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November 8,2O2I

Aron Faegre and Associates
520 SW Yamhill Street, PH1

Portland, OR972O4

Attention: Aron Faegre

Report of Geotechnical Engineering Services
Aurora State Airport

Septic Drain Field lmprovements for HDSE Sewer System
Aurora, Oregon

Project: AronFA-2-01

NVS 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,
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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 lD: AronFA-2O1-110821-geor.docx

@ 2O2t NVs. All rights reserved.
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ACRONYMS AND ABBREVIATIONS

AASHTO

ASCE

ASTM

CBR

DCP

ESWL

FAA

pcf
psi

American Association of State Highway and Transportation Officials
American Society of Civil Engineers

American Society for Testing and Materials

California bearing ratio
dynamic cone penetrometer

equivalent single wheel load

Federa I Aviation Ad ministration
pounds per cubic foot
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 l 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. 150/5300-134 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." lt 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 ltem PL52-2.7:
Areas outstde the /imits of the pavement areas where the top layer of soilhas become
compacted by hauling or other Contractor activit'es shall be scarified and disked to a depth of
4 inches (7O0 mm), to /oosen and pulverize the sorl. Stones or rock fragments targer than
4 inches (7OO mm) in their greatest dimension will not be permitted in the top 6 rnches
(750 mm) of the subgrade.

From ltem Pt52-2.6:
"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 ltem T-901, T-906."

From ltem PL52-2.7O:
The subgrade in areas outside the limits of the pavement areas shall be compacted to a depth
of 72 inches (300 mm) and to a density of not /ess 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
fightlng equipment, and the occasional passage of aircraft without causing damage to the
aircraft.

2.O 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

1ll Vr5 Aron FA-2-0 1:11082 1
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supporting snow removal equipment, aircraft rescue and fire fighting equipment, and the
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conducted the following tasks:

Reviewed information provided to us by Aron Faegre and Associates and other available

information in or.tr files.
Visited the site to observe the subgrade and conduct the following:
r Collected bulk soil samples in order to establish moisture density relationships in

accordance with ASTM D698
r 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

. Conducted DCP testing in general accordance with ASTM D6951 at the locations shown
an Eirtva ).-,,! ! !5s!!- 4

Conducted a laboratory testing program including proctor analyses in accordance with

ASTM D698.
Provided recommendations for subgrade stabilization that do not require significant
compaction of the subgrade soil.

Provided calculations showing that the subgrade atop the proposed drain fields can support

^H^.d^n^r, rrah iz.laa a n/ nnnacinna I a ivnrafivr r rvr 6vr rvt vvr rrwrv9

Documented our findings, conclusions, and recommendations in this report.

a

a

a
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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 measuringthe in situ density of the subgrade soil. Figure 2 shows the
locations of sampling and tcsts.

3.! SOfl- SAMPT'NG

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 NVS'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 TESI'NG

We performed DCP testing in general accordance with ASTM D6951to estimate subgrade

resilient modr-rlr.rs (M') ai the locations 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

r{ v5 AronFA 2 OI:1IOB212
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subgrade. We correlated the DCP test results to resilient modulus using the methods presented
in lhe StructuralDesrgn of Bituminous Roads. The computed resilient modulus was converted
to CBR using the following relationship:

CBR = Mrl1500

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

Table 1. DCP Test Results and Corresponding CBR

Location

DCP-1 L6.2
DCP-2 L2.5
DCP-3 L4.1,

DCP-4 9.3
DCP-5 8.3
DCP-6 L2.O

DCP-7 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 
'NS'TU 

DENS'ry
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.

Resilient Modulus
(psi)

CBR

(percent)

24304
18,700
2]-,200
14,000
12,400
18,000
10,400

t{V5 AronFA 2-01:110821a
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97.0 8.0
89.1 8.3
80.0 6.9
83.4 8.5
LOg.4 t9.7
LOL.l_ 21.3
91.1 19.5

Table 2. Measured ln Situ Density

Location

g2L

851

802

842

1031

951

922

87.7 22.4 882

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

We teeted thp nnmnantinn nt the pxictino drain fielr-l at lonatinnc D-4 and D-R The other
l-..-l r-

tuL:aUuils wete tirKell litiluuilily UtIuuEiluur. Ute 5tte. r ilg virryilrE, ueg,reg5 ur uuilrpduuull tuuilu tu

exist in the RSA are summarized in Table 1.

Because the FM's intent is that fire trucks and other venicies may operate in the RSR, it brings

up the question of whether relative compaction definitively relates to the depth of a vehicle rut in
the RSA. Although the compaction does not meet the FM 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 meL

+.u rnuruDEu ut(Ailr rtEl.u

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 3/c- lo
2t/z-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. 150/5300-134 states that the RSA should be capable, ". . . under dry conditions, of
supporting snow rcmoval cquipmcnt, aircraft rcscue and fire fighting . . . equipment, and the
ocoasional passage of aircraft without causing damage to the aircraft." lt 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 t2 inches of subgrade soil

should be compacted to at least 95 percent of the maximum dry density, as determined by

Measured
Dry Density

(pcf)

Measured Moisture
Content
(percent)

Relative Density
ASTM D698

(percent)

D-2
D-1

D-3

D-4
D-5

D-6

D-7

D-8

l'l Vr5 ArcrnFA 2 OI:1LOB2L4
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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. lt 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:

. Emergency Vehicle: AASHTO H20 or a 16,000-pound wheel load
o 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 GW3OV 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

Vehicle

AASHTO

H20
Gulfstream

550

ESWL

(pounds)
Tire Pressure

(psi)

CBR Beneath
Geoweb

Product
Specification

Bearing Capacity
Safety Factor

1.5

30,300 200

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 MSHTO H2O 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. ln 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 ltem Pt52-2.6

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

1.35
GW3OV

8-inch depth

16,000 110 5
GW3OV

6-inch depth

ll vt5 AronFA-2-O:1 :11O8215
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between exploration locations. [f subsurface conditions differing from those described are noted
elr rrina tha 

^n 
r rrca nf avnarratian anrl nnncirr rnfinn ro-arralt tatinn rrlill ha nanacqervvur rr 16 evl.vr rr r rvvvevsr J r

The scope of our services does not include services related to construction safety precautions,

and our recommendations are nOt intended to direet the contractor's methods, techniques,

sequences, or procedures, exoept as speoifieally deseribed in our repoft 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.

AAA

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

Sincerely,

NV5

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

Principal Engineer
EXPIRES:
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RELATIVE DENSIW - COARSE€RAINED SOIL

Dames & Moore Sampler
(300-pound hammer)

Relative
Density

Standard Penetration Test (SPT)

Resistance
Dames & Moore Sampler

(14Gpound hammer)
0-11 o-4Very loose 0-4

I ^^^^ 44 ad A _ 4d

10-30Medium dense 10-30 26-74
74 - t20 30-47Dense 30-50

More than 50 More than 120 More than 47Very dense

CONSISTENCY . FINE-GRAINED SOIL

Unconfined
Compressive Strength

(tsf)
Consistency

Standard
Penetration Test
(SPn Resistance

Dames & Moore
Sampler

(14Gpound hammer)

Dames & Moore
Sampler

(300-pound hammer)
Less than 3 Less than 2 Less than 0.25Very soft Less than 2

2-4 3-6 2-5 o.25 - 0.50Soft
Medium stiff 4-8 6-72 5-9 o.5o - 1.0

1.0 - 2.0stiff 8-15 t2-25 9-19
TJ-JU AE AE J-UJ ra o1lY-otVery stlff

Hard More than 30 More than 65 More than 31 More than 4.0

GROUP NAMEPRIMARY SOIL DIVISIONS GROUP SYMBOL

CLEAN GRAVEL
(< 5%o fines)

GW or GP GRAVEL

GW-GM orGP-GM GRAVEL with siltnDA\/tr1 lirlTlJ Elt\ltre
/'\ EOI ^^i .' 4 Ool tiA^^\
11 9/U gttV i r4lV tIt99l| \:vv-\:u ut ur-\ru  nAttrt -..:!L -l-..qnAYEL WtLn Utdy

GM silty GRAVELCOARSE-
GRAINED SOIL

(more than 5O% of
coarse fraction

retained on
Nla l eiarra\

GRAVEL

GRAVEL WITH FINES
GC clavev GRAVEL

\/ rzlo I ll190,
uu_utvt ^;t+., ^l^i,^r, nDA\/Elailry, uroygy unnY LL

SW or SP SAND
CLEAN SAND
(<5% fines)

SW-SM orSP-SM SAND with siltSAND WITH FINES
() 5% and < 12% fines) SW-SC or SP-SC SAND with clay

SM silty SAND

SC clayey SAND

siltv. clavey SAND

irmnre ihan
50% retained

on
No. 200 sieve)

(5O7o or more of
coarse fraction

passing
No. 4 sieve)

SAND

SAND WITH FINES
/\ 4 40l a;-^^\
(z rz /u I ll l9g,

SC.SM

ML SILT

CL CLAY

silty CLAYCL.ML

OL ORGANIC SILT or ORGANIC CLAY

Liquid limit less than 50

MH SILT

CH CLAY

ORGANIC SILT or ORGANIC CLAY

FINE.GRAINED
SOIL

(50%o or more
passing

No. 200 sieve)

SILT AND CLAY

Liquid limit 5O or greater
OH

PT PEATHIGHLY ORGANIC SOIL

MOISTURE CLASSIFICATION ADDITIONAL CONSTITU ENTS

Secondary granular components or other materials
such as orEanics, man-made debris, etc.

Silt and Clay ln: Sand and Gravel ln:
Term Field Test

very low molsture,
dry to touch

Peroent Fine
Grained Soil

Coalse-
Grained Soil

Percent Firre-
Grained Soil

Coars+
Grained Soildry

trace<5 trace trace <5 trace
minor minor

moist
damp, without
visible moisture 5-L2 mtnor with 5-15

siltv/clavev 15-30 with with>t2 some
wet

visible free water,
usually saturated >30 sandv,/Eravelly lndicate %

SOIL CLASSIFICATION SYSTEM FIGURE 3

t{ ll 5
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APPENDIX A

MOISTURE DENSIW RELATIONSH I P

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.
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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 lhe StructuralDesrgn of Bituminous Roads. The results of each

test are presented in this appendix.
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DYNAMIC CONE PENETROMETER RESULTS - DCP 1

Mn = 96658 x 5-0'7168' soil not CL, CBR < 10 or not CH

Mn = 469673 , S-128; CL soil, CBR < 10

Mn = 108206 t 5{'64; CH soil

Mp = resilient modulus (pounds per square inch)

S = slope (millimeters per blow); multiplied by two (2) if lO-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.

Layer SoilType
Hammer weight = 17.6 pounds
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DYNAMIC CONE PENETROMETER RESULTS - DCP 2
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Mn = 96658 x 5-0'7168' soil not CL, CBR < 10 or not CH

Mn = 469673 t S-t'"; CL soil, CBR < 10

Mn = 108206 , 5{'60; CH soil

MR = resrlrerrI nrudulus (puuricls per square ittclt,l

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.

Layer Soil Type
Hammer weight = 17.6 pounds

Slope (mm/blow) Mn (psi)

18,700L Soil not CL, CBR < 10 or not CH 9.9

2

3

ilt'Jt5 AronFA-2-01

Exhibit E 
Page 21 of 34



DYNAMIC CONE PENETROMETER RESULTS. DCP 3

Mp = 96658 x 5-0'7168' soil not CL, CBR < 10 or not CH

Mp = 469673 x 5-1'za' CL soil, CBR < 10

Mn = 108206 " S-o 
oa; 

CH soil

Mp = resilient modulus (pounds per square inch)

S = slope (millimeters per blow); multiplied by two (2) if 1O-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.

Layer Soil Type
Hammer weight = 17.6 pounds

Slope (mm/blow) Mn (psi)

t Soil not CL, CBR < 10 or not CH 8.3 2L,200
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DYNAMIC CONE PENETROMETER RESULTS - DCP 4

Mn = 96658 x 5-0 
7ros' soil not CL, CBR < 10 or not CH

Mn = 469673 " S-t'28; CL soil, CBR < 10

Mn = 108206 , 5-o'60; CH soil

Mp = reslllent modulus (pouttds per square tttclt)

S = slope (millimeters per blow); multiplied by two (2) if 1O-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, L984.

Layer SoilType
Hammer weight = 17.6 pounds

Slope (mm/blow) Mn (psi)

L Soil not CL, CBR < 10 or not CH 14.8 14,000
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DYNAMIC CONE PENETROMETER RESULTS - DCP 5

M* = 96658 x 5-0'7168' soil not CL, CBR < 10 or not CH

Mq = 469673 x 5-124' CL soil, cBR < 10

Mp = 108206 x 5-o 
o+' 

CH soil

M* = resilient modulus (pounds per square inch)

S = slope (millimeters per blow); multiplied by two (2) if 1O-pound hammer is used

References:
ASTM D 6951, Standard Test Method for Use of the Dynamic Cone Penetrometer :n 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.

Layer SoilType
Hammer weight = 17.6 pounds

Slope (mm/blow) Mp (psi)

L Soil not CL, CBR < 10 or not CH 17.6 12,400
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Layer Soil Type
Hammer weight = 17.6 pounds

Slope (mm/blow) Mn (psi)

18,0007 Soil not CL, CBR < 10 or not CH LO.4

2

3

DYNAMIC CONE PENETROMETER RESULTS - DCP 6
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Mn = 96658 x 5-0'7168' soil not CL, CBR < 10 or not CH

Mn = 469673 " S't'2t; CL soil, cBR < 10

Mn = 108206 t S-o'uo; CH soil

Mp = resilierrI lrrutlulus (pourtds per squate ittclt)

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, "TheStructural Design of Bituminous Roads,''TRRL Laboratory

Report 1132, Transport and Road Research Laboratory, Department of Transport, United Kindgom, 7984.
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DYNAMIC CONE PENETROMETER RESULTS - DCP 7

Mn = 96658 x 5-o'7r04' soil not CL, CBR < 10 or not CH

Mn = 469673 >< S-t 
28; 

CL soil, CBR < 10

Mp = 108206 x 5-o'oa' CH soil

M* = resilient modulus (pounds per square inch)

S = slope (millimeters per blow); multiplied by two (2) if 1O-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.

Layer Soil Type
Hammer weight = 17.6 pounds

Slope (mm/blow) Mn (psi)

L Soil not CL, CBR < 10 or not CH 22.5 10,400
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Layer SoilType
Hammer wei$ht = 17.6 pounds

Slope (mm/blow)

28.L

Mn (psi)

L Soil not CL, CBR < 10 or not CH 8,800

2

3

DYNAMIC CONE PENETROMETER RESULTS. DEP 8
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Mp = 96658 x 5-o'7r04' soil not cL, cBR < 10 or not cH

Mn = 469673 , S't'28; CL soil, CBR < 10

Mn = 108206 * S-o'ua; CH soil

Mp - resilierrt nrodulus (pounds per square inch)

S = slope (millimeters per blow); multiplied by two (2) if 1O-pound hammer is used

References:
ASTM D 6951, Standard Test Method for Use of the Dynamlc Cone Penetrometer ln 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, !944.
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APPENDIX C

DESIGN CALCULATIONS

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

Exhibit E 
Page 29 of 34



AASHTO H2O

cBR (%)

Cu (psl) from table 4.

Nc (low traffic, high rutting)

P (rb)

p (psi)

r - see GW30V spec sheet
d (deg)

o

zt
zb
H {in.)geoweb depth
D {in.)effective cell diam.

dM.
8drMo

5

2t.7
3.3

16000

100

0.95

26.6

28

1

7

6

9.5

Varlabto Namoa
q, Subgrada thosr sU€nglh

Nc Bsarlng *ptdty mfident - basd on d€8lgn trama - 8s€ boltr
P Deglgnwhs6llosd
p Contact presurc

r O6web 6ll walulnfill p€ak tric{on angle ratio

6 Angls ot shar rcilstancs bstwn tha gmnular lnlltl and Geryob cell walt

0 Anqle of lntemal tlc,tion of lhe Gsowsb lnfill motsrtal

zr Oepth hom sudace to top ol Georeb cell walls

zb Ooplh trom surfis@ l,o bottom of Gsow€b @ll walls

Nc = 2.8 (High Traftic, Low Ruttng - from U,S. Forest SeNice guidelines)

Nc = 3.3 Low Traffc, Hlgh Ruttlng - frofi U,S. FoBst Serylce guldellnes)

Qa = Nccu

7.1
Mer€ R - Radius ot loadod ar6a (i.€. aftctve rddlus of single
or dual U@s)

FJr

<o4

0t'ut

max allowable rtress

radlus of loaded area

venlcal stress lop ofgeoweb

vertical stress bottom of geoweb

Active earth pressure coefficient

horizontal stress top ofg@web

horizontal stress bottom of g€oweb

stress reduction beneath loaded area

Stress on Subgrade

Factor of Safety

tudldMn

Slnffi!tttrfrilr.ru)

M(dedbytugefr@)

\&rytr(dlyffi!rhEfuD
>10 tsld{hffisfrlybtlMdt

qa {psi} 77.61

R

qvi
qvb

Ka

99.7

65.7 ..,,i i-*[l """-,[ l.*]'l
ll.(:l"l L lt'.t*r ll,0.4

0ht
ohb

oave

oa

36.0

23.7

29.9

18.9

on = Kou
ohb = l(. 06

(o61 * o66)
"avge - 2

., = z(f;).",n" ,u'a

77.61

46.8

1,5 acc€ptable

ffid8M
6hgrh

ofrtdl

6Md

R!dr@

.11., 2

tt.?.2a,t 2.4

za.l.at.8
d 5r. tior

4.6

.7.6.S.8
6 !r. is er

0.t6

F.E. rt
Itaet. rt.tr

16. S
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Gulfslraam t50

c8R (%)

Cu (psl) from table 4.

Nc {low traffic, high rutting)
P (rb)

p (psl)

. - see GW30V spec sheet

d (des)

o
zt
7h

H {ln.)geoweb depth

D {in.}effective cell dlam.

5

21.7

3.3

30333
200

0.95

26.6

28

1

I
8

9.5

Varleblo Nama'

gosdng cspsdty costnciont - bassd on dsslgn batllo - €9o b€lw
Oasign wir@i iwd
Conlacl pFsurg
Gffib €llwll,/lnnll p€ak ftlcllon 8nglo Etlo

Angls ot shgar ,gslcianc€ bstwsn the gEnular lntlll and Getreb €ll wall

Angle ot lntemal fridlon of ths Gesob infill mstsisl
D€plh l?om gurloe to top of G6Mb €ll Mlls
Depth fiom owfae to botom ot Gewsb @ll wslls

Nc = 2,8 (l-ligh T€flic, Low Rutting - from U,S. FoEst Soruioe guidellnes)

Nc = 3.3 Low Trafllc, Hlgh Ruttlng - t om U.S. FoBet SoNl@ guldsllnes)

9E = Nccu

6.9
uu! dr4 !.s. on@lvs r6u'u! e. dilgr€

or dual tlre9)
ER= j:

&
F
p

f

6

0

4
fr

ffir
O.Itlrrdo

{ 0.!

o-4 -6

ot-t5

t3.u

14. t,
>6J

ffiffin

6lt

D'{drfrT..'ffit

t&dn(ffibyegird@)

$ Hd{hdd

qa (psi) 77.67

> t91
(?.t)

max allowable stress

R

hddk0tutfr
ffi

Panail6
R.abhd

gTrMl
< fl.? 2

t7.f .u.l 7'a

,a,r . {?.4 {.0

a?.0 - s6.8 8. 16

xE. rtl rE. s

vertical stress top of geoweb

A.tiv..adh 6r.i.rrr..6.f{i.i.nt

horirontal stress top of geoweb

ho.izontal stress bottom oI Seoweb

avef aBe horizontal 5te5s

stress reduction beneath loaded area

,dllowable 5t.cas on gubtrodc

Stress on Subgrade

Factor of Safety

ovt 199.4

0.4Ke

0ht
ohb

oave

of

72.0

36.4

54.2

45.7

,*fR

olr' Kon
6b = tco6

., = z(f;J.",n. una

("61 " "66)"avge - 2

7L.57

55.1

1,30 acceptable
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Pefiormance Handbook GUlfrheam G55O
Equlvalsnt Slnqls Wheel Loadlng (ESWLI cv€EFlela

L lnuoductlon:

On6 conBld€rallon ln op€rallng GulEheam alrcran ls ths slr€ngth
of runway €nd taxh,vay pavements in relation to aircrqfi opelating
wsight, ThiB can limit operational weighb in som€ aiporB. One
common method of €vsluaung an alrcr€ft for I glv€n runway ls
the EquMalent Sinslo Vreellggdilg_(EgWt). ESWL ac@unts
for g g€ar slrute suc-h
es the dual lvheel Btsuts used on ltp Gulftlrcam aircraft" Thb
€ecllon provld€s lniormstlon on how to oompule ESWL for the
G550 and G500 ailplanes,

2, GS'{r an l C500 Maln Lan.tlng Gosr PrrametlrB:

ilat
Rarnp

W€lght
(Foundsl

MLG
llrc Sle
0nah.Bl

tlm
SpaclrU
(lnch.B)

ililllll
Pr€aiur€

Gsll

Roduodoh
Ficlor

li.Ilmlrm
ESWL

{pounds}

91,400 35 X 11.0 r8.5 t98 1.26 32,904

The redudlon iac*or ln lhe table above aasurne8 a rlgld pav€m€nt
with a radiue of equtualent stiffiress of 4{l incfies, roughly
€qulvalsnt b a 13.5 lnch thlck concr€t€ 6lab. Thinn€r pavemants
would give higher reduction factors, so the factors prBsented ale
cons€rvetfu€.

3. Estlt L Computrtlon tor Lower Opcrrilng Wclghtr:
ESWL can be computed for lowor operating wEights as follows:
ESWL = {Grcse Wetght} x {0.9} x (0.5) / (Reduction Factor}

Aircraft
Gross Weight (lb)

Reduction Factor

EswL (rb)

tire presure (psi)

Gulfstream G550

91000

30333.33

1.35 assume 1.35, since rutting is allowed

200
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