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November 8, 2021

Aron Faegre and Associates
520 SW Yamhill Street, PH1
Portland, OR 97204

Attention: Aron Faegre

Report of Geotechnical Engineering Services

Aurora State Airport

Septic Drain Field Improvements for HDSE Sewer System
Aurora, Qregon

Project: AronFA-2-01

NV5 is pleased to present this report of geotechnical engineering services for subgrade
improvements atop a proposed septic drain field for the HDSE sewer system in the runway safety
area at the southern end of the Aurora State Airport located in Aurora, Oregon. Our services were
conducted in accordance with our proposal dated August 26, 2021.

We appreciate the onportunity to be of continued service to vou. Please call if vou have
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questions regarding this report.
Sincerely,

NV5

Brett A. Shipton, P.E., G.E.
Principal Engineer

BAS:sn

Attachments

One copy submitted (via email only)

Document ID: AronFA-2-01-110821-geor.docx
© 2021 NV5. All rights reserved.
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ACRONYMS AND ABBREVIATIONS
AASHTO American Association of State Highway and Transportation Officials
ASCE American Society of Civil Engineers
ASTM American Society for Testing and Materials
CBR California bearing ratio
DCP dynamic cone penetrometer
ESWL equivalent single wheel load
FAA Federal Aviation Administration
pcf pounds per cubic foot
psi pounds per square inch
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1.0 INTRODUCTION

NV5 is pleased to submit this report of geotechnical engineering services for improving the
subgrade atop a future drain field located at the southern end of the runway at the Aurora State
Airport located in Aurora, Oregon. The same solution could be used for the existing drain fields if
needed. Figure 1 shows the site relative to existing physical features.

The proposed drain fields are located in the runway safety area (RSA). The FAA Advisory Circular
AC No. 150/5300-13A states that RSA be should be capable, “under dry conditions, of
supporting snow removal equipment, aircraft rescue and fire fighting . . . equipment, and the
occasional passage of aircraft without causing damage to the aircraft.” It also states,
“Compaction of RSAs must comply with Specification P-152, Excavation, Subgrade and
Embankment, found in AC 150/5370-10."

According to the FAA Airport Construction Standards (AC150/5370-10) ltem P-152, the subgrade
outside of paved areas must be compacted to at least 95 percent of the maximum dry density,
as determined by ASTM D698. No compaction is required in the top 4 inches of the subgrade,
and any soil that has become compacted from construction or other traffic in the upper 4 inches
must be scarified to a loose state.

From Item P152-2.1:

Areas outside the limits of the pavement areas where the top layer of soil has become
compacted by hauling or other Contractor activities shall be scarified and disked to a depth of
4 inches (100 mm), to loosen and pulverize the soil. Stones or rock fragments larger than

4 inches (100 mm) in their greatest dimension will not be permitted in the top 6 inches

(150 mm) of the subgrade.

From Item P152-2.6:
“On all areas outside of the pavement areas, no compaction will be required on the top 4 inches
(100 mm), which shall be prepared for a seedbed in accordance with Item T-901, T-906."

From ltem P152-2.10:

The subgrade in areas outside the limits of the pavement areas shall be compacted to a depth
of 12 inches (300 mm) and to a density of not less than 95 percent of the maximum density as
determined by ASTM D698,

Such stringent compaction is not permitted in the soil cover of drain fields, and this study
provides recommendations for preparing a subgrade in the RSA over the drain fields that is
capable, under dry conditions, of supporting snow removal equipment, aircraft rescue and fire
fighting equipment, and the occasional passage of aircraft without causing damage to the
aircraft.

2.0 PURPOSE AND SCOPE

The purpose of our scope was to provide recommendations for improving the soil cover over the
drain fields such that it is capable, under dry conditions and without rigorous compaction, of
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conducted the following tasks:

e Reviewed information provided to us by Aron Faegre and Associates and other available
informatian in our files.
e Visited the site to observe the subgrade and conduct the following:
= Collected bulk soil samples in order to establish moisture density relationships in
accordance with ASTM D698
=  Measured the in situ density at the location of the proposed drain fields in general
accordance with ASTM D6938, Procedure A, using a Troxler 3430 nuclear density gauge
s Conducted DCP testing in general accordance with ASTM D6951 at the locations shown
on Figure 2
e Conducted a laboratory testing program including proctor analyses in accordance with
ASTM D698.
e Provided recommendations for subgrade stabilization that do not require significant
compaction of the subgrade soil.
e Provided calculations showing that the subgrade atop the proposed drain fields can support

hinlag and nocaginngl airnvaft
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Documented our findings, conclusions, and recommendations in this report.

3.0 SITE RECONNAISSANCE

Our site reconnaissance included collecting bulk samples to determine the moisture density
relationship of the subgrade soil, conducting DCPs in order to estimate the resilient modulus of
the subgrade, and measuring the in situ density of the subgrade soil. Figure 2 shows the
locations of sampling and tests.

31 SOIL SAMPLING

Bulk soil samples were collected from the near-surface soil in the areas of the future drain fields.
A moisture density relationship was determined on a combined bulk sample collected from the
surface soil in the area of the proposed drain field. Groundcover at the sampling locations
consisted of short grass. The vegetation was removed before sampling, and soil below a depth
of 4 inches was placed in a sample bucket and transported to NV5's geotechnical laboratory in
Wilsonville, Oregon, for testing. The soil was visually classified as silt in accordance with the soil
classification system presented in Figure 3. A moisture density test was performed on the bulk
sample in general accordance with ASTM D698. The test results are presented in Appendix A.

3.2 DCP TESTING

We performed DCP testing in general accordance with ASTM D6951 to estimate subgrade
resilient modulus (M;) at the lncations shown on Figure 2. The DCP test results are presented on
Appendix B. Since it is required that the upper 4 inches of the subgrade be loose, the upper

4 inches of soil was removed before testing was performed. We plotted the depth of penetration
versus blow count and used the slope of the data to estimate the resilient modulus of the

AronFA-2-01:110821
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subgrade. We correlated the DCP test results to resilient modulus using the methods presented
in The Structural Design of Bituminous Roads. The computed resilient modulus was converted
to CBR using the following relationship:

CBR = M:/1500

Table 1 summarizes the estimated resilient moduli and corresponding CBR for the subgrade.

Table 1. DCP Test Results and Corresponding CBR

. Resilient Modulus CBR
Location .
(psi) (percent)

DCP-1 24,300 16.2
DCP-2 18,700 12.5
DCP-3 21,200 14.1
DCP-4 14,000 9.3
DCP-5 12,400 8.3
DCP-6 18,000 12.0
DCP-7 10,400 6.9
DCP-8 8,800 5.9

Some of the DCP tests were performed at a depth of 12 inches in order to avoid damaging the
drain pipe in the existing drain field.

3.3 IN SITU DENSITY

The in situ density was measured at the locations shown on Figure 2. The density
measurements were conducted in accordance with ASTM D6938, Procedure A. Since it is
required that the upper 4 inches of the subgrade be loose, the tests were performed deeper than
than 4 inches below ground surface. The tests were compared to the maximum dry density
determined in the laboratory. Table 2 presents a summary of the in situ density measurements.

AronFA-2-01:110821




Exhibit E

Page 8 of 34
Table 2. Measured In Situ Density
Measured Measured Moisture Relative Density
Location Dry Density Content ASTM D698
(pcf) (percent) (percent)
D-1 97.0 8.0 921
D-2 89.1 8.3 851
D-3 80.0 6.9 802
D-4 83.4 8.5 842
D-5 109.4 19.7 1031
D-6 101.1 21.3 951
D-7 91.1 19.5 1 922
D-8 87.1 224 882

1. Based on a maximum dry density of 105.4 pcf and an optimum moisture content of 18.4 percent
2. Based on maximum dry density of 99.5 pcf and an optimum moisture content of 20.5 percent

L

iocations were taken randomiy throughout the site.
exist in the RSA are summarized in Table 1.

We tested the compaction at the existing drain fieid
> i

Because the FAA’s intent is that fire trucks and other vehicles may operate in the RSA, it brings
up the question of whether relative compaction definitively relates to the depth of a vehicle rutin
the RSA. Although the compaction does not meet the FAA requirement at some locations, the
estimated resilient modulus indicates that the subgrade in these areas is capable of supporting
similar wheel loads as the areas in which the compaction requirement is met.

4.0 PROPOSED DRAIN FiELD

The proposed drain field consists of a series of subsurface drainage trenches that are
approximately 24 inches wide and approximately 3.5 to 4 feet on center. The base of each
trench is to have a minimum depth of 18 inches below the capping fill. Twelve inches of %- to
2Y.-inch washed gravel will be placed in the trench. A perforated pipe will be placed in the
washed gravel through which the effluent will be drained. A maximum of 10 inches of capping fill
will be placed over the trench.

5.0 SUBGRADE IMPROVEMENT

The drain fields are located in the RSA of Aurora State Airport. The FAA Advisory Circular AC

No. 150/5300-13A states that the RSA should be capable, “. . . under dry conditions, of
supporting snow removal cquipment, aircraft rescue and fire fighting . . . equipment, and the
occasional passage of aircraft without causing damage to the aircraft.” It also states,
“Compaction of RSAs must comply with Specification P-152, Excavation, Subgrade and
Embankment, found in AC 150/5370-10, which requires that upper 4 inches of the subgrade be
uncompacted and scarified to be in a loose state.” The underlying 12 inches of subgrade soil
should be compacted to at least 95 percent of the maximum dry density, as determined by

AronFA-2-01:110821
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ASTM D698. Because a drain field will be beneath the subgrade in the RSA, it cannot be
compacted to the standard required by AC 150/5370-10. It must also be capable of growing

vegetation.

We have considered the following design vehicles to model emergency equipment and aircraft
that may traffic the RSA:

e Emergency Vehicle: AASHTO H20 or a 16,000-pound wheel load
e Aircraft: GulfStream G550 with a gross weight of 91,000 pounds or a 30,300-pound ESWL

To accommodate design traffic, the subgrade located over the drainage trenches should be
stabilized using a product such as the Presto GeoSystems Geoweb. We have determined that
the GW30V Geocells will create a subgrade that can support both the AASHTO H20 and
Gulfstream 550 ESWL with an adequate margin of safety. Our supporting calculations are
presented in Appendix C. Table 3 summarizes the input parameters and results of our analysis.

Table 3. Subgrade Stabilization

Design ESWL Tire Pressure Rl Beneath Product Bearing Capacity
Vehicle (pounds) (psi) Geoweb Specification Safety Factor
B P (percent) P y
AASHTO GW30V
H20 £6000 =10 5 6-inch depth -
Gulfstream GW30vV
550 SS00 208 5 8-inch depth e

A 6-inch-deep cell may be sufficient if the RSA is only subject to ESWLs of 16,000 pounds, such
as those of the AASHTO H20 axle load. The geoweb cells should be filled with a blend of two-
thirds crushed aggregate and one-third topsoil mix. The crushed aggregate should be 3/8 to

1 inch in nominal diameter and have a D50 of 0.5 inch and a void space of 30 percent. The
geoweb should extend beyond each drainage trench by a distance of at least 18 inches. The
geoweb should be overfilled by at least 1 inch with the selected fill. In addition, the geoweb

should be installed in accordance with the manufacturer's recommendations. A 4-inch layer of
loose, uncompacted material can be placed on the improved subgrade to meet the requirement
of Item P152-2.6

6.0 LIMITATIONS

We have prepared this report for use by Aron Faegre and Associates and members of the design
team for the proposed project. The data and report can be used for bidding or estimating
purposes, but our report, conclusions, and interpretations should not be construed as warranty
of the subsurface conditions and are not applicable to other sites.

Exploration observations indicate soil conditions only at specific locations and only to the depths
penetrated. They do not necessarily reflect soil strata or water level variations that may exist

AronFA-2-01:110821
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between exploration locations. [f subsurface conditions differing from those described are noted
during the course of excavation and construction, re-evaluation will be necessary.

The scope of our services does not include services related to construction safety precautions,
and our recommendations are not intended to direct the contractor’s methads, techniques,
sequences, or procedures, except as specifically described in our report for consideration in
design.

Within the limitations of scope, schedule, and budget, our services have been executed in
accordance with generally accepted practices in this area at the time our report was prepared.
No warranty, express or implied, should be understood.

4 &0

We appreciate the opportunity to be of continued service to you. Please call if you have
guestions concerning this report or if we can provide additional services.

Sincerely,

NV5

gLt

Brett A. Shipton, P.E., G.E.
Principal Engineer

|EXPIRES: 6/30/22 |

AronFA-2-01:110821
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RELATIVE DENSITY - COARSE-GRAINED SOIL

Relative Standard Penetration Test (SPT) Dames & Moore Sampler Dames & Moore Sampler
Density Resistance (140-pound hammer) (300-pound hammer)
Very loose 0-4 0-11 0-4
Loose 4-1C i1-2¢6 4-10
Medium dense 10 - 30 26 -74 10 - 30
Dense 30 - 50 74 - 120 30 - 47
Very dense More than 50 More than 120 More than 47
CONSISTENCY - FINE-GRAINED SOIL
Standard Dames & Moore Dames & Moore Unconfined
Consistency Penetration Test Sampler Sampler Compressive Strength
(SPT) Resistance (140-pound hammer) (300-pound hammer) (tsf)
Very soft Less than 2 Less than 3 Less than 2 Less than 0.25
Soft 2-4 3-6 2-5 0.25 - 0.50
Medium stiff 4-8 6 - 12 5-9 0.50-1.0
Stiff 8-15 12 - 25 9-19 10-20
Very stiff 15 - 30 25 - 85 19 -31 20-4.0
Hard More than 30 More than 65 More than 31 More than 4.0
PRIMARY SOIL DIVISIONS GROUP SYMBOL GROUP NAME
CLEAN GRAVEL
GRAVEL (< 5% fines) GWor GP GRAVEL
GRAVE! WITH FINES GW-GM ar GP-GM GRAVEL with silt
(more than 50% Of ' EO, el o A0/ fiaan) SNL) NS L LAY AR PNy AN I .
coarse fraction \= /U NI o e /Y llIICDI Gvv-uaL U ar-uau \JnAVI:I_ Wltu C:ay
iy retalned on GRAVEL WITH FINES o Sy SR
GRAINED SOIL .
No. 4 sieve) - GC clayey GRAVEL
(> 12% ﬁnes) \JC‘GM ailty Alavay NADAVIED
(more than aln.y, \.la_ycy uanAviee
50% retained CLEAN SAND
o o SAND (<5% fines) SWor SP SAND
No. 200 sieve) (50% or more of SAND WITH FINES SW-SM or SP-SM SAND with silt
(1] > B0 < 0, " i i R
coarse fraction BRI S Al SW SCST\; SP-SC SANE v;l;rll\lt;ay
passing SAND WITH FINES =
No. 4 sieve) (> 129 fines) SC clayey SAND
SC-SM silty, clayey SAND
ML SILT
FINE-GRAINED o CcL CLAY
SOIL Liquid limit less than 50 CLML silty CLAY
SILT AND CLAY oL ORGANIC SILT or ORGANIC CLAY
(50% or more
passing MH SILT
No. 200 sieve) Liquid limit 50 or greater CH CLAY
OH ORGANIC SILT or ORGANIC CLAY
HIGHLY ORGANIC SOIL PT PEAT
MOISTURE CLASSIFICATION ADDITIONAL CONSTITUENTS

Secondary granular components or other materials
Term Field Test such as organics, man-made debris, etc.
Silt and Clay In: Sand and Gravel In:
q very low molsture, Peroent Fine- Coarse- Percent Fine- Coarse-
Y dry to touch Grained Soil | Grained Soil Grained Soil Grained Soil
moist damp, without <5 trace trace <5 trace trace
visible moisture 5-12 minor with 5-15 minor minor
visible free water, >12 some silty/claye 15 - 30 with with
wet -
coualy sorvrated | ] ~30 | sancy/gravely | nacete
N V 5 SOIL CLASSIFICATION SYSTEM FIGURE 3
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APPENDIX A
MOISTURE DENSITY RELATIONSHIP
We determined the moisture density relationship of samples collected from the near-surface soil

at the location of the proposed drain field in general accordance with ASTM D698. The
compaction curves for each sample are presented in this appendix.

AronFA-2-01:110821
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APPENDIX B
DCP TESTING

We performed DCP testing at the locations shown in Figure 2. The tests were performed in
general accordance with ASTM D6951. We correlated the DCP test results to resilient modulus
using the methods presented in The Structural Design of Bituminous Roads. The results of each
test are presented in this appendix.

AronFA2-01:110821
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DYNAMIC CONE PENETROMETER RESULTS - DCP 1
) Hammer weight = 17.6 pounds

Layer Soil Type =

Slope (mm/blow) Mg (psi)

1 Soil not CL, CBR < 10 or not CH 6.9 24,300
2 = == -
3 — =

Cumulative Blows

0 10 20 30 40 50 60 70 80 90

0 0

100 [l j 5

200

300
| — | ——] |

400

500 ' > 20
\.

Cumulative Penetration (millimeters)
Cumulative Penetration (inches)

600 - _ - 55
700 ]
- - - 30
800
900 — "33
1,000 40

Mg = 96658 x $718: 50l not CL, CBR < 10 or not CH
Mg = 469673 x $™2%; CL soil, CBR < 10
Mg = 108206 x $%*; CH soil
Mg = resilient modulus (pounds per square inch)
S = slope (millimeters per blow); multiplied by two (2) if 10-pound hammer is used

References:
ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications.

W.D. Powell, J.F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984.

N‘Wﬁ AronFA-2-01



Exhibit E

Page 21 of 34

DYNAMIC CONE PENETROMETER RESULTS - DCP 2

References:
ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications.

) Hammer weight = 17.6 pounds
Layer Soil Type -
Slope (mm/blow) Mg (psi)
1 Soil not CL, CBR < 10 or not CH 9.9 18,700
2 e s
3 e — s
Cumulative Blows
10 20 30 40 50 60 70 80 90
0 0
—~ 100 Sog|
M - 5
3 200 - _NH‘H:... — | I E
= 300 _ N - £
‘E— | | .‘-F“.\‘Q - 18 g |
€ 400 _ 152
2 @
L
® 500 20 ©
g
o 600 25 @
2 700 - - — —~ kS
il 30 g
2 800 S
g B o
(8] 200 - - ——— - S I 35
1,000 40

Mg = 96658 x $°7%8; s0il not CL, CBR < 10 or not CH

Mg = 469673 x %% CL soil, CBR < 10

Mg = 108206 x $*%*; CH soil
Mg = resilient modulus (pounds per square inch)
S = slope (millimeters per blow); multiplied by two (2) if 10-pound hammer is used

W.D. Powell, J.F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984.
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DYNAMIC CONE PENETROMETER RESULTS - DCP 3

) Hammer weight = 17.6 pounds
Layer Soil Type -
Slope (mm/blow) Mg (psi)
1 Soil not CL, CBR < 10 or not CH 8.3 21,200
2 i == =2y
3 . =
Cumulative Blows
5 10 15 20 25 30 35 40
0 0
100
@ T ey -5
& 200 ]
E = L 10 €
% 300 £
— c
g 400 i 13 %
B 500 20 %
g - g
& 600 L 25 g
2 700 - 1 %
K] - 30 E
g 800 5
=) I ©
U gp0 - _an l  F 35
1,000 40

References:
ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications.

Mg = 96658 x $%7*8; 50il not CL, CBR < 10 or not CH

Mg = 469673 x $*2%; CL soil, CBR < 10

Mg = 108206 x %% CH soil
Mg, = resilient modulus (pounds per square inch)
S = slope (millimeters per blow); multiplied by two (2) if 10-pound hammer is used

W.D. Powell, J.F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984,

NIVl
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References:
ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications.

Mg = 96658 x S°71%; soil not CL, CBR < 10 or not CH

Mg = 469673 x $™%; CL soil, CBR < 10

Mg = 108206 x $%%%; CH soil
Mg = resllient modulus (pounds per syuare tich)
S = slope (millimeters per blow); multiplied by two (2) if 10-pound hammer is used
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DYNAMIC CONE PENETROMETER RESULTS - DCP 4
) Hammer weight = 17.6 pounds
Layer Soil Type -
Slope (mm/blow) Mg (psi)
1 Soil not CL, CBR < 10 or not CH 14.8 14,000
5) e -
3 e = =
Cumulative Blows
5 10 15 20 25 30 35 40
0 0
— 100 S ——
e = 75
£ 200 - ¢
E 10 §
| E 300 =
E i i 3
e 400 is 2
2 «
B 500 N —— T,
E
@ 600 25 @
2 700 i B I~
® 30 2
g 800 3
= — (%)
S 900 | E| [ E— - 3
1,000 40

W.D. Powell, ).F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984.
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DYNAMIC CONE PENETROMETER RESULTS - DCP 5

. Hammer weight = 17.6 pounds
Layer Soil Type -
Slope (mm/blow) Mg (psi)
1 Soil not CL, CBR < 10 or not CH 17.6 12,400
2 . = —
3 —_ — =
Cumulative Blows
5 10 15 20 25 30 35 40
0 0
- — =
7 100 T | .
£ 200 AN 8
£ s I - 10 §
% 300 \\\ é
= T L 15 §
g 400 \ g
& s00 8 s 20 B
=
"&a' \‘\ 7]
g 600 5e [
g E
] \'\ E
2 700 5
= 30 g
E 800 S
S - - - 35 ©
Y 900 S
1,000 40

References:
ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications.

Mg = 96658 x $°7'%8; 50il not CL, CBR < 10 or not CH
Mg = 469673 x S*%%; CL soil, CBR < 10
Mg = 108206 x $*°* CH soil
Mg = resilient modulus (pounds per square inch)
S = slope (millimeters per blow); multiplied by two (2) if 10-pound hammer is used

W.D. Powell, J.F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984.
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DYNAMIC CONE PENETROMETER RESULTS - DCP 6
) Hammer weight = 17.6 pounds
Layer Soil Type X
Slope (mm/blow) Mg (psi)
1 Soil not CL, CBR < 10 or not CH 10.4 18,000
%) == i =
3 o - -
Cumulative Blows
0 5 10 15 20 25 30 35 40
0 ~—] 0
= 100 = | 5
£ : = - 10 §
% 300 =S £
| £ I : s
= 400 = Ly
-,.9, d g _ i R g
& 500 20 ¢
: 2
s 600 . % @
2 700 — I == = : s
= i - 30 E
2 800 3
g . | 3
O 900 | — i) — 35
1,000 40

Mp, = 96658 x $71%8: soil not CL, CBR < 10 or not CH
Mg = 469673 x S™?%; CL soil, CBR < 10
Mg = 108206 x $°* CH soil

Mg = tesilienl inudulus (pounds per square inch)

References:

S = slope (millimeters per blow); multiplied by two (2) if 20-pound hammer is used

ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications.

W.D. Powell, J.F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984.
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DYNAMIC CONE PENETROMETER RESULTS - DCP 7

References:

) Hammer weight = 17.6 pounds
Layer Soil Type -
Slope (mm/blow) Mg (psi)
1 Soil not CL, CBR < 10 or not CH 225 10,400
2 = =
3 — = .
Cumulative Blows
0 10 15 20 25 30 35 40
0 ~] 0
— 100
[ \ - 5
£ 200 A g
E \ L 10§
% 300 §,
c
e 400 - 15 .g
.8 ©
B 500 20 %
2 — - g
& 600 .\ ST
S 00— — 5
® - - 30 2
=
g 800 ; 3
C 900 +———} [ 35
1,000 40

Mg = 96658 x $%71%8: 5ol not CL, CBR < 10 or not CH
Mg = 469673 x ™% CL soil, CBR < 10
Mg, = 108206 x $*°* CH soil
Mg = resilient modulus (pounds per square inch)
S = slope (millimeters per blow); multiplied by two (2) if 10-pound hammer is used

ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer in Shallow Pavement Applications.

W.D. Powell, J.F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984.
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DYNAMIC CONE PENETROMETER RESULTS - DCP 8
) Hammer weight = 17.6 pounds
Layer Soil Type -
Slope (mm/blow) Mg (psi)
1 Soil not CL, CBR < 10 or not CH 28.1 8,800
2 e -
3 = =
Cumulative Blows
0 10 20 30 40 50 60 70
0 0
7 100 \ | ¢
£ 200 2
E + 10 §
£ 300 - £
E o~ I .15 §
g 400 § -'*;;-‘;’— — —f———— s
= . . ) ©
£ so0 - — M"“""’“‘m,‘ 20 @
] : “‘".*._ [
= e o
g 600 Fo_ - 25 ¢
S 700 | e k
£ - 30 2
S £
2 800 3
E - | 3
© 900 e i
1,000 40

Mp, = 96658 x $%71¢8: soil not CL, CBR < 10 or not CH
Mg = 469673 x S?%; CL soil, CBR < 10
Mg = 108206 x S % CH soil

Mg, - resilient modulus (pounds per square inch)

References:

S = slope (millimeters per blow); muitiplied by two (2) if 10-pound hammer is used

ASTM D 6951, Standard Test Method for Use of the Dynamlc Cone Penetrometer In Shallow Pavement Applications.

W.D. Powell, J.F. Foster, H.C. Mayhew, and M.E. Nunn, "The Structural Design of Bituminous Roads," TRRL Laboratory
Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 1984.
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APPENDIX C
DESIGN CALCULATIONS

This appendix presents our deign calculations for the use of Presto GeoSystems Geoweb for
subgrade improvement.

AronFA-2-01:110821
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AASHTO H20
Variable Names
CBR (%) 5 oy Subgrade shear strangth
Cu (psi) from table 4. 217 N Bearing capacity coefficlent - based on deslgn traffic - see below
Nc (low traffic, high rutting) a3
P (Ib) 16000 P Design wheel load
p (psi) 100 p Contact pressure
r - see GW30V spec sheet 0.95 r Geowaeb call wall/Infill peak friction angle ratio
0 (deg) 266 5 Angle of shear resislance between the granular infill and Geoweb cell wall
@ 8 ¢ Angle of Intemal friction of the Gaoweb infill material
;:’ ; 2 Depth from surface lo top of Geoweb cell walls
H (in.)geoweb depth 6 Zy Depth from surface to bottom of Gaowab cell walls
D (in.)effective cell diam. 9.5
Talle 4 Cotrelation of Subgrade Boll Burength Patemstors for Cobaalve [Fine-Orained) Soly
Bhear Gtardlard o
Bearing Ratlo | Strength Rt
COR (%) Q. kPa (o3} SPT (biowam)
<04 <17 «2 Very sofl (eriruded betwsen frgurs when
YR ‘I”; - n -&nﬁ.’?—" Nc = 2.8 (High Trafiic, Low Rutting - from U.S. Forest Service guidalines)
. 17.241 2. (moldod fnger presauro)
1.7+ 135) S ! N¢ = 3.3 Low Traffic, High Rutting - from U.S. Forest Service guldelinas)
[THT] 241-418 4.8 Medium (mokded by strong inger pressur)
135)-(86)
1822 476-066 815 Bt {rmadity indonted Ly thumb but penelrated
(69 (198) wih grost e
704 858191 15-30 | Vory tilt (rosally indentod by thumbnal)
(13.9) - (20.7)
04 n-?;u: >30 Hard (indanted with difficully by tnsmbnail)
wn
max allowable stress qa (psi} 71.61 % = Ngcy
where R = Radius of loaded area (i.e. effeclive radius of single P
radlus of loaded area R 71 or dual tres) R = \[p:n
vertical stress top of geoweb ovt 99.7
vertical stress bottom of geoweb ovb 65.7 Sy =pfl-
Active earth pressure coefficient Ka 0.4
harizontal stress top of geoweb aht 36.0
horizontal stress bottom of geoweb ahb 23,7 o0 = Kaaw
average horizontal stress oave 29.9 oo = KaOw
stress reduction beneath loaded area ar 189 H
op=2 (—) Cavge 1and
D
Allowable Stress on Subgrade 7161
Stress an Subgrade 46.8

Factor of Safety 1.5 acceptabie
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Gulfstream 550
Varlable Names
CBR (%) 5 Cy Subgrade shear strangth
Cu (psl) from table 4. 217 Ne Bearing capacity coefficlent - based on design traffic - see balow
Ne flow traffic, high rutting) a3 P Gesan wheeTioad
P (Ib) 30333 g
p (psl) 200 P Contact pressure
r - see GW30V spec sheet 0.95 r Geoweb cell wall/infill peak friction angle ratlo
4 (deg) 266 ] Angle of shear the granular Infill and G coll wall
@ 28 ® Angle of internal friction of the Geowaeb Infill material
Z; ; 2 Depth from surface to top of Geoweb cell walls
7
H (in.)geoweb depth 8 z, Depth from surface io botlom of Geoweh cell walls
D {in.)effective cell dlam. 9.5
Tabls 4 Correlation of Subgrade Soil Strength F for Cohasive (Fine-Orsined) Sails
Califormia Sheny | Bundea |
Bearing Retlo | Strength Reslat
LB % €. APa b3 SPT (owh)
<04 :,'7')7 2 m," Eatasan ngers whon Nc = 2.8 (High Traffic, Low Rutting - [rom U.S. Foresl Service guidelines)
04-08 :15?;‘1 2-4 Tl (imaiched bry gt finger proseure) N¢ = 3.3 Low Traffic, High Rutting - from U.S Forest Service guldelines)
17) - )
08-18 241-478 4.8 Medium (malded by strong finger prassure)
(36)- 180
18.32 479-958 8- 15 o {rmatty y tramb but
(B0)-{138) it grmal affidt)
32-84 96.8- 191 16-30 | Very a8 (rmaciy inSended by ianbinii)
3.1
»84 > 191 »30 Hard inderted wiih Siculty by Shombnal)
@n

max altowable stress

ol of Tnaded area

vertical stress top of geoweb

vertical stress bottom of geoweb

Active earth pressure cosfficient

horizontal stress top of geoweb
horizontal stress bottom of geoweb
average horizontal stress

stress reduction beneath ioaded area

Allowabie Stress on Subgrade
Stress on Subgrade

Factor of Safety

qa {psi)

avt
ovb

aht
chb
gave

71.61

6.9

199.4

100.8

04

72.0
364
54.2
45.7

71.61
55.1

1.30 acceptable

9a = Ngcy
where R = Radius of jusdud aisa (.6, 6ffouive 1adius of sngle =
or duat ires) R= o
14} i
‘ I
L T
NES
\z, y
O = Koo (ohy * o)
- avge =~
o = Kaaw g
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Performance Handbook Gulfstream G550

Equivalent Single Wheel Loading (ESWL) GV-GER-1212

1. Introduction:

One conesideration In operating Guifstream alircraft Is the strength
of runway and taxfway pavements in relation to aircraft operating
weight. This can limit operational weights in some airports. One
common method of evaluating an alrcraft for a given runway Is
the Equivalent Single Wheel Loading (ESWL). ESWL accounts
for the extra tire flotation for multi-wheasl landing gear struts such
as the dual wheel struts used on the Gulfstream aircraft. This
gaction provides Information on how to compute ESWL for the
G550 and G500 airplanes.

2. @550 and G500 Main Landing Gear Parameters:

MLG Tire Max Tire | Reduction | Maximum
Tire Size | Spacing | Pressure Factor ESWL
{Inches) | (inches) {pel) - {pounds)

91400 [36x110| 185 | 198 | 125 | 32008

The reduction factor In the table above assumes a rigid pavemant
with a radius of equivalent stiffness of 40 inches, roughly
equivalent to a 13.5 Inch thick concrete slab. Thinner pavements
would give higher reduction factors, so the factors presented are
consarvative.

3. ESWL Computation for Lower Opersting Welghts:

ESWL can be computed for lower operating weights as follows:
ESWL = (Gross Welght) x (0.9) x (0.5) / (Reduction Factor)

Aircraft Gulfstream G550

Gross Weight {Ib) 91000

Reduction Factor 1.35 assume 1.35, since rutting is allowed
ESWL (Ib) 30333.33

tire presure (psi) 200
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Product Specification - GEOWEB® GW30V Geocells

QENERAL
GEOWER® praduct is

ad {rom [l

stips of high density potyethy

thist ate _
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h cyesie &

network of Intertonnected cells. The GEOWEB' cfis ean be Rlled with soif, aggregate, matreda, putvedioed dedcls, recyciéd asphait

pavemen, of other infll material Tar g pplicaliors such &: 1) [bad support far unpaved and paved oads, 1Alliays, pars,
heavy-dily pavesnents, cantainas \md and basel embar 2] retuining strudlures, free-standing sUnictures, snd tascia
wilii; and, 3] sloge, channs, end geamembrane protectitn.
HMENSIONS
Cell Depth [Avallable In 5 Depthsl” fnches mm) 3 [75). 4 [100), 6 [150), B |200], 12 {300)
Tl Sire (Length x Width +/-100) Incties [rmm} 113 x 126 (287 = 320)
Mo, Cenls [
aparided Sedtion Wik Foel (m] Varies- 7.7 1o 8.2 (2.3 to 2.8)
= T o
Exgariisd satan gl Faet (] R et G
STRUCTURAL INTEGRITY AND SYSTEM PERFORMANCE
e Grirs Valun
Minimam Short Term Seam Peei Strength f/in {Nfemi =80 {142}
langTeiim Seam Pidl Strenglh el 4-mth Swigle WISEh] ik 260 (710}
Internal junction Effidiency % »100
jean EPFi Type: ATHA Keg)” % 1o
Peah Frictinn Anghe Ratio (8/0F Unitiess 0.95
MATERIAL PROPERTIES
Farameter Test Meingd urits o
Palymer Denuty ASTM D1505 ar DTS2 ;/cmx 0.995 - 09&6S
Carbon Blagk Coment” ASTMDAENE * 15-320
Shaet Thicknass Prior (o Texure ASTH D5199 wm (mil} 1.27 (50}, 5% +10%
Sheset Thi After Texture ASTHA D199 o fmily 1.52 (60}, -5 +10%
Testure Type/5Hspe ANomboidal
Testute Denilty — indeslations/cm’ 2.1
DURABILITY
Tarameter Vo=t IAEthoD Unis Valoe
Ermvirsnmental Stress Crack Resistance = i ASTM D1593 hrs 5,000
100 - EM (50323338 s 250
Resiitance 10 Weathering EN 12234 % 100
Notes:

B 200 a0 R wealatens ba 1L ool guned Ly ol

aja ammqtnln)wusmmmvwn GLEPD 3 T2 5 g LD B 4200 For 2 waninet nf 7 diys menseain ;33

W ¥ i
iiw #]. Armiranit resm ipsagnaatin i i pie ASTM E 3%

a 101 hows oytha Irom ambam oo (0. 54 C

Tt likcnsn PEtieroy determicod 2o 3 peristage ol | netite portesmiant (U016 13425 L} Sefirabed stdp

posformasessy {EN 150 10319

Q) Typical Aamg i v ks 19F 00N granade RE aland (14 - 0@t fand o oiadd agemgene) Torsul wire

maulacauns (o Losfime walio for 2o rypes of Infli mateyok

5| Sransard beack ACPE siriss Fov Ceyigeen GEOWED, Mndenad aneno ight Datdlacs {HALS) conten mel e 2.0% by

Wit o carriar.

S| PrpeEEred b iy s e 107 3 tisenies of S0 y942s i 231U S0 wih 3 pH DeTanen 4 snd 5 and pr » s

nperatere < 25°C

7] 2D0% 0f originl ton R0 o eegIh 2 01N e fabowing PO RS0 16 N UV radlison nd arsleraad wes hasicq in

azcamdanco wiis EN 12219

£ 3011 twynokd ("3 o "
B peaitation dor sy proauct et S

GW30V GEOCELLS

) atowea* e
Ire & werxity praddatmi

FILLED WITH 2/3 CRUSHED AGGREGATE
AMD 1/3 TOPSOIL MIX OVERFILL BY 1"
EXTEND BEYOND TRENCH BY 2 CELL

WIDTHS

\

Frochct, tre: (Presn fae cre ey, Scry L al

\ LOOSE SOIL PER P152-2.10

FLTER FABRIC PER
OAR
340-71-0275(4XcXD)

2-1/2" to 3/4" WASHED

GRAVEL
PER OAR

TYPICAL DETAIL (NOT TO SCALE)

340-71-100¢53)
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‘ 5 Delivering Solutions
Improving Lives






