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silt, and clay in these three soil types are presented in Table 2.1. The samples were
collected in a Shelby tube and the experiments were performed using a rectangular flume.
The main objective of this study was to determine the soil erosion rates based on soil
type. Analysis of flume experiment results obtained for the same soil types collected from
different locations showed similar erosion rates. Soil types 32 and 33 had similar
compositions and the results obtained indicated similar erosion rates.

The critical shear stress, the shear stress at which soil erosion begins, obtained for
Soils 20B, 32, and 33 were 0.086, 0.069 and 0.072 psf, respectively. Soil 20B showed a
higher resistance compared to Soil types 32 and 33 and had the highest critical shear
stress value. A higher critical shear stress for 20B was expected because 20B had the

highest clay content among the three soil types selected.

Figure 2.1. Major Watersheds in the Saint Louis Area
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these watersheds. All the water from these three watersheds drains in to the Mississippi
River. During the previous research, different soil types along tributaries in this
watershed from the Missouri Cooperative Soil Survey web site hosted by the Center for
Agricultural, Resource, and Environmental Systems were studied and the entire length of
each creek was analyzed to find the different soil types present along the streambanks.
The three most commonly found soil types were selected for study and were collected
from the streambank. The soil types selected, 20B, 32, and 33, were collected from 12
different locations. The soil composition of each of these soil types as given in the NRCS
Soil Survey Map are presented in Table 2.1 in Section 2.2.The locations of the soil types
were verified by checking the coordinates using a GarminV GPS. The sample collection
locations for each of these soil types along with geographic coordinates are given in
Appendix A. A detailed explanation of the watersheds can be found in the study by
Krishnan (2006). The samples were collected according to the ASTM (D 1587 — 00)
standard practice for thin walled tube sampling. The Shelby tube was driven
perpendicular to the streambank to the entire tube length (10 in) using the Shelby tube

Header shown in Figure 3.1.

Figure 3.1. Shelby Tube Header
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Figure 3.2. Extruding the Sample Using a Hydraulic Press at the UMR Geotechnical
Laboratory

To determine the soil’s water content, samples were weighed before and after
oven drying. Three or four samples of each soil type were tested. The percentage water

content determined for each soil type is given by

uﬁz—%xlUO (3.1)

where w is the percentage water content, W, is the weight of water, and Wy is the weight
of the dry soil sample.

3.2.1.3 Unit weight test (ASTM D 4254-91). The unit weights of the natural and
prepared specimens were measured by weighing the specimens just before the Direct
Shear tests. The specimens used for the Direct Shear tests were of standard size (diameter
63.5 mm and height 32 mm) to determine volume of the specimen. The wet and dry unit

weights of the specimens were determined as follows:
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Figure 3.3. The GCTS Direct Shear Apparatus

A graph was plotted with the normal stress applied along the x-axis and shear
strength of soil along the y-axis. From a linear fit of the data points plotted. the cohesion

of soil specimens was obtained. The linear fit obtained is expressed as:

lnax = € t O tan P (3-6)

where, tmar = Shear Strength (kPa)
¢ = Cohesion (kPa)
¢ = Normal Stress (kPa)

@ = Friction Angle






26

Light Source
7740 1
:-'\ g i
479 _-‘
i . . a | |
T * if‘.."‘
5 . I ’
\\ 16 = Shelby Tube Sample
I Fisan
-
=1
SIDE VIEW
479" 7 Sensors
. L5 | =R GRE Ty
¢ & T
M, i _
& & P ‘E/"/ . o
o Fl
o i :D: / . ,// % ‘ ow Direction
° i
- 307 -
TOP VIEW

Figure 3.4. Schematic of the Flume at UMR Hydraulics Laboratory (Prepared by William

Otero Benitez)




The speed at which the piston pushes the soil sample depends on the rate of
erosion. The position of the soil sample, i.e., the position of the piston, was recorded at
preset time intervals by the LabView program. An ultrasonic flow meter device,
Panametrics, T878 is used to determine the velocity in the pipe. About one inch of soil
sample is tested for a particular shear stress. When one inch is eroded, the shear stress
applied on the soil sample was changed by changing the flow rate. Whenever the flow
rates are changed, flow is allowed to stabilize before recording the measurements. The

photograph of the flume shown in Figure 3.5 shows the flume, flume inlet, flow meter

and the back pressure valve.

g I3 ? -2 L

Figure 3.5. Photograph of the Flume at UMR Hydraulics Laboratory
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Figure 4.1, Shear Stress vs. Shear Displacement Plot for Soil Al at 150kPa Normal Stress
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Figure 4.2. Shear Stress vs. Shear Displacement Plot for Soil A1 at 200kPa Normal Stress
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Figure 4.3. Shear Stress vs. Shear Displacement Plot for Soil Al at 300kPa Normal Stress
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Table 4.5. Shear Stress and Erosion Rate Results for Soil A4 (Cont.)
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Soil A4-4#2 2.58 0.04 1.12 1.12 | 266 0.00
Soil A4-4#3 3.38 0.06 1.12 1.17 | 301 0.06
Soil A4-4#4 4.20 0.09 1.19 1.50 | 315 0.36
Soil A4-4#5 4.39 0.10 1.52 2.61 | 373 1.05
Soil Ad-4#6 4.92 0.12 2.79 3.41 | 184 1.21
Soil A4-4#7 5.67 0.16 343 4231 119 2.42
Soil A4-4#8 6.15 0.18 432 4.93 87 2.56
Soil Al1-Ad
25 = |
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Figure 4.5. Erosion Rate vs. Shear Stress Plot for Soil Al to A4

Soil types AS to A8 were prepared by changing the water content while it was

attempting to keep the unit weight constant. These samples were also tested in the flume

and the results were plotted to see the effect of water content on the erosion rate of soil.

Tables 4.6 to 4.9 give the results produced in the flume experiments for Soils A5, A6,

A7, and AS8.
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Soils A5, A6, A7, and A8 were prepared by varying the water content. The
variation in water content was difficult to obtain in the compaction process because the
samples with high water content tended to stick to the compactor. Hence, it was difficult
to achieve a uniform depth for each layer compacted. The water content in these samples
varied only from 12% to 16%, which was too small when compared to the variation in
natural soils. The natural soils were found to have water contents higher than 30%.

Figure 4.6 shows the graph obtained for each of these soil types.
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Figure 4.6. Erosion Rate vs. Shear Stress Plot for Soil A5 to A8

4.1.2. Soil Type B. Soil type B had a composition of 45% sand. 35% silt, and
20% clay. This soil was used to prepare four different sets of samples at different
compaction levels labeled B1, B2, B3, and B4. A summary of the properties of each set is
given in Table 4.10.















Table 4.14. Shear Stress and Erosion Rate Results for Soil B4 (Cont.)
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Soil B4-3#1 6.63 0.21 4.20 5.78 | 322 1.76
Soil B4-3#2 577 0.16 5.84 742 | 336 1.70
Soil B4-343 3.96 0.08 7.42 745 | 310 0.03
Soil B4-3#4 4.50 0.10 7.45 8.13 | 506 048
Soil B4-3#5 5.32 0.14 8.17 8.70 | 224 0.86
Soil B4-3#6 6.09 0.18 8.75 9.71 | 180 1.91
Soil B4-4#1 2.74 0.04 7.44 744 | 389 0.00
Soil B4-4#2 3.17 0.06 7.44 744 | 410 0.00
Soil B4-4#3 3.83 0.08 7.44 749 | 378 0.05
Soil B4-4#4 4.60 0.11 7.49 7.94 | 291 0.55
Soil B4-4#5 4.92 0.12 8.01 8.83 | 240 1.22
Soil B4-4#6 S5.11 0.13 8.84 9.71 | 194 1.62
Soil BI-B4
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Figure 4.7. Erosion Rate vs. Shear Stress Plot for Soil Bl to B4

4.1.3. Soil Type C. Soil type C had a composition of 35% sand. 35% silt, and

30% clay. This soil was used to prepare four different sets of samples at different

compaction levels labeled C1, C2, C3, and C4. The summary of the soil properties of












Table 4.19. Shear Stress and Erosion Rate Results for Soil C4 (Cont.)

Soil C4-1#8 10.72 0.49 5.53 5.93| 314 0.46
Soil C4-1#9 10.27 0.46 593 6.18 | 364 0.24
Soil C4-1#10 7.69 027 620 6.32| 314 0.14
Soil C4-2#1 7.03 0.23 5.69 5.81 | 565 0.08
Soil C4-2#2 8.62 0.33 5.81 6.35 | 783 0.25
Soil C4-2#3 10.75 0.50 6.35 7.19 | 719 0.42
Soil C4-2#4 9.77 0.42 219 8.02 | 737 0.40
Soil C4-2#45 11.50 0.56 8.03 8.91 | 709 0.45
Soil C4-3#1 6.04 0.18] 556 6.38 | 859 0.34
Soil C4-3#2 4.10 0.09 6.38 6.76 | 785 0.17
Soil C4-3#3 5.11 0.13 6.76 7.06 | 635 0.17
Soil C4-3#4 6.17 0.18 7.07 7.49 | 654 0.23
Soil C4-3#5 7.48 0.26 7.51 8.31 | 827 0.35
Soil C4-3#6 9.02 0.36 8.40 8.97 | 556 0.37
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Figure 4.8. Erosion Rate vs. Shear Stress Plot for Soil C1 to C4
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Figure 4.9. Erosion Rate vs. Shear Stress Plot for Soil 20B from Deer Creek

20B Creve Coeur Creek
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Figure 4.10. Erosion Rate vs. Shear Stress Plot for Soil 20B from Creve Coeur Creek
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Figure 4.11. Erosion Rate vs. Shear Stress Plot for Soil 32 from Creve Coeur Creek
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Figure 4.12. Erosion Rate vs. Shear Stress Plot for Soil 32 from Grand Glaize Creek
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33 Gravois Creek
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Figure 4.13. Erosion Rate vs. Shear Stress Plot for Soil 33 from Gravois Creek
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Figure 4.14. Erosion Rate vs. Shear Stress Plot for Soil 33 from Deer Creek
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Figure 4.15. Erosion Rate vs. Shear Stress Plot for Soil 33 from Creve Coeur Creek

The detailed soil analysis calculations for the natural samples are provided in
Appendices C to H. Most of the natural samples tested were comparatively homogeneous
and, hence, the results obtained showed an increase in erosion rate with increased shear
stress. Some of the data obtained for certain samples showed a very high variation in the
erosion rate compared to the other values in the same dataset due to the presence of rock
or roots in the samples. These samples experienced little or no erosion compared to the
other samples tested from the same location. The correlation of shear stress to erosion
rate was poor and, hence, did not match or come close to the other results. The analysis of
soil erosion when roots and rocks are present is beyond the scope of this study, so those

results are not presented in this report. Detailed analyses of the results, including

statistical analysis, are explained in Section Five.
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Figure 5.1. The Data Removed for Soil 33 from Gravois Creek

5.2.1. Prepared Soil Regression Analysis. Polynomial and linear fits were tried
for the data sets. The linear fit was found to be the best for all data sets. With the
exception of Soil C4, the samples prepared in the laboratory had an R-squared value
greater than 0.70. For soil C4, the R-squared value obtained was 0.65. Each set of soil
from all three prepared soil types was tested for significance using statistical methods. A
95% confidence interval and prediction interval for each set of data were obtained using
the MINITAB program. The confidence interval defines the most believable values for a
parameter and the prediction interval is the interval within which the response or the

outcome is likely to fall. For example, Figure 5.2 shows the best fit obtained for soil Al.

The equation of linear fit for soil Al is given by

E=2015t — 2819 (5.1)

where E is the erosion rate in in/hr and 7 is the shear stress applied in psf. The R-squared

value obtained was 0.95, which indicates excellent correlation of the data points.
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The samples tested for Soil Al were prepared in the laboratory. hence, the soil
was considered homogeneous. That may be the major reason for obtaining such a high
correlation of data points. Only two soil samples were tested from this set. so fewer data
points were obtained. Due to this high correlation, the 95% confidence interval and the
95% prediction intervals formed a narrow band. All the data points obtained for Soil Al
lies within the 95% prediction interval. The slope of the linear fit is very high, which
indicates a higher erosion rate in Soil Al. As compared to the unit weight of other
prepared samples the wet unit weight and dry unit weight of Soil A1 was somewhat
closer to those of natural samples. Compacting the soil in the Shelby tube at a low unit
weight was extremely difficult. The erosion rate of the sample was higher than that of all
the other soils tested. A comparison of the slope of linear fit obtained for shear stress to
the erosion rate plot gave a better idea of the erodibility of difterent soil types. The
erosion rate of Soil A1, with unit weights similar to the natural samples, was too high as

compared to the erosion rate of natural samples, which is shown later in this section.

Soil Al
E=-2.819+201.57

Regression
30 / — 55% C1
95% Pl

s 1 93016
R-Sq 95 2%
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-ID B ! T T T T T = T T
(.00 0.02 004 (.06 0.08 0.10 012 0.14
Shear Stress (psf)

Figure 5.2. 95% Confidence and Prediction Interval for Soil Al
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Similarly, the linear fit obtained for Soil A2 is shown in Figure 5.3. Three
samples of Soil A2 were tested in the flume and the R-squared value obtained was 0.84.
The 95% confidence and prediction intervals were plotted to test the reliability of results.
The confidence interval and prediction interval bands were wider than those for Soil Al.
Another factor observed in this plot was the slope of the linear fit. The slope of the best
fit line for Soil A2 was less than that of Soil A1, which indicated a higher resistance to
erosion than in Soil Al. As per the soil analysis, the wet and dry unit weight for Soil A2
is higher than that of Soil Al. which means the Soil A2 is more compacted than Soil Al.
The cohesion of Soil A2 was less than that of Soil Al. The higher water content, 17%. of
Soil A2 can reduce A2’s cohesion. The resistance to erosion was high for lower soil
cohesion. which was not an expected trend for the result. Similarly, the linear fit obtained
along with the prediction and confidence intervals for different sets of Soil A, were

determined and are plotted in Figures 5.4, 5.5, 5.6, 5.7, and 5.8.

Soil A2
E=-0938 +47.20t
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Figure 5.3. 95% Confidence and Prediction Interval for Soil A2
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Soil A3
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Figure 5.4. 95% Confidence and Prediction Interval for Soil A3
Soil A4
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Figure 5.5. 95% Confidence and Prediction Interval for Soil A4
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Soil AS
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Figure 5.6. 95% Confidence and Prediction Interval for Soil A5
Soil A6
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Figure 5.7. 95% Confidence and Prediction Interval for Soil A6
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Soil A7
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Figure 5.8. 95% Confidence and Prediction Interval for Soil A7
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Figure 5.9. 95% Confidence and Prediction Interval for Soil A8
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Flume results for Soil B were statistically analyzed to see the significance of the
results obtained. The 95% confidence and prediction intervals were plotted for all sets of
soil B. The graphs plotted with the linear relationship obtained for Soils B1, B2, B3, and
B4, along with the 95% confidence and prediction intervals, are shown in Figures 5.10,
5.11,5.12 and 5.13, respectively. The R-squared value obtained for Soil Bl was (.73
while for B2, B3, and B4 it was greater than 0.8. The erosion rate for Soil B1 was the
highest and B3 showed the maximum resistance to erosion in this group. Linear fit for
Soils B2 and B3 had similar slopes.

Similarly, results obtained for Soils C1 to C4 were analyzed with 95% confidence
and prediction intervals. The graphs obtained for these soils are shown in Figures 5.14.
5.15, 5.16, and 5.17. The linear fit obtained for Soils C1 and C2 had similar slopes of
32.78 and 36.13, respectively. The slope of the linear fit for Soil C3 was less than that of
Soils C1 and C2 and greater than that of Soil C4. Soil C4 indicated the maximum

resistance to erosion among these samples.

Soil B1
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Figure 5.10. 95% Confidence and Prediction Interval for Soil B1
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Figure 5.11. 95% Confidence and Prediction Interval for Soil B2
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Figure 5.12. 95% Confidence and Prediction Interval for Soil B3
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Figure 5.14. 95% Confidence and Prediction Interval for Soil C1
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Figure 5.16. 95% Confidence and Prediction Interval for Soil C3
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Figure 5.17. 95% Confidence and Prediction Interval for Soil C4

For most of the soil types tested, the erosion rate was zero or slightly greater at
low shear stress values. Linear regression analysis was performed including these low
erosion data points, but, the linear fit obtained in the low shear stress region indicates
higher erosion rate than the actual observed erosion rate. The rate of erosion is higher
after the critical shear stress. the shear stress above which mass erosion occurs
(Partheniades 1965). Below the critical shear stress value, the erosion rate of soil is very
small and time is the major constraint in analyzing erosion below this point. Hence, the
linear fit presented for the soil types is not valid in the low shear stress region. If a
regression analysis is performed after removing these low erosion data points, it may
produce a linear fit with an even higher correlation coefficient. However, the linear fit
adopted in this research looks reasonable as the spread of data is almost uniform at higher

shear stress values. More detailed analysis is required to predict the rate of erosion at low

shear stress values.
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5.2.2. Natural Soil Regression Analysis. Before analyzing the natural soil
erosion, the soils were classified into different groups based on the USDA Soil Triangle
shown in Figure 5.18. The wet sieve analysis and the hydrometer analysis performed on
the natural soil samples showed that the soil compositions are not the same as given in
NRCS Soil Survey Map, which led to a reclassification of the soils. The USDA soil
classifications for the samples collected from different locations are given in Table 5.1.
From this table, it is obvious that the classification of a soil such as 20B from the Gravois
Creek and Deer Creek by the NRCS Soil Survey Map indicates very different
compositions of sand, silt and clay. The composition of Soils 20B, 32, and 33 according

to the NRCS Soil Survey Map is given in Table 2.1.

percent

ercent
" SILT

CLAY

e s | S—— e

Figure 5.18. USDA Soil Textural Triangle
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Figure 5.20. Linear Fit for Soil 20B from Creve Coeur Creek
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Figure 5.21. Linear Fit for Soil 32 from Creve Coeur Creek
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Figure 5.23. Linear Fit for Soil 33 from Gravois Creek
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Figure 5.24. Linear Fit for Soil 33 from Deer Creek
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Figure 5.25. Linear Fit for Soil 33 from Creve Coeur Creek

The test of significance was performed for these natural soils after grouping the
soils based on the USDA classification given in Table 5.1. The results obtained for Soil
types 20B Deer Creek, 20B Creve Coeur Creek, 32 Creve Coeur Creek, and 33 Creve
Coeur Creek were grouped together as Silty Loam and a combined data plot was

obtained.
A combined data plot obtained for eight Silty Loam samples from four different

locations is shown in Figure 5.26. The linear fit obtained for the combined Silty Loam

soil plot is given by
E=11.14 7 -0.2944 (5.3)

The R-squared value obtained for the combined data was 0.645 . The 95%
confidence interval and prediction interval obtained for the Silty Loam is also shown in

Figure 5.26. Similarly, the results obtained for Soils 33 from Deer Creek and 32 from

Grand Glaize Creek were grouped together to perform the statistical analysis.
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The linear fit and the 95% confidence and prediction intervals for this Sandy
Loam group is given in Figure 5.27. The numbers of samples in other soil types were not
large enough to form a new group to establish a relationship between the shear stress and
erosion rates. In the Loamy Sand group, there was not enough sample of 20B from
Gravois Creek. Hence, the only sample tested was Soil 32 from Gravois Creek. Also,
there was only one soil for the Loam group, so no grouping analysis was performed for
that.

Silty Loam
F=-02044 411 141
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— —  g5%Cl
o o ————  95% pi
N ' S 0.698774
R-Sq 64.5%
= R-Sq(ad)) 63.7%
E
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>
e 2-
2
]+
0 -
-1-
24, : ' ; '
0.0 0.1 02 o =
Shear Stress (psf)

Figure 5.26. Combined Data Plot for Silty Loam
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Figure 5.27. Combined Data Plot for Sandy l.oam
The best fit line obtained for the Sandy L.oam group is given by
E=4329 1t -1224 (5.4)

Soil samples collected from two different creeks were tested in the Sandy Loam
group. The R-squared value obtained for the Sandy Loam soil group is .823.

The slope of linear fit obtained for the Silty Loam group is 11.14 while the slope
of the Sandy Loam group is 43.29. The greater slope of the Sandy Loam group indicates

a higher erosion rate for Sandy Loam soils than for Silty Loam soils.

5.3. ANALYSIS OF PREPARED SAMPLE WITH SOIL PROPERTIES
5.3.1. Comparison of Similar Seil Types. The linear fits obtained for the
prepared samples were used for the comparison of erosion rate of similar soil types first.

A combined data plot used to establish the relationship between the crosion rate and any
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of the soil properties for Soil A is shown in Figure 5.28. The slope of the linear fit is a
good indicator of soil erosion rate. In Figure 5.28, Soil Al has the highest slope for the
linear fit, indicating the highest erosion rate for Soil A1 as compared to other soils in Soil
A. Hence, the slope of linear fit obtained for each soil type was analyzed with the soil
properties analyzed for Soil A. Most of the soil types in Soil A showed a relationship to
the dry unit weight of the soil. Soil A1, with least dry unit weight, had highest slope for
the linear fit, while all the other soils had dry unit weight greater than 1.7 and showed a
higher resistance to erosion when compared to Soil Al. Soil A4, AS, A6, and A7 had dry
unit weights higher than 1.8 g/cm’ and all of them showed higher resistance to erosion.
All the three soil types had a similar trend when their erosion rates were compared
with the dry unit weight of the soil. The slope of the linear fit obtained for each soil type
was found to increase with an increase in the dry unit weight of the soil. The combined
data plot obtained for Soils B and C are shown in Figures 5.29 and 5.30, respectively.

The dry unit weight of each soil is listed in the graph.
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Figure 5.28. Combined Data Plot Along with Linear Fit for Soil Al to A8
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Figure 5.30. Combined Data Plot Along with Linear Fit for Soil C1 to C4
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Among the Soil B group, Soils B1, B2, and B4 had similar dry unit weight and
similar erosion rates, while Soil B3 had a higher dry unit weight and a lower erosion rate
as compared to the other three soils. Soil C also showed a similar trend.

5.3.2. Comparison of Similar Soil Types with Similar Dry Unit Weights. From
Soil A, the samples with similar dry unit weight were plotted together and the linear fit
obtained showed a high correlation of data points with an R-squared value of about (.75.
Soils A2, A3, and A8, with an average dry unit weight of 1.76 g/em’, were plotted
together and are shown in Figure 5.31. Similarly, Soils A4, AS, A6, and A7, with an
average dry unit weight of 1.84 g/em’, are plotted in Figure 5.32. The slopes of the two
plots were 49.23 and 22.24, respectively, which indicates higher erosion rate for lower

dry unit weight.
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u
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_2‘5_
-5.04 ' Y T T
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Figure 5.31. Combined Data Plot for Soil A2. A3 and A8 with Similar Dry Unit Weight
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Figure 5.32. Combined Data Plot for Soil A4, AS, A6 and A7 with Similar Dry Unit
Weight

5.3.3. Comparison of Different Soil Types with Similar Unit Weights. The
comparison of flume experiment results for the same soil types in Sections 5.3.2 and
5.3.3 showed a relationship between the erosion rate and the dry unit weight of the soil.
The samples of the three different Soils A, B, and C were compared to analyze the effect
of any other soil parameter that affected the erosion rate of soil. Samples with similar dry
unit weights were selected for this analysis to minimize the effect of dry unit weight. The
soil types selected were Soils A8, B4, and C4, with dry unit weights of 1.74., 1.77, and
1.71 g/em’, respectively. Figure 5.31 shows the linear fit obtained for these three soil
types. The only difference in the three soil types was in the percentage clay content. Soil
A8 had minimal clay content and showed the highest erosion rate. Soil B4 had 10% more
clay content than Soil A8 and 10% less than Soil C4. Soil C4, with highest clay content,
has the lowest erosion rate. Thus, the analysis performed on three different prepared soil

types indicated the effect of percentage clay in the erosion rate of soil.
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Figure 5.33. Comparison of Soil A8. B4 and C4

5.4. MULTIPLE REGRESSION ANALYSIS

In the prepared soil analysis, it was found that the dry unit weight of the soil and
the percentage clay were the two major soil parameters affecting soil erosion rate. Hence,
a multiple regression analysis was performed on the results obtained for natural soils to
predict erosion rates based these two soil parameters. As the erosion rate varies with
increases in the shear stress values, the slope (S) and the erosion rate axis intercept (1) of

the linear fit obtained were used to perform the multiple regression analysis. The linear fit

obtained was in the form given below:

E=St-Y (3.5)

where, E = erosion rate (in/hr)
S = Slope (ft/ft)
7 = Shear Stress (psf)
Y = Erosion Rate Axis Intercept (in/hr)
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Figure D.2. Sampling Location of Soil Type 20B at Deer Creek
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Figure D.11. Sampling Location of Soil Type 33 at Deer Creek

































Hydrometer analysis

Analyst name: Preetha Veeraraghavan
7/27/2006
Sample description: 208 Deer Creek - Sample #1

Test date:

Mass in suspension Wg = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction C4 = 4.00 g/L
Menicus correction C,, = 0.50 giL
Cylinder diameter d. = 6.00 cm
Hydrometer bulb volume V,, = 60 em?
Graduation Distance to
fark on bulb center
hydrometer
stem(gL) | ©™
R, H,
0 17.8
10 16.1
20 14.5
30 12.9
40 11.4
50 9.8
60 8.1
Hydrometer Corrected o Percent
Time (min) };eading Temp;erature distance of Grainecs finer by
(g/L) (°C) fall (cm) (mm) weight
t Rt Te HR D p
1 37 22 10.36 0.0430 67.8
2 30 22 11.55 0.0321 53.8
4 25 22 12.40 0.0235 43.8
8 20 22 13.25 0.0172 33.8
15 18 22 13.59 0.0127 29.8
30 17 22 13.76 0.0090 27.8
60 15.5 21.5 14.02 0.0065 24.6
120 14.5 21.5 14.19 0.0046 22.6
240 14.2 21 14.24 0.0033 21.8
900 13.5 21 14.36 0.0017 20.4
Clay fraction (%) = 20.6
100
5
5 80 4
=
2 60 -
]
E 40 4
i
e 20 A
o
0 - —T—TTTTTT T ™T T T TTTIT
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Prestha Viseraraghavan
Test date: 8/12/2006
Sample description; 20B Deer Creek Sample #2

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 g/lL
Menicus correction = 0.50 g/L
Cylinder diameter = 595 cm
Hydrometer number = 1
Corrected A Percent
Time (min) r:i:jir:m{elg) Temi:rature distance of fall G;;l:r:}'za finer by
919 (C) (cm) weight
t Rt Te HR D p
1 38 23 9.15 0.0399 70.2
2 32 23 10.11 0.0297 58.2
4 27 23 10.91 0.0218 48.2
8 21 23 11.87 0.0161 36.2
15 18 22.75 12.35 0.0120 30.1
30 16 22.25 12.67 0.0087 25.9
60 15 22.25 12.83 0.0062 23.9
120 14.5 21.5 12.91 0.0044 22.6
240 14 21.25 12.99 0.0031 21.5
900 13 21.5 13.15 0.0016 19.6
Clay fraction (%) = 20.0
80
:% e
o 4
2 60
> 3
o
S 40 -
t: E
g
E 20 7
|5
n_' —
0 T L L] LR L T Ll L L A
0.001 0.01 0.1

Grain size (mm)



Hydrometer analysis

Analyst name: Preetha Veeraraghavan
7/29/2006
Sample description: 20B Gravois Creek Sample #1

Test date:

Mass in suspension W, = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction C, = 4.00 g/L
Menicus correction C, = 0.50 giL
Cylinder diameter d, = 6.00 cm
Hydrometer bulb volume V, = 60 cm’
Graduation | _. .
mancan bleé:am:r:!l to
hydrometer y ( e
stem (g/L) gy
R. Hg
0 18
10 16.2
20 14.5
30 12.9
40 11.2
50 9.5
60 7.9
Hydrometer Corrected Grain:size Percent
Time (min) | reading Temperature (°C) | distance of (mm) finer by
(g/L) fall {cm) weight
t Rt Te HR D p
1 36 22.5 10.37 0.0428 66.0
2 31.5 225 11.18 0.0314 57.0
4 27.5 22.5 11.90 0.0229 49.0
8 22 225 12.89 0.0169 38.0
15 20 22.25 13.25 0.0125 339
30 17 22 13.79 0.0091 27.8
60 15.5 22 14.06 0.0065 248
120 15 21.5 14.15 0.0046 236
240 14 21.25 14.33 0.0033 21.5
900 12.5 21 14.60 0.0017 18.4
Clay fraction (%) = 18.9
E‘J 100
Z 80 -
o)
= 60 +
W
E 40 -
E 20
2
& 0 LN N BN AN BN B A AN Ll L T T
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Sample description: 20B Gravois Creek Sample #2

Test date:

8/15/2006

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 g/L
Menicus correction = 0.50 g/l
Cylinder diameter = 6.00 cm
Hydrometer number = 2
Corrected _— Percent
Time (min) r::gf:g‘gi‘) Temf%r]al”re distance of fall Grfr':"f)‘ze finer by
: (cm) weight
t Rt Te HR D p
1 35 215 10.51 0.0436 63.6
2 31 21.5 11.15 0.0317 55.6
4 27 21.5 11.80 0.0231 47.6
8 23 21.5 12.45 0.0168 39.6
15 20 21.5 12.93 0.0125 3386
30 18 21.5 13.25 0.0089 296
60 16 21.5 13.58 0.0064 25.6
120 15 21 13.74 0.0046 234
240 14.25 20.75 13.86 0.0033 21.8
900 13 21 14.06 0.0017 19.4
Clay fraction (%) = 19.8
80
:_“'g"u -
2 60 A
':D-:-, -
5 40
E
g 20+
e
& o
0 T T T T T T T T Trry
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Vieeraraghavan
Test date: 7/28/2006
Sample description: 208 Creve Coeur Creek Sample # 1

Mass in suspension W, = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction Cy = 4.00 g/lL
Menicus correction C,, = 0.50 g/L
Cylinder diameter d. = 6.00 cm
Hydrometer bulb volume V, = 60 cm’
Graduation | _.
markon | er
hydrometer (cm)
stem (g/L)
Ry H,
0 17.8
10 16.1
20 14.5
30 12.9
40 11.4
50 9.8
60 8.1
Hydrometer Corrected - Percent
Time (min) !:'eading Tem;;erature distance of Sraip. S finer by
(/L) () aiem) | ™ | weight
t Rt Te HR D p
1 40.5 225 Q.77 0.0415 75.0
2 33 225 11.04 0.0312 60.0
4 29 22.5 11.72 0.0227 52.0
8 24 22 12.57 0.0167 41.8
15 20 22 13.25 0.0126 33.8
30 17.5 22 13.68 0.0090 28.8
60 16.5 21,75 13.85 0.0064 26.7
120 15.25 21,75 14.06 0.0046 24.2
240 15 21.25 14.10 0.0033 23.5
900 13.5 21.25 14.36 0.0017 20.5
Clay fraction (%) = 21.0
5 100
-5}
Z 80 4
>
= 60 -
g 40 -
=
§ 20 A
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date:

8/12/2006

Sample description: 20B Creve Coeur Sample #2

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 glL
Menicus correction = 0.50 glL
Cylinder diameter = 5.95 em
Hydrometer number = 2
Corrected e Percent
T at
Time (min) r::j::"’(‘“g‘ﬁ “ﬁ’%’ U | distance of fal G’f’ﬂ:‘ms;” finer by
g ¢S (cm) weight
t Rt Te HR D P
1 43 225 9.20 0.0403 80.0
2 36.5 225 10.25 0.0301 67.0
4 30 225 11.30 0.0223 54.0
8 24 22 12.27 0.0165 418
15 20.5 22 12.83 0.0124 348
30 19 22 13.07 0.0088 318
60 17 2175 13.40 0.0063 277
120 16.25 2175 13.52 0.0045 26.2
240 16 2125 13.56 0.0032 255
900 14 2125 13.88 0.0017 21.5
Clay fraction (%) = 22.3
100
:én -
-E 80 -~
3 -
2 60 4
B 4
=
‘—: 40 -
§ i
= 20 4
a !
0 T T T T 7TTT T T T T T Trrr
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date:

8/16/2006

Sample description: 32 Creve Coeur Creek Sample # 1

Mass in suspension Wy = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction Cy = 4.00 g/lL
Menicus correction C,, = 0.50 g/lL
Cylinder diameter d, = 6.00 cm
Hydrometer bulb volume V, = 60 em®
Graduation Distance fo
ar.on bulb center
hydrometer (cm)
stem (g/L)
R, H,
0 17.8
10 16.1
20 14.5
30 12.9
40 11.4
50 9.8
60 8.1
Hydrometer Corrected e Percent
T ture ; Grain size
Time (min) [ reading amfﬁera distance of (rlnmj finer by
(g/L) (C) fall (cm) weight
t Rt Te HR D P
1 43 22 9.34 0.0408 79.7
2 36 22 10.53 0.0307 65.8
4 29 22 11.72 0.0229 51.8
8 21 22 13.08 0.0171 35.8
15 20 21.75 13.25 0.0126 33.7
30 17 21.5 13.76 0.0091 27.6
60 16 21.5 13.93 0.0065 25.6
120 15.5 21 14.02 0.0046 24.4
240 15 20.75 14.10 0.0033 23.3
900 14 21.25 14.27 0.0017 21.5
Clay fraction (%) = 21.8
= 100
20
L d
2 80
2 60 -
o
=40 1
=
8 20 1
]
= 0 L T 1T r1rrr T T L B
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Prestha Veeraraghavan

Test date:

8/19/2006

Sample description: 32 Creve Coeur Creek Sample #2

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 g/l
Menicus correction = 0.50 glL
Cylinder diameter = 6.00 cm
Hydrometer number = 1
Corrected e Percent
Time (min) r::::::;t) Temge;:h.lre distance of fall Gf(e::ms;ze finer by
{em) weight
t Rt Te HR D p
1 39 225 9.00 0.0398 72.0
2 36 225 9.48 0.0289 66.0
4 30 225 10.44 0.0215 54.0
8 22 225 11.72 0.0161 38.0
15 17.5 225 12.44 0.0121 29.0
30 16.5 225 12.60 0.0086 27.0
60 15.5 225 12.76 0.0061 25.0
120 15.25 2225 12.80 0.0044 24.4
240 14.5 215 12.92 0.0031 22.6
900 13 215 13.16 0.0016 19.6
Clay fraction (%) = 20.3
80
'% a
4 60 -
s‘. e
5 40 A
=
2 20 -
g
o i
O T T . rrrrr T T T T T TTT
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date:

8/11/2006

Sample description: 32 Grand Glaize Creek Sample # 1

Mass in suspension W, = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction C, = 4.00 giL
Menicus correction C,,, = 0.50 g/L
Cylinder diameter d. = 6.00 cm
Hydrometer bulb volume Vi, = 60 cm®
Graduation | ..
HSHES Ei:‘s"t::ancet to
hydrometer ( wener
sem(gL) | ©™
R, Hs
4] 18
10 16.2
20 14.5
30 12.9
40 1.2
50 9.5
60 7.9
Hydrometer Corrected e Percent
) T
Time (min) | reading amp(::ralure distance of Gr?;?nf;ze finer by
(g/L) (%) fall (cm) weight
t Rt Te HR D p
1 39.5 22 9.74 0.0417 72.8
2 30 22 11.45 0.0320 53.8
4 26 22 12,17 0.0233 45.8
8 225 22 12,80 0.0169 38.8
15 20 22 13.25 0.0126 338
30 17 22 13.79 0.0091 27.8
60 16.5 21.75 13.88 0.0064 26.7
120 16 21.5 13.97 0.0046 25.6
240 15 21.5 14.15 0.0033 23.6
900 14 21 14.33 0.0017 21.4
Clay fraction (%) = 21.8
E’J 100
2 80 -
>
<60 1
2
1= 40 "
g 20 -
2
& 0 T Ll L rTrryry Ll L] L] LA B B |
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan
Test date: 8/17/2006
Sample description: 32 Grand Glaize Creek Sample #2

Mass in suspension = 50.00 ¢
Specific unit weight = 2.65
Dispersing agent correction = 4.00 g/lL
Menicus correction = 0.50 g/L
Cylinder diameter = 6.00 em
Hydrometer number = 2
Corrected ; Percent
Time (min) r:ﬁ;?;n{‘:::} Tam;zrjatura distance of fall Gr(i::ms;za finer by
(cm) weight
t Rt Te HR D p
1 39 225 9.86 0.0417 72.0
2 33 225 10.83 0.0309 60.0
4 27 22.5 11.80 0.0228 48.0
8 23 225 12.45 0.0166 40.0
15 21 225 12.77 0.0123 36.0
30 20 2225 12.93 0.0087 339
60 18 2225 13.25 0.0063 29.9
120 16 216 13.58 0.0045 256
240 15.25 21.25 13.70 0.0032 24.0
800 14 21 13.90 0.0017 21.4
Clay fraction (%) = 21.9
80
E’J 4
g 60 A
2 4
5 40
& g
8
E 20 ]
& .
0.001 0.01 0.1

Grain size (mm)



Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date:

8/11/2006

Sample description: 32 Gravois Creek Sample # 1

Mass in suspension Wy = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction Cy = 4.00 g/L
Menicus correction C, = 0.50 g/L
Cylinder diameter d.= 6.00 cm
Hydrometer bulb volume V, = 60 cm’
Graduation | .
maran Eaa:;ancet to
hydrometer Y :’::n ol
stem (g/L) (cm)
Rs Hy
0 17.8
10 16.1
20 14.5
30 12.9
40 11.4
50 9.8
60 8.1
Hydrometer Corrected ai % Percent
Ti t
Time (min) | reading em;:%ra e distance of Gr?r:nf;z €| finer by
(g/L) (<) fall (cm) weight
t Rt Te HR D p
1 41.5 22 9.60 0.0414 76.7
2 38 22 10.19 0.0302 69.8
-+ 30 22 11.55 0.0227 53.8
8 25 22 12.40 0.0166 43.8
15 21 22 13.08 0.0125 35.8
30 18.5 21.75 13.51 0.0090 30.7
60 17.5 21.5 13.68 0.0064 28.6
120 16.5 21.5 13.85 0.0046 26.6
240 15 21.25 14.10 0.0033 23.5
900 13.25 21 14.40 0.0017 19.9
Clay fraction (%) = 20.5
= 100
20
(3] -
2 80
2 60 -
2
= 40 1
=
2 20 A
&
0 T T 7T T T 0T1Tr Ll T T 7551 71°¢
0.001 0.01 0.1

Grain size (mm)




Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date;

8/15/2006

Sample description: 32 Gravois Creek Sample #2

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 g/l
Menicus correction = 0.50 g/lL
Cylinder diameter = 595 cm
Hydrometer number = 1
Corrected £ Percent
T tu
Time (min) x{:mff; mﬂza | distance of fal G’;’l'n:'“' finer by
919 (€ {cm) weight
t Rt Te HR D P
1 40 225 8.83 0.0395 74.0
2 37 225 9.31 0.0287 68.0
4 28 225 10.75 0.0218 50.0
8 23 225 11.55 0.0160 40.0
15 19 225 12.19 0.0120 320
30 17.5 224 12.43 0.0086 28.9
60 16 22 12.67 0.0061 258
120 15.25 21.5 12.79 0.0044 24.1
240 14 21 12.99 0.0031 214
900 12.5 21 13.23 0.0016 18.4
Clay fraction (%) = 19.0
80
:g) E
w -
4 60
= -
=
EJ 40 A
‘= &
S 201
& -
0 L L L L LN A T ¥ L L Ty
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Sample description: 33 Creve Coeur Creek Sample # 1

Test date:

8/17/2006

Mass in suspension W, = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction Cy = 4.00 g/L
Menicus correction C,, = 0.50 g/L
Cylinder diameter d. = 6.00 cm
Hydrometer bulb volume V,, = 60 cm’
Graduation Bislanceits
mark on
bulb center
hydrometer (cm)
stem (g/L)
R, H,
0 17.8
10 16.1
20 14.5
30 12.9
40 11.4
50 9.8
60 8.1
Hydrometer| 0. arature Corrected Grain size Percent
Time (min) | reading 1:; distance of finer by
("C) (mm) iah
(g/L) fall {cm) weight
t Rt Te HR D p
1 43 22 9.34 0.0408 79.7
2 36 22 10.53 0.0307 65.8
4 30 22 11.55 0.0227 53.8
8 21 22 13.08 0.0171 35.8
15 19 22 13.42 0.0126 31.8
30 17 22 13.76 0.0090 27.8
60 15.5 21.75 14.02 0.0065 24.7
120 14.5 21.5 14.19 0.0046 226
240 14 21.25 14.27 0.0033 21.5
900 12.5 21 14.53 0.0017 18.4
Clay fraction (%) = 18.9
- 100
=
20
(5] -
2 80
2 60 -
5
£ 40 -
=
8 204
3
A 0 T | B BB | T T™ f 111407
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date:

8/20/2006

Sample description: 33 Creve Coeur Creek Sample #2

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 g/lL
Menicus correction = 0.50 g/L
Cylinder diameter = 6.00 cm
Hydrometer number = 2
Corrected L Percent
T tu
Time (min) r'::j; Wf‘:_r} em?,ga "] distance of fal G';:‘ﬂf]‘ze finer by
919 C) {cm) weight
t Rt Te HR D p
1 40 24 9.70 0.0407 74.6
2 35 24 10.51 0.0299 64.6
B 30 24 11.32 0.0220 54.6
8 225 24 12,53 0.0163 39.6
15 19 23.5 13.09 0.0123 324
30 17.5 235 13.33 0.0088 294
60 16 23.25 13.58 0.0063 26.3
120 15 225 13.74 0.0045 24.0
240 14.5 225 13.82 0.0032 23.0
900 13.75 215 13.94 0.0017 21.1
Clay fraction (%) = 21.5
80
= 4
B
L2 —
ol -
o
S 40 -
t= E
S 201
S
n_ -
0 T T T rrry T T T T rrrr
0.001 0.01 0.1

Grain size (mm)

|39
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan
Test date: 8/16/2006
Sample description: 33 Deer Creek Sample # 1

Mass in suspension W, = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction C, = 4.00 g/L
Menicus correction C, = 0.50 g/
Cylinder diameter d, = 6.00 cm
Hydrometer bulb volume V,, = 60 cm’
Graduation Distance to
arkion bulb cent
hydrometer o
stem (g/L) (em)
R, H,
0 17.8
10 16.1
20 14.5
30 12.9
40 11.4
50 9.8
60 8.1
Hydrometer Corrected sy Percent
: : T t
Time (min) | reading em;:ecra ure distance of Gr(a;:}nze finer by
(giL) (°C) fall (cm) weight
t Rt Te HR D p
1 40 22 9.85 0.0419 73.8
2 35 22 10.70 0.0309 63.8
4 28 22 11.89 0.0230 49.8
8 24 22 12.57 0.0167 41.8
15 20 21.75 13.25 0.0126 33.7
30 17 215 13.76 0.0091 27.6
60 16 21.25 13.93 0.0065 25.5
120 15.25 21 14.06 0.0046 23.9
240 15 20.75 14.10 0.0033 233
900 14.5 21.25 14.19 0.0017 22.5
Clay fraction (%) = 22.6
= 100
.2
L -
2 80
o
= 60 1
z
= 40 +
=
§ 20 4
12
n- 0 T T T rTrrrr1q T T T 7 rrrr
0.001 0.01 0.1

Grain size (mm)



Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date:

8/20/2006

Sample description: 33 Deer Creek Sample #2

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 g/l
Menicus correction = 0.50 g/l
Cylinder diameter = 6.00 cm
Hydrometer number = 1
Corrected g Percent
T t
Time (min) r!:ay:ir:m{et:-r} amp;z:ra =t distance of fall Gr;?ms;za finer by
91g ©) (cm) weight
t Rt Te HR D p
1 39 235 9.00 0.0394 724
2 37 235 9.32 0.0284 68.4
4 33 235 9.96 0.0207 60.4
8 25 235 11.24 0.0156 44.4
15 18 23 12.36 0.0120 30.2
30 16 23 12.68 0.0086 26.2
60 15.5 225 12.76 0.0061 25.0
120 15 225 12.84 0.0043 24.0
240 14.5 22.5 12.92 0.0031 23.0
900 13.75 215 13.04 0.0016 21.1
Clay fraction (%) = 21.5
80
:% -
(] =
4 60
- .
)
b
o 40 -+
&
|
g 20 A
]
n_. -
0 L T L Ll L A B i L L] L L] LA L
0.001 0.01 0.1

Grain size (mm)
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Hydrometer analysis

Analyst name: Preetha Veeraraghavan

Test date:

8/16/2006

Sample description: 33 Gravois Creek Sample # 1

Mass in suspension Wy = 50.00 g
Specific unit weight G, = 2.65
Dispersing agent correction Cy = 4.00 g/L
Menicus correction C, = 0.50 gL
Cylinder diameter d. = 6.00 cm
Hydrometer bulb volume V;, = 60 cm’
Gr:f:r‘;a;':" Distance to
bulb center
hydrometer (cm)
stem (g/L)
R, Hs
0 18
10 16.2
20 14.5
30 12.9
40 11.2
50 9.5
60 7.9
Hydrometer rature Corrected Giaih dilze Percent
Time (min) | reading Tem;::: distance of Tr:'nm) finer by
(g/L) ) fall (cm) weight
t Rt Te HR D p
1 40 22 9.65 0.0415 73.8
2 35 22 10.55 0.0307 63.8
4 28 22 11.81 0.0230 49.8
8 24 22 12.53 0.0167 41.8
15 20 21.75 13.25 0.0126 33.7
30 17 21.5 13.79 0.0091 27.6
60 16 21.25 13.97 0.0065 255
120 15.25 21 14.10 0.0046 239
240 15 20.75 14.15 0.0033 23.3
900 14 21.25 14.33 0.0017 21.5
Clay fraction (%) = 21.8
« 100
)
5] -
2 80
2 60
g
= 40
=
g 20
73
& 0 Ll L] T T 110077 Ll L L] T VT
0.001 0.01 0.1

Grain size (mm)




Hydrometer analysis

Analyst name: Preetha Veeraraghavan
Test date: 8/17/2006
Sample description: 33 Gravois Creek Sample #2

Mass in suspension = 50.00 g
Specific unit weight = 2.65
Dispersing agent correction = 4.00 gL
Menicus correction = 0.50 g/L
Cylinder diameter = 6.00 cm
Hydrometer number = 2
Corrected o Percent
Time (min) rmir:gm:g!z] T&m:;;r;:ture distance of fall Gr(ar:lr:):ze finer by
(cm) weight
t Rt Te HR D p
1 38 23 10.02 0.0418 70.2
2 33 23 10.83 0.0307 60.2
4 25 23 12.12 0.0230 44.2
8 22 23 12.61 0.0166 38.2
15 19 229 13.09 0.0124 321
30 18 225 13.25 0.0088 30.0
60 17 22.25 13.41 0.0063 27.9
120 16.5 22.25 13.49 0.0045 26.9
240 15.75 21.5 13.62 0.0032 25.1
900 14.5 21.75 13.82 0.0017 22.7
Clay fraction (%) = 23.2
80
:‘g} -
g 60
z .
=3
é 40 :
§ 20-
e
& 3
0 —TTT T —— T
0.001 0.01 0.1

Grain size (mm)
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Table E1. Atterberg Limit Test Results for Soil 20B from Gravois Creek

Liquid Limit Test

Wy Moisture
Sample# No.of Blows | W,, W (g) | Wa+ We (g) | Wi(g) (g) Content
LL1 21 353 30.3 23.9 18.9 26.46
LL2 12 51.9 43,1 40.1 31.3 28.12
LL3 8 47.8 398 36 28 28.57
LL4 4 53 433 42 32.3 30.03
20B Gravois
32 1 —Tp= [ —— a1 &
31
£ 30
- ‘\,,
g q
8 ® hk\
5
g 27
: %
= 26
25
24 |
1 10 100
No. of blows ¢ Wgrav
—Log. (20grav)
Plastic Limit Test
W, Wy Moisture
Sample# (g) W, . Wc(g) | WatWe(g) | Wilg) ) Contnent
PL1 10.8 22.8 20.7 12 9.9 21.21
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Table E2. Atterberg Limit Test Results for Soil 20B from Deer Creek

Liquid Limits

132

Wy + We Wy Moisture
Sample# | No.of Blows W Welg) | ( Welg) | Wilg) (g) Content
LLI 31 438 35.6 11.8 32 23.8 34.45
LL2 26 433 34.9 10.7 32.6 24.2 34.71
LL3 20 433 34.6 10.7 32.6 23.9 36.40
LL4 17 43.6 34.7 10.6 33 24.1 36.93
20B Deer
380 7 — e =
370
&
g 3
g
(=]
O 360 \
8
o
=
350
*
340 1
10 100
¢ 20BDeer
No. of blows { om. (20B Deen
Plastic Limit
W4+ We Wy Moisture
Sample# W..We(g) | (g Welg) | Welg) (g) Contnent
PL1 26.2 234 11.8 14.4 11.6 24.14




Table E3. Atterberg Limit Test Results for Soil 20B from Creve Coeur Creek

Liguid Limit

No.of W, + We Moisture
Sample# | Blows W, . We(g) | (g) We(g) | Wil(g) [ Wal(g) Contnent
LL1 32 38.2 31.7 11.9 26.3 19.8 32.83
LL2 28 41.9 34.1 10.78 | 31.12 23.32 33.45
LL3 23 48.8 39.3 11.39 | 3741 27.91 34.04
LL4 18 50.2 40.2 11.7 38.5 28.5 35.09
20B Creve
35.50 1 ————p—— T |
3500 X
% N\
# 3450
S
@ 3400
A
2 3350
=
33.00 S
32.50 \
10 100
¢ 20B Creve
No. of Blows ~——Log. (20B Creve)
Plastic Limit
W, + We Moisture
Sample# W.. W.(g) | (g) W (g) W.(g) W, (g) | Contnent
PL1 17.1 16.2 11.22 5.88 4.98 18.07
PL2 20.3 18.8 11.77 8.53 7.03 21.34
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Table E4. Atterberg Limit Test Results for Soil 32 from Gravois Creek

Liquid Limit

No.of W, W, Wy +We Moisture
Sample# Blows (g) (g) Welg) | Wilg) | Wa(g) Contnent
LL1 28 37.5 32 11.06 | 26.44 20.94 26.27
LL2 20 32.3 27.7 11.01 21.29 16.69 27.56
LL3 16 31.8 27.1 10.77 | 21.03 16.33 28.78
32 Gravois
25.00 - =
28.50 ‘\
£ »0 N
=
‘E 2750 ﬁ\
& 2700
- X
26.50
26.00
10 100
¢ 32Gmav
No. of Blows Log, (32 Grav)
Plastic Limit
W+ We Moisture
Sample# W . We(g) | (8) We(g | Wilg) Wq (g) | Contnent
PL1 22.8 21 11.63 11.17 9.37 19.21
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Table ES. Atterberg Limit Test Results for Soil 32 from Creve Coeur Creek

Liquid Limit

No.of W, W, W+ We Moisture
Sample# Blows (g) (g) Welg) | Wilg) | Walg) Contnent
LLI 31 38.9 32.9 11.06 | 27.84 21.84 2747
LL.2 26 38.6 31.6 1077 | 27.83 20.83 33.61
LL3 20 38.1 314 11.8 26.3 19.6 34.18
LL4 16 38.8 31.6 11.68 | 27.12 19.92 36.14
32 Creve Cosur
39.00 - e
37.00 \
- 3500 = '
2 2300 N_* |
o \
é 31.00 N
S 2000 E
27.00
2500 )
10 100
No. of Blows ¢ 32Creve Coeur
Plastic Limit
W, + We Moisture
Sample# | W.. W (g) | () We(g | W.(g) [ Wqy(g)]| Contnent
PL.1 26.5 23.5 11.13 15.37 12.37 24,25
PL2 31.3 27.5 11.01 2029 | 16.49 23.04
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Table E6. Atterberg Limit Test Results for Soil 32 from Grand Glaize Creek

Liquid Limits

No.of W W, Wa+ We Moisture
Sample# Blows (g) (g) We(g) | Wi(g) | Wa(g) | Contnent
LLI 34 38.9 32.1 11.02 | 27.88 21.08 32.26
LL2 27 39.2 323 11.79 | 2741 20.51 33.64
LL3 24 39.6 325 11.79 | 27.81 20.71 34.28
LL4 15 47.7 37.9 11.79 | 3591 26.11 37.53
32 Grand Glaize
33.00 + o] | | ) ()
37.00 A\
é’ 36.00 Ny
o 3500 \\
é 34.00
S 3300
= 32.00
31.00
10 + 32 Grand Glaize
No. of Blows ——Log (32 Grand
Plastic Limit
W,. W, W, + We Moisture
Sample# ) ) W.(g) | W.(g W, (g) | Contnent
PLI 20.5 18.5 10.98 9.52 7.52 26.60
PL2 21.1 19.1 11.45 965 | 7.65 26.14
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Table E7. Atterberg Limit Test Results for Soil 33 from Gravois Creek

Liquid Limit

No.of W W, Wy + We Moisture
Sample# Blows () () We(g) | Wg) | Wy(g) Contnent
LL1 37 39.9 33.7 11.9 28 21.8 28.44
LL2 34 46.7 38.6 11.22 | 3548 27.38 29.58
LL3 27 50.7 41.7 11.77 | 38.93 29.93 30.07
LL4 25 51.5 42.2 11.7 39.8 30.5 30.49
LL5 18 494 40.3 11.63 | 37.77 28.67 31.74
33 Gravols
33.00 1 — - — T
32,00
% o &
2 3100
o
G 3000 \1'\ =
E:
32 2900 a4
+
- 28,00
27.00 |
u ¢ 33 Gravois
No. of Blows —Log. (33 Gravois)
Plastic Limit
W,, W, W, + We Moisture
Sample# (2) (2) W.(g) W.(g) Wy (g) | Contnent
PL1 279 24.8 10.78 17.12 | 14.02 22.11
PL2 29.6 26.4 11.39 18.21 15.01 21.32
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Table E8. Atterberg Limit Test Results for Soil 33 from Deer Creek

Liquid Limit

No.of W,. W, W,+ We Moisture
Sample# Blows (g) (g) Wel(g) [ Welg) | Wa(g) Contnent
LLI 34 38.9 33.2 1091 | 27.99 22.29 25.57
LL2 26 40.1 33.7 11.17 | 28.93 22.53 2841
LL3 20 41.1 34.6 11.92 | 29.18 22.68 28.66
LL4 14 38.5 32.4 11.82 | 26.68 20.58 29.64
33 Deer
31.00 - . ==
30.00
= \
£ 2900 <
{n}
(&) l\ *
@ 2800
& \
‘3 27.00
= RS
26.00
*
2500 3 Doc
*
10 No. of Blows ——1og. (33 Deex)
Plastic Limit
W, W, W+ We Moisture
Sample# (g) (g) W, (g) W, (g) Wi (g) | Contnent
PL1 33.2 29.6 11.78 2142 | 17.82 20.20
PL2 28.8 25.8 11.05 17.75 | 14.75 20.34
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Table E9. Atterberg Limit Test Results for Soil 33 from Creve Coeur Creek

Liquid Limit

No.of W.. W, Wy + We Moisture
Sample# Blows (g) (g) Welg) [ Wi(g) | Walg) Contnent
LLI 48 42 34.7 11.63 | 30.37 23.07 31.64
LL2 42 40.1 33 11.01 29.09 21.99 32.29
LL3 38 38.8 31.8 10.77 | 28.03 21.03 33.29
LLL4 28 35 28.8 10.78 | 24.22 18.02 34.41
LL5 21 45.1 36.5 11.8 33.3 24.7 34.82
LL6 16 52.6 41.6 10.98 | 41.62 30.62 35.92
33 Creve ¢ 33 Creve
38.00 - —— T ~——Log. (33 Creve)
37.00
= 36.00
=
£ 3500 b
S 34.00 2
4 T
& 3 B
2 3.00 ‘5\..
= 3200 x
31.00
30.00 1
18 No. of Blows 0
Plastic Limit
W, . W, W+ We Moisture
Sample# (g) () We(g) | We(g) Wy (g) | Contnent
PL1 33 29.2 11.77 21.23 17.43 21.80
PL2 30 26.9 11.22 18.78 | 15.68 19.77
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Table E10. Atterberg Limit Test Results for Soil A

Liquid Limit

No.of W;+ We Moisture
Sample# Blows W We (g) (g) W (g) W, ( Wy (g) | Contnent
LLI 34 51.7 45.8 11.17 40.53 34.63 17.04
LL2 27 44.1 38.9 11.45 32.65 27.45 18.94
LL3 22 47.1 41.2 11.08 36.02 30.12 19.59
LL4 18 46.2 40.2 11.8 34.4 28.4 21.13
Soil A
25.00 ~
24 .00 -
23.00 A v £ -6/ 12BLn(x) + 38.789
22.00 + TR =05752
21.00 - Y
20.00 A
E 19.00 A
‘s 18.00 4
g 17.00 4 \
16.00 A
15.00 '
10 100
No. of Blows
Plastic Limit
W, + We Moisture
Sampleft | W, W (g) | (8) We(e) | We(g) | Wa(g) |Content
PL1 26.5 24.9 11.9 14.6 13 12.31
PL2 21.5 20.2 10.77 10.73 9.43 13.79

13.05
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Table E11. Atterberg Limit Test Results for Soil B

Liquid Limit

No.of Wi W, Moisture
Sample# Blows (2) W, + We(g) We(g) | Welg) | Wy(g) | Contnent
LLI 37 46.7 40.2 11.92 | 34.78 28.28 22.98
LL2 23 55.9 47 11.01 | 44.89 35.99 24.73
LL3 28 61.5 52 11.8 49.7 40.2 23.63
LL4 19 58.3 48.7 11.8 46.5 36.9 26.02
Soil B y=-4.5373Ln(x) + 39.113
30.00 - . M R =09453
29.00 -
28.00 -
g 27.00 -
26.00 - *,
S 2500 \.\
E 24.00 - P
'i 23.00 - \
22.00 -
21.00 -
20.00 ~
10 100
No. of Blows
Plastic Limit
Wy + Moisture
Samplet | Wy We(@) | We(@ | W@ | Wi@ | Wag) | Contmen
PLI 24.6 23.1 10.8 13.8 12.3 l...Zg
PL2 24_8 23’5 I ].? 13.1 l 1-8 ] ].0»

11.61
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Deer Creek - Soil Type 20B

Soil Type 20B - Deer Creek - Sand - 32%, Silt - 54%, Clay - 14%

Max Normal
Shear Stress
TRIAL Stress | Applied
kPa kPa
1| 72.456 150
2| 85.003 200
3] 129.45 300
Shear Strength Vs. Normal Stress
by = 038920+ 11315
140 R* = 09851
120 -
"8 100 -
go 80 A ¢ 20B Deer
5‘1: 60 ~——Linear (20B Deer)
b}
o 404
[7p]
20 A
0 1 T LI 1]
0 100 200 300 400
Normal Stress (kPg)

tmax = 0.38920 + 11.315

Cohesion, ¢ = 11.315kPa



Creve Coeur Creek - Soil Type 20B

Soil Type 20B - Creve Coeur Creek - Sand - 9%, Silt - 72%, Clay - 19%

Normal
Max Shear Stress
TRIAL Stress Applied
kPa kPa
1 72 150
2 92.64 200
3 117.255 300
Shear Strength Vs. Normal Stress
tmax = 0.2938¢ + 30316
190 R*= 09807
120 -
A, 4
=2 100 ¢ 20BCreve Coeur
‘ﬁ:o 80 -
5 60 ~—— Linear (20B Creve
5; Coeur)
& 97
20 -
U L] L} T 1
0 100 200 300 400
Normal Stress (kPa)

tmax = 0.29380 + 30.32

Cohesion, ¢ = 30.32 kPa




Creve Coeur Creek - Soil Type 32

Soil Type 32 - Creve Coeur Creek - Sand - 22%, Silt - 61%, Clay - 17%

Normal
Max Shear Stress
TRIAL Stress Applied
kPa kPa

1 64.667 150

2 91.2791 200

3 124.902 300

Shear Strength Vs. Normal Stress
tomc = 039220 +8 6323
19 R? = 09849
120 -
e
) 100 ~
gn &0 A ¢ 32Creve Coeur
2 60 - ~——Linear (32 Creve Coeur)
d
2 40+
n
20 A
ﬂ L Ll L 1
0 100 200 300 400
Normal Stress (IPg)

e = 0.39226 + 8.6323

Cohesion, ¢ = 8.6323 kPa
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Grand Glaize Creek - Soil Type 32

Soil Type 32 - Grand Glaize Creek - Sand - 53.6%, Silt - 36.25%, Clay - 10.13%

Max Normal
Shear Stress
TRIAL Stress Applied

kPa kPa
1| 58.9618 150
2| 84.8973 200
3| 118.975 300
Shear Strength Vs. Normal Stress
140 - tome = 039160+ 27615
R*=09875
120 -
-
&, 100 ~
gﬂ 20 - * 32Crand
é 60 ~— Linear (32 Grand)
a3
2 4-
i
20 -
U T T T 1
0 100 200 300 400
Notmal Stress (lPa)

e =0.39160 +2.7615

Cohesion, ¢ = 2.7615 kPa



Gravois Creek - Soil Tye 33

Soil Type 33 - Gravois Creek - Sand - 40%, Silt - 46%, Clay - 14%

Max Normal
Shear Stress
TRIAL Stress Applied
kPa kPa
1| 78.8857 150
2| 83.7439 200
3| 118.557 300

Shear Strength (kPa)
o 8 & 38 8 38 8B B8

Shear Strength Vs. Normal Stress

towe = 0.27640 + 33837
R*=0952
¢ ¢ 33Gravois
~——Linear (33 Gravois)
0 100 200 300 400

Normal Stress (kPa)

e = 0.27640 + 33.84

Cohesion, ¢ = 33.84 kPa
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Deer Creek - Soil Type 33

Soil Type 33 - Deer Creek - Sand - 59%, Silt - 32%, Clay - 9%

Max Normal
Shear Stress
TRIAL Stress Applied
kPa kPa
1| 66.1768 100
2 94 .83 200
3| 128.421 300
Shear Strength Vs. Normal Stress
tmuc = 0.31120 + 34232
140 - R*=09979
120 -
=
&, 100 -
J‘gn &0 A ¢ 33Deer
2 60 - ~—Linear (33 Deer)
2
7
20 A
D L] L] L] 1
0 100 200 300 400
Normal Stress (kPa)

tmax = 0.31120 + 34.232

Cohesion, ¢ = 34.232 kPa
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Creve Coeur Creek- Soil Type
33

Soil Type 33 - Creve Coeur Creek - Sand - 11%, Silt - 71%, Clay - 18%

Max Normal
Shear Stress
TRIAL Stress | Applied

kPa kPa
3 64.24 150
1 82.05 200
2| 120.86 300

Shear Strength Vs. Normal Stress

o = 0.3790 +6.9364
R? = 09996

¢ 33Creve
—— Linear (33 Creve)

Shear Strength (kPa)
o8 83 88 8B B

100 200 300 400
Normal Stress (kPa)

o

e = 0.3790 + 6.9364

Cohesion, ¢ = 6.9364 kPa
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Soil Type A2
Sand - 58%, Silt - 32%, Clay -
9%
Normal
Max Shear Stress
Run Stress Applied
# (kPa) (kPa)
1 46.94 100
2 65.069 150
3 80.2 200
4 119.61 300
Shear Strength Vs. Normal Stress
140
120 4 tax = 0.36170+ 10.144
g ..y R? = 0.9976
% 80 -
& 60
g 40 o Soil A2
“ 20 - — Soil A2
0 T T v
0 100 200 300 400
Normal Stress (kPa)

trax = 0.36170 +10.144

Cohesion, ¢ = 10.144 kPa
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Soil Type A3
Sand - 58%, Silt - 32%, Clay -
9%
Normal
Max Shear Stress
Run Stress Applied
# (kPa) (kPa)
1 62 100
2 75 150
3 88 200
4 138.44 300
5 170 400
Shear Strength Vs. Normal Stress
180
160 -
140 1
& 120 - te = 0.37740 + 19,88
gﬁ 100 A R? = 09875
8 80 ¢
w2
@ 60 -
Eﬁ 40 - ¢ Soil A3
20 - — Soil A3
D L T L L
0 100 200 300 400 500
Normal Stress (kPa)

tmax = 0.37740 + 19.88

Cohesion, ¢ = 19.88 kPa
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Soil Type A4

Sand - 58%, Silt - 32%, Clay - 10%;

Normal
Max Shear | Stress
Run Stress Applied
# (kPa) (kPa)
I 75.0631 150
2 85.64 200
3 121.089 300
4 157.657 400
Shear Strength Vis. Normal Stress
180
160 -
@ 140 -
2 120 -
B 100 oo = 0.33690 + 21,437
B g0 R? = 0.9943
5':", 60
E 40 - |
20 1 ¢ Soil Ad
‘ ' * ' - — Soil A4
0 100 200 300 400 500
Normal Stress (kPa)

T = 0.33690 +21.437

Cohesion, ¢ = 21.437 kPa



Soil Type A5
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Sand - 58%, Silt - 32%, Clay -

10%

Normal
Max Shear | Stress
Run Stress Applied
# (kPa) (kPa)
1 43 100
2 67.181 150
3 87.272 200
B 123.55 300
5 137.06 400
Shear Strength Vs. Normal Stress
160
140 - S
g 120 - %
% 100 - t,..,=l],3167cr+ 18.782
E 80 - 2 R*=0.959
v 60 A
g 40 ¥
20 A ¢ Soil AS
0 , : T T — Soil AS
0 100 200 300 400 500

Normal Stress (kPa)

tmax = 0.3167c + 18.782

Cohesion, ¢ = 18.782 kPa



Soil Type A6

Sand - 58%, Silt - 32%, Clay -

10%

176

Normal
Max Shear | Stress
Run Stress Applied
# (kPa) (kPa)
1 57.5 100
2 72.896 150
3 85.733 200
4 123.23 300
Shear Strength Vs. Normal Stress
140
120 1
(1]
& 100 -
& 80 o = 0.32780 + 23.381
v R?=0.9939
& 60 A
g 40 -
i
a5 o Soil A6
0 - - T — Soil A6
0 100 200 300 400
Normal Stress (kPa)

tmax = 0.32780 +23.381

Cohesion, ¢ = 23.381 kPa



Soil Type A7

Sand - 58%, Silt - 32%, Clay -

10%

177

Normal
Max Shear | Stress

Run Stress Applied

# (kPa) (kPa)

1 64 100

2 87.817 150

3 102.48 200

4 121.8 300

5 175 400

Shear Strength Vs. Normal Stress
200
180 1 &
= 160 -
= 140 -
ééio 120 ¢ tane = 0.34230 + 31 .479
g 100+ R? = 0.9672
in 80 A
g 60 -
Z ;g : ¢ Soil A7
0 T T T T — Soil A7

100 200 300 400 500
Normal Stress (kPa)

e = 0.34230 +31.479

Cohesion, ¢ = 31.479 kPa



Soil Type A8

Sand - 58%, Silt - 32%, Clay -

10%

178

Normal
Max Shear | Stress

Run Stress Applied

w (kPa) (kPa)

1 67 100

2 79.004 150

3 94.469 200

-+ 126.24 300

Shear Stength Vs. Normal Stress
140
120 -
[
& 1004 tame = 0.20980 + 35.469
E" 50 R? = 0.9969
ﬁ 60
§ 40 -
7
20 A ¢ Soil A8
0 T T T — Soil A8
0 100 200 300 400
Normal Stress (kPa)

tmax

=0.2998c + 35.469

Cohesion, ¢ = 35.469 kPa



Soil Type B1

Sand - 45%, Silt - 35%, Clay -

20%

Normal
Max Shear | Stress

Run Stress Applied
i (kPa) (kPa)
L 75 100
82 150
2 112.5 200
3 130 300
Shear Sirength Vs. Normal Stress
140
" 120 - .
& 1004 tne = 029230+ 45 071
Eﬂ 80 1 ¢ R} =0932
2 60 -
]
& 40 A
(/7]
201 ¢ Soil B
0 T T T —3Soil Bl
0 100 200 300 400
Normal Stress (kPe)

tmax = 0.29230 +45.071

Cohesion, ¢ = 45.071 kPa
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Soil Type B2

Sand - 45%, Silt - 35%, Clay -

20%

Normal
Max Shear | Stress

Run Stress Applied
# (kPa) (kPa)
1 78.715 150
2 89.72 200
3 100.61 250
4 131.87 300
Shear Strength Vs. Normal Stress
140
'Y
120 -
@
&, 100 - *

b = 0.34070 + 23569
gﬂ 30 1 R =09215
& 604
e}

& 40+
w0
20 ¢ Soil B2
0 : . ' —Soil B2
0 100 200 300 400
Normal Stress (kPa)
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toax = 0.34070 +23.569

Cohesion, ¢ = 23.569 kPa



Soil Type B3

Sand -45%, Silt - 35%, Clay -

20%

Normal
Max Shear Stress
Run Stress Applied
id (kPa) (kPa)
| 82.2 100
2 92.969 150
3 106.3 200
4 121.87 300
Shear Strength Vs. Normal Stress
140
120 A
@
3 100 -
tmae = 0.19930 + 63 461
g" BT R = 0986
ﬁ 60
=]
g 97
20 - ¢ SoilB3
0 . , : ——Soil B3
0 100 200 300 400
Normal Stress (kPa)

=(.1993c +63.461

tinax

Cohesion, ¢ = 63.46 kPa
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Soil Type B4
Sand -45%, Silt - 35%, Clay -

20%

Normal
Max Shear Stress

Run Stress Applied
i (kPa) (kPa)
1 57 100
2 67 150
3 71.5 200
4 108 300
Shear Strength Vs. Normal Stress
120
—_ 100 -
o
==
< 80 - (3 tou = 025690 + 29214
:gu - R?=0988
=
2
d 40 -
&
20 1 ¢ Soil B4
0 : . - —Soil B4
0 100 200 300 a0
Normal Stress (kP&)

0= 0.25696 +29.214

Cohesion, ¢ = 29.214 kPa
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Soil Type C1
Sand - 35%, Silt - 35%, Clay -
30%
Normal
Max Shear | Stress
Run Stress Applied
# (kPa) (kPa)
89.42 150
2 96 200
3 129 300
Shear Strength Vs. Normal Stress
140
120 -
x
& 100 1 toe = 0273304+ 45 589
ﬁg 80 - RY = 09687
2 60
&
2 40
w2
20 ¢ SoilCl
; . , , —Soil C!
0 100 200 300 400
Normal Stress (Pa)

toax = 0.27730 +45.589

Cohesion, ¢ = 45.589 kPa



Soil Type C2
Sand -35%, Silt - 35%, Clay -

30%

Normal
Max Shear Stress

Run Stress Applied
i (kPa) (kPa)
1 62.35 150
2 71.23 200
3 96 300
Shear Strength Vs. Normal Sixess
120
— 100 -
of
& g -
gn s o = 022770 + 27 198
2 R? = 09942
§ -
7
20 A1 ¢ SoilC2
0 : : . —Soil C2
0 100 200 300 400
Normal Stress (kPa)

o = 022770 +27.189

Cohesion, ¢ = 27.189 kPa
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Soil Type C3
Sand -35%, Silt - 35%, Clay -

30%

Normal
Max Shear Stress

Normal Stress (kPa)

Run Stress Applied
# (kPa) (kPa)
1 91.5 150
2 99 200
3 127.5 300
Shear Strength Vs. Normal Stress
140
120 -
&
& 1007 tome= 024640 + 52607
g" 80 1 R?=0982
& -
9
= 407
2
20 A ¢ SoilC3
0 : : —S0il C3
0 100 200 300 400

e = 0.2464G + 52.607

Cohesion, ¢ = 52.607 kPa
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Soil Type C4

Sand -35%, Silt - 35%, Clay -

30%

Normal
Max Shear | Stress
Run Stress Applied
# (kPa) (kPa)
1 102 150
2 105.4 200
3 117.27 300
Shear Strength Vs. Normal Stress
140
120 -
S /
& 100 A
2 30 - o= 0.10420 +85 644
§ R*= 09857
& 60 -
!
2 401
14p]
20 A ¢ SoilC4
0 T T T -_SD‘I.IC4
0 100 200 300 400
Normal Stress (kPa)

o = 010426 + 85.644

Cohesion, ¢ = 85.644 kPa
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