m DEPARTMENT OF
TRANSPORTATION

Effectiveness of Geotextiles/
Geogrids in Roadway Construction;
Determine a Granular Equivalent
(GE) Factor -- Appendices

Vernon R. Schaefer, Principal Investigator
Institute of Transportation
lowa State University

NOVEMBER 2021

Research Project
Final Report 2021-26




APPENDIX A
GEOGRID PROPERTIES



Tencar Indernaticnal Comporation

I n r 2500 Mortireinds Powy, Suls 500
- Alphareita, Geongla 30009

Phone: S00-TENSAR-1

‘www I=nsanom.com

Product Specification - Biaxial Geogrid BX1100

Tensar intemational Comporation reserves e daht fo change Xs produc? specifications af any Sme. 2is the responsibity of the soechfer and purchaser
fo ersUTE Mat product speciications used for gdesign and Qcorement GWOGSES ans cTent and consistent with he products used v sach iesfance.

Product Typs: Integrally Formed Blaxlal Gaogrid
Polymer: Polypropylans
Load Transfer Mechanlzm: Posltive Mechanical Interiock
Primary &pplications: Spectra Sysiem [Bass Reinforcemsnt, Subgrads Improvement)
Product Properiies
Index Propartiss Units MD Valusa'  XMD Valuss'
= Aperture Dimensions” mm [in) 25(1.0) 33(1.3)
= Minkmum Fib Thickness” mm {in} 075 {0.03} 0.76 (£.03)
= Tenslle Strengtn @ 2% Strain” KM 1) 4.1 |280) 6.6 (450)
= Tenslie Strength & 5% Strain® KN I8 8.5 {SED) 13.4 (520)
= Uriimate Tenslie Strength® KN [faf) 12.4 [850) 1200 (1,300)
siructural Intagrity
= Juncton Emnlenc:r‘ B 33
= Flexural Stifmess mg-cm 250,000
= Aperture Stabiiny® m-Higeg 0.32
Durabliity
- Reslsdnce o Installation Damage” %SC [ BEW | WGP 35/93/30
- Resisiance o Long Tern Degradation® % 100
= Resist@nce o UV Degradation® % 100

Dimanslons and Demry
The biaxial geogrid shail be delivered to the jobsite In ol form with each rol individually dentified and nominaly measuning 2.0 meters
{06 feet) o7 4.0 meters (13.1 feet) In witth and 75.0 meters (246 fest) In lengih. A typical truckload quandity Is 135 to 250 roks.

Hotes

1. Uniess Indicated otharwise, values shawn ane minimum average roll valpes determingd In accondance with ASTM D4758-02. Bret
descriptons of 26t procedures are given In the following nates.

2. Mominal dimenslons.

3. Detemmined In acoordance with ASTM DEE3T-10 Method A.

4. Load transfer capabdlty determined in accondance with ASTM D77T37-11.

5. Resistance o bending force determined In accomance with ASTM 07 743-12, using specimens of width two ribs wide, with transverse
ribs cut fiesh with exterior edges of longtuedinal fbe, and of length sufficientty long to enable measurament of the overhang dimenslon.

£. Riesistance to Inplane rotational movement measured by applylng 3 20 kg-cm {2 m-H) momeant ta the central juncion of 3 9 nch x 9
Inch specimean restralned at s perimeter in accordance with GRI GGA.

7. Resisance o loss of load capacity or structural Integrity when subjected to mechanical insiallation siress In clayey sand [SC), well
graded sand (SW), and crushed stone ciassified as poory graded gravel (GP). The geogrd shall be sampled In accondance with
ASTM DSS1E and load capacity shall be datermined In accortance with ASTM DEE3T.

&. Resistance o loss of load capacity or structural Integrity when subjected to chemically aggressive envimonments In accordance with
EPA 3050 Immersion testing.

9. Resistance o loss of load capacity or structural integrity when subjected to 500 howrs of wravioket kght and aggressive weatherng in
accordance with ASTM Dd4355-05.

Termur Irisewtoms! Copostion suratik Sel e e Sme of delvery B gesgr
furmished hersuncer shal contem o B secicabion suie Saren. A%y Clter WETEDY T peodict ——
roiuding mascheesbily and e b s perfosm Do s 5 ety avoudss] | e apoic abis o sy products. shippsd priar o February 1,201,
geogid doss not Teel e apedictons oo e page and Tenewr = notifed oor o

ruciliniee, Termr a0 repiecs dm geogrid st no oow o e custcmar

e e prodect describsd sbove and In not

Figure A-1 Geogrid BX1100 Product Specification

A-1



Tencar Indernational Corporation

n r 2500 Morthsinds Piowy, Sulbe 500
& Alpharesta, Georgia 30003

Fhone: S00-TENZAR-1

www.Ensancom.com

Product Specification - Biaxial Geogrid BX1200

Tensar infemational Corporation reserves fhe Aght fo charge Xs product specification's af any Sme. s the responsibily of the soechier and purchaser
fo ensure Mat prodoct specfications used for gdesign and QOCOEment FUMOsas ans coment and consistent with he proOUCE used iy sack Msfance.

Product Typa: Integrally Formed Blaxlal Gaogrid
Pol B ne
LﬂB’;nTI'H'IBI'H Machanlzm: Pucama ::charlk:al Interiock
Primary applications: Spactra Sysfem (Base Relnforcement, Subgrads Improvament)
Product Properies
Index Propartias Units MD Valusa'  XMD Valuss'
= Aperture Dimensions” mm {in) 25{1.0) 33(1.3)
= Minimurn il Thickness” mm [in) 1.37 {0.05} 1.27 [0.05)
= Tenslie Strength @ 2% Stramn’ KNI (D) 6.0 {410) 9.0 (520}
= Tenslie Strengthn @ 5% Stran’ KN/ (TDT) 11.8 (810) 15,6 (1,340)
- Untimate Tensli= Strength® KMAm (D) 19.2 (1.310) 288 (1,970)
Structural Intagrity
- Junction EMclency” 5, [E]
= Fiewural Stiffness” mig-cm 750,000
= Aperture Stabiity® m-Hideg 0.5
Durabliity
- ResE@nce o Insialation Damage’ %EC | BEW [ BEP 95 /93790
= Resisiance to Long Term Degradation® % 100
= Resistance o UV Degradation® % 104

Dimanslons and DG.NI]'
The blaxial geognid shall be delivered to the jobsite In rod form with 2ach roll Indlvidually Igentifed and nominally measunng 3.0 meters
(9.6 Teet) or 4.0 meters (13.1 feet) In wigth and 50.0 meters (154 feet) in lengih. A typical truckioad quanihy i 160 to 210 ros.

Motes

1. Unless Indicated otherwise, values shown are minimum average roll values detemined In accondance with ASTM D4759-02. Brel
descripfons of 1261 procedures are given in the fallowing nates.

2. Nominal dimenslons.

3. Determined In accordance with ASTM DSE37-10 Method A.

4, Load transfer capability determined In accondance with ASTM DF737-11.

5. Resistiance o bending force determined In accomdance with ASTM D7748-12, using specimens of width two rbs wide, with transverse
ribs cut Mesh with exieror edges of longtudingl fbs, and of length suMclently long to enable maaswement of he overhang Mmension.

6. Reslstance o In-plane rotational movement measured by applylng a 20 kg-cm {2 m-Nj moment to the central uncion ofa S inch x %
Inch specimen restralned at s pesimeter in accondance with GRI GGEA.

7. Reststance to loss of load capacity or structural integrity when subjected to mechanical insiallation siress In clayey sand [ 5C), well
graded sand (SW), and crushed stone ciassified a5 poory graded grawvel (GP). The geogrid shal be sampled In accondance with
ASTM DS818 and load capacity shall be detarmined in accorance wih ASTM DEE3T.

&. Reslstance o loss of load capacity or structural integrity when subjected to chemicaily aggressive environments In accordance with
EPA 3050 Immersion testing.

9. Resisance to loss of load capacity or structural integrity when subjected to 500 howrs of Wiravioket Bght and aggressive weathering In
accomiance with ASTM D4355-05.
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Figure A-2 Geogrid BX1200 Product Specification

A-2



Tensar

Product Specification - Tridx® TX130S Geogrid

it 1 - T — R r—— " " -
- L L o kg of . ol Rebie o i | e o e ralnece.
Tensar TRADE Geogrid
General
1. Thegeopidls " o it  pianchd po geiid shast, whIGH IS Ehen adbentad In thrse sbetastial
waﬂmnulamﬂﬁﬂﬁaumﬂﬂdtw which costinwes st
st in part fipough tie mass of the nisgral noss.
2. Thepropedies cosbribeting bn Se pedemmasce ofa meckanically stabliced Laver iscisde the fallowing:
Index Properties Longitedinal Diagomal General
= Ribpitchi, mm finj X3 {130 A3 (1.3
= Ribshape Rectanguar
Aperturs shape Trangsiar
Structural Integrity
= Jnction effidency®, % LE]
= lsotropic S8 ness Ratie 0.6
= Radial stiffness atlow staiel®, BN/m & 0.5% dmaln 204
fib/ R @ 0L8% sirsin) {13,708
Durability
= Resistsace tn chemical degadationt 1o
= Heslstssce b witra-viokt || @ and weaShering™ 0%
bimmnsion and Delivary

The T¥ goognd shall be Seitered to the jabsée b il form with each ol indi dally |destified and nomizally measuriag 3.0 metn (3.8 oot
mwﬁmu:Lmummnmmsmnwuuqarmmn:mmmmqm:‘mmamgmm

otas
1. Uniess indlcaied ctherwise, walues shown ane misimum sversge mil values determined |n accomance with ASTM D4TSS. Briof desoiptions of test procedurs am
gveen b the doll Dwiag notes.
Momiral dimessions.
Load transter capahitty determined i sooomdance with ASTM DESIT and ASTM DTT3T and mpresed 5. peroentage of sitimate tensils strength.
The raths Sotweon Se and oiserverd values of mdial stiftreess at 0.5% serain, an b ¥ bebseon riz

Fadinl safaes |5 detrrmined fom teasile stiecs measurs inany i-plane mds fom 23y i Joardance with ASTM DEEIT_

Resistanoe o less of lead capacity or structurs! inbegrity when subjected to ohom ity agensve e maments in acoondmcs wim EFA B090 Immesien lestiag.
[esistanoe iz loss of load capacity er structural istegrity when subjectsd o S00 bours of etrasiobst Hght md appresive weaSerig n acoomamos with ASTM D435,

AR A

Temsar Intpmationsl Comportion

[T —— it gugic.
Eﬂﬂhnﬁﬁ'ﬁmhg. -u-l—rnp_.u._nrmuu T amr i a coarbia ;:
Phene: 800-TENSAR-1 e e e o i e =

Wi beriSareo . com ol Ty L

Figure A-3 Geogrid TX130s Product Specification
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Tensar

Product Specification - Tridx® TXT Geogrid

Tl e % preked yamdtardan ooy Drm. 1Lh S ey 1y e Lam o e jr ™ [
- A Py hmrrerars e
T Tridw® idl
ST Gty
1. Thegeopsd is masufactunsd from o punched polypropylens sheed, which b Hen aderted |n thee substanfalty m
exquilaters directions so that the nesuting ribs shal heve  high degnss of moleculsr adentstion, which continues

st liswstin park through the nass of See bt gral sads,

AVAVAVA
2. Thepropedies costibeting tn She pedormance of & mechasbealy stabllized lirper nchade the fobowing: "u"
\VAVAV,

Index Properties? Lomgimdinal / Diagonal Geperal
Transyerse
Rty phtch), mm (in) #0{1.600 #0{1.600
= Mid-dib depls, mm fny 1 B0 200 40.08)
= Mid-sib width®, mm (in} 1.340.08 L0 0.0
= Rib shape Rectasgular
Apertare: shape Trian fulsr
Dimensions and Delbery

Tha TX geognd shall be dolfversd to thejobsteis mll fomm with ssch mil isdmdually identfied Anils are shipg e with nemiaal measuements: Eqoal bz 4.0 metes
{13 Kooty bn width by 50 mebers {164 fet) in leagi or .87 mebers 16 feef] in width by 100 metess (328 feaf) inlenpgth.

Netns

1. Unless am aerage ol wl In Wi ASTM D4 75502, Baet of best
mme e In the foll wing notes.
2, Neminal dimensions.

Tonsar international Gorponrtien peas i il Wt =
2500 Nodhwisds Plowy. :—a—--—-auuh:mtu.r—l——-—' i i
Atiaris, Georgia 30009 s i Tear
Phose: S00-TERSAR-1 i ke domt
wwwtomsar-Intermational.com e SR S g

Figure A-4 Geogrid TX7 Product Specification



APPENDIX B
LABORATORY DCP TEST RESULTS



Date of Test 1/8/2020 Test ID 10" AB_Control Operator DW ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location IMAS Test Box, Northfield, MN [Station NA
Nominal 10 in. of aggregate base course over compacted subgrade. Three tests conducted around the plate after cyclic PLT
Comments . : X )
completed with 12 inch diameter loading plate.
i AVG. DPI
DPI (mm/blow) Statistics 3 * (¥
( w) isti #1 #2 #3 (mmvblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 30.7 29.8 30.8 304 6.4
Average: Subgrade Layer [10 to 24.0 in.] 91.7 115.1 111.0 104.9 1.6
Ratio of Average: Aggregate Base/Subgrade 0.33 0.26 0.28 0.29 4.0
Std. Dev.: Aggregate Base [0 to 10 in.] 46.9 21.6 20.5 28.0 25
Std. Dev.: Subgrade Layer [10 to 24.0 in.] 58.3 28.2 57 246 04

“Note: CBR = 292/(DPI)M.12

Penetration Index, Pl (mm/blow)

100 10 1
0 1 |
L Compacted
Yary=117.1 pef 10in. Class 5
w=17% Aggregate Base
rf?
6
J
AVG. !
Compacted
12 i Subgrade, Soft
# A-7-6(2), CL
7 - #1‘
5 ol 1
=g
2
@ h
° Tk
24 1
T
-t
1
Lo
L b
T
30 |
| )
| {
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Dynamic Cone Penetrometer (DCP) Test Results

. LI
Project Name: ISU_MNDOT_NS555_Geogrid Stabilization I n I <+) S
Project ID: ISP_00007 GEOTECHNICS
Location: Northfield, MN

Figure B-1 DCP test results of section GEO
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Date of Test 1/30/2020 Test ID 10" AB_BX Light Operator DW ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location IMAS Test Box, Northfield, MN |Station NA
c " Nominal 10 in. of aggregate base course over compacted subgrade and light duty BX geogrid placed at the sugrade/base
omments course interface. Three tests conducted around the plate after cyclic PLT completed with 12 inch diameter loading plate.
DPI (mm/blow) Statistics #1 #2 #3 (:IYSLE:J) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 31.4 34.7 33.1 33.0 5.8
Average: Subgrade Layer [10 to 24.0 in.] 93.1 83.7 91.3 89.2 1.9
Ratio of Average: Aggregate Base/Subgrade 0.34 0.41 0.36 0.37 3.0
Std. Dev.: Aggregate Base [0 to 10 in.] 53 14.6 13.1 9.8 1.5
Std. Dev.: Subgrade Layer [10 to 24.0 in.] 31.2 8.5 36.0 16.8 04
“Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
100 10 1
0 ! L] Compacted
Yary=115.7 pef 10in. Class 5
w=17% #3 Aggregate Base
6 2 L
L
hi BX Light Duty
AVG. ¢ Geogrid
! Y
— g S— N P -, —
el Compacted
12 Subgrade, Soft
A-7-6(2), CL
&
*(7; L
]
<
o 18
c L
E' L
-
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[
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B
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Dynamic Cone Penetrometer (DCP) Test Results

Project ID:

Location:

Project Name:

ISU_MNDOT_NS555_Geogrid Stabilization

ISP_00007
Northfield, MN

INgIos

BEDTECH

Figure B-2 DCP test results of section GE1
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course interface. Three tests conducted around the plate aftel

Date of Test 1/23/2020 Test ID 10" AB_BX Heavy Operator DW ASTM D6951

Latitude NA Longitude NA Elevation (ft)[NA

Location IMAS Test Box, Northfield, MN |Station NA

Comments Nominal 10 in. of aggregate base course over compacted subgrade and heavy duty BX geogrid placed at the sugrade/base

r cyclic PLT completed with 12 inch diameter loading plate.

A AVG. DPI
DPI I _CBR* ("
(mm/blow) Statistics #1 #2 #3 (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 271 24.0 274 26.1 7.6
Average: Subgrade Layer [10 to 24.0 in.] 104.5 103.1 791 94.0 1.8
Ratio of Average: Aggregate Base/Subgrade 0.26 0.23 0.35 0.28 4.2
Std. Dev.: Aggregate Base [0 to 10 in.] 14.8 12.8 115 123 25
Std. Dev.: Subgrade Layer [10 to 24.0 in.] 10.6 31.9 12.9 9.2 0.2
*Note: CBR = 292/(DPI)M.12
Penetration Index, Pl (mm/blow)
100 10 1
0 1 l Compacted
Tary=116.1 pcf i 10in. Class 5
w=17% L‘Jﬁ]& Aggregate Base
N
6
g
NG. I
= i BX Heavy Duty
! Geogri
e Compacted
12 # Subgrade, Soft
r A-7-6(2), CL
P
0 #3
(] L
S 18
(= .
= L
K<
e
&
o 1
24
1
it
30 [
A/
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Dynamic Cone Penetrometer (DCP) Test Results
Project Name: ISU_MNDOT_NS555_Geogrid Stabilization
Project ID: ISP_00007
Location: Northfield, MN

Figure B-3 DCP test results of section GE2
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Date of Test 2/7/2020 Test ID 10" AB_TX Heavy Operator DW ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location IMAS Test Box, Northfield, MN |Station NA
c " Nominal 10 in. of aggregate base course over compacted subgrade and heavy duty TX geogrid placed at the sugrade/base
omments course interface. Three tests conducted around the plate after cyclic PLT completed with 12 inch diameter loading plate.
DPI (mm/blow) Statistics #1 #2 #3 (ﬁ\:f";z::) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 24.4 35.3 29.6 291 6.7
Average: Subgrade Layer [10 to 24.0 in.] 84.3 90.9 92.3 89.1 1.9
Ratio of Average: Aggregate Base/Subgrade 0.29 0.39 0.32 0.33 35
Std. Dev.: Aggregate Base [0 to 10 in.] 9.4 15.3 14.2 10.6 20
Std. Dev.: Subgrade Layer [10 to 24.0 in.] 18.9 10.8 14.6 10.1 0.3
“Note: CBR = 292/(DPI)M.12
Penetration Index, Pl (mm/blow)
100 10 1
0 : L Compacted
= ompacte
Yary=118.1 pef | 4 # 10in. Class 5
w=1.9% =l Aggregate Base
Thh
{
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Dynamic Cone Penetrometer (DCP) Test Results

Project ID:

Location:

Project Name:
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Figure B-4 DCP test results of section GE3
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Date of Test 2/7/2020 Test ID 10" AB_TX Heavy Operator DW ASTM D6951
Latitude NA Longitude NA Elevation (ft)[NA
Location IMAS Test Box, Northfield, MN |Station NA
Comments Nominal 10 in. of aggregate base course over compacted subgrade and heavy duty TX geogrid placed at the sugrade/base
course interface. Three tests conducted around the plate after cyclic PLT completed with 12 inch diameter loading plate.
DPI (mm/blow) Statistics #1 #2 #3 (ﬁls;a::;::) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0in.] 244 35.3 29.6 291 6.7
Average: Subgrade Layer [10 to 24.0 in.] 84.3 90.9 92.3 89.1 1.9
Ratio of Average: Aggregate Base/Subgrade 0.29 0.39 0.32 0.33 35
Std. Dev.: Aggregate Base [0 to 10 in.] 9.4 15.3 14.2 10.6 20
Std. Dev.: Subgrade Layer [10 to 24.0 in.] 18.9 10.8 14.6 10.1 0.3
“Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
100 10 1
0 : Ll Compacted
= ompacte
Tay=118.4 pef | 4 —# 10in. Class 5
w=19% =l Aggregate Base
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Dynamic Cone Penetrometer (DCP) Test Results 3 i
Project Name: ISU_MNDOT_NS555_Geogrid Stabilization I n g I <+)S
Project ID: ISP_00007 GEOTECHNICS
Location: Northfield, MN

Figure B-5 DCP test results of section GE4
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Date of Test 2/19/2020 Test ID 10" AB_BX Light_5 Operator DW ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location IMAS Test Box, Northfield, MN [Station NA
c 1 Nominal 10 in. of aggregate base course over compacted subgrade and light duty BX geogrid placed at about 5 in. below surface (mid-
OINEnLS height of base). Three tests conducted around the plate after cyclic PLT completed with 12 inch diameter loading plate.
. AVG. DPI
DPI bl tatisti b * (Y
(mm/blow) Statistics #1 #2 #3 (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 281 26.1 25.6 26.5 7.4
Average: Subgrade Layer [10 to 24.0 in.] 76.5 67.2 73.2 721 24
Ratio of Average: Aggregate Base/Subgrade 0.37 0.39 0.35 0.37 3.1
Std. Dev.: Aggregate Base [0 to 10 in.] 15.6 121 13.4 13.3 29
Std. Dev.: Subgrade Layer [10 to 24.0 in.] 17.2 223 11.9 15.1 0.6
*Note: CBR = 292/(DPI)™.12
Penetration Index, Pl (mm/blow)
100 10 1
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Dynamic Cone Penetrometer (DCP) Test Results
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Figure B-6 DCP test results of section GE5
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height of base course). Three tests conducted around the plate after

Date of Test 2/20/2020 Test ID 10" AB_TX Light_5 Operator Dw ASTM D6951

Latitude NA Longitude NA Elevation (ft)|NA

Location IMAS Test Box, Northfield, MN |Station NA

o Nominal 10 in. of aggregate base course over compacted subgrade and light duty TX geogrid placed at about 5 in. below surface (at mid-

cyclic PLT completed with 12 inch diameter loading plate.

DPI (mm/blow) Statistics #1 #2 #3 (ﬁ?’i’zﬂ) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 333 30.7 19.2 26.2 75
Average: Subgrade Layer [10 to 24.0 in.] 89.8 80.0 773 82.0 21
Ratio of Average: Aggregate Base/Subgrade 0.37 0.38 0.25 0.32 3.6
Std. Dev.: Aggregate Base [0 to 10 in.] 9.7 11.4 4.6 7.3 21
Std. Dev.: Subgrade Layer [10 to 24.0in.] 17.4 11.9 14.6 10.4 0.3
“Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
100 10 1
0 _ : ‘ lL ‘ Compacted
Yary =118.1 pcf #2| Y i 10in. Class 5
w =1.6%
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Dynamic Cone Penetrometer (DCP) Test Results . .
Project Name: ISU_MNDOT_NS555_Geogrid Stabilization I n g I c+} S
Project ID: ISP_00007 GEOTECHNICS
Location: Northfield, MN

Figure B-7 DCP test results of section GE7
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Date of Test 2/14/2020 Test ID 6" AB_TX Heavy Operator DW ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location IMAS Test Box, Northfield, MN |Station NA
Comments Nominal 6 in. of aggregate base course over compacted subgrade and heavy duty TX geogrid placed at the sugrade/base
course interface. Three tests conducted around the plate after cyclic PLT completed with 12 inch diameter loading plate.
DPI (mm/blow) Statistics #1 #2 #3 (rA;rYr?ll'aE:':\:) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 32.2 225 32.6 28.3 6.9
Average: Subgrade Layer [10 to 24.0 in.] 98.3 92.3 69.2 84.6 2.0
Ratio of Average: Aggregate Base/Subgrade 0.33 0.24 0.47 0.33 3.4
Std. Dev.: Aggregate Base [0 to 10 in.] 12.3 9.1 10.5 10.4 25
Std. Dev.: Subgrade Layer [10 to 24.0 in.] 14.6 15.3 20.8 12.0 0.5
“Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
100 10 1
0
| BE2 Compacted 6 in. Class
6 || Yary=124.9 pcf 5 Aggregate Base
w = 1.6%
#1
AVG. = TX Light Duty
| s Geogrid
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Dynamic Cone Penetrometer (DCP) Test Results : .
Project Name: ISU_MNDOT_NS555_Geogrid Stabilization I n g I c+}s
Project ID: ISP_00007 GEOT 1]
Location: Northfield, MN

Figure B-8 DCP test results of section GE12
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Date of Test 3/3/2020 Test ID 16" AB_TX Light_8 Operator DW ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location IMAS Test Box, Northfield, MN |Station NA
c t Nominal 16 in. of aggregate base course over compacted subgrade and light duty TX geogrid placed at about 8 in. below surface (at mid-
omments height of base course). Three tests conducted around the plate after cyclic PLT completed with 12 inch diameter loading plate.
o AVG. DPI . (0
DPI (mm/blow) Statistics #1 #2 #3 (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 16.0 in.] 17.7 23.6 19.6 20.0 10.2
Average: Subgrade Layer [16 to 24.0 in.] 83.7 86.7 84.9 85.1 2.0
Ratio of Average: Aggregate Base/Subgrade 0.21 0.27 0.23 0.24 5.1
Std. Dev.: Aggregate Base [0 to 16 in.] 9.2 19.4 9.6 1.7 4.4
Std. Dev.: Subgrade Layer [16 to 24.0 in.] 19.9 20.0 18.2 13.6 0.4
“Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
100 10 1
0
— =0 E B Compacted
Yay=1200pct | G § 16in. Class 5
w=22% - -LHH Aggregate Base
6 L
9 TX Light Duty
. AG. g Geogrid____
T
[ s
By i
. 3
i s
—_— [d )
3 [ %_ Compacted
-5 1 Subgrade, Soft
2 18 W A-7-6(2), CL
=
-
Q
[
(=]
24 l
h
l
g
30 ‘ |
x
1l
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36

Dynamic Cone Penetrometer (DCP) Test Results

Project ID:

Location:

Project Name:

ISU_MNDOT_NS555_Geogrid Stabilization

ISP_00007
Northfield, MN

INgios

GEOTECHNICS

Figure B-9 DCP test results of section GE15

B-9




Table B-1 Summary of laboratory DCP test results

B-10

Test No. Test Yd (pcf) |© (%) léz;:le{*AZ)/(o}) Sul():g];;ie{;)\;& Date
GEO |[Control 117.1 1.7 6.4 1.6 1/8/2020
GE1 |BXLight 10 115.7 1.7 5.8 1.9 1/30/2020
GE2 |BXHeavy 10| 1161 | 1.7 7.6 1.8 1/23/2020
GE4 |TX Heavy 10 | 118.1 1.9 6.7 1.9 2/7/2020
GES |BXLight 5 5| 1172 1.4 7.4 2.4 2/19/2020
GE7 |TX Light 5 5| 1181 | 16 7.5 2.1 2/20/2020

GE12 |TX Heavy 6 124.9 1.6 6.9 2.0 2/14/2020
GE15 |TX Light 8 8| 1200 | 2.2 10.2 2.0 3/3/2020
AVG 118.4 1.7 7.3 2.0
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Particle Size Analysis and Soil Classification

Percent Finer by Weight
8 8 88 38338 8
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Materials

ID: Class 5 aggregates

Sample Location:

10 1

Grain Size in Millimeters

Classification
AASHTO: A-1a

Faribault, MN

USCS: SM

001

Graduation Summary

% Gravel 0
% Sand 95
% slit /Clay 5
D10(mm) 0.13
D30{mm) 0.6
DSO{mm) 21
D60(mm) 2.5
Cu 19
Cc 11
D max 40.7
Atterberg Limit:
LL:175
PL: N.P.
Pi:-

Gradation and Soil Classification Test Results

Project Name

Project ID
Location:

MnDOT NSS55 Effectveness of Geognds

ISP-00007
142 Lab, lowa State Univeristy

Figure C-1 Base aggregate specifications (Minnesota DOT specification range for Class 5 aggregate)
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PARTICLE SIZE ANALYSIS AND SOIL CLASSIFICTAION

'ASTM D3282-15
IASTM D2487-17
ASTM D422-53

‘ASTM D4318-17

U.5. SIEVE OPENING IN INCHES | U.5. SIEVE NUMBERS | HYDROMETER
100 43 2 134 38 4 10 40 100 200
l I "'411-..._&\ I I
a0 : : : < :
E 1 : i "'IEL 1
& ; ! ; : :
i i i i
E 70 ] i : i i
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&0 1 T t 1
E i i 1 i Iy
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10 1 : : : | ]
1 1 1 I ]
D 1 1 1 1 1
100 b [1] 1 o1 0.0 0.001
GRAIM SIZE IN MILLIMETERS
GRAVEL SAMND SILT/CLAY
REERLES Coarse | Fhe [coame] Megum | Fine Siit | ciay
Material Classification Gradation Summiirglrl
1D Fairbault Clay AASHTO' A-7-8 (2} % Gravel 30
Sample Location:  Fairbautt, MM uscs® gL {Sandy Lean Clay) % Sand 41.1
9% Silt 444
% Clay 11.8
D, (mm} 0.001
Diag (mm} 0.021
Digg (mm} 0.064
Digg (mm} 0104
Dags (mm} 0.782
Cy TE.35
Ce 3.08

Atterberg Limits*

L a0
FL 23
Fl g

Project Mame: MnDOT M53855 Effectiveness of Geogrids
Project ID: ISP-00007
Location: Ingios Lab, Merthfield, MN

ingi_lc;)g

Figure C-2 Subgrade soil particle size analysis and classification
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TEST ID FEB clay TESTED BY " INPUT BY P
MATERIAL .
DESCRIPTION | T3¥D@uR Ciay. CBR contours plotted ased on 3 motstre-Ty densiy-CSR Flationship developed Dased on 16 samples prapared 3t
different molsture and dry densiies.
MNOTES
SPECIFIC
L 3 5 o)
STANDARD ASTM DSoE |HI:'I'HDD A Std. Procior CRAVITY 2.700 Assumad
Fit Equation:
G Bl
Falw) = A Opiimum Moisiure Coment, % [14.0%
—w fnél '-+'.'.:, s prg
| |m——m“:"-3“ Mandmum Dry Unk Weight, pf [1151
# Procior — 8 =100% ---- 5 = 85%
e B = 0% || and Sego Fit —— CBR Contours
B CBR Test Samplas e S e
125.0 : Parameaters
[ I [T [ [ o 87.5%
I N 1 W 18.6%
| ] } | | ] 4,896
120.0 . _
- F 0.0se
T | - 2 -
| g R 0.397
[sa]
4 iy |
. Tso : I
e Laby,
o . | Lato w %] ipch)
% o.8% 110.3
= 1 al 124% 1135
= 1100 13.3% 114.8
= | . 162% 1122
DZ" " 1 } 18.0% 077
105.0
100.0
I~
as.0
5% 10% 15% 20% 25%
Moisture Content, %
Equation to Predict CBR from Molsture Contant and Dry Unit 'Welghi:
CER = B7.1 - 1349 w + D.3503 y, + 3543 w” [Molsture content In decimals and dry unit weight In units of pef
MN=16, R*=D0.95 RMSE=13
LABORATORY PROCTOR TEST RESULTS . =
PROJECT HAME: MNDOT MS55S Efectivaness of Gaogrids l' Igl(...}s
PROJECT I0v: 15R-00007 i
LM ATION: Ingias Lab, Morthedid, MK

Figure C-3 Subgrade soil laboratory proctor test results
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TESTID F8 Clay TESTED BY |FV STANDARD |[ASTM D1383
MATERIAL
DESCRIPTION I CHR [unsoaked) kests periormad on sampies compached b diTsnent molstune confents and dry densiBes (ses nobes beiow).
NOTES
Moictune Dy Unit Relattve
Content weight, CBRatl1 CBRat02 CBRMold Compaction, RC
Sampls # w (%] 73 \pafl n. In. Dda. {In.} %) W (3] Moles
1 5% 1i0.3 3 o L] BE. TR ~£.I% 5 -
compactsd in
43 E c -1 -
2 124% 1135 18 1 L0 98.5% 1.6% i 4 i
. diameter Froctor
3 13.3% 114.8 10 i1 e 95. ™% HA.7% g using
siaraiard Procior
1 4 5 -
4 15.2% 1122 L] 43 &0 ST.4% 22% "
] 1200 i07.7 2.1 23 L] 53.5% 40%
3 Lin dlameter
& 14.T% i0s.g a7 3.7 &0 5H.7™R ors drive cyf
o rples
T 1e.1% 102.0 53 E.8 LX) S4.6% 21% B from
-] 1% 10B.9 B.5 B.E (i) 94.5% 22% iz
I:i_Ez'.
-] 15.9% 113.1 28 3.0 &0 58.2% 219%
=g
10 15.9% 3.1 33 34 &0 58.2% 29% compactsd ko
deerent
11 1558% 1163 62 53 an 100.5% 128% compaction
EnErgies (0% o
12 1=.4% 11E.5 71 B.9 &0 100.E% 14% 100% stamciard
Procior) at
13 131% 1187 1332 9.5 &0 103.9% H1.5% dfierent
maisture
14 1255 1105 184 148 &0 95.9% -15% contents N E R
diarmmeter
15 DA% 104.8 03 0.5 &0 o.0% E4% Handard CER
moid
18 181% 1105 23 2.3 (71 55.9% 1%
Predicting CBR aa a function of Molsture and Dry Unit Welght (4 In. diamster sampiss only)
M |
Eguation CBR 1 n}= 110.7 - 1642 w + O30y = 4752 W [dualure ot n decrmais ang dy wnl waigin in unika of paf}
R= 0967
SE of 5t (RMEE) 232
Predicting CER 32 a function of Molsture and Dry Unit Weight [ In. dlameter 2amples only)
M |
Equation CER (01 Inj= 1946~ 1821 w + 0.EET2y; = 5354 w' [Lloisture content in dacimale and dry un® waight i units of pef)
= 0552
SE of St (RASEE 1]
Predicting CBR aa a funchion of Molsture and Dry Unit Walght [4 In. and & in. diamatsr sampliss combined)
M 15
Eguation CHR (0.1 In) = B7.1 - 1345w + 038037, + 35343 w [Mcisfure content in decimals and diy un® weight in units of pc
R= 0553
SE of 5t {iRASEE] 19
SUMMARY OF CBER TEST RESULTS ' T
PROJECT HAME: MNDOT NS5SSS EMfectivensss of Geogrids I n g I (*}S
PROJECT IO I5P-0000T =
LOCATION: Ingices Lab, Morthiieid, MK

Figure C-4 Subgrade soil summary of CBR test results
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TESTID FB Cay TESTED BY IE'““_W BAUENGINESING. |or ANDARD |AASHTO T207-03 (Type 2 Fine Gramed Sl
MATERLAL
DESCRIPTION | Aesiient moduks (M) bests periommed af five dHT=rent target molsture Consent and dry un i weights
HNOTES
20,000 - 20,000
18,000 B pri g———— — — 4 | = 18,000
g 15.000 A I -~ Wi~ S ;15':“
3 14000 s =1fa —* < [ g temm _
4 12000 - F 12,000 ::;' r—
g§ 10000 - ot o=2m " _'T—-—-'—";__- =
} 8,000 g som ——
g 5000 S 5000
4,000 ! 4,000
2,000
; T [ w=ne%,va= 1000 put g 77, [w=emm =120
i 2 4 g E 0 o z 4 5 ] 1
Cyolile recs (pal) Cyollo Strecs (pol)
2o.oen - —— - 20,000 - - =
Epie—— i
_ 18,000 e — = - — _1e.000
f 16.000 e . ~ ¥ Iy ; 15,000
3 14,000 % =2pd & 14,000
4 12.000 § 12,000
4 10,000 g oo
E oo 2 200 .
E 6000 £.000 L T o
j 4,000 i 4000 |STEIRS e ———
2,000
I'ME W =118%, 7,= 1128 pat # g | %= 178%. v = 103 pat
a 2 4 3 E 10 o 2 4 B3 ] 10
Cyelis $rocx [pel) Cyolln Strecc (pel)
20,000
18,000
E 16,000 Maodeils to predict k., Ky, and Ky
; 14,000 R S — kym-133 714,56 w" = 25,366 B4 w - 2B AT A m 035
v aps g ;i e —— g L2
02000 | o oo —: pe— - - K= 3438 @ - 535 W= 052 R w 057
£ s kym-3E003T @ < EE I w- 345 AR e 058
E B.OoD Yectm dry Sermity nof sheSeScely signiicent
E E000
g 4,000
2000 | = 12.9%. 7, = 1148 pot
]
i 2 A 3 B 10
Cyallo Stress [pei]
"Uniwareal” Modsl Parametsns
Sample W %] ¥ (PET) K ks ks i3 “Mcksert bleyie)
1 0.o% 109.4 11415 0.233 0.388 003 Gl ® o |r : tmwli-
2 1.3% 1126 12433 0.230 L4533 0.ea e TR R Nali
3 139% 1146 o328 0.261 -1.024 053
4 159% 1123 Bai3 0.277 -2.368 099
3 17.9% 1083 4804 0.350 -3.201 =T
SUMMARY OF RESILIENT MODULUS TEST RESULTS . -
PROJECT HAME: MnDOT HESES Efeciivensss of Geogrids I n g |C+JS
PROJECT ID: |SF-00007 IS
LOCATHH: Ingices Lab, Morthfisid, MN

Figure C-5 Subgrade soil summary of resilient modulus test results
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TESTID F8 Ciay TESTED BY IE“,‘E“E‘]“ Enginesing. | sNDARD |AASHTO T307-23 (Typs 2 Fine Gralned Soll)
MATERIAL
DESCRIPTION | Rezilent moduks (W) tests periomed 2% flve different target molsiure contens and dry LS waights
NOTES
L ]
125
120
115 !
2
5
; 4
E
3 10
=
(=]
105
100 ! e
i 1 i I b i ] v i g “'._
- |
5% 10% 15% % 25%
Molsture Content, %
SUMMARY OF RESILIENT MODULUS TEST RESULTS . -
PROJECT HAME: MnDOT HE5SS Efeciveness of Geogrids I n g | (+:]S
PROJECT IO ISP-00007 i
LOCATION: Ingizs Lab, Maorthfeid, MK

Figure C-6 Subgrade soil summary of resilient modulus test results
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TESTID FB day TESTED BY P INPUT BY PV
SAMPLED DATE |67/2017 TESTED DATE |6/7/2017 _‘:‘""E'E"' 110
MATERIAL
DESCRIETION] |Fabautt Clay. C5R contours piotied based on 3 moisture-dry densky-CER relafionship developed based on 16 sampiss prepared at
s different molsture and dry densses. OC tests pesformed on D3/03/2020.
" SPECIFIC
ASTM Daos pH Mot Measured GRAVITY 2.700 Assumed
Fit Equation:
£ Gilw
Falw) = o WE, Opfmum Molsture Confent, % | 14.0%
HIT ) -
5 g Wi —WTEL ey Wi Dy Lntt v 115.1
L s B [ e ko i
® Proctor —S5=100% ----5=03%
-------- 5=90% s Li and Sego Fit —— CBR Contours Li and Sego Fit
O DC Tests [(IW2020)
125.0 4 Parameters
3 H h
NEAN S 1L
f~._ N Wa 18.6%
ERAN I
1200 | f’ n amme
AT r 0.058
A A :
el o [N L R oer
El' - E K ‘\:r.
1150 L
s [ i RN '\\ Lab e
5 =l NG Y, Labwi®)  (gf)
E T T
g / [l= - f\*\ FECTTE
g LIS £ A 124% 1435
- — o T R LD 123% 1148
5 [ S I &l ; 2% 22
£ | Iil |III F- 70 AN \\ 1B0% 1077
By
A B ;AN AN
105.0 [ 0 Y
[y i
| X AP
|
%
-
100.0 -
95.0
55 10% 15% 20% 25%
Maoisture Content, %
CBR = B7.1- 1340w+ 0.3503 v, (pcf) + 3843w, N = 16, ¥ =0.05, AMSE = 1.0
LABORATORY PROCTOR TEST RESULTS . .
PROJECT NAME: 15U_MNDOT_NS555_Geogrid Stabization I n g I G.) S
PROJECT ID- ISF_00007 s
LOCATION: Norihfisld, MN

Figure C-7 Subgrade

soil laboratory proctor test results
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APPENDIX D
LABORATORY SECTIONS PERFORMED PROCTOR TEST AND SAND
CONE TEST RESULTS



Table D-1 Base aggregate Proctor test results
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Figure D-1 Base aggregate Proctor test graph



Table D-2 Base aggregate sand cone test results
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Particle Size Analysis and Soil Classification
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Grain Size in Millimeters
Materials Classification Graduation Summary
% Gravel 0
ID: Class 5 aggregates AASHTO: A-1a
% Sand 95
Sample Location: Mankato city, MM UsSCs: SM % slit /Clay 5
D10{mm) 0.13
D30{mm) 0.6
DSO{mm) 21
De0{mm) 2.5
Cu 19
Cc 1.1
D max 40.7
Atterberg Limit:
LL: 175
PL: NP.
Pl: -

Gradation and Soll Classification Test Results
Project Name MnDOT NS555 Effectveness of Geognds
Project 1D ISP-00007
Locaton: 142 Lab, lowa State Univaristy

Figure E-1 Base aggregate specifications (Minnesota DOT specification range for Class 5 aggregate)
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Figure E-2 Base aggregate specifications (Minnesota DOT specification range for Class 5 aggregate)

Table E-1 Base aggregate sieve analysis test (Minnesota DOT specification range for Class 5 aggregate)

Base
Sieve No | Mass retained | Mass pass | Total Percent pass
3 0 496.5 100%
2 0 496.5 100%
1.5 0 496.5 100%
1 0 496.5 100% 25.4
(3)/(4) 0 496.5 100% 19
0.5 0 496.5 100% 12.7
(3)/(8) 0 496.5 100% 9.51
4 0 496.5 100% 4.76
10 255.5 241 49% 2
20 69.5 171.5 35% 0.841
30 26 145.5 29% 0.595
50 46 99.5 20% 0.297
60 11 88.5 18% 0.25
80 19 69.5 14% 0.177
100 9 60.5 12% 0.149
200 34 26.5 5% 0.074
Pan 26.5 0 0%
Total |  496.5
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Figure E-3 Base aggregate specifications (Minnesota DOT specification range for Class 5 aggregate)

Table E-2 Liquid Limit test

Base 1 2
Mass of wet + can 36.9 62.88
Mass of dry +can 33.38 58.65
Mass of can 13.27 33.89
Dry soil 20.11 24.76
Mass of moisture 3.52 4.23
Water content 17.50% | 17.08%
No. of Blows 22 30

Table E-3 Plastic Limit test (N.P.)

Base 1
Mass of wet + can 35.39
Mass of dry +can 33.82
Mass of can 25.05
Dry soil 8.77
Mass of moisture 1.57
Water content 17.90%
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APPENDIX F
FIELD TEST SECTIONS PERFORMED PROCTOR TEST, LFWD TEST,
AND SAND CONE TEST RESULTS



Table F-1 Base aggregate Proctor test results
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Figure F-1 Base aggregate Proctor test graph

Table F-2 LFWD test results and details

Subgrade Light Falling Weight results, S Frontriver Dr., Mankato City, Mn

[Test Section Control (1) T1 7] T4 75 i1l Control (2) 12

[Section No Left Centre Right Left Centre Right Left Centre Right Left Centre Right Left Centre Right Left Centre Right Left Centre. Right Left Centre Right
Distance (ft) 125 %5 375 625 75 875 1125 15 1375 1625 175 1875 2125 25 2375 2625 275 275 3125 325 3375 3625 375 387.5
[Average & (mm)| 0397 0451 0423 0521 0551 0259 0.281 035 0352 0793 0703 0482 042 1426 2115 0.501 0393 0481 0511 0484 0.469 043 0437 0456
Evd (Min/m2) 567 99 532 32 038 869 801 643 639 84 32 67 5.6 158 106 a9 573 68 a 65 8 523 515 493
Date of the test| 7/29/2020 | 7/30/2020 | 7/31/2020 | 8/1/2020 | #/2/2020 | &/3/2020 | 8/a/2020 | 8/5/2020 | 8/6/2020 | 8/7/2020 | 8/8/2020 | 8/9/2020 | 8/10/2020 | 8/11/2020 | 8/12/2020 | 8/13/2020 | /14/2020 | 8/15/2020 | 8/16/2020 | 8/17/2020 | 8/18/2020 | 8/19/2020 | 8/20/2020 | 8/21/2020
[Temp 87F, Sunny | 8ZF, Sunny | 8ZF, Sunny | 82F, Sunny | 82F, Sunny | 87F, Sunny | 82, Sunny | 82, Sunny | 87, Sunny | 87F, Sunny | 87F, Sunny | 87F, Sunny [ 87F, Sunny | 82F, Sunny | 82F, Sunny | 82F, Sunny | 8ZF, Sunny | 82F, Sunny [ 82F, Sunny | 82F. Sunny | 82F, Sunny | 82F, Sunny | 82F, Sunny | 82F, Sunny

Table F-3 LFWD test results

Test Section East Lane T5 Control (2)
Section No - Centre Centre
Distance (ft) - 225 325
Average 6 (mm) 3.028 3.935 0.49
Evd (Mn/m2) 7.4 5.7 45.9
Date of the test | 7/29/2020 | 7/29/2020 | 7/29/2020
Temp 87'F, Sunny | 8ZF, Sunny | 82F, Sunny
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Table F-4 LFWD test results

Test Section T2 T5

Section No Left Centre Right Left Centre Right
Distance (ft) 112.5 125 137.5 212.5 225 237.5
Average 6 (mm) 0.269 0.399 0.242 0.568 5.041 3.223
Evd (Mn/m2) 83.6 56.4 93 39.6 4.5 7
Date of the test | 7/30/2020 | 7/30/2020 | 7/30/2020 | 7/30/2020 | 7/30/2020 | 7/30/2020
Temp 74F, Sunny | 74F, Sunny | 74F, Sunny | 74F, Sunny | 74F, Sunny | 74F, Sunny
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Figure F-2 LFWD test results graph
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Table F-5 Sand cone test
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APPENDIX G
FIELD PERFORMED DCP TEST RESULTS
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Figure G-1 DCP test results of control section 1, Ingios Geotechnics Inc. test results
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Figure G-2 DCP test results of control section 1, Ingios Geotechnics Inc. test results
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Figure G-7 DCP test results of control section 2, Ingios Geotechnics Inc. test results
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Figure G-8 DCP test results of section 12, Ingios Geotechnics Inc. test results
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Figure G-9 DCP test results of section 5, Ingios Geotechnics Inc. test results
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Date of Test 7/31/2020 Test ID 10" Control 1 Operator V.S.&H. A |ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Nominal 10 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
o . AVG. DPI . (0
DPI (mm/blow) Statistics Left Centre Right (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 7.0 5.9 6.3 6.4 36.8
Average: Subgrade Layer [10 to 16.0 in.] 35 5.3 35 3.8 64.9
Ratio of Average: Aggregate Base/Subgrade 1.99 1.1 1.78 1.66 0.6
Std. Dev.: Aggregate Base [0 to 10 in.] 6.7 1.1 71 4.6 11.6
Std. Dev.: Subgrade Layer [10 to 16.0 in.] 22 1.0 1.4 15 225
*Note: CBR = 292/(DPI)™.12
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Dynamic Cone Penetrometer (DCP) Test Results
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Figure G-10 Average DCP test results of control section 1

G-10




Date of Test 8/1/2020 Test ID 6" Control 2 Operator V.S. &H. A |ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Thin 6 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
e . AVG. DPI a0
DPI (mm/blow) Statistics Left Centre Right (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 6.0 in.] 5.6 7.0 71 6.5 35.9
Average: Subgrade Layer [6 to 18.0in.] 3.9 4.0 3.9 41 59.7
Ratio of Average: Aggregate Base/Subgrade 1.41 1.74 1.82 1.57 0.6
Std. Dev.: Aggregate Base [0 to 10 in.] 23 0.6 5.3 19 76
Std. Dev.: Subgrade Layer [10 to 16.0in.] 1.1 1.7 1.6 1.2 20.1
“Note: CBR = 292/(DPI)™.12
Penetration Index, Pl (mm/blow)
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0 T |
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:
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ISP_00007
Mankato city, MN

Figure G-11 Average DCP test results of control section 2
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Date of Test 8/7/2020 Test ID 16" control section 3 Operator V.S.&H. A [ASTM D6951
Latitude Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN [Station NA
Comments Thick 16 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
- . AVG. DPI 0
DPI (mm/blow) Statistics Left Centre Right (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 16.0 in.] 16.3 12.7 8.6 1.7 18.6
Average: Subgrade Layer [16 to 24.0 in.] 15.5 8.6 5.0 68.9 26
Ratio of Average: Aggregate Base/Subgrade 1.05 1.48 1.73 0.17 7.3
Std. Dev.: Aggregate Base [0 to 16 in.] 34 34 21 25 3.0
Std. Dev.: Subgrade Layer [16 to 24.0 in.] 4.1 24 1.0 1.3 24
“Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization
ISP_00007
Mankato city, MN

Figure G-12 Average DCP test results of control section 3
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Date of Test 7/31/2020 Test ID 10" T1 (Light Duty Biaxial) ~ [Operator V.S.&H. A [ASTM D6951
Latitude NA Longitude NA Elevation (ft)[NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Nominal 10 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
L . AVG. DPI (0
DPI (mm/blow) Statistics Left Centre Right (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 5.2 6.4 6.8 6.0 38.9
Average: Subgrade Layer [10 to 16.0 in.] 29 8.9 25 9.3 241
Ratio of Average: Aggregate Base/Subgrade 1.79 0.72 2.67 0.65 1.6
Std. Dev.: Aggregate Base [0 to 10 in.] 1.6 0.9 0.9 0.8 5.1
Std. Dev.: Subgrade Layer [10 to 16.0 in.] 0.8 8.2 0.9 9.0 27.8
“Note: CBR = 292/(DPI)™.12
Penetration Index, Pl (mm/blow)
100 10 1
0 I T
’ Compacted
Yary = 78.6 pcf 10in. Class 5
w=8.5% l ‘ Aggregate Base
l
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J
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< J 4 ]
c l
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization

ISP_00007
Mankato city, MN

Figure G-13 Average DCP test results of section 1

G-13




Date of Test 7/31/2020 Test ID 10" T2 (High Duty Biaxial) Operator V.S.&H. A |ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN [Station NA
Comments Nominal 10 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
L . AVG. DPI 10
DPI (mm/blow) Statistics Left Centre Right (mmvblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 54 8.2 6.2 6.4 36.4
Average: Subgrade Layer [10 to 16.0 in.] 4.6 8.5 7.9 10.4 21.3
Ratio of Average: Aggregate Base/Subgrade 1.18 0.96 0.78 0.62 1.7
Std. Dev.: Aggregate Base [0 to 10 in.] 04 7.6 1.0 27 7.7
Std. Dev.: Subgrade Layer [10 to 16.0 in.] 24 11.3 8.8 7.7 23.6
“Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
100 10 1
0 I
l L] Compacted
Yary=78.6 pcf J 10 in. Class 5
w=28.5% Aggregate Base
[
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization
ISP_00007
Mankato city, MN

Figure G-14 Average DCP test results of section 2
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Date of Test 7/31/2020 Test ID 10" T4 (Heavy Duty Triaxial) |Operator V.S. &H. A [ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Nominal 10 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
o . AVG. DPI * 0
DPI (mm/blow) Statistics Left Centre Right (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 6.0 7.6 5.1 6.0 391
Average: Subgrade Layer [10 to 16.0in.] 6.3 18.1 34 23.7 8.4
Ratio of Average: Aggregate Base/Subgrade 0.94 0.42 147 0.25 4.6
Std. Dev.: Aggregate Base [0 to 10in.] 14 2.0 2.1 1.4 8.1
Std. Dev.: Subgrade Layer [10 to 16.0 in.] 11.6 18.1 12 19.0 19.2
“Note: CBR = 292/(DPI)™.12
Penetration Index, Pl (mm/blow)
100 10 1
0 I
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization
ISP_00007
Mankato city, MN

Figure G-15 Average DCP test results of section 4

G-15




o)

Dateof Test  |7/31/2020 Testip |10 1o (BiaxallighDuty- o o V.S.&H. A |ASTM D6951
Center base position)
Latitude NA Longitude NA Elevation (ft)[NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Nominal 10 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
DPI (mm/blow) Statistics Left Centre Right (:YSLE::) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 5.7 5.6 6.1 5.8 40.6
Average: Subgrade Layer [10 to 16.0 in.] 32 4.9 7.2 4.9 49.5
Ratio of Average: Aggregate Base/Subgrade 1.79 1.14 0.84 1.19 0.8
Std. Dev.: Aggregate Base [0 to 10in.] 23 0.9 1.6 1.4 9.1
Std. Dev.: Subgrade Layer [10 to 16.0 in.] 1.1 1.9 1.2 1.7 131
*Note: CBR = 292/(DPI)*.12
Penetration Index, Pl (mm/blow)
100 10 1
0
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:

Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization

ISP_00007
Mankato city, MN

Figure G-16 Average DCP test results of section 5
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Dateof Test  |7/31/2020 TestID é‘;n:; (pT;:t’i‘fr:)“ght DUt - |5 perator V. S. & H. A |ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN [Station NA
Comments Nominal 10 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
DPI (mm/blow) Statistics Left Centre Right (‘r:\:r?li):z:vl) AVG. CBR* (%)
Average: Aggregate Base [0 to 10.0 in.] 55 6.3 52 5.6 423
Average: Subgrade Layer [10 to 16.0 in.] 4.2 5.1 27 5.3 45.3
Ratio of Average: Aggregate Base/Subgrade 1.29 1.23 1.94 1.06 0.9
Std. Dev.: Aggregate Base [0 to 10 in.] 2.0 1.3 15 14 8.6
Std. Dev.: Subgrade Layer [10 to 16.0 in.] 1.0 0.9 15 1.1 134

*Note: CBR =292/(DPI)*.12
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name: ISU_MNDOT_NS555_Geogrid Stabilization
Project ID: ISP_00007
Location: Mankato city, MN

Figure G-17 Average DCP test results of section 7
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Date of Test 8/7/2020 Test ID 6" T12 (Triaxial Heavy Duty) |Operator V.S. & H. A |[ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN [Station NA
Comments Thick 16 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
. . AVG. DPI 50
DPI (mm/blow) Statistics Left Centre Right (mmiblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 6.0 in.] 6.9 7.4 71 71 32.3
Average: Subgrade Layer [6 to 19.0 in.] 4.2 4.2 3.6 4.2 58.9
Ratio of Average: Aggregate Base/Subgrade 1.67 1.77 1.99 1.71 0.5
Std. Dev.: Aggregate Base [0 to 10 in.] 1.6 0.5 1.6 11 44
Std. Dev.: Subgrade Layer [10 to 16.0 in.] 1.3 0.7 1.1 0.8 11.8
“Note: CBR = 292/(DPI)™.12
Penetration Index, Pl (mm/blow)
100 10 1
0 1
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w = 8.5% T Aggregate Base
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization

ISP_00007
Mankato city, MN

Figure G-18 Average DCP test results of section 12
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Date of Test 8/7/2020 Test ID 16" T15 Operator V.S. &H. A |ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Thick 16 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
e . AVG. DPI a0
DPI (mm/blow) Statistics Left Centre Right {mnvblow) AVG. CBR* (%)
Average: Aggregate Base [0 to 16.0 in.] 8.3 9.1 8.0 8.5 26.7
Average: Subgrade Layer [16 to 20.0 in.] 59 7.6 47 5.8 40.5
Ratio of Average: Aggregate Base/Subgrade 1.41 1.20 1.71 1.45 0.7
Std. Dev.: Aggregate Base [0 to 16 in.] 3.0 1.8 1.4 1.8 6.2
Std. Dev.: Subgrade Layer [16 to 20.0 in.] 0.9 1.8 1.9 1.1 7.8
“Note: CBR = 292/(DPI)™.12
Penetration Index, Pl (mm/blow)
100 10 1
0 I
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w =8.5% Aggregate Base
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization

ISP_00007
Mankato city, MN

Figure G-19 Average DCP test results of section 15
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Dateof Test  [8/7/2020 Testip |19 T15and control 3 Operator V.S. & H. A |ASTM D6951
intersection test
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Thick 16 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
L . AVG. DPI * [0,
DPI (mm/blow) Statistics Left Centre Right (blow) AVG. CBR* (%)
Average: Aggregate Base [0 to 16.0in.] 9.7 9.1 8.0 8.9 253
Average: Subgrade Layer [16 to 20.0 in.] 7.2 7.6 4.7 6.2 37.9
Ratio of Average: Aggregate Base/Subgrade 1.34 1.20 1.71 1.43 0.7
Std. Dev.: Aggregate Base [0 to 16 in.] 11.6 1.8 14 3.8 7.2
Std. Dev.: Subgrade Layer [16 to 20.0 in.] 16.9 1.8 1.9 6.3 14.8
“Note: CBR = 292/(DPI)M.12
Penetration Index, Pl (mm/blow)
100 10 1
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization
ISP_00007
Mankato city, MN

Figure G-20 DCP test results of section 15 and control section 3
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Date of Test 8/7/2020 Test ID 16" T15 end lane point Operator V.S. &H. A |ASTM D6951
Latitude NA Longitude NA Elevation (ft)|NA
Location S Riverdrive, Mankato city, MN |Station NA
Comments Thick 16 in. of aggregate base course Class 5 over compacted subgrade. Three tests conducted in each test sections
DPI (mm/blow) Statistics Left Centre Right (:‘\fli):i::) AVG. CBR* (%)
Average: Aggregate Base [0 to 16.0 in.] 7.9 9.1 8.0 8.3 27.3
Average: Subgrade Layer [16 to 20.0 in.] 6.1 7.6 47 59 40.2
Ratio of Average: Aggregate Base/Subgrade 1.31 1.20 1.71 1.41 0.7
Std. Dev.: Aggregate Base [0 to 16 in.] 2.6 1.8 1.4 1.6 5.3
Std. Dev.: Subgrade Layer [16 to 20.0 in.] 0.9 1.8 1.9 1.2 7.8

“Note: CBR = 292/(DPI)M.12
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Dynamic Cone Penetrometer (DCP) Test Results

Project Name:
Project ID:

Location:

ISU_MNDOT_NS555_Geogrid Stabilization

ISP_00007
Mankato city, MN

Figure G-21 DCP test results of the end of section 15
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APPENDIX H
FIELD TEST PICTURES AND LOCATION



Project Location and Test Locations
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Figure H-1 condition of sites and procedure of construction of base and subgrade and setting the geogrids in the
construction process
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Site Conditions and Pictures
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Figure H-2 condition of sites and procedure of construction of base and subgrade and setting the geogrids in the
construction process
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Site Conditions and Piciures
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Figure H-3 condition of sites and procedure of construction of base and subgrade and setting the geogrids in the
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Figure H-4 Project location and the field location in the city of Mankato and test arrangements
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Figure H-5 Project location and the field location in the city of Mankato and test arrangements
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Figure H-6 Project location and the field location in the city of Mankato and test arrangements
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Figure H-7 Project location and the field location in the city of Mankato and test arrangements
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Figure H-8 Project location and the field location in the city of Mankato and test arrangements
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Figure H-9 Project location and the field location in the city of Mankato and test arrangements
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Figure H-10 Project location and the field location in the city of Mankato and test arrangements
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Figure H-11 Project location and the field location in the city of Mankato and test arrangements
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APPENDIX I
TENSAR SOFTWARE SIMULATIONS INPUT PARAMETERS AND
STEPS



Input information for the roads in the spectra software was as below:
For unreinforced section and section 1:

Viaterial Lavers Used in Unstabilize

None

¥ MSL Particle Size, D50<=22mm

Laver Name Material Description Thickness(jn) Laver Coeff Drainage Factor
‘ACC‘I i |Aspha|t Wearing Course | 300 5 l 0.420

None -

[sEC ~| [aggregate Base Course 1000 | 0140 1.0

V¥ MSL Particle Size, D50<=22mm

Layer Name Material Description Thickness(in) Laver Coeff Drainage Factor Trifx Geogrid
JAC{H j |A5pha|t Wearing Course ] 3.00 ﬁ | 0.420

None

MSL ~|  [Mechanically Stabilized Base Course | 680 =3 | 0.140 10 | |

Recommended Geogrid Overlap for Basze Coursei‘z.C

Figure I-1 Input information for the roads in the spectra software

Geometry & Material Costs | Material Transportation & Placement Rates

& Milling or Undercut required (Fixed top grade)

Traffic Delay Inputs | Life Cycle Inputs

Finished grade

Project Size Top Surface Constraint
Length 5280 (ft)
Width 24 (ft)

Material Costs (US Dollars)

Material Unstabilized

Asphalt - Layer 1 70.00  ($iton)
Asphalt - Layer 2 70.00  ($iton)
Asphalt - Layer 3 70.00  ($iton)
Base Material 2000 ($iton)
Subbase Matenal 16.00  ($/ton)
Stabilized subgrade 16.00  ($iton)
Excavation 5.00 (§/CY)
Additional Fill [ 1500 @y

" Mo undercut or Milling (Free top grade)

0 (in) [above =

TX3 Geogrid - Installed Price Including Overlap
TX8 Geogrid - Installed Price Including Overlap
TXT Geogrid - Installed Price Including Overlap

Stabilized Density
]m ($/ton) [148.0  (pch
[ 7000 (shon) [ 180 (pen
[ 7000 (shon) [ 1380 (pe)
[ 2000 (siton) [ 1380 (pcn
[ 1600 (sion) [ 130 (pen)
[ 1600 (siton) 1350 (pch)
[ 500 @iy [ 1250 (pe)
[ 1500 (sicy)
[ 156 (sisy)

0.00 ($/8Y) Click Here to Get |
m (8/5Y) Geogrid Price

Figure I-2 Input information for the roads in the spectra software

Target Traffic (ESALs
Reliability (%

— =
&l 3

a2
als

Standard Normal Deviate -1,

]
Y
o

Standard Deviation
Subgrade Resilient Modulus (psi) 10,
Serviceability Initial

Terminal

REE

Soft Subgrade
Stabilization
Analysis...

Labor & Equipment Cost Inputs

existing grade

Defaults Close




Edit Project Information

Geometry & Material Costs | | Material Transportation & Placement Rates | Traffic Delay Inputs | Life Cycle Inputs | Labor & Equipment Cost Inputs '

Capacity of a Dump Truck m (CY)
Dump Truck operation rate (base, subbase, additional fill) m_a {(Dump truck/hr)
Dump Truck operation rate (excavation) ,—20 {Dump truck/hr)
Working hours per day 1—?—5 (hr}
Fluff factar for AC [ 120
Fluff factor for aggregates 1—155
Fluff factor for excavated soil ,W
Water required for aggregates 1—_55‘5 (GallCY)
Asphalt concrete (HMA) installation 125 (Ton/Hr)

320 (GaliHn)

Average fuel consumption by a Dump Truck

Defaults Close

Figure I-3 Input information for the roads in the spectra software

Geometry & Material Costs | Material Transportation & Placement Rates || Traffic Delay Inputs | Life Cycle Inputs | Labor & Equipment Cost Inputs

Personal travel 937 (%)

All travel (2009) [ 167 (People)

Intercity (1990) rﬁ (People)

Local 0.5 (Determined from median annual income for all us households divided by 2,080)
Intercity r—d? (Determined from median annual income for all us households divided by 2,080)
Median household income 49,445 (§iyear)

Total daily traffic 15,000  (Vehicles)

Personal travel percentage ] 92.00 (%)

Average vehicle occupancy (AVO) of passenger cars (business) 1.24 (%)

Trucks travel percentage ’W

Hour monetary value of travel time for a person on business travel 2975 (§/hr)

Average vehicle occupancy (AVO) of trucks [ 1025

Average wages and benefits for truck drivers ] 22.50  ($/hr)

Variables

Average daily Traffic 15.000  (Cars/hn)

Stopping Section Length (s) 088 (Miles)

Freeway Speed (vf) 70.0  (MPH)

Construction Zone Speed (vz) 40.0  (MPH)

Construction Zone Lentgh (L) 200 (Miles)

Average Acceleration After Work Zone (a) 0.55  (Miles/Hour/Second)
Traffic Flow Rate of arrival vehicles (Fa) r_{gaa“ﬂu (Cars/hr)

Service Rate of the system (Fc) ] 1600.0  (Cars/hn)

Vehicle Queue-discharge rate (Fd) Im (Cars/hr)

Total vehicle queue at the end of hour | (i) r_-S_[TE (Cars/hr)
Uncongested no. Hours 10.0  (Hours)

-- Traffic Delay inputs and calculations are based on “Jiang, Y. (2001). Estimation of trafic delays and vehicle queues at reeway
work zones. Transportation Research Board, Washington, DC.*
-- Mallela, J., Sadavisam, 5. {2011}). Work Zone Road User Costs: Concepts and Applications. LS Department of Defaults Close

Transportation, Federal Highway Administration.

Figure I-4 Input information for the roads in the spectra software



Geometry & Material Costs

. Analysis Variables

-
h

Froject Design Life (years)
Discount Rate (%)

Maintenance Cost (3/SY/Interval)
Rehabilitation Cost (3/SY/Interval)

I‘I 6.56
|22.32

—Unstabilized Section

Available Traffic (ESALs)

I 8.000
I 2.531.467
I 3

Rehabilitation Interval (Year) 6

Initial Construction Cost ($)

Maintenance Interval (Year)

View Activity Timing
and Interval Costs

— Stabilized Section

Available Traffic (ESALs) | 81.000
Initial Construction Cost(§) | 3.118.133
Maintenance Interval (Year) IT
Rehabilitation Interval (Year) 18

Life cycle cost inputs and analysis are based on "Walls Ill, J., Smith, M. R. (1998). Lifecycle
cost analysis in pavement design-interim technical bulletin (No. FHWA-5A-98-079)"

Figure I-5 Input information for the roads in the spectra software

Geometry & Material Costs | Material Transportation & Placement Rates | Traffic Delay Inputs | Life Cycle Inputs | I Labor & Equipment Cost Inputs

Material Transportation & Placement Rates | Traffic Delay Inputs | | Life Cycle Inputs | Labor & Equipment Cost Inputs

Defaults

Close

¥ Do not consider variable labor and equipment costs when calculating initial construction cost

Figure I-6 Input information for the roads in the spectra software

Defaults

—Asphalt (ACC1), $/SY ~Base (ABC), $/SY
Thinkness (in} Labor Equipment Thinkness (in Labor Equipment
|10 Jo.00 Jo.00 j1.0 jo.00 jo.00
|15 Jo.00 Jo.00 J40 Jo.0o Jo.ao
|20 Jo.00 [o.00 [6.0 Jo-oo Jo.o0
j3.0 jo.00 Jo.00 8.0 jo.00 jo.00
f10.0 jo.00 Jo.00
j12.0 jo.00 jo.00
—Asphalt (ACC2). $/SY
Thinkness (in) Labor Equipment
|1.0 Jo.00 [o.00 —Subbase (SBC), §/SY
|1 g |[],[][] |[],[][] Thinkness (in) Labor Equipment
|20 Jo.0o Jo.0o
1o Jo.00 Jo.0o
j3.0 Jo.00 Jo.0o
j4.0 jo.00 Jo.00
5.0 Jo.00 Jo.00
—Asphalt (ACC3), $/SY |so Jo.00 [o.00
Thinkness (in Labor Equipment |10.0 IU'UU IU'UU
J12.0 jo.00 jo.00
|10 Jo.0o Jooo
|15 Jo.00 Jo.00
j2.0 Jo.00 Jo.00
Labor and equipment costs were obtained from the 2017 National
|3.0 IU.UU IU-UU Construction Estimator Book, 65th Edition

Close




Select Material Lavers Lised in Unstabilized Paverment Section

Laver Name Material Description Thickness(in) Laver Coeff Drainage Factor
ACC1 ~ |Aspha|t Wearing Course | 3.00 :i I 0.420

None |

Mone

|ABC i |Aggregate Base Course i1D.DD:ﬂ I 0.140 1.0

MNone ~

¥ MSL Particle Size, D50<=22mm

Laver Name Material Description Thickness(jn) Laver Coeff Drainage Factor TriAx Geoagrid
]ACC‘I L] |A5pha|t Wearing Course I 3.00 ::I | 0.420

Mone ~

MNone «

[MSL ~| [Mechanically Stabilized Base Course | 650 =1 | 0140 10 |7 ~|

Recommended Geogrid Overlap for Base Coursei'u.C

Figure I-7 Input information for the roads in the spectra software

Geometry & Material Costs

Project Size
Length 5280 (ft)
Width 24 (ft)

Material Costs (US Dollars)

Material

Asphalt - Layer 1
Asphalt - Layer 2
Asphalt - Layer 3
Base Material
Subbase Material
Stabilized subgrade
Excavation
Additional Fill

TX5 Geogrid - Installed Price Including Overlap
TX8 Geogrid - Installed Price Including Overlap
TX7 Geogrid - Installed Price Including Overlap

Material Transportation & Placement Rates

Traffic Delay Inputs | Life Cycle Inputs

Top Surface Constraint

@ Milling or Undercut required (Fixed top grade)

Target Traffic (ESALs
Reliability (%

Standard Normal Deviate
Standard Deviation
Subgrade Resilient Modulus (psi)
Serviceability Initial

Terminal

Soft Subgrade
Stabilization
Analysis. ..

Labor & Equipment Cost Inputs

Finished grade |

" No undercut or Milling (Free top grade)

Unstabilized

70.0
70.0
70.00
200
16.0
16.0
5.0
16.00

ol 3l

0 () |above +]

Stabilized Density
($/ton) m {$/ton) f48.0 (pc)
{$/ton) 70.00  ($iton) 148.0  (pcf)
($/ton) 'W ($/ton) 148.0  (pcf)
($/ton) lm ($/ton) 135.0  (pcf)
{$/ton) 16.00  ($iton) 135.0  (pcf)
(B/ton) ,W (Biton) [m (pef)
(3/CY) 5.00 (siCY) 1250 (pef)
sicY) [ 1500 @icy)
156 (8/SY)
0.00 (sisY) Click Here to Get |
W (8SY) Geogrid Price

Figure I-8 Input information for the roads in the spectra software

Defauits

100,000

| w
i (51}
21 m
N P
@|

10

el

existing grade




Edit Project Information

Geometry & Material Costs | | Material Transportation & Placement Rates | Traffic Delay Inputs | Life Cycle Inputs '

Capacity of a Dump Truck

Dump Truck operation rate (base, subbase, additional fill)

Dump Truck operation rate (excavation)
Working hours per day

Fluff factor for AC

Fluff factor for aggregates

Fluff factor for excavated soil

Water required for aggregates

Asphalt concrete (HMA) installation

Average fuel consumption by a Dump Truck

[ 120 v
}—45 (Dump truck/hr)
,—2_0 (Dump truck/hr)
[ 80 {hr)
EE
EES
13
1_~_2~5_-a (GaliCY)
W (Ton/Hr)

320 (GaliHr)

Figure 1-9 Input information for the roads in the spectra software

Geometry & Material Costs | Material Transportation & Placement Rates | | Traffic Delay Inputs | Life Cycle Inputs

Personal travel

All travel (2009)

Intercity (1990)

Local

Intercity

Median household income

Total daily traffic

w
-
-~

(%)
1.67 (People)
2.30  (People)

49445  (§iyear)
15,000  (Vehicles)

]

Personal travel percentage 92.00 (%)
Average vehicle occupancy (AVO) of passenger cars (business) (%)
Trucks travel percentage

Hour monetary value of travel time for a person on business travel 2975 ($/hr)
Average vehicle occupancy (AVO) of trucks 1.025
Average wages and benefits for truck drivers 2250 (3/hr)

Variables

Average daily Traffic

Stopping Section Length (s)

Freeway Speed (vf)

Construction Zone Speed (vz)
Canstruction Zone Lentgh (L)

Average Acceleration After Work Zone (a)
Traffic Flow Rate of amival vehicles (Fa)
Service Rate of the system (Fc)

Vehicle Queue-discharge rate (Fd)

Total vehicle queue at the end of hour | (Qi)

Uncongested no. Hours

15,000  (Cars/hn)

A8 il

£l o~
=
[ =N B = ]
=
T
i

Miles/Hour/Second)
15000  (Cars/hr)

1600.0  (Cars/hr)

(Cars/hr)

(Cars/hr)

(Hours)

IRFEERN

Labor & Equipment Cost Inputs '

Defaults Close

Labor & Equipment Cost Inputs

(Determined from median annual income for all us households divided by 2,080)

(Determined from median annual income for all us households divided by 2,080}

-- Traffic Delay inputs and calculations are based on “Jiang, ¥ (2001). Estimation of traffic delays and vehicle queues at freeway

work zones. Transporation Research Board, Washington, DC.”

-- Malilela, J., Sadavisam, S. (2011). Work Zone Road User Costs: Concepts and Applications. US Department of

Transportation, Federal Highway Administration.

Figure 1-10 Input information for the roads in the spectra software

Defaults Close




Geometry & Material Costs

Material Transportation & Placement Rates

—Analysis Variables
Froject Design Life (vears)
Discount Rate (%)

Maintenance Cost (5/5Y/Interval)

Rehabilitation Cost ($/5Y/Interval)

B
r—

[ess
232

—Unstabilized Section

Available Traffic (ESALs)
Initial Construction Cost (3)
Maintenance Interval (Year)

E

Rehabilitation Interval (Year) B

I 8.000
I 2531467

View Activity Timing
and Interval Costs

Stabilized Section

Available Traffic (ESALs)
Initial Construction Caost (5)
I 3

Rehabilitation Interval (Year) 18

Maintenance Interval (Year)

I 21.000
I 3,118,133

Life cycle cost inputs and analysis are based on "Walls IIl, J., Smith, M. R. (1888). Life-cycle
cost analysis in pavement design-internim technical bulletin (No. FHWA-5A-96-079)"

Figure I-11 Input information for the roads in the spectra software

Geometry & Material Costs | Material Transportation & Placement Rates | Traffic Delay Inputs | Life Cycle Inputs | I Labor & Equipment Cost Inputs

¥ Do not considervariable labor and equipment costs when calculating initial construction cost

Traffic Delay Inputs | | Life Cycle Inputs | Labor & Equipment Cost Inputs

Defaults

Close

Figure 1-12 Input information for the roads in the spectra software

Defaults

—Asphalt (ACC1), $/SY —Base (ABC), $/SY
Thinkness (in) Labor Equipment Thinkness (in Labor Equipment
|1.0 Jo.00 Jo.00 j1.0 jo.00 jo.00
|15 Jo.00 Jo.00 j4.0 jo.00 jo.00
|20 Jo.0o Jo.0o |60 Jo.00 Jo.00
j3.0 Jo.00 Jo.00 .0 Jo.00 Jo.00
j10.0 jo.00 Jo.00
rAsphalt (ACC2), $/5Y 20 105 12,06
Thinkness (in} Labor Equipment
|1_g Ig_gg Ig_gg Subbase (SBC), $/SY
|1'5 IU'UU IU'UU Thinkness (in) Labor Equipment
|20 Jo.0o Jo.oo
{10 jo.00 jo.00
j3.0 Jo.00 Jo.0o
j4.0 jo.00 Jo.00
5.0 jo.00 jo.00
—Asphalt (ACC3). $/SY 8.0 jo.00 j0.00
Thinkness (in Labor Equipment |10.0 IU'UU IU'UU
J12.0 jo.00 jo.00
1.0 Jo.00 Jo.o0
|15 Jo.00 Jo.00
j2.0 Jo.00 Jo.00
Labor and equipment costs were obtained from the 2017 National
|3.0 |0.00 |U.UU Construction Estimator Book, 65th Edition

Close




APPENDIX J
MNPAVE USER'S GUIDE



Introduction

MnPAVE is a computer program that combines known empirical relationships with a
representation of the physics and mechanics behind flexible pavement behavior. The
mechanistic portions of the program rely on finding the tensile strain at the bottom of the
asphalt layer, the compressive strain at the top of the subgrade, and the maximum
principal stress in the middle of the aggregate base layer.

MnPAVE consists of three input modules: Climate, Traffic, and Structure; and three
design levels: Basic, Intermediate, and Advanced. The level is selected based on the
amount and quality of information known about the material properties and traffic data.
In the basic mode, only a general knowledge of the materials and traffic data are
required. The intermediate level corresponds to the amount of data currently required
for Mn/DOT projects. The advanced level requires the determination of modulus values
for all materials over the expected operating range of moisture and temperature.

MnPAVE simulates traffic loads on a pavement using a Layered Elastic Analysis (LEA)
called WESLEA. ltis a five-layer isotropic system program written in 1987 by Frans
Van Cauwelaert at the Catholic Superior Industrial Institute Department of Civil
Engineering in Belgium and modified in 1989 by Don R. Alexander at the U.S. Army
Engineer Waterways Experiment Station in Vicksburg, Mississippi. All layers are
assumed to be isotropic in all directions and infinite in the horizontal direction. The fifth
layer is assumed to be semi-infinite in the vertical direction. Material inputs include
layer thickness, modulus, Poisson’s ratio, and an index indicating the degree of slip
between layers. MnPAVE assumes zero slip at all layer interfaces. Other inputs
include load and evaluation locations. Loads are characterized by pressure and radius.
The LEA program calculates normal and shear stress, normal strain, and displacement
at specified locations.

MnPAVE output includes the expected life of the pavement, which is calculated using a
damage factor based on Miner's Hypothesis. Reliability is estimated using Monte Carlo
simulation. There is also a batch section for testing a range of layer thicknesses. In
Research Mode (accessible from the "View" menu in the main MnPAVE window),
output includes various pavement responses for each season.

J-1



Units

The default system of engineering units is English, however the system of units can be
changed in any of the main modules. System International (SI) or English units may be
selected.

English Si

Length

1in = 25.4 mm

1 ft = 0.3048 m

1 mi = 1.609344 km
Weight

11b = 4.448222 N
1 kip = 1000 Ibs

1 kip = 4.448222 kN

Pressure (Modulus)
1 psi = 6.894757 kPa
(pounds per square inch)

1 ksi = 1000 psi= 6.894757 Mpa
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Starting MnPAVE

The program can be started by double-clicking on the MnPAVE icon @ on the desktop

or selecting MnPAVE from the Windows ﬂl menu under the folder name specified
in Step 6 of Installing MnPAVE.

At this point, the Main Control Panel is visibile:

" MnPAVE - MnPAVET =13
File Edit Wiew ‘Window Help

0= w 7 =

CAEE DR g 83
-
MNDOT Flexible

Pavement Design
Mechanistic-Empirical Method

Version 6.2 @“ﬂesm#
O
v
I
O
= | MnPAVE will be updated periodically. éq
Pl‘ﬂ]EGt % Download MnPAVE Here [Reguires intermet connection) OF' TRP"‘%
PR S=Ta oo r r
- F Clirzis Jll Traffic & Structure| = Output

For Help, press F1 LM

Figure J-1 MnPAVE Software
A new MnPAVE file can be opened by clicking on the O icon or by selecting
"New" from the "File" menu.

An existing MnPAVE file can be opened by clicking on the = icon or by selecting
"Open" from the file menu. A recently saved file can also be selected from the list at the
bottom of the "File" menu.
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Changes to the current file can by saved by clicking on the or by selecting "Save" from
the "File" menu. Changes can be saved as a new file name by selecting "Save As"
from the "File" menu.

Project Information

Project information is a form for entering information necessary to identify a MnPAVE
project. Mn/DOT District, county, city, highway, construction type, design engineer and
project notes are entered in this module.

ﬁ Project Information

Dristrict Cowiity Yisw

|3 ﬂ |I:r|:|w Wing ﬂ " Al Counties  ©+ By District
Project Ma. Raoute Ciky

| 100 | CR133 Inéa

Reference Pozt [RP] Letting D ate Construction Type

| 000 | 200 | 7 zemz | 2380

Dezigner Sailz Engineer
MPayE |MrPayE
Motes

[Tupe any project details here that zhould be documented in the repart. ]

Go Back to Wiew Mn/DOT Biturninows Specifications

Control Panel [Requires internet connection]

Figure J-2 project information input part in MnPAVE software
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Climate

Climate contains a map of Minnesota where more specific location data can be entered.
MnPAVE calculates season lengths and temperatures for each location using data from
surrounding weather stations.

MnPAVE has five default seasons based on material properties measured at the
Mn/ROAD research site throughout the year. Spring is divided into two seasons
because of the drastic changes in aggregate base and subgrade soil properties during
the Spring thaw period.

MnPAVE calculates the average pavement temperature for each season based on data
from surrounding weather stations. Details of this calculation can be viewed in the
Details window.

The county and district can be selected from menus in the Project Information window.
Clicking on the map will also select them. The season lengths and average seasonal
temperatures are shown in the left portion of the Climate window.

As the pointer moves over the map, the current district, county, and coordinates under
the pointer are displayed to the left under Pointer Location. Click the left mouse button
to select this location. The district and county can also be selected in Project
Information.

Iz

T Climenie Map | Detais|
Selected County
Crow “wing Mn/OoOT Districts
Drigtrict 3
Seasong .
; Click map ar enter
Crow %ing CoLinby i alt:les_
Latitude
Pavement
® Days " qemp a6 ¢ [4
£ wesks  ['F)

Fall Longitude
(Standard) | M 48 ERRER
Wink .

[Fru:lur;:r:] 105 21 Painter Text

_ + Counties
Eary Spring 744 30 " Coordinates
(Base Thaw] © Soil Class

Late Spring I— I_ " Mone
[Sail Thaw] 8 5
Summer
(High Temp,) | 38 | 81

itz

& English Finizhed Climate
Goto
5 Contral Panel

Figure J-3 climate district zones map in MnPAVE software
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Climate Details
Seasonal air and pavement temperatures can be viewed in this window.

The air temperature at the selected location is based on a weighted average of data
from weather stations in a 75 mile (120 km) radius. Each seasonal air temperature
value represents the average daily temperature for that season. The equation used to
convert air temperature to pavement temperature can be seen by clicking the

Yiew Pavement %
Temperature Equatian button.

Early Spring Thaw Depth is the assumed depth of the thawed/frozen interface during
Early Spring. The thawed portion of the base and/or soil is assumed to have a high
moisture content and low modulus. Seasonal modulus multipliers for the selected
pavement materials can be viewed in Advanced Structure. If the thaw depth extends
into a soil layer, then the Late Spring multiplier is used for the thawed portion of the soil.

- B

A Climzits Map  Detais |
Dwration Pavement Temperature

Seasonz
Crowe %ing Covnby

Favement P Favernent Air
 Days Temp. Days T emperature Temperature
T Weeks ["‘F] " Weeks [oF] [oF]
Fall
(Standard) | 0 | 4B |
Winter I— l—
[Frozen] LB 2l |
Early Spring I_ I_
[Baze Thaw] 14 8 |
Late Spring
ol Thaw) | 28 1 59 |
Summer
- ® & E3 EB IE3
[High Temp.]
Total Yiew Pavemnent
Idnitz 65 Temperature Equation
% English Finizhed Climate E.arly Spring
[Goto i,
5l Contral Panel Thaw Depth

Figure j-4 climate district zone details tab in MnPAVE software




Traffic

ESAL (Equivalent Single Axle Load) is a simplified measure of traffic for pavement
design. An ESAL is defined as an 18 kip (80 kN) dual tire axle with a tire pressure of 80
psi (552 kPa). Other axle loads and configurations can be converted to ESALs by using
Load Equivalency Factors (LEF) as defined in Appendix D of the 1993 AASHTO Guide
for Design of Pavement Structures.

Lifetime ESALs are the number of ESALs expected during the number of years
specified in Design Period Length.

The First-Year value is calculated based on the Design Period Length and Growth Rate.
If only First Year ESALs are known, it can be entered here and Lifetime ESALs will be
calculated based on the Design Period Length and Growth Rate. The Design Period
Length is typically 20 years. The Annual Growth Rate determines the amount that traffic
increases during each year of the Design Period. Traffic analysis conducted by
Mn/DOT has indicated that a simple growth model is appropriate for most Minnesota
routes (traffic increases by a fixed amount each year).

il ESAL

Note: In some windows, such as
this one, the initial view shows only
the details necessary for a basic
pavement design. To view more

Ale Configuration

TiePresswe | 00 pe wheel Spacing details (aswhowaiip this image),
1. Lealc $lo oy 44
Axle Weight kips CHCKNe oatton:
Wheel Weight kips
ESalLs Allowable Strezs Failure Criternion
| ifar -
Lifetirme 0.375 million b Tie wheel
™ First “fear million  [Calculated) x?"'k'?'gf]'lt PT?SS}]"E SI:'[‘_EICI]V'IEI
ips pai in.
Design Period Length 20 years Heaviest Single Tire Axle | |
Annual Growth Bate [%] 3 [Simple Growth] Heaviezt Dual Tire Axle | | |
@ English || Finished Traffic
Goto
£ sl . Control Panel gl e Details |

Figure J-5 ESAL input section in MnPave software

Allowable Stress is used to protect against failure in the aggregate base layer due to a
single heavy load event. For this reason, the axle weights in this window represent the
heaviest axles expected. The default values for low-volume roads (less than 1,000,000
ESALSs) are legal axle weights in Minnesota. Values used for higher traffic volumes are
consistent with data from around the state.
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Structure

When Structure is opened for the first time in a project, the HMA Mix Properties
Window opens to make sure all mix design information is entered correctly. Mix design
information such as asphalt binder content and gradation are required to estimate the
HMA dynamic modulus. Currently, the selection of a binder grade serves only to
document the binders used in the design. Only PG 58-28 data was available for the
current MnPAVE calibration, so all HMA layers will have PG 58-28 properties regardless
of the binder type selected.

Up to three HMA types can be defined for layer 1. Since the LEA procedure only allows
five layers, multiple HMA layers are combined into a single layer using the equivalent
thickness method.

Click on the colored bar to select a default gradation based on a Mn/DOT specification.
A custom gradation can be defined by entering numbers in the “Percent Passing” edit
boxes.

To view more details about how HMA modulus is calculated, click on the “Show Details”
button and then the Advanced button next to each lift.

The Structural Number (SN) is calculated using the method described in Section 2.3.5
of the 1993 AASHTO Guide for Design of Pavement Structures.

MnPAVE - HMA Mix Properties [X]

Screen Capture Help

HkA Mix Properties

Laper |T G0 Expected traffic speed [mph] Hee etk a é

Equivalent Thicknezs | Binder
cantent

Hia 5M = 2.1

E.F”f* Binder Thickness [Zbywt, Mn/DOT  Nom Max. Percent Passing
™ Grade in)  of mix)

Size 34" /8" H4 H2OD
100 | 85 | 63 | 5 Advanced
3 100 | 85 | 63 | 5 Advanced

* The term “'Lift" iz uged here to differentiate between Hkd lavers with different mis designs or denzities.

Figure J-6 HMA mix properties tab in MnPAVE software
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Basic Structure

Basic Structure is intended for low-volume roads or designs that don’t require a high
degree of reliability. MNPAVE uses default design modulus values. These modulus
values are adjusted for seasonal variations in moisture and temperature.

Click on a layer button to select the number of layers in the pavement structure. The
bottom layer is always semi-infinite. A MNnPAVE pavement structure must have
between two and five layers. Due to limitations in the LEA procedure, layer 5 cannot be
analyzed for rutting. Therefore layers 2 through 4 must contain at least one engineered
soil' or undisturbed soil® layer.

The Default Structures area provides shortcuts for several common pavement
structures. Select the desired pavement structure, then adjust the layer thicknesses
and material subtypes.

Material Types for each layer are selected on the left side of the Structure window under
Edit Structure. Layers with a white pointer arrow & can be clicked to select a different
subtype. R-Value Design can be clicked to view the traditional MNDOT design results
for this structure.

Bl Structure
Default Structures

Basic ]Intermediate] Advanced |

Hbd
s ks
Wi e
" Thickness Values
Hbd
~ Agg. Baze
Agg. Subbaze
Eng. Sail

(" Coefficient af % ariatian
" Adjusted Thickness

Hhds 1

~ Hhd 2
Aga. Baze
Eng. Sail
HEAA Oveerlay User
Old HhA

L Gon Bawn P Defined
Eng. Sail

Hhbds,
~
Eng. Soil

fHide Details:

Edit Structure
Thickhness

Layers k aterial [ir.] katerial Type Click to Select Sublype
' Hbes AR Rl Hot-tix A3phalt PGES-34
i 2 |.-'1'-.ggBase ﬂ | E i .I'-I'I,I qreqgate Baze r-.-1r|,-"|:l|:|T |::|.
3 |EngSu:uiI ﬂ | 12 i Clay Loarn
* 4 |UndSai - Clay Loam
i 5

Mate: To use Select Granular or Granular, select ''Subbaze"
in "Edit Structure’ and then select a Subtype.

Design Mode: | Bazic -

R+ alue Design

|tz

% English Finished Structure
Goto

i g Contral Parel

Figure J-7 Basic structure sublayers information in MnPAVE software

—Seihattasbeerrbletdedamnd compacted prior to construction.

2 Existing soil that has not been reworked. Because of uncertainty in the quality and uniformity of the
material, the default undisturbed soil modulus is equal to half of the corresponding engineered soil
modulus.
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Confidence Level

This value is used to adjust layer thickness and modulus values to assure that a
proportion of the pavement area meets or exceeds the desired values, based on the
coefficient of variation (COV). The higher the confidence level and COV the more the
value is reduced. A confidence level of 50% results in no reduction (the mean value is
used in the simulation). The Confidence Level differs from the reliability value
calculated in the Output Monte Carlo simulation. The Confidence Level reduces the
values for all layers and acts as a factor of safety to account for variability and
uncertainty. A Monte Carlo simulation should be run on the final design to determine
reliability. In Design Mode, the Confidence Level is set at a default value of 70%. It is
adjustable in Research Mode.

-
0
c
a
=
o
u": 85%

+— Confidence

Level
{B5% are 2 this thickness}
I 1 1 I
3.75 4.00 4.25 4.50 4.75 5.00 5.25

HMA Thickness (in.)

Figure J-8 Confidence Level cure concept
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Thickness Views

Thickness Values Displays the design thickness. These values are adjusted based on
the Thickness Coefficient of Variation (COV) for the simulation.

Thickness Coefficient of Variation indicates the variability of the thickness value of
each layer.

COV (%) = Standarch Deviation <100
ean

Adjusted Thickness Displays the reduced thickness used in the pavement simulation.

B ————— : Wiew Wiew
{* Thickness Values " Thickness Values  Thickness Valugs
" Coefficient of Yariation (+ Coefficient of Variatior: " Coefficient of Yariation
" Adjusted Thickness " Adjusted Thickness o Sdivsted Thickness
e Datals e Detal il UL o |
Edit Structure EE— Edit Structure ——f Edit Shuchure w
Thickness 0% Canf
Layers  Material [ir.] Lapers  Material COW [3) Lapers  Material fir.] ’
e [HMa vl 45 = 1 |Hma | 5 e [HMaA -
C 2 |dggBase || B 2 |bagBase  v| | B 2 [aggBase =] |
© 3 |Engsal | | 10 = 3 [EngSol  ~| | 15 3 |Enggal =] |
o 4 |UndSoll - O |L|nu:|5::ui| - * 4 |UndSal -
i 5 "5 5
a) b) c)

Figure J-9 thickness values in MnPave including a) thickness value tab, b) Coefficient of Variation (COV), c)
adjusted thickness tab
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Intermediate Structure

Intermediate Structure has a form for entering test data for aggregate base and
subgrade soils. These values are converted to design modulus and adjusted for
seasonal variations If no test has been performed on a given material, it's box can be
left unchecked to use default Basic material properties. Basic HMA data is used in this
mode. A material subtype need not be selected if test data is entered. If the material
subtype is known, it can be selected by clicking on the pointer arrow k to the right of the
edit box. If the material subtype is not known, select Unknown from the list. To view
the calculated moduli, click on the Advanced tab.

If Other is selected in the Edit Structure area, material properties are edited in
Intermediate or Advanced Structure.

Bl Structure  besc [isass] advenced|

Hkd A b odulus Agg. Test Type Soil Test Type Other
DCP, mimblows Soil A alue

Shaow Details Check box to Check bax ta
Edit Structure enter DCP data. enter B alue.
Thicknesz
Laverzs  Material [ir.]
i Hid - 45 =
2 |.-’-'-.ggBase ﬂ N 70 k
© 3 |Engsol || 10 1z MG
“ 4 |Undsail  + CL g

"5

Design Mode: | Intermediate R alue Design

[rutz
¥ English Finizhed Structurek‘

Goto
£ 5 Contral Panel

Figure J-10 Intermediate structure input tab in MnPave software

Advanced Structure

Advanced Structure requires the input of design modulus values for every layer and
every layer.

Design Mode: Click on Basic, Intermediate, or Advanced to view the corresponding
material properties below. Selecting Basic or Intermediate displays values calculated
based on data from those modules. In Advanced mode, all material properties must be
entered manually.
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. Structur'e Basic | Intermediate Advanced

Dezigh Mode

" |lse values from Baszic Design Level

" se values from Intermediate Design Lewvel
*+ Advanced mode [enter values now]
Parameter Shown Below

* Design Modulus, ks © Adjusted
" Paiszon's Batio

" Seazonal Modulus Multipliers

Structural Mumber = 2.2

Edit Structure Show Details ™ Modulus Coefficient of ' ariation, %
Thicknesz E arly Late

Lavers  Material [ir.] Fall Winter Spring Spring Summer
1 |HMa »| |45 = || 5056 | w1z | vE89 | 336 | 1442
2 |ggase w|[ 6 = | 2z | s | 97z | 2288 || 2754
3 [Engsal | [ 10 = | 986 || &0 || &0 | 66¥F || 8132
@ 4 |UndSoil = - [sm [ s0 [ so |[zess |[ans
5

Dezign Mode: | Advanced =

Unitz T :
* English | : Finished Stucture ;

Gota i
-1 i Contral Panel

Irmport HiA Moduli from B asic

Irpart Other b aduli from Basic

Figure J-11 advanced structure input tab in MnPave software

The design mode is displayed above the “Finished” button to confirm that the correct
mode is selected. Any editing that is done in the Basic, Intermediate, or Advanced
windows will change the mode. If any editing causes the wrong mode to be selected,
this can be corrected prior to clicking on the “Finished” button.

Import Moduli

These buttons appear in the Advanced Structure window when Advanced Mode is
selected. Basic default modulus values can be imported into Advanced Mode when
custom values are not available for all layers and seasons.
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Structure Views
Structure views for all design levels can be viewed by clicking the Advanced tab.

Design Modulus displays design modulus values. For pavement simulations
these values are adjusted according to the Confidence Level.

Adjusted Modulus indicates how values used in the pavement simulation are
adjusted according to the Confidence Level.

Poisson's Ratio is a measure of a material's tendency to expand in the
horizontal direction when it is compressed in the vertical direction. Poisson's
Ratio is used in Layered Elastic Analysis (LEA) simulations.

Seasonal Modulus Multipliers displays seasonal multipliers for each aggregate
base, subbase, and soil material (HMA moduli are calculated for each season).
Multipliers indicate moisture susceptibility and the state of the material (frozen or
thawed).

FParameter Shown Below Structural Mumber = 2.2 Farameter Shown Below——————— Structural Mumber = 2.2

" Poizzon's RBatio

" Seazonal Modulus Multipliers " Seazonal Modulus Multipliers
" Modulus Coefficient of Yariation, & " Modulus Coefficient of Yariation, %
Early Late E arly Late

Fall Wwinter Spiring Spring Summer Fall Winter Spring Spring Sumnmer
| BOSE ||| 1412 || 78BS || 33E ||| 1442 | | | | |
|2 | 8o ||| sF2 ||| 2288 || 2754 | | | | |

| 985 | &0 || S0 ||| BEAF | Bi32 | | | | |

| 8551 | &0 || 80 ||| 383 | 4719 | | | | |
a) b)

Parameter Shown Below
Structural Mumber = 2.2 (" Design Modulus, ksi © Adjusted
" Paizzon's Ratio
o Seazonal Modulus Multipliers
" Modulus Coefficient of % ariation, =

Structural Humber = 2.2

Parameter Shown Below

" Adjusted

oduluz Multipliers
™ Modulus Coefficient of Y ariation,

Fall Winter E:::ﬁr:g Iéiut:ng S urmrmer Fall Wintsr g;::ﬁ'g léi't:ng Sumnmer
| 035 ||| 03w || 03w || 03w || 035 | | | | |
| 04 | D4 | 04 | 04 | 04 | | | | |
045 || 045 || 045 ||[ 045 || 045 | | | | |
045 [ 045 |[ nas [ 045 ||[ 045 | | | | |
c) d)

J-14



Parameter Shown Below
" Design Modulus, ksi  Adjusted

" Poisson's Ratio
" Seasonal Modulus Multipliers

+ Modulus Coefficient of Variation, %

Structural Number = 2.2

Early Late
Fall Winter Spring Spring Summer Distribution
2 || 2 || 2 || 2 || 20 |[Lognoma v]
30 [ 3 |[ 3 [ 3 |[ 30 |[Lognoma ]
40 [ a0 |[ 490 [ 40 || 40 |[Lognoma v]
5 | B | [ 7 [Lognoma )
e)

Figure J-12 Structure views in the Advanced tab in MnPave software including a) Design Modulus, b) Adjusted
Modulus, c) Poisson's Ratio, d) Seasonal Modulus Multipliers, e) Modulus Coefficient of Variation

Modulus Coefficient of Variation (COV) shows the expected variability in modulus for
each layer along with the assumed distribution shape. This data is used to determine
the adjusted modulus values used in the simulation and the data set used for the Monte
Carlo simulation in Output.

The default modulus data used in MNnPAVE fits a lognormal distribution (log-transformed
data fits a normal distribution). The COV of this data is calculated as follows:

COV =+ve° —1x100
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Overlay Design

While a complete Mechanistic-Empirical overlay design method has not yet been
developed for MNPAVE, overlays can be designed using the conventional fatigue and
rutting criteria to check for structural capacity. In addition, FWD? deflections and the
TONN method can be used to determine the necessary overlay thickness to avoid the
need for Spring load restrictions.

Basic Overlay Design Procedure

While MnPAVE can check for fatigue, rutting, and shear failure in the aggregate base,
these are often not the primary factors in determining overlay thickness. When
designing overlays in Basic mode, the designer must also rely on other overlay design
methods and guidelines. Do Project Information and Climate, and then go to Structure.

. Structu r'e Basic llntermediate] .ﬁ.dvanced]

Drefault Structures

Hbd 2, HbdA 1 HEdA,
e~ Agg. Baze ~ Hidd 2 ~
Eng. Soil Agg. Baze Eng. Soi
Eng. Sail
Hid2, Hbdd Overlay
~ A4ag. Base Ol Ha, ~ HS? 5
; &0, Subbase &g, Base efine
[ Mill and Overlay  Show Details Ena. Soil Erm Soi
q. Soi ng. Soi
Edit Structure Q
Thickness
Lavers  Material [ir.] bl aterial Tope Click to Select Subtype
f“ |HM.-’-‘« - 4 = :
2 |odHME v [ 4 =
3 |.-’-'-.ggBase j | 12 :
4 |EngSol  w| | 12 Clay Loann
& 5 || UpdSeil - rdisturbed Sail Clay Loam
Dezign Mode: | Basic - . Mate: To uge Select Granular or Granular, select 'Subbase’
Llnitsg R-alue Design in "Edit Stucture" and then select a Subtype.
(& English Finished Structure
Goto
5 Contral Panel

Figure J-13 Basic overlay structure sublayers information in MnPAVE software

Select the default overlay structure. If the old HMA properties for this layer have not yet
been defined, the HMA Mix Properties window will open up.

3 Falling-Weight Deflectometer: A device that measures deflections that result from a
weight dropped onto the pavement. These deflections can be used to determine the
modulus of the pavement layers.
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MnPAVE - HMA Mix Properties

Screen Capture  Help

0ld HKA Properties

Laper E G0 Expected traffic speed [mph] e Petaks a %J

e HMB SN =1.7
: . = Fercent Pazzing
Binder Thicknessz [ bywt. Mn/D0OT Mo, kax.
[Grade [ir.] of mi#]  Spec. Size a4t 38" #H4 o #2000
0+ =5 | N/ 100 [ 85 [ 83 [ 5 Advanced
After milling
[if applicable]

Figure J-14 HMA mix properties tab in MnPAVE software

If the HMA Mix Properties window did not open, click on the gray Old HMA subtype bar.

Select the binder grade of the old HMA and any other mix properties that are known and
click OK.

Check the Mill and Overlay checkbox if applicable (the old HMA thickness should be the
thickness after milling).

Define the HMA properties for the new (overlay) HMA.

Define the other pavement layers to the extent that their material types and thicknesses
are known.

Continue to Traffic and Output.

If this is a Mill and Overlay project, HMA fatigue and subgrade rutting results will be
displayed. If it is not a Mill and Overlay project and rutting has been observed in the old
HMA, check the Rutting is present in old HMA box. If rutting is not present in the
existing HMA, it is not necessary to check for subgrade rutting.
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Intermediate Overlay Design Procedure

Select material types and subtypes for the layers, with HMA overlay in layer 1 and Old
HMA in layer 2.

Click on the Intermediate tab and select FWD Deflections.

. Structu re Basic  Intermediate l.ﬁ.dvanced]

Old H& M odulus &0g. Test Tupe Soil Test Type Other
¢ Default Values DCP, mmdblow || Soil A-alue
- " PwD Deflections
Mill and Owerlay  Skaw Details Check box to Check box to
Edit Structure Q FwD Data enter DCP data. enter AW alue.
Thickness
Layerz  Material [ir.]
f'“ |HM.-“-‘-. hd 4 =
2 |OdHMa v | 4 = 328
T 3 |aggBase | | 12 CL5 L

" 4 |Engsol v | 12
5 |UndScil -

Design Maode: | Intermediate Ralue Design |

itz

% English Finizhed Structure
Goto

5 Contral Panel

Figure J-15 Intermediate overly structure input tab in MnPave software

The FWD Data window will open. FWD loads and deflections must be entered in the
spreadsheet. Data entry is greatly simplified by opening the FWD deflection file in a
spreadsheet such as Excel, cutting and pasting to put the data in the appropriate
columns, and then pasting the data into MnPAVE.
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MnPAVE - FWD Data X

Edit  Prink \Window  Help
TestDate | 7/ 2/201z = | Owelay(in]| 4 :I Design Lane &80T | 2113 Est AADT
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g 1:10 P £1.1 .51 205 167 1.7 7.7
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£ | >
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Figure J-16 FWD input data tab in MnPave software

Pavement temperature can be entered by two methods. If the pavement temperature is
known, uncheck the v Calculate BELLS3 Temperature checkbox and enter the known pavement
temperature values in column 2. If the pavement temperature is not known, it can be
estimated using the BELLS 3 method. Enter the previous day's high and low air

temperatures in the appropriate boxes and the infrared surface temperatures in column
Law  High

), Al G [
If Mill and Overlay was checked, the _0dHMA | button must be clicked to define the old
HMA thickness at the time of the FWD testing and after milling.

Annual Average Daily Traffic (AADT) must also be entered. If this value is not known, it

can be estimated from the design ESALs and the road type by clicking on the Est A4DT|
button.

Select the soil plasticity at the bottom by clicking on the Salis__Plastic | hytton. Clicking
on the button toggles through three levels: Plastic, Semi-Plastic, and Non-Plastic. If
this property is unknown, assume the soil is plastic.

The ReductionRate [ 01Ty a)ye is used in the TONN procedure. This value is typically 0.11
and ordinarily does not need to be changed.
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Calculate

| button.

Once all data has been entered, click on the
MnPAVE - FWD Data X
Edit  Print Window  Help
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for 7172012 | 40 | B0 °F JLc s Cancel
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Figure J-17 FWD input data tab in MnPave software

If BELLS3 was used, column 2 displays the estimated pavement temperatures at 1/3 of
the pavement depth. Column 3 displays the fwd load, and column 4 displays the center
deflection normalized to a 9 kip (40 kN) load (all deflections are normalized for the
calculations). Column 5 displays the calculated HMA modulus and column 6 displays
the Spring Load Restriction recommended by the TONN procedure for the selected
overlay thickness. Column 7 displays the overlay thickness recommended by the
TONN procedure. The mean and standard deviation for these values is displayed at the

bottom of the table.
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Output

Output displays the expected life based on fatigue and rutting damage. Optimum layer
thickness can be determined automatically in ESAL mode.

Fatigue and Rutting Models

The expected life of a pavement is calculated by simulating the strains due to traffic
loads and using an empirical transfer function to determine the Allowed Repetitions* for
each load. If the applied load repetitions exceeds the allowed repetitions, the pavement

is assumed to have failed.

MnPAVE - Damage Transfer Functions

Screen Capture  Help
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Figure J-18 Fatigue damage function and details tab in MnPave software

* The number of repetitions of a given axle load that are assumed to cause pavement failure by fatigue

cracking or rutting
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Initial Output

Basic Output displays the expected years of pavement life based on calculated fatigue
and rutting damage. The pavement damage is also expressed as a percent contribution
by each season.

If fatigue or rutting values are too low or too high, Material subtypes and layer
thicknesses can be adjusted. After each change “Recalculate” must be clicked to view
the new results. For Basic designs, HMA and aggregate subtypes can be adjusted in
Output. For Intermediate designs, only HMA can be adjusted in Output (other materials
must be changed in Structure). In Advanced mode, all material types must be changed
in Structure.

9 Output R elizbility l Basic ] Batch Mu:u:le]

[probability the pavement will not fail before the end of its design life)

| ESils | 375 000 Run Quick Reliability for preliminary dezign, then Bun Monte Carlo to verify final design.
< 85% iz recommended for under 1 million ESALs; 0% for over 1 million ESALS.

Preliminary Design Duick Feliability Estimate Monte Carlo Feliability

Thickness Goal Seek |

Layer 1 &+ 2 : -
Run Cuick Reliability |

Run Monte Carlo Simulation |

Years
Fatigus 50 Fatigue E stimate 0o = Fatigue Felisbility | 0 %
Rutting 21 Futting E stimate n Rutting Reliability n =

Adjugt b aterials

Unitz T —— ¥ Mumber of Monte Carlo Cycles

* Englsh || GoBackto | .
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Figure J-19 Reliability input tab in MnPave software

Thickness Goal Seek is a tool for determining design layer thicknesses in ESAL mode.
To adjust the HMA layer only, select “Layer 1” and click on _Thickness Goal Sesk | A number
of cycles will be executed until the pavement fails in neither fatigue nor rutting.

When Thickness Goal Seek is done for non-HMA layers, the HMA layer will be adjusted
for fatigue first (if necessary), and then the selected layer will be adjusted. This is
because adjusting underlying layers has a relatively small effect on fatigue life and may
result in a large number of cycles and very thick layers.

After running Thickness Goal Seek, layer thicknesses can be adjusted manually to
obtain the desired structure.
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Reliability

Output reliability considers the variability of the thickness and modulus values for each
layer to determine a reliability value for the pavement design.

The reliability will not necessarily agree with the confidence level selected in Structure
because the confidence level selects the "worst case" thickness and modulus value for
each layer while the reliability analysis considers a random combination of thickness
and modulus values.
The number of Monte Carlo cycles can be adjusted by clicking the —E%™%% | hutton. A
sensitivity analysis was conducted to determine the optimum value of 2500 cycles.
Fun Quick Reliabilty | \,ses equations derived from running a range of full Monte Carlo
simulations to estimate the Monte Carlo reliability for a given structure. This is a time-
saving feature that allows quick adjustments in the structure. Once the desired quick
reliability value is reached a full Monte Carlo reliability should be run for verification.

The  RunMonte Carlo Simulation |1y 151 runs the selected number of Monte Carlo cycles. The

time for this process ranges from less than one minute to a few minutes for an ESAL
design (depending on the computer's processor speed) and up to several hours for a
load spectrum design.

9 Output Fieliability l Basic | Batch Mods |

[probability the pavement will not fail before the end of it design life]

| ESAls | 375,000 Run Quick Relability far prefiminan design, then Bun Monte Carla o venify final design.
- ; ’ 85% iz recommended for under 1 million ES&L:; 90% for over 1 milion ESALS.
?:I':'::Ej: Efjigs”eek | Quick Reliabiity Estimate Mante Carlo Fieliability
Layer 1 6« 20
v Fun Quick Reliability | | Fun Monte Carlo Simulation |
2ars

Fatigue 50 Fatigue Estimate | 100 % Fatigue Felisbilty | 100 %
Futting 21 Rutting E stimate e X Rutting Reliability | 386 X
Adjust b aterials H lin]

i 45 =

z

10 =

DS Mumber of Monte Carlo Cycles

" English Go Back ta _
gl Control Panel Edit Cycles

Figure J-20 Reliability input tab in MnPave software
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Reports

A summary report can be saved as PDF file by clicking on the PDF icon & or by
selecting "PDF Design Summary" from the "File" menu

A screen shot of the output window can be printed by clicking on the camera icon @
Most other windows have a camera icon that can be clicked to print a screen shot.

Basic Output

Basic Output displays the expected years of pavement life based on calculated fatigue
and rutting damage. The pavement damage is also expressed as a percent contribution
by each season.

The relative damage effect from each season is displayed on the right side of the
window. These values are affected by both the magnitude of strain that occurs during
each season as well as the season length.

Results can be exported to a text file (comma or tab delimited) or to an “Excel” file. The
Excel file is actually a tab delimited text file with an “xIs” file extension. Double-clicking
on this file opens it in Excel, but it must be “Saved As” Excel to convert it to true Excel
format.

The Design Summary contains expected life and damage, project information, and
limited structural and traffic information.

Damage Details includes more seasonal and traffic information.

» Output Reliability | E

| ESALs | 375,000
Preliminary Dezign
Thickness Goal Seek |
Layer 1 f« 20

Years
Fatigue =50

il Batch Mode ]

Rutting 21 Percent aof Taotal Damage

3 - E arly Late
Adjust Materialz H [in.] Fall Winber Spring Spring Sumrier

| 227 || o0z ] a3 | 285 ||| 455  [QLIAUAEINIC

| 186 ||| o5 || 36 ||| 257 || 505 |Luleacaisliige

| Export az Test File or Excel Spreadshest

Unit * Design Surmmary View R-Value
e i Design

- -

& English Go Back to Damage Details gt | f— | ol |

g Control Panel

Figure J-21 Basic Fatigue and rutting damage input tab in MnPave software
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Batch Mode

The batch mode allows the user to specify a range of layer thickness values and have
all results tabulated in a text file or spreadsheet.

Check the box for each layer for which the thickness will be varied. Type the thinnest
value in the "Begin" box, the thickest value in the "End" box, and the amount to increase
the thickness in the "Incr." box. Damage Limits are used to exclude extremely over- or
under-designed structures from the output file. When Set Frost-Free Depth is selected,
each simulated structure will be adjusted so that the specified thickness of granular or
better material is placed above the subgrade soil.

Save Az Text or Excel

Selecting one of the output format buttons _*! [ esv | o | il prompt the user for a file
name and then run the batch process.

The value under Batch Cycles is the number of structures that will be simulated. If Set
Damage Limits is checked, the number of lines in the output file may be fewer than this
value.

9 Output Relisbilty | Basic ~Batch Mods |

| ESALs | a7 EIEIE[I% v Set Damage Limits

Freliminary Dezign I%m lﬂm

Thickness Goal Seek | ’

Layer 1 f* 2 Batch cycles where MaPAVE damage iz not

Vears within itz waill be excluded fram output.

Batch Input

Fatigue >h0 aleh Tnpu

Futting 21

Layer Thicknezs, in.

Adjust b aterials

H [in.] “amw Begin  End  Incr. St Frost-Free
v | 3.5 | g | 05  Depth, in.
Wl E |12 | 2 T
] w0 |10 |
I priks: Batch Cycles Save &z Test or Excel
e Enghsh GI:I BaCk to 24 bk | CS"\."| HlS

gl Contral Panel

Figure J-22 Batch mode input damage limits tab in MnPave software
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Research
Mode

The standard design mode in MNnPAVE provides the features necessary to complete
a pavement design. Research Mode can be selected from the Main Control Panel
from the View menu.

-~ MnPAVE - Examplel.mpv

File Edit BUEEN ‘Window Help

= E v Toolbar '@

v Sbatus Bar
Disclaimer
Warnings k
Damage Cptions  k
FWh Options k

Figure J-23 Research mode selection in MnPave software

In Research Mode there are more features and more flexibility in entering data.
However, since data entered in Research Mode may fall outside the range of date used
to calibrate MNPAVE, Research Mode is not recommended for pavement design
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