
0.0019 
0.0026 
0.0055 
0.0046 
0.0059 
0.0071 
0.0086 
0.0099 
0.0116 
0.0132 
0.0157 
0.0134 
0.0196 
0.0210 
0.0243 
0.0259 
0.0273 
0.0259 
0.0332 
0.0392 
0.0409 
0.0406 
0.0424 
0.0499 
0.0520 
0.0571 
0.0580 
0.0614 
0.0669 
0.0727 
0.0749 
0.0794 
0.1062 

0.0001 
0.0005 
0.0007 
0.0010 

--M2 0.0011 . 

0.0015 
0.0020 
0.0027 
0.0052 
0.0040 
0.0045 
0.0055 
0.0055 
0.0050 
0.0057 
0.0100 
0.0101 
0.0122 
0.0125 
0.0127 
0.0100 
0.0150 

,. ---0.o205_- 
0.0205 
0.0151 
50.0154. 
0.0255 
0.0255 
0.0252 0.0255 
0.0500 
0.0555 
0.0577 
0.0575 
0.0404 
0.0653 

0.07 
0.20 
0.46 
0.66 

.. 0.73 
0.99 
1.33 
1.79 
2.12 
2.65 

~ 3.05 
3.65 
4.16 
5.31 
6.43 
6.63 
6.70., . 

8.09 
6.49" 
9.42 
6.63 
10.61 
13.66 
13.66 
12.67 

..12.87 
16.78 
17.11 

- 19.36 
18.77 
19.89 
22.28 
25.00 
25.13 
26.79 . 

43.30 

(Rs) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0055 
0.0011 
0.0009 
0.0002 
0.0001 
0.0001 
0.0002 
0.0001 
0.0005 
0.0007 
0.0002 
0.0004 
0.0007 
0.0005 
0.0015 
0.0001 
0.0004 
0.0005 
0.0010 
0.0011 
0.0005 
0.0010 
0.0134 

(Ks/m-sq.—s). .-m 

0.000000 
0.000000 . 

0.000000 
0.000000 

-H__M0.000000MW________ 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

-.W~~0.000000-~--m--_- 
0.000000 
0.000111 
0.003647 
0.000608 
0.000497 

- .;0.000111m__w.-._m 
0.000055 
0.000055“ 
0.000111 . 

0.000055 
0.000442 

.2- -_"0.000367_________ 
0.000111 
0.000221 

.. .WO,OOO387-__~WM _ 
' 0.000276 
0.001050 

__0.000055________» 
0.000221 
0.000332 
0.000553 
0.000606 
0.000166 

..H.0.000553_w_M_"_D 
0.007405



Q) 

l\ 
‘I950 000 

fPm 

50 
100 
150 
200 

-3250 
300 
350 
400 
450 
500 

.8 550 
600 
650 
700 
750 
800 
850 
900 

1050 
1100 

,mm1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 

I-\ 

IDRGUE(N—m) TORGUE(N-M) (Pa) 

PB# 53 
TRACK NUMBER= 0 
FILE NUMBER = 5 

SURFACE AREA OF SAMPLE = 0.0305(M Sq.) 
HEIGHT OF SAMPLE = 0.097(m) 

UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 

0.0002 
0.0006 
0.0012 
0.0019 
0.0028 
0.0037 
0.0048 
0.0059 
0.0073 
0.0088 
0.0103 
0.0118 
0.0136 
0.0158 
0.0188 
0.0198 
0.0224 
0.0219 
0.0237 
0.0310 
0.0271 
0.0331 
0.0381 
0.0420 
0.0472 
0.0449 
0.0584 
0.0452 
0.0883 
0.0830 
0.0845 
0.0857 
0.0748 

0.0001 
0.0003 
0.0007 
0.0010 
0.0013 
0.0016 
0.0022 
0.0027 
0.0034 
0.0042 
0.0050 
0.0057 
0.0067 
0.0081 
0.0081 
0.0100 

H“. 0.0115, 
0.0098 
0.0106 
0.0164 
0.0112 
0.0159 

_.-w.0.01951g 
0.0220 
0.0257 
0.0219 
0.0338 
0-9190 0.0384 
0.0333 
0.0331 
0.0524 
0.0398 

0.07 
0.20 
0.46 
0.66 
0.85 
1.05 
1.44 
1.77 
2.23 
2.76 
3.28 
3.74 
4.40 
5.32 
5.32 
6.56 
.7.55 
6.43 
6.96 
10.76 
7.35 
10.44 
12.80 
14.44 
16.87 
14.37 
22.18 
12.47 
25.20 
21.86 
21.72 
34.39 
26.12 

M_ _.M.0.0000 

(Ks) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0005 
0.0002 
0.0002 
0.0002 .. 

0.0001 
0.0001 
0.0001 
0.0005 
0.0006 

.H- -._0.0039 
0.0003 
0.0002 
0.0004 
0.0002 
0.0006 ' 

0.0020 
0.0002 
0.0021 
0.0024 
0.0083 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000164 
0.000273 
0.000109 
0.000109 
0.000109 
0.000055 
0.000055 
0.000055 
0.000273 
0.000328 
0.002133 
0.000438 
0.000109 
0.000219 
0.000109 
0.000328 
0.001094 
0.000109 
0.001149 
0.001313 
0.004539 

.-(Ka/m.sq.+s12_--_-



!\

i 

I'\ 

‘PPM 

'50 
.100 
150 
200 
250 

'0'300 
350 
400 
450 
500 
550 

‘””600 
0650 
700 
750 
800 
850 

1050 
1100 
1150 

'“1200 
1250 
1300 
1350 
1400 
1450 ““1500 
1550 
1600 
1650 
1700 

4 

900“” 
950 .000 

egg 69 
TRACK NuM99R= 0 
FILE NUMBER = 9 

SURFACE AREA OF SAMPLE = 0.0302(m"Sqi)“***M“ 
HEIGHT OF SAMPLE = 0.096(m) 

UNCDRREDTED CORRECTED SHEAR STRESS HEIGHT LOSS ERDSIDN RATE 
TURGUE(N—m) TORQUE(N*m) -(Pa) (Ks) (Ks/m 58.-5) 

0.0002 
D.0006 
0.0012 
0.0019 
0.0029 
0.0099 
0.0049 
0.0099 
0.0077 
0.0094 
0.0110 
0.0127 
0.0145 
0.0193 
0.0179 
0.0209 
0.0219 
0.0279 
0.0299 
0.0947 
0.0327 
0.0341 
0.0999 
0.0419 
0.0492 
0.0949 
0.0532 
0.0527 
0.0547 
0.0698 
0.0689 
0.0713 
0.0768 
0.0818 

0.0001 
0.0003 
0.0007 
0.0010 
0.0013 
0.0017 
0.0023 
0.0031 
0.0038 
0.0048 
0.0057 
0.0066 
0.0076 
0.0086 
0.0089 
0.0111 
0.0110 
0.0155 
0.0158 
0.0201 
0.0168 
0.0169 
0.0203 
0.0218 
0.0247 
0.0319 
0.0285 
0.0265 
0.0268 
0.0401 
0.0375 
0.0380 
0.0418 
0.0448 

0.07 
0.20 
0.46 
0.66 
0.86 
1.13 
1.53 
2.06 
2.52 
3.18 
3.78 
4.38 
5.04 
5.70 
5.90 
7.36 
7.29 

' 10.28 
10.48 
13.33 
11.14 
11.21 
13.46 

"H14.46 
16.38 
21.15 
18-97 
17.57 
17.77 
26.59 
24.87 
25.20 
27.72 
29.71 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0003 
0-0005 
0.0003 
0.0002 
0.0002 
0.0010 
0.0003 
0.0006 
0.0002 
0.0002 
0.0011 
0.0031 
0.0033 
0.0007 
0.0014 
0.0011 
0.0018 
0.0022 
0.0015 
0.0020 
0.0218 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000111 
0.000166 
0.000276 
0.000166 
0.000111 
0.000111 
0.000553 
0.000166 
0.000332 
0.000111 
0.000111 
0.000608 
0.001713 
0.001824 
0.000387 
0.000774 
0.000608 
0.000995 
0.001216 
0.000829 
0.001105 
0.012047



Q) 

‘PPM 

50 
100 
150 
200 “*’250 
300 
350 
400 
450 
500 '” 550 
600 
650 
700 
750 
800 

4n\ 850 
900 "95O 
1000 
1050 
1100 m‘1150 
1200 
1250 
1300 
1350 
1400 "'1450 
1500 
1550 
.1600 
1650 
1700 

"*1750 

PB#7B 
TRACK NUMBER= 0 
FILE NUMBER = 7 

SURFACE AREA OF SAMPLE = 0.0302(m Sq.) HEIGHT OF SAMPLE = 0.096(m) 

uuconnscren CORRECTED susan srnsss uszaur LOSS EROSION RATE- "~ (Ks/m sq.—s1““"W*5 
0.0002 
0.0006 
0.0012 
0.0018 
0.0026 
0.0036 
0.0046 
0.0058 
0.0070 
0.0084 
0.0088 
0.0118 
0.0133 
0.0151 
0.0165 
0.0226 
0.0204 
0.0216 
0.0284 
0.0303 
0.0288 
0.0284 
0.0358 
0.0338 
0.0425 
0.0448 
0.0453 
0.0464 
0.0588 
0.0578 
0.0665 
0.0760 
0.0760 
0.0785 
0.0818 

0.0001 
0.0003 
0.0007 
0.0008 
0.0011 
0.0015 
0.0020 
0.0026 
0.0031 
0.0038 
0.0046 
0.0055 
0.0064 
0.0074 
0.0078 
0.0128 
0.0085 
0.0085 
0.0153 
0.0157 
0.0130 
0.0122 
0.0173 
0.0138 
0.0210 
0.0218 
0.0207 
0.0202 
0.0314 
0.0282 
0.0351 
0.0427 
0.0410 
0.0385 
0.0428 

jIURGUE(N—m)” TOR8UE(N—m) (Pa) 

0.07 
0.20 
0.46 
0.60 

'0.73 
0.99 
1.33 
1.72 
2.06 
2.52 
3.05 
3.65 
4.24 
4.91 
5.17 
8.49 

'" 6.30 
6.30 
10.15 
10.41 
8.62 
8.09 

"11.47 
9.22 
13.93 
14.52 
13.73 
13.40 
20.82 
18.70 
23.28 
28.32 
27.18 
26.19 
28.45 

(KS) 

0.0000 
0.0000 
0.0000 
0.0000 
'0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0008 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.0001 
0.0001 
0.0006 
0.0002 
0.0001 
0.0001 
0.0002 
0.0031 
0.0030 
0.0004 
0.0046 
0.0046 
0.0014 
0.0041 
0.0064 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000111 
0.000497 
0.000055 
0.000055 
0.000111 
0.000055 
0.000055 
0.000055 
0.000055 
0.000332 
0.000111 
0.000055 
0.000055 
0.000111 
0.001713 
0.001658 
0.000221 
0.002542 
0.002542 
0.000774 
0.002266 
0.003537



F“\ 

'|"Pl‘l\ 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 

.550 
600 
650 
700 
750 
800 
850 
900 

1 ‘IP950 000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

("D 

PB# BB 
TRACK NUMBER= 0 
FILE NUMBER = 8 

SURFACE QREA DF SAMPLE = 0.0302(m Sq.) 
HEIGHT OF SAMPLE = 0.085(m) 

UNCDRRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RQTE 
fflRGUE(N—m) TDRGUE(N-m) (Pa) 

0.0002 
0.0007 
0.0013 
0.0020 
0.0029 
0.0039 
0.0049 
0.0052 
0.0075 
0.0089 
0.0105 
0.0132 
0.0151 
0.0145 
0.0211 
10.0224 
0.0227 
0.0202 
0.0252 
0.0272 
0.0301 
0.0352 
0.0395 
0.0450 
0.0421 
0.0504 
0.0504 
0.0535 
0.0581 
0.0532 
0.0759 
0.0595 
0.0518 
0.0789 
0.0890 

0.0001 
0.0004 
0.0008 
0.0011 

1. 0.0014 
0.0018 
0.0023 
0.0030 
0.0036 
0.0043 

-0.0053 
0.0071 

0 0.0082 
0.0069 
0.0124 
0.0126 
0.0118 
0.0051 
0.0121 
0.0126 
0.0142 
0.0180 

.M2-0.0209m-- 
0.0250 
0.0206 

. 0.0274 
0.0358 
0.0373 

3 0.0302 
0.0335 
0.0445 
0.0562 
0.0468 
0.0418 
0.0500 

0.07 
0.27 
0.53 
0.73 
0.93 
1.19 
1.53 
1.99 
2.39 
2.85 
3.51 
4.71 
5.44 
4.59 
9.22 
9.39 
7.93 
5.37 
8.02 
9.59 
9.42 
11.94 
13.99 
19.59 
13.99 
19.17 
23.74 
24.74 
20.03 
22.22 
29.51 
37.27 
31.04 
27.79 
33.16 

(Ks) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0015 
0.0011 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0002 
0.0001 
0.0001 
0.0001 
0.0005 
0.0001 
0.0004 
0.0010 
0.0001 
0.0021 
0.0012 
0.0023 
0.0022 
0.0026 
0.0007 
0.0445 

.2 (Ks/m sq.—s) ..- 

0.000000 
0.000000 
0.000000 
0.000000 

-»-0.000000-M1~_.»~ 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

MM“_0.000000~~----_- 
0.000000 
0.000829 
0.000608 
0.000055 
0.000055 

. O,OOOOS5_Wm“_-M2__ 
0.000055 
0.000055 

. 0.000111 
0.000055 
0.000055 

2Mwh_0.0O0O55____wu___. 
0.000276 
0.000055 

--.W.0.000221._m,~mw-m 
' 0.000553 

" 0.000055 
1 _0.001161_M_____-_n 

~0.000663 
0.001271 
0.001216 
0.001437 
0.000387 

. 0.024592 _-mw_ -



( 

f”\ 

5 0 
TPM 

fiF\ 

50 
100 
150 
200 

..250 
300 
350 
400 
450 
500 
-550 
600 
650 
700 
750 
800 
850 1900 

*5 65° 000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1500 
1850 

(O 

PB# 108 
TRQOK NUMBER= 0 
FILE NUMBER = 9 

SURFACE AREA OF SAMPLE = 0.os02<m"§q.i“““W W 7 

HEIGHT OF SAMPLE = 0.096(m) 

UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
TDRGUE(N-m) TOROUE(N—m) '(Pa) 

0.0002 
‘0.0006 
0.0013 
0.0021 
0.0030 
0.0039 
0.0051 
0.0063 
0.0075 
0.0090 
0.0106 
0.0132 
0.0130 
0.0167 
0.0176 
0.0184 
0.0238 
0.0278 
0.0260 
0.0299 
0.0331 
0.0357 
0.0468 
0.0445 
0.0455 
0.0451 
0.0539 
0.0543 
0.0551 
0.0633 
0.0664 
0.0766 
0.0863 

0.0001 
0.0003 
0.0008 
0.0012 
0.0015 
0.0018 
0.0025 
0.0031 
0.0036 
0.0044 
0.0053 
0.0071 
0.0061 
0.0090 
0.0089 
0.0086 
0.0129 
0.0157 
0.0129 
0.0153 
0.0172 
0.0185 
0.0282 
0.0245 
0.0240 
0.0221 
0.0293 
0.0287 
0.0272 
0.0336 
0.0350 
0.0433 
0.0513 

0.07 
0.20 
0.80 

_fl ._0.99_W_.mw 
1.19 
1.66 
2.06 
2.39 
2.92 

. 3.51 
4.71 
4.05 
5.97 
5.90 
5.70 

. _ 8.55 
10.41 
8.55 

510.15 
11.41 
12.27 

M- --18.70 

(Ks) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
'0.0000 
'0.0000 
0.0000 
0.0000 
0.0015 
0.0001 
0.0006 
0.0005 
0.0038 
0.0001 
0.0005 

- 0.0001 
0.0025 
0.0003 
0.0100 
0.0007 1s.2s4""“M"“o.o00s 

15.92 
14.66 
13.43 
19.03 
18.04 
22.28 
23.21 
28.71 
34.02 

0.0019 
. 0.0004 

0.0021 
0.0001 
0.0003 
0.0006 
0.0023 
0.0037 
0.0006 

..1Ks/mMsq.:s1w-um_ 
0.000000 
0.000000 
0.000000 
0.000000 

M- -w_0.000000____W“___ 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

, .. 0.000000 Wm_M“_- 
0.000823 
0.000055. 
0.000332 
0.000276 
0.002100 

U_0.000055-_W-2”__1 
0.000276 
0.000055 
0.001382 
0.000166 
0.005526 

Wm- -_w0.o003B1________M 
0.000332 
0.001050 
0.000221 

_ 0.001161 
‘ 0.000055 

__0.0001BB.. _ _ 
0.000332 
0.001271 
0.002045 
0.000332



f'\ 

T‘Pf|'| 

50 
100 
150 
200 

H- 250 
300 
350 
400 
450 
500 

-wm550 
800 
850 
700 
750 
800 

. 850 5”‘ 900 
950 

‘I000 
1050 
1100 
1150 
1200 
1250 

0.1300 
1350 
1400 
1450 

f’\ 
< 0 

PB# 118 
TRACK NUMBER: 0 
FILE NUMBER =10 

SORFACE AREA OF SAMPLE = 0.0302(m Sq.) 
HEIGHT OF SAMPLE = 0.088(m) 

UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
TORQUE(N“m) TOR8UE(N—m) ' (Pa) 

0.0002 
0.0008 
0.0012 
0.0020 
0.0028 
0.0037 
0.0048 
0.0059 
0.0072 
0.0088 
0.0101 
0.0118 
0.0134 
0.0157 
0.0179 
0.0200 
0.0221 
0.0245 
0.0278 
'0.0285 
0.0303 
0.0313 
0.0383 
0.0387 
0.0404 
0.0541 
0.0584 
0.0574 
0.0884 

__._-p¢-—-.-._-—-—_.-.- 
0.0001 
0.0003 
0.0007 . 

0.0011 
0.0013 . 

0.0018 
0.0022 
0.0027 
0.0033 
0.0040 
0.0048 H 

0.0055 
0.0085 
0.0080 
0.0092 
0.0102 

. W .0.0112. 
0.0124 
0.0147 
0.0139 
0.0144 
0.0141 

0 -“0.0177-- 
0.0187 
0.0189 
0.0311 
0.0318 
0.0312 
0.0405 

0.07 
0.20 
0.48 
0.73 
0.88 
1.08 
1.48 
1.79 
2.19 
2.85 
.3.18 
3.85 
4.31 
5.31 
8.10 
8.78 
.7.43 
8.22 
9.75 
9.22 
9.55 
8.35 
11.74 
12.40 
12.53 
20.82 
21.09 
20.89 
28.88 

.(Ks) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0030 
0.0031 
0.0001 
0.0001 
0.0005 
0.0001 
0.0012 
0.0082 
0.0050 
0.0048 
0.0132 

-.(Rs/m sq.-s)..HM- 
0.000000 

. 0.000000 . 

0.000000 
0.000000 

._-0.000000_“__%-“»H 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

..-»0.000000m_M.“m__. 
0.000000 
0.000000 
0.000000 , 

0.000000 
‘ 0.000000 
o.0o0000_-“MW-" 
0.000000 
0.001050 
.0.001713 0. 
0.000055 

A 0.000055 
-0muHn_0.000278____h“___ 

0.000055 
0.000883 

.- 0. 0.003428mW_- - 
' 0.002783 

" 0.002542 
M0.007295_2__nmm-



Q) 

PPM 

50 
100 
150 
200 

M..250 
300 
350 
400 
450 
500 

112550 
800 
850 
700 
750 
800 
850 "\ 900 

A 950 
‘llb00 

1050 
1100 

-W1150 
1200 

PB#12B 
TRACK NUMBER= 0 
FILE NUMBER =11 

SURFACE AREA OF SAMPLE 9 0.0302(m sq.) 
HEIGHT OF SAMPLE = 0.098(m) 

UNCORRECTED CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
§ORGUE(N*m), TORBUE(N“m) (Pa) 
i1 
‘*. 

0.0002 
0.0006 
0.0013 
0.0019 
0.0027 
0.0039 
0.0049 
0.0062 
0.0077 
0.0091 
0.0095 
0.0116 
0.0132 
0.0169 
0.0265 
0.0207 
0.0229 
0.0255 
0.0290 
0.0336 
0.0395 
0.0371 
0.0385 
0.0464 

0.0001 
0.0003 
0.0008 
0.0010 
0.0012 
0.0017 
0.0023 
0.0030 
0.0038 
0.0045 
0.0042 
0.0055 
0.0083 
0.0091 
0.0178 
0.0109 
0.0120 
0.0134 
0.0159 
0.0190 
0.0238 
0.0199 
0.0199 
0.0284 

0.07 
0.20 
0.53 
0.85 

11110.80 
1.13 
1.53 
1.99 
2.52 
2.98 

. 2.79 
3.85 
4.18 
8.03 
11.80 
7.23 

1 7.98”1H 11 

8.89 
10.54 
12.80 
15.85 
13.20 

1- 13.20 
17.51 

I“\ 

(Ks) 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0044 
0.0007 
0.0002 
0.0004 
0.0027 
0.0153 
0.0077 
0.0008 
0.0001 
0.0001 
0.0002 
0.0037 
0.0053 
0.0007 
0.0030 
0.0080 

W.JKs/mHsq.+slm“1Mm- 
0.000000 

10.000000 
0.000000 
0.000000 
0.000000 
’0.000000 
0.000000 
0.002432 
0.000387 

_MH_0.0000001_2______1 

1 .0.000111_111.__"m 
0.000221 
0.001492 
0.008455 
0.004255 
0.000332 

_11_;0.000055 
0.000055 
0.000111 
0.002045 
0.002928 
0.000387 
0.004421 
_0.001858_~___.___



_____.___
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1. 

<0 
1 K

/

I 

SC- 51-‘- 
TRACK NUMBER= 0 
FILE NUMBER =12 

50 
100 
150 
200 

0.0002 
0.0005 
0.0010 
0.0018 

_-.—-.-_-——-_--_-— 
0.0001 
0.0002 
0.0005 
0.0007 

SURFACE AREA OF SAMPLE = 0.0305(m sq.) 
HEIGHT OF SAMPLE = 0.097(m) 

réh UNCORRECTED CORRECTED SHEAR STRESS N EIGHT LOSS EROSION RATE 7-—"***-TURQUEIN=@T""TuRuuErN151“**"'-TF5? A 

0.07 
' 0.13 

0.33 
0.48 

(R§T 

0.0000 
0.0000 
0.0000 
0.0000 

(ks/M sq.-§) 

0.000000 
0.000000 
0.000000 
0.000000 

‘ 250 
300 
350 
400 
450 
500 

G00 
850 
700 
750 
800 

‘““_““550_“““0T01I4 

0.0025 
0.0034 
0.0041 
0.0058 
0.0073 
0.0094 

0:00I0 
0.0013 
0.0015 
0.0026 
0.0004 
0.0048 

0.88 
0.85 
0.98 
1.71 
2.23 
3.15 

010000 
0.0000 
0.0000 
0.0012 
0.0014 
0.0011 

0.000000___7”" 
0.000000 
0.000000 
0.000858 
0.000788 
0.000802 

0.0150 
0.0180 
0.0178 
0.0201 
0.0244 

* 0.0081 
0.0089 
0.0111 
0.0101 
0.0114 
0.0148 

4.00 
5.84 
7.29 
8.83 
7.48 
9.58 

0.0012 
0.0059 
0.0071 
0.0028 
0.0055 
0.0084 

0.000858_—_____ 
0.003227 
0.003883 
0.001531 
0.003008 
0.004584 850 Q 9.. 

‘ 950 
1000 
1050 
1100 

OT0275 
0.0282 
0.0298 
0.0308 
0.0342 
0.0385 

0.0T88 
0.0181 
0.0187 
0.0180 
0.0183 
0.0213 

10.59 
10.57 
10.96 
10.50 
12.01 
13.98 

0.0198 
0.0089 
0.0070 
0.0111 
0.0094 
0.0107 

0.§T0720_______ 
0.003774 
0.003828 
0.008071 
0.005141 
0.005852 1150 

1200 
1250 
1300 
1350 
1400 

0.0431 
0.0403 
0.0412 
0.0443 
0.0542 
0.0577 

**0.0Z45 
0.0203 
0.0197 
0.0213 
0.0298 
0.0315 

f8.0B 
13.32 
12.93 
13.98 
19.43 
20.87 

0.0098 
0.0118 
0.0088 
0.0077 
0.0128 
0.0281 1450 

1500 
1550 
1800 
1850 
1700 

0.0838 
0.0858 
0.0583 
0.0778 
0.0839 
0.0818 

0;03570 
0.0359 
0.0289 
0.0443 
0.0289 
0.0248 

- 23:43 
23.58 
17.85 
29.07 
18.97 
16.15 

0.0221 
0.0175 
0.0198 
0.0210 
0.0112 

0.005380_______ 
0.008344 
0.003810 
0.004211 
0.007001 
0.014275 070178***_*’*0T00982B__—____ 
0.012087 
0.009571 
0.010720 
0.011485 
0.008128 1750 0.0784 0.0394 25183 0.0184



'“_**250 

so-53 
TRACK NUMBER= 0 " ~ 

FILE NUMBER =13 

TPm-;UNCDRRECTED “CORRECTED SHEAR STRESS HEIGHT LOSS EROSION RATE 
**“'““‘“*TURGUE(N=fiT“”TDRGUETN=M7 ~" “‘rPa) 

.-.-—_.-— 
50 
100 
150 
200 

—_‘q-— 

I ll’
' 

0.0002 
0.0007 
0.0013 
0.0020 

0.0001 
0.0004 
0.0008 
0.0011 

SURFACE AREA OF SAMPLE = 0.0342(M sq.) 
HEIGHT OF SAMPLE = 0.10S(m) 

0.06 
0.23 
0.47 
0.64 

(ks) 

0.0000 
0.0000 
0.0000 
0.0000 

300 
350 
400 
450 
500 

0.0029 
0.0041 
0.0051 
0.0064 
0.0078 
0.0090 

0.0014 
0.0020 
0.0025 
0.0032 
0.0039 
0.0044 

UT82 
1.17 
1.46 
1.87 
2.28 
2.57 

0.0000 
0.0000 
0.0000 
0.0053 
0.0040 

(ks/m sq.—s) 

0.000000 
0.000000 
0.000000 
0.000000 

UT0000 0.000000 
0.000000 
0.000000 
0.000000 
0.002580 
0.001947 

550 
600 
650 
700 
750 
800 

0.0097 
0.0150 
0.0157 
0.0208 
0.0230 
0.0263 

0.0044 
0.0089 
0.0088 
0.0131 
0.0143 
_0.0165 

2.57 
5.20 
5.14 
7.65 
8.35 
9.64 

0.0000 
0.0053 
0.0033 
0.0053 
0.0144 
0.0141 

0.002672 
0.004526 
0.003310 
0.007009 
0.006863 

" I50 
900 
950 
1000 
1050 
1100 

0.0279 
0.0342 
0.0344 
0.0429 
0.0430 
0.0441 

0.0170 
0.0221 
0.0213 
0.0263 
0.0271 
0.0269 

ST93 
12.91 
12.44 
16.53 
15.83 
15.71 

0.0T04 
0.0102 
0.0077 
0.0166 
0.0059 
0.0103 

0.605032 
0.004964 
0.003746 
0.009053 
0.002690 
0.005013 --1150 

1200 
1250 
1300 
1350 
1400 

010507 
0.0516 
0.0591 
0.0634 
0.0641 
0.0663 

0.0321 
0.0316 
0.0376 
0.0404 
0.0395 
0.0401 114500‘ W 

1500 
0.0675 
0.0776 

TB-75 
16.46 
21.96 
23.60 
23.07 
23.42 

0.0T68 
0.0000 
0.0227 
0.0172 
0.0000 
0.0125 

0.008177 
0.000001 
0.011048 
0.008371 
0.000001 
0.006084 

'0T039B 
0.0479 

23.13 
27.96 

0.0TB4 
0.0292 

0.007982 
0.014212



Q

5 

' SC-8A ‘ 

TRACK NUMBER= 0 ,2 
15 FILE NUMBER 5

i 

1

I 

1 

PPM} UNCORRECTED CORRECTED SHEAR STRESS WEIGHT LOSS EROSION RATE f_“___“_*5”TURGUETN=M7_TTDRGUE(N=fi1' 5”TF§7 
_——_._ 

i 

so 
100 
150 

' 200 

0.0002 
0-00¢? 0.0013 
0.0021 

0.0001 
0.0004 
0.0008 
0.0012 

250 
; 

300 
350 

I 

400 
, 450 
, 

S00 @———**ss0*-—0r0r09 
< 900 
; 

950 
700 

‘ 

750 
I 900 

900 
- 950 

1000 
1050 
1100 

l~——~9s0——-0:0294——————0r0rss

I 

1200 
1250 
1300 
1350 

0.0080 
0.0040 
0.0042 
0.0059 
0.0075 
0.0087 

V 

SURFACE AREA DF SAMPLE = 0.0314(m sq.) HEIGHT 8F SAMPLE = 0.100(m) 

0.08 
0.25 
0.51 
0.78 

(R57 

0.0000 
0.0000 
0.0000 
0.0000 

(ks/m sq.=§3 A
l 

0.000000 
0.000000 
0.000000 
0.000000

A 
< 070015 

0.0019 
0.0019 
0.0027 
0.0099 
0.0041 

“0.85 
1.21 
1.02 
1.72 
2.29 
2.81 

0.0000 
0.0015 
0.0002 
0.0038 
0.0050 
0.0012 

0.666660 
0.000796 
0.000106 
0.002089 
0.002853 
0.000637 

0.0121 
0.0147 
0.0155 
0.0183 
0.0230 
0.0278 
0.0258 
0.0330 
0.0383 
0.0398 

5“__*T150’*_*@T04B0______0T0274 
0.0380 
0.0435 
0.0814 
0.0834 

0.0055 
0.0080 
0.0078 
0.0078 
0.0098 
0.0132 

3.50 
3.82 
4.87 
4.97 
8.11 
8.40 

0.0027 
0.0020 
0.0015 
0.0008 
0.0015 
0.0018 

0.00T432______*5 
0.001091 
0.000799 
0.000477 
'o.000799 
0.000949 

0.0157 
0.0127 
0.0184 
0.0234 
0.0224 

T9787 
9.88 
8.09 
11.71 
14.90 
14.28 

0.0019 
0.0028 
0.0013 
0.0005 
0.0008 
0.0085 

' 0.0180 
0.0220 
0.0384 
0.0388 

17.44 
10.18 
14.01 
24.45 
24.70 

0.0010 
0.0014 
0.0028 
0.0090 

0.00T008“__T”TT’ 
0.001485 
0.000880 
0.000285 
0.000424 
0.003448 070008*__““__7UT00OSTBTTTTTTTTT 
0.000531 
0.000743 
0.001485 
0.004775 

I

I 

i

I

i

I

1



1 
SC—6 B 

_ 

TRACK NUMBER= O _- 
_' FILE NUMBER =14 

'3' 

MO 

i 
rPm§ UNCDRRECTED CORRECTED SHEAR STRESS Q j~"*-*-"***TORauE<N=mT"-TuRuuErn+m1 TPaf': ‘ 

1 

so 0.0001 0.0000 
3 

100 0.0006 0.0003 
1 150 0.0012 0.0007 
1 200 0.0020 0.0011 

SURFACE AREA OF SAMPLE = 0.0302(m sq.) 
HEIGHT OF SAMPLE = 0.0S6(m) 

EIGHT LOSS EROSION RATE 
.-» 

0.00 
0.20 

10.46 
0.73 

(Ks) 

0.0000 
0.0000 
0.0000 
0.0000 

(ks/m sq.- 

0.000000 
0.000000 
0.000000 
0.000000 k—+*+2s0———~0r0037-——-010022 

' 300 0.0039 0.0018 
350 0.0046 0.0020 
400 0.0072 0.0040 
450 0.0089 0.0050 

1.¢6 
1.19 
1.33 
2.65 
3.32 

0.0077 
0.0006 
0.0013 
0.0033 
0.0000 

0.003255 
0.000332 
0.000718 
0.001624 
0.000000

! 

16.’
I

l

L\



<0. Q
1

\

I

9

3 

_., 

_..-4...‘

4 

‘I

1 

',

/ 

SC—70 
TRRCK NUMBER=_0 
FILE NUMBER =16 '7 

rRp umconnscrzo 008880180 SHEAR srnsss usxaur LOSS EROSION RATE "**"“"ij"-TUROUE1N=m#*'TORQUE(N=m1 rPa1 rnsn ~"rx§7m-zwT=§T—-- 
50» 

100 
150 
200 

—_““_250'__“0T0026 
300 
350 
400 
450 
500 

—.-.__ 
0.0002 
0.0007 
0.0011 
0.0018 

0.0001 
0.0004 
0.0006 
0.0009 

SURFACE GREG OF SAMPLE = 0.0302(m 58.) HEIGHT DF SAMPLE = 0-096(m) 

0-07 
0.27 
0.40 
0.60 

0.0000 
0.0000 
0.0000 
0.0000 

0.0088 
0.0048 
0.0088 
0.0078

_ 

0.0101 

’0.00T1 
0.0015 
0.0022 
0.0034 
0.0039 
0.0055 

0.78 
0.88 
1.48 
2.25 
2.58 
8.85 

0.0018 
0.0010 
0.0021 
0.0023 
0.0083 

0.000000 
0.000000 
0.000000 
0.000000 

070000 ’ 0{0000UU 
0.000985 
0.000553 
0.001161 
0.001271 
0.004587 550 

800 
850 
700 
750 
800 

0.0TT7 
0.0121 
0.0134 
0.0175 
0.0184 
0.0214 

0.0064 
0.0060 
0.0065 
0.0098 
0.0097 
0.0116 

" 4.24 
3.98 
4.31 
8.50 
6.43 

iv 7.69 
B50 
900 
950 
1000 
1050 
1100 

0.0240 
0.0242 
0.0310 
0.0317 
0.0317 
0.0312 

0.0T31 
0.0121 
0.0179 
0.0171 
0.0158 
0.0140 'IT50 

1200 
1250 
1300 
1350 
1400 

0:0409 
0.0424 
0.0445 
0.0550 
0.0511 
0.0592 

0.0223 
0.0224 
0.0230 
0.0320 
0.0265 
0.0330 

1450 
1500 
1550 
1600 
1650 

0.0573 
0.0580 
0.0755 
0.0750 
0.0853 

'0.0294 
0.0283 
0.0441 
0.0417 
10.0503 

"“ BT69 050047 
_8.02 
11.87 
11.34 
10.48 
9.28 
T4.79 
14.85 
15.25 
21.22 
17.57 
21.88 

'19T50 
18.77 
29.24 
27.65 
33.36 

0.0056 
0.0032 
0.0036 
0.0053 
0.0054 
0.0057 

0.003095 
0.001768 
0.001989 
0.002929 
0.002984 
0.003150 

0.0064 
0.0128 
0.0136 
0.0093 
0.0049 
0.0096 
0.0142 
0.0080 
0.0222 
0.0211 
0.0162 

01002597 
0.003587 
0.007074 
0.007516 
0.005139 
0.002708 
0.005305 
0.007847 
0.004421 
0.012268 
0.011660 
0.008952 0TOT75 

0.0097 
0.0223 
0.0204 
0.0379 

0.0096/1 
0.005360 
0.012323 
0.011273 
04020944

\



i

V
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I

I

I

)

u

P 
A‘ 

Q»,

T

I

D

D

\

) 

I \ 

II:

I 

.1- ,--_ ».-o ll.- 
—' -' -' -.':r,|~1_"' .R:¥C.\ 1\".\J' -:. 

FILE NUMBER
0 

(>1-. 0 
.'* 

EHEKmF? m“~# #" ~ w=IP - 
\.\.4 \_|_ IJ E- 

.- .21 - i'- ' 7 '- Ln "'|{:77' \- : 

~ 'Hhfhm1 G? SFfi7Ch.= 0.0BETm) 

TPM_ 

__ ...--§.-.......___...___..._¢_-._......_ 

E."

- 

c 
u=z 

317 

("J 

:10 r:m 
I’-'1 

U "'1 
1 

_¢ 

[J
1 

F‘ 

§§E M@ 
I4 1-Ii 

~ :0 _— ~ C. C: u m w /\ 2 sq.) 

TED SHEAR.5TRESS NEE 
JE(N—m§ - (Pa) -u 

wfI

m
A LDSS_ EROSIGN RATE 

. s) (Ru/m sq — 

m0 
1-~. Q 
s-.. 

:; I-': 

Gun In ‘ ' ‘J 

E50 
300 

O.;uu£* 
Q: ‘ (_H_H_; ;;- 

H »m ¢_QQ 
0. 
0.00; 
0.0033 

0 11:! 

J 
F‘ 

m~J 

Li 

!'|

D 
»-. |_ 

)| 

G
Q 

.r:-FL); 

QQQ3 
L3 -__! (__3 ; 

‘.0? ('1' {'3 

0015 
001$

Q
0 
Q
0
0
1 

Q7‘ 
E0 
45 
53 
BS 
19 

Q
Q
0 
Q 
0
0 

,QQfiQ 
_GQQQ 
;QQQQ 
_QQQB 
.0007 
.0014 

Q 
Q
Q 
Q
0
Q 

QQQQUQ 
QQUQQQ 
GOQQQQ 
000332 
000367 
000774 

H Z) 1:3 
is 

-T3 

[4 

.1! 

C‘ 

"' 

gm; 

-I_I‘» Q 
$59 

. ‘) ,:\ 

O.DQ&i 
0,9959 
0.0079 
Q-G057 
0.0109 
5:? _ (:7 1 Z; -2:.

Q
Q 
0 
1'! 

Q
0 

$€TE 
0037 
0022 
1‘) Q I: 5 n "'4. 

0053d QQ 

0 
v A-
w _ 
7 _n
5 

BC! _l\.J 

45 
59 
72 
71 
24 

,,O 
(:3 

1')

0
Q
Q 

.0034 

.0081 

.0011 

.0012 

.0035 

. 0039

Q
0
0
Q
0
0 

001879 
004479 
000508 
000553 
001924 
002155 

550 
700 
750 
B00 
850 
W .3. ff‘ 

0.01;: * 

0.0155 
0.0212 
0.0244 
00.0250 
0.0279 

O
0
O
0
Q
0 

Gfifia 
ODBZ 
0125 
0146 
0151 
0158 

m¢~

B
Q 
10 
10 

SB 
44 
Z9 
E5 
01 
43 

(J1

Q 
O
Q 
Q 
(-3 

.0036 

.0083 

.0085 

.0106 

.0036 

.0127

U
0
C
0 
O
Q 

QQTEEB 
004587 
0O%EB7 
005658 
004753 
007018 

_'L '_? ’._l '._.* 

,Q5U ="$q 

|,..~_ 

|»4. 

|. 

'1 

|-~

. 

Di} 

7} 

‘CT; 

0.0;Cb 
0.0270 
0.0330 
0.0380 
0.0458 
Q_QG§Q

0
Q
G
Q 
<2 
2'5 
._, 

$31/5 
QZZQ 
0171 
QZCS 
0272 
0250 

ii 
14 
11 
13 
13 
17 

E1 
85 
34 
79 
Q4 
0‘-1'

U
5 
O 
0 
0
Q 

.007“ 

.0108 

.0095 

.0091 

.0118 

.0053

Q
O 
Q 
Q 
Q
Q 

00€G§3 
-\-r- 1-- uggfign 
005250 
605029 
005521 
005250 

‘I -' 
, 

'( 
4. ¢. D -J 
@300 
1350 
*400 
1450 
1599 

u.0@5D 
0.0463 
0.0435 
0.0545 
0.05éE 
0.6552

Q
Q
Q
Q 
Q
O 

0343 
0233 
0239 
0284 
0265 
-'> -.\ »" =: u~05 

TB 
15 
15 
18 
17 
17 

,n . 

45 
85 
SE 
8% 
57 

Q 
O
Q
O
O
0 

.6TBE 

.0026 

.0114 

.0115 

.0072 
_Q09$

Q
0 
L?

O 
(' -. 

4-I:..,r QUDJUE 
B04753 
008300 
',,'\r_'\H..-.- 
(_. ._n__)Q Q ._\ 
003979 
304270 _-4% - 

|.-v. 

M. 

u-~ 

5-A 

('1 !‘__ C 

33$ 
EQQ 
P T. .._ 

799 
Z750 
;E¢Q 

I1 : ‘| -‘s \T7'L.. 
'.-' 1 '4 ..' u \4 
o.0a7§ 
0.0526 
a.0v:s 
0.0753 
0 . 0'.-71 1

Q
0
Q 

Q 
' 3 

0;b3 
0341 

-. 

(:1 

If: 

_;| 

.1 

:.1 

[.1 

1.1 

"-mr1-n amass 

05¢; 

YB 
'7"? Q; 
‘T-~'J 
i-&- 
0-_w- L-\J 
'3/l L "i 
5. LU 

50 
68 
S4 
21 
Q7 
Q3

U 
Q
0

Q
O 

.0113 

.0180 

.0143 

.0127 

.0183 

.0054

0
O 
Q 
0
0
Q 

4;, 

.4 

'1 ouugéa 
00594 
00822 
007018 
C» H G 

E-* 

I-* 

m>~ 
U‘U 

r=> 
['41

v 

1850 
1900 
1950 
2000 
2050 
cl z

' ..UU 

L2 _ /' 2) 

0.0786 
0.0835 
0.0575 
9,9557 
1:) . 

(“](.‘- "'5 Q H ..\.1~_

Q
Q 
Q
0
0
0 

0341 
0344 
0351 
0362 
0337 
0377 

#1 ~e 
'7") 0'-& 

Z3 
25 
'7'? 
1.1:. 

Z5 

B1 
B1 
S4 
33 
35 
Qfi 

0
Q
0 
O 
0
0 

.. U 1 UL) 
.0170 
.0117 
.0149 
.0077 
.0157

0 
0 
O 
0
0
Q 

005:; 
ODQGBS 
303466 
008234 
004255 
Qqgvwa ~'~..

J 

¢a:0 
3200' 
2250 
2300 

0.05:: 
0.0528 
0.0944 
0.1055

0 
O 
O
0 

0318 
@537 
0325 
0Q13 

H1 LL 
'9') I-1- 
"5 I-A 
27 

Q9 
35 
75 
29

0
0
0
0 

.0088 

.0109 

.0130 

.0410

0 
0
O
O 

004EE“ 
00BOE= .1‘:

L 

007124 
022557



QWiMW§LHE§M9fW§filElE§lm§H§§§_§E[E§§ Dnfl V 

E Sample No. Critical Ehear RPM at 
3tress, Pa Unset 0? Erosinn 

|-4 

1-11-4|-=1-= 

1"-J!--"*U5I!“*~U".n-fii.-'-I 

0.¢a 250 
1 , E13 I'_‘§;1j):j1 

1.62 400 
0.71 :50 
0.90 250 
1.71 450 
C! . 77 1 5'13 

0.58 ' 250 
2.82 400 
“ Q1 "HM xi = '. ~...|-..- -.- 

—vI—A 4.0a 559 
“VI~B 2.1? 406 
13 H1 E50 
14 
15:- 

1? 
18 
19 
EU 
21 
kw 
24 
E5 
E6 
E8 
29 

(I) 

.~.§ 

.R- 

1-+ 

ll

I 

73 650 
L) '. (:3 

C=Gi

I 

l 

I 

33 

C0 

' 

.3 

.3

5 

-= 

>.~. 

._. 

.-_. 

.13 

U! 

‘"2 

{"1 

—f 

... 

- ..'-- .nI_~.._ ' 

1.37 350 
1.Q4 EDD 
1.01 E58 
Q_£@ gmu 
1.19 350 
1.1? E50 
2.43 EGO 
1.UE E50 
7.05 650 
8.18 759



f-.'-1.5" i ..€'.f%_fLE_ifi 

‘Sample N0. Critical Shear RPM at ’ 1 
- . Stres%. Pa Onset of Erosion

1 
4-, 
41.. 

4 . '7 7'50 
3.81 500 
7.47 85¢ 

. é»C! 7C!iI> 

6.61 750 
3 . CM’: 4550 
17.¢b IEUO 
7 . IE7 131 ‘?5iiC-\ 

"I" 
.__'. 

U§\D‘-U?-.5 

..‘. 

5eFie Q PER 

Series EC 

g 6.19 7G9 
1.7? 35$ ._,. 

._*. 

4 4.18 550 
' 4.40 55G 

5.04 $50 
4.91 700 
5.44 ass 
4.71 406 
9.7€ 959 

fr 

‘II 

\_§ 

2'} 

;_.|.|»-=;..¢ 

pa. 

J- E.5E 450 

5% 
55 
E: 1531 

ff: E5 

7% 
7E 

1 . 71 40¢: 
2.28 450 
1.21 300 
i.4é 25$ 
0.99 30$ 
0.53 200



.F:;.;Z?...1§ 
U d - 1‘ '“* '*" = ' 

\ *»H:@ fl"a ierrt 

S@Fi@a_P$ 
TI. 5!. :2 

= 51 x 
‘-apie Mm“ hrmal 

1 -:::- 

1 O"1?3 
E H.143 
4 @-> . 2&0 
5'-'; {'11, "'=f;<"'-L"~"; 

490 
? O.2ifi 
8 $.50? 
W U.l41 

11 0.152 
12 0.158 
I~VI~fi 0"i97 
I~VI~B Q.U&H 
13 ~O.fi1$ 

D42 
140 

G U. 

1i O. 
lb 0. 

Q 1? 0.194 
..,_. ...,. 18 U.&/J 

iv Q_3QQ 
ED 0.341 
Hi Qnfififi 
xi ~_'I= U . 8'13 

E4 U.454 
I"'1 

I. I ,, NH M ofiw - »J .-... 

..:f-ts U . 

if C‘ - 

*9 1 . 

‘==; 1"»
. 

5Y1 
(_.I l__l l_J 

T‘ F31 (“J ,|_._- 

=~ = 1&5 

CH": F 

L-=. 
9*‘. 

(_) , _./ L.‘ 

0 . ‘"’ *1" 

Hub? 
F. __. 0 .. ‘+2! 

0.88 
0:31 
<3 H 7.159‘ 

@_70 
0.?i 
Ouéb 
Quqfi

= ,_¢ 

.. 

,_-. 

Ci‘ . --- .. 

0.15 
U ,, l:_‘:1(“L" 

U H 2;; -_ 

U.EE 
U. 41 
'-..J .- .1 ".-"' 

-"'1, -1 ~31 

U,b@ 
“ “C? _. .-. ;___ - '_F 

U.u¢ 
fi.7? 
III! , III) 

C1 "3:4 
(II! . 

%at@ Uradiant Cue¥¥icient m? 
wtewminatinnq P”



Sample No. Ernainn Hate fivadient CQe¥¥icient 0% 
a1 H 10”” - Uetermination, F2 

7 Seriea PBH 

1 U.Dé7 O.$$ 
E fi.U42 0,53 
3 0.160 0.75 
4 0.225 0.55 
5 0.963 0.5? 
5 0.051 0.26 
" 0.044 0.47 

O.UUQ 0.0% 3'» 

fieriea FEB 

O.34$ O.fiH 
w. _ m O.131 0.3? 
# U.U@4 0.2? 
5 0.057 0,33 

V . 
_ ....,. _ .. _...., C.‘ 

'5-'1 U - 1- / 4‘ U - .-; ;-' 

7 0.16? 0,@4 
. _,_. _ ,_ ,,_T H w.¢u@ U.1/

1 

1- 

IQ Q.UDS U,QQ 
ii 0.303 0.?& 
1? 6.107 0,05 

5arieE QC 

fig ‘ 0,457 @_74 
SB 0.254 $.31 
bé Q,Q5Q Q_13 
éfi ~O.5Q3 0_@5 
7% 0.485 0,54 
TB 0.327 @,54



§§[1§§Wfi§ N0. U? Samples: 2? 

1 Es<I>r1i' . 4 1 

_ RPM fiverage Shear Hverage Erosinn 
$treaE§ F5 Ratfi, 20 m“2 2"‘ 10”“ ~_.- 

.,

\ 

C) . 161 
(:1 ,, BC‘ 
7.5? 

150 0.51 
ECU.) C3 . 74 
250 0.05 
500 1.31 
350 1.71 2. 
400 2.10 10.20 
450 2.50 15.57 
500 5.20 15.41 
550 3.21 22.12 
000 4.74 20.70 
050 , 5.52 20.20 
200 0.02 10.01 
250 7.21 25.70 

31.20 
050 0.05 54.53 
000 10.02 31.72 
050 11.10 54.00 
1000 12.50 Z "= 
1050 12.50 55.22 
1100 14.00 24.22 
1150 10.50 52.20 
1200 15.25 50.05 
1250 10.10 ' 55.04 
1500 10.00 20.25 
1500 12.55 22.00 
1 4-CFC-‘ 1 . 354 . 4-61 
1450 24.24 21,33 
1500 25.51 35.00 
1550 20.17 52.07 
1000 25.00 24.80 
1550 20.01 31.02 
1200 20.17 25.42 
1750 24.54 10,50 
1000 35.85 154.71 

48¢ 

.5 \-. H 
. 

1: 2'

" 
1».



RPM 

35$ 
qfifl 
450 
50$ 
550 
$09 
$50 
'}"1:31'_') 

750 
500 
$6Q 
QQQ 
95$ 
1QOQ 
1050 
1 1011! 
1 1 iii} 

1200 
1250 
1300 
1350 
1#UO 
1450 
159$ 
1550 
1 .f;»(:!1I_'_) 

1550 
1?Q0 
175$ 
1300 

N0. of Samples: 18 

fiveraqe Shear Qverage Erosion 
Qtreaa 

1.57 
E.fi1 
3-44 

\U 

U-9-#.

‘ 

._.-, 

U1 

:--'- 

42- 

{'1} 

:3-._ 

CF 

~_ 

__C: 
'_- 

‘ 38 
7.01 
7.51 
8.77 
C9 . '2'-E1 

10.81 
11.18 
13.08 
13.5% 
14.73 
1&.55 
17.73 
1?.i5 
1Q.bU 
24.38 
21,3? 
23.73 
E7.é1 
28.84 
E7.fi5 
31.55 
'2" "T l'-‘T 1"" 
-.:- ~.;- . ...| ".-" 

, Pa Hate. kg 

U. 
Q, 

Q, 
O. 
1. 
1. 
8. 

/‘ 
4 u 
..:,. 

-...' u 
r-~, 

..-I-. u 

1. 
4“ 
2:- 
h.-. I: 

4_
H 

7fiE@~3

. 

=. 

.11.. 

?. 
9. 
B. 

.-2-, 

.|1_ 1- I 

14. 
ifi. 
"1 ‘Z’ 
..".. -...' = 
_......,. 
4;’.-_I' - 

1:: 
;..'t>.‘ II 

1'1. is" 
.|'_ I I 

m.._ 

4.5 
|"_') '1»? 

_-" $1 
bfi 
__1. 
-_'X .-:1. 

IQ 
74 
Qfi 
51 
45 
46 
bfi 
U1 
77 

34 
11 
35 
64 
25 
B5 
fifi 
41.; 

35 
U5 
Eh 
?2 Mm 
..~; .7 

HQ 
82 

E =“1 m 1fi““



§_*;1.%.!jf:.§i..%s%.§.-_.’~‘é.¥}?.£ 

-_ r\"1"1=-1-1 

1:3 (I1 

250 
300 
350 
49¢ 
450 
fiqo 
55$ 
6;. (I1 1:1 

65¢ 
700 
750 

{'1 III) 

Bfifi 
cj?‘ III) If) 

Q59 
1 Q C! 11:) 
103$ 
1100 
1150 
1 11:1 1:1 

1256 
1309 
135$ 
1400 
1450 
1560 
1550 
léflfi 
1&5O 
1700 
1750 

N0. Q1 Samples: 6 

Hveragm Shear fiverage Ermeion 
Etress, Pa Rate. kg m"2 2”‘ x 10”“ 

0.62 
$.91 
1.10 
1.21 
2.11 
2.55 
2.94 
3.60 
4.82 
5.22 
6.24 
7.33 
9? ,, -111111 

10.3? 
10.9? 
12.99 
1 . T1 

13.40 
1?.OE 
14.81 
1c.Ub 
1?.?4 
20.12 
21.HO 
20.98 
E1.W7 
21.93 
2&.47 
25.09 
19.6% 
24.97 

1.] , 

7. 
4. 
5. 

16. 
13. 
16. 
14. 

_..._.l ,..:. 

.c1.. .|Z.. u 

Eb. 
-'"_\ L1." 
.|:.. -...| - 

4 . 

111 . 

r:=.=;@1;- 
., 

'1? . 

-'1-:1 . 

..

. 

1;» 1 _ 

=9 . 

1 1:11.»:-1 . 

1 2."-5 . 

121:2; . 

iO3. 

55 
74 
8$ 
43 
§H 
13 
S7 
-"1 "IT 
AL. ~.-I 

1 "2"

7 
*2’ 

‘.9’? 

e- 

4 1 
zr -1; 
\.,.l.<_' 

es;
1 

22¢ 

21 

15 
47 
17 
15 
EB 
EU 
47 
71 
7?
52



€f“.!.E‘_E'.?.'T—.f.i.‘.%.'..'1.1.}?..1..?Z._J§..:..f§i..._: .... 

-. 
...... 

a‘l ?0u 
7: T“? 

RPM UNCUHHECTED CURHECTED SHEQR STRESE 
TORQUE TORQUE 
(N--~m :-: 1C!"'""‘}1 (N-—m :-: ].iI1““3) 'iF'a3 

513. O .. 1'5? 

lfifi O. 
150 

E50 
(Ii 11:1 

350 
41:11:? 

4 E; C! 
» E5 \"_I1 (1 

550 
.5‘; (I) 11:1 

r’- 526(1) __- \... 

QQQ 
850 

=11 ~:‘_'> 

51) 
1 1:11:11) 

1Q5Q 
1 1 £1111- 

1.15£1 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1 5.11111) 

1650 
1 7111C) 

1750 
1 $3631.12 

1850 
1 C7901‘) 

1959 
2000 

I—~.:

. 
J1‘-\j 

0.1 
0.4 
0.9 

-u_n \ 

:- 
-.Z- . in 

4 . 

6.3 
7.€ 
Q.5 
11.4 
13.4 
1 . 

17.? 
EU . 115 

af-. -- 
-*-_.\:- 
.-:_ -.1 .- 

,_l 
,.-. 

‘-K 

.-

I 

3

I 

“*5 

5-‘ 

-{E 

‘T: 

13.1%? ,, (:1 

43.9 
4b.E 
5Q.5 
54 .. is 

. 4- 

BT . 
_ 

. _..... 

-_ u .11.. 

67.3 
C1 

76.6 
8fi.9 
85.6 
91:) ,, El 

94.5 
99.5 

104.5 
109.B 
114.9 
1E“ 
136.1 
131.E 

1'.-1 

1m-::> <1 4 1. *3 
"

1 

E.B 
3.7 
4.6 ‘ 

5.fi 
53.8 
B.1 
9.5 

1@.f 
IE. I 

... 4.. . 
l--1 

I}

I 

16.1 
18.0 
‘T-‘ r") 1'") 
-n-'.. I -. 

EE.b 
E4.4 
,.. 
.-; 

-'.-4

.

. 

g

\ 

.. 

.

. 

'1 

P: 

L.-L 

1-; 

~b 

3* 

w

-

~ 

":1 
..~.‘?' . 

31 

36. 
40.2 
4111' . 7 
45.8 
45.7 
51.2 
54.2 

. O 
59.5 
62.5 
65.5 
55.? 
?E.O 
75.1 
78.7 
81.5 

(11 , Q 
0.44 
Q_5¢ 
_.94 

-. 
' 

~,-- 

Z-K 

"‘= 

I 

,.

= 

: 
_._ 

g‘ 

_.

. 

~:2~ 

4... -.. 

2.87 
E.4@ 
4.24 
5,05 
5.93 
6.74 
?.B& 
8.WE 
1U.U5 
11.23 
12.49 
14.10 
15.23 
1&.Q1 
1€&.1é 
19.W1 
21.5% 
23.03 
25.0? 
E¢.éE 
28.58 
30.3? 
31.?5 
33.82 
35.57 

. 1 

<:><:> 

4-:1. BB 
413 . CHI) 
44. =22; 
4/5. 
4%». 1 1 

5:11.85



§;§..'I*..E‘.......§§.9kL'IUf!.D.%?_§.E_Xi:-g.E._}_:.§?.Q.-..E?flL..-.§Q.:Q-;.E.§!..il.. 

§i§.?.=.Ii.....£ff3‘ II...'.1f}';"’}f.‘l...-.F}§.fY_E.§..!§'.}§?.!§!3..,_!§l?§?..::.....-..§§ 

- '" **-**‘ mfi CMRHECTE? SHEAR J RPM UNLURHhCTEL U 
_

1 

5 TORQUE TORQUE 
(N—m m 10"“) (Nmm x 10'“) (Pa) 

50 
1G0 
15G 
EQQ 
ESQ 
3&0 
350 
400 
4 E} 11:) 
EQQ 

0, 
(I) _ 

1.
W ALIW 
5. 
E. 
8. 
9. 

11. 
550 13. 
éfifi 
65$ 
";.7<jm 

§ 
YEQ 
B00 
EEO 
90$ 
QED 
1090 

16. 
18. 
E1. 
H4. 
E7. 
$0. 
..:,. .._.,. 

.__'1 .__:x u 

E7. 
41. 

1050 4%. 
1 1 (:3 (:1 Q8. 
1159 52. 
1?OO 56. 
1250 
130$ 

51. 
55. 
....J- 1“Wfi /Q, 

14QQ 
1450 
159$ 
1550 
léfifi 
1650 
170% 
1750 
1800 
1850 
1WQQ 
1?50 
2009 

74. 
7%. 
84. 
89. 
95. 

109, 
10$. 
112. 
118. 
124. 
131. 
IEQ. 
142. 

.1‘- 

.7

5 

(I) 

.11. 

<9 
"F 

(I?

é 

L) 
.-~-_-, 

.r_'..

4
5 
I].

Q
5

1
Y 
,...| 

.1’-

b 
{;H 

.--, 
-II.

Q 
as

1

4
1

4 
,._, 
._;.

9
Q
é
9 

0.1 
0.4 
1.0 
1.& 

3511;
Q 4. 

5.<:> 
C5 . 1:! 

fine 
1.1:-.1 

11.7 

11.5.3: 
17.4 

'"1=-23.7L 
31.0 
'1" "Z" E‘: 
._'I.___'n , ‘__) 

1;/J. 3""

7 
e, 

42-3. 
422. 7 
2'11 . 

"1 

. 4 
4. 1 . as 

@@.=.=s.; . 1+ 

-:,<;/. 1 

. 4- 

., 4 

.. 0 
:25. 
aw . 

"9111. 

Q _ Q5; 
C1. IE4 
‘-3 . 651 
0.98 
1.41 
1.77 
$.45 
%,Q§ 
-.é?
A 

U!$

H 
T'fi U-# 

$.18 
7.16 
8.26 
q.3& 
1U.fi5 
11.93 
13.E$ 
1fi.4$ 
17.D7 
17.56 
1$.9? 
$U.5U 
2Q.#b 
% Wm 
4;. || .c.. I 

Eb.O7 
27.94 
29.BG 
31.3? 
33.78 
E5.?3 
3?.BE 
46.92 
42.28 
44.91 
47.36 
59.18 
52. 513 
54.5% 
57.03 

STRESS



F‘ » 1 
"-"> 

CQLIBRQTIUN PYiINUFH NW.3 ... ..4 ... _... ... 

— 
A - 

2 RPM UNCURHECTED CORRECTED SHEQH ETRESS 
3 TORQUE TORQUE 
M (Nwm N 1O”3) (N"m H 1Q“3) (Pa) 

50 
1 (:1 (:1 

150 
QQO 
flqn 
3&0 
EQO 
400 
450 
500 
550 
$00 
55¢ 
yum 
750 

1 - 
$_-3-ijaijl 

850 
Q90 
Q50 
1600 
195$ 
1 1c'_'><'j1 

1150 
120$ 
1250 
1EUQ 
1350 
1 11!-111:1) 

1450 
15QQ 
155$ 
1 531.130 

léfifl 
1 7130 
1750 
1BQQ 
1850 
1900 
1950 
206$ 

U, 
Q, 
1. 

'1 
._-- ,, 

£1» . 

8. 
1 (:3 - 

1Q. 
14. 
17. 
EU. 

R6. 
U ,, 

-.11 -." =¢ 

...,. , 

6': ., 

40. 
43. 
.47. 
51. 
56. 
61. 
(:16:-. 

7U. 
76. 
81. 
87. 
93. 
QR. 
104. 
111. 
118. 
125. 

A 

13-1. 
137. 
144. 
152. 
15?. 

F‘) 
.|I_

7 
5 

‘~11-~*~J|i_l'§ 

.7. 

.__n 

- ,,. 
-_:X

6 
8 

G 

3 
"" 

U!

1

1 
-;, 
._'.

Q
E 
1:!

Q 
.1...

4 
*7 

(I) 

<9

4

B
4 

1-‘- 

U‘@8~'} 

P 
\§ 

Q, 
O , 

1. 
1. 

.-—_, 

.|'_.

H 
1+. 

-UC£§?3*LT§ 

1:

n

n 

11. 
13 
15 
17 

r~ . .\...~ 

-_- I";- 
.,:.. 1'. 

E4 
W? 
.4... .~

u

a

u 

EB. 
$1. 
34 
17 -_J.- u 

41 
44. 
43>". 
..1.'. .1 

55 
59 
£9 3} 

657

a 

71. 
7G 
81. 
E C’:- 
90 
Q4 
9?. 

105 
10?

u

I

1

4
O
6 
.-—, 
.|7.. 

-=br*P*O 

-1’l= 

U’ 

-T‘ 

.:._ 

...,.

Q 
_...| 

.41..

&
0
7
1

Q
4 

~I.1\U”r-*-:’l"Ll"*-'“\!C§\i-"é£?{l1--.1 

-1 

"I" 
.,_-1

7 

(1,. C15 
C1. '24 
6,59 
C1. 91‘;- 

1.33 
.1.B1 
2.4? 
3.07 
3.B& 

82 

1»-'-5-* 

..:@~¢0an@ . 

..

. 

Nm 
B7 
Q5 
.-7, :—_, 

I .|'_ .\'_ 

,.7H 
1.17 
13.37 
14.8E 
1&.E7 
1?.§Q 
1H.?4 
Q@.45 
QE.Hfi 
24.5? 
E7 . C1§.‘.’i 

§@.%é 
3Q.@é 
33.55 
361:. 1:11-L‘ 

33.37 
4Q.4E 

. ‘:17 

4&.Ofi 
48 . B6: 
5§.17 
54.64 
57.17 
59.82 
fi§.43 
-Sb. Q8



sq 
.... 

§=-.~§!1~fl ~..§1_,.@5>.._t:.l;.£;L;.&2.tu..L - 

; RPM UNCURH 
5 TORQUE 

(N—m 

E; (I1 

1 O if.) 
150 
O II) 

25$ 
EQQ 
350 
4 KI) C! 
450 

=1‘) (I) 

» E1; ff; cj! 

596 
611- i’.‘i\ (If! 

700 
v?5O D EZf.IHIl.\ 

B50 
1:) £1) 

950 
1000 
1050 
11Q0 
1150 
1200 
1250 
1 if?-KI) 

1 ?5iI.\ 

'14OQ 
1450 
1 5111(1) 

1550 
1 .5;-('_‘)O 

1650 
1 7 CH'_') 
175$ 
1800 
1850 
1 (9:10 
1950 
?Oflfl 
_'f...I_l 

¢4»@a_ 

O. 
1. 
-'1 
..:_ . 
'11- 
-..'- . 

--3 

~‘~U 

\1 

1.-. 
15. 
18. 
E1. 
E5. 
E9. Wm 
$7. 
4U. 
44-. 
453.. 

$4. 
59. 
(54. 
'l1":f:>. 

E323. 
99. 
C955. 

IUE. 
114. 
IEQ. 
129. 
13$. 
149. 
157. 
1&5. 
176. 
].€§é>. 

195. 
EQB. 
219. 
EEH. 
EE9.

4
1 
rq 
JL

7 
..,. 
. "|

9

1
w 
.£_

Y 

a~@~.0~c~:~na1~.bn- 

.-, 

E. 
.___s 

:21 
£_

8 

73?3“E.fi~Z.‘=~G*"~$';‘.'

4
7
5 

\; :1 

ECTED CUHRECTED 
TORQUE 

10””) (N—m x 10”’) 

'-..1 . 

L) , 

1. 
If; 

U‘:-lb 

11. 
13. 
ié. 
19. 

E4. 
EH. 
-_l'r\..3 . 

FT JQI 
.. 

4U. 
44. 
5¥E§. 
5?. 
('1:-4 . 

7Q. 
77. 
Qfi. 
CHI) . 

9&. 
1 (:30 I1 

IQQ. 
117. 
IQ4. 
13$. 
139. 
147. 
154. 
1&5. 
174. 
1 E3 1 . 

IQW. 

-;. 
._;. 

-:»‘
.¢

8
Q 

C}

5
4 
r? 
if 

*0

Q 
7 
1r 
.__:x

é 

"-.» 

C‘ 

CI" 

U! 

‘-! 

-:5 

41- 

Q3

r 
.;

Q
1

7 

!3*i’_F:~UD'“

9

5
1 
t: 
%J 

’ SHEQH STRES$ 
(Fa? 

0.13 
0.47 
1 . U‘-:3 

1.65 
3.35 
IE1 _ (151, 

4.3O 
. ISO 
5? 

,, Di] €3lI¥U‘- 

'3‘ fl 

1 1 . I‘3iCl* 

13.07 
i4.é& 
15.8? 
1?.83 
1?.?B 
21.b& 

4- . 1": h . 1 

,_ . "T 
..-f».‘.'.'- . 1 ~;:- 

E@.&& 
E5.@§ 
37.7H 
41.55 
45.3? 
48.38 
53.0? 
56.50 
5B.9fi 
é4.E7 
éQ.E8 
?$.34 
7?.O5 
82.11 
8.5:» . E48 
?l.17 
97.41 
193.71 
105.59 
111.54



"R '_ _ .. m... .. 

I) 

CQ1IHRQTIUN CYIINDEH NU.5 
Hand Hhuflhnesk F ' 4 H mm ( 3.0 p — \.. . .- .... . .._ .wu 1 .. .. .. . . 

.......... ............. ...........-..._..... 

Q RPM UNCURRECTED CORRECTED SHEQH 
_ TORQUE TURQUE 

~ (Nmm M 1O“3} (N~m x 10”” (Pa) 

53 
100 
150 
WHO .:_ .. . 

25m 
C‘: if) 

350 
40$ 
4 (I! 

50$ 
550 
5 (f_.\ (I) 
650 
709 
?50 
BQQ 

C! .. 7 (-3 . (:1 

1.7 1.4 
T.fi 3.0 

1!"-_? 

?-~_'% 

H 

r-~ 

“I-1'1-Ii-'-9*‘-_='_‘i3§'_'§i. 

- 

.-.=. 

\§ 

-J1 

-8 

"-J 

~13 

~'3 

P-*1-- 

-7°'=;\lLT! Elli 
'-18‘-55:‘ C r.. 

:- 

1%.? 
. - 131:! .. 61> 

dl 26.1 
Efi.“ T 4 
43.0 $6.9 
51.5 44.& 
5?.7 53.0 

114.3 105.5 

=\. 
4i 

Fl . 

313.5 EOE.7 

(:1 ,, ff; §'_"Tl 

.U.7éJ 
1-5:4 
2.73 
4.04 
5.79 
7.BC 

113.1-1'1 

11.H% 
14.Q5 
17.14 
Ifi 14 :l 
'. -> n 

$4.34 
28.38 
57.64 
111.19 

Maximum tmrquemaensmr load reached at M = B00 F 

~\ 

STREEE

pm


