TO: Roger Weigel
Design Division

ATTN: Darell Arne
Design Division

FROM: Ron Horner
Materials and Research Engineer
Jeff Jirava

Geotechnical Section
PROJECT: SOIA-7-804(049)247
PCN: 20325
LOCATION: Junction ND 23 to Truck Reliever Route
LENGTH:  1.3503 Miles
DATE: September 4, 2013

SUBJECT: Linear Soils Report and Recommendations

Attached is the Linear Soils Report and Recommendation for the above referenced
project. If there are any changes made to the project after the report is issued that may
require alteration to this recommendation or if you have any questions please contact
Jeff Jirava at 328-6908 or jjirava@nd.gov.
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CERTIFICATION

| hereby certify that this report was prepared by me or under my direct supervision and
that | am a duly registered professional engineer under the laws of the State of North
Dakota. This document was originally issued and sealed by Jeff Jirava, Registration
number PE-5950 on 9/4/13 and the original document is stored at the North Dakota
Department of Transportation.

Q“ng'\‘ 7 seer. 2013

Jeff Jirava, PE.\~ Date
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Introduction

This report will provide soils information and recommendations for the proposed
Reconstruction of Highway 1804 from the Junction of ND 23 to the truck reliever route.

Maintenance Review

Jamie Naumann, Geotechnical Drill Crew Chief, met with Pat Staples, New Town
Maintenance Section, to discuss and evaluate any maintenance areas on the roadway.
This review yielded no maintenance areas that required evaluation.

Soil Borings

The soil borings were performed from 7/22/2013 using a 6 inch solid flight auger. The
borings were conducted at 250 foot intervals within 14 feet of the existing centerline.
The borings were advanced to a depth of 5 feet below the existing pavement surface.

Summary of Soil Analysis

Soil Descriptions

The analysis of the project yielded several different soil types present. The sample
distribution is shown on the following figure.

3
2
1 -
A-1-b

A-2-4 A-3
AASHTO SOIL TYPE

NUMBER OF SAMPLES
I

Figure 1 - Soil Sample Distribution

AASHTO A-1-b soils consist predominately of coarse sand with or without a
nonplastic to slightly plastic soil binder. These soils generally serve very well as
subgrade material.
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AASHTO A-2-4 soils consist primarily of granular materials containing 35 percent or
less passing the No. 200 sieve. This includes such materials as gravel and coarse
sand with silt contents or plasticity indexes in excess of the limitations of Group A-1.
These soils function well as subgrade material.

AASHTO A-3 soils consist of sands deficient in coarse material and soil binder.
These soils make suitable subgrades for all types of pavements when confined and
damp. They are subject to erosion and they have been known to pump and flow
under rigid pavements. They can be compacted by vibratory, pneumatic tired and
steel tired rollers but not with sheepfoot roller.

AASHTO A-4 soils typically contain nonplastic silts. These may have an affinity for
water and may swell unless they are properly compacted and drained

AASHTO A-6 soils typically consist of plastic clays. They usually have high volume
change between wet and dry states. These soils have dry strength but lose much of
this strength upon absorbing water. The A-6 soils will compress when wet and shrink
and swell with changes in moisture content. They do not drain readily and may
absorb water by capillarity with resulting loss in strength. These soils can also be
highly frost susceptible although they will perform well when moisture is kept near the
optimum value

Moisture

The moisture contents provided in this report and summarized below have been
obtained from samples taken on 7/22/2013.

Table 1 - Summary of In-Place and Optimum Moisture Contents

Difference
In-Place In-Place U L0 ey
Quantity AA.SHTQ Moisture Moisture Opt_lmum e
Classification Range (%) Average (%) Moisture Place a_nd T-
Average (%) | 180 Optimum
Moistures (%)
4 A-1-b 5.3-12.6 7.60 7.30 0.20
3 A-2-4 9.2-13.5 11.70 7.70 4.10
1 A-3 - 4,50 11.30 -6.80
7 A-6 14.8-23.5 17.30 9.90 7.40
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Table 2 - Summary of In-Place versus Optimum Moisture Contents
In-Place Moisture vs. Optimum Moisture
Optimum | Moderate
to to Very
Moderate High High High
. AASHTO e 0to6% | (6t010% | (10to (> 16%
Quantity Classification Optimum
over over 16% over over
optimum) | optimum) | optimum) [ optimum)
4 A-1-b 75% 25% - - -
3 A-2-4 - 67% 33% - -
1 A-3 100% - - - -
7 A-6 - 43% 29% 29% -
Atterberg Limits
Table 3 - Summary of Atterberg Limits
Liquid Liquid Plastic Plastic Plasticity | Plasticity
AASHTO Limit Limit Limit Limit Index Index
Classification Range Average Range Average Range Average
(%) (%) (%) (%) (%) (%)
A-1-b 0-22 16 NP-18 13 NP-5 3
A-2-4 0-26 16 NP-17 11 NP-9 5
A-3 - N/A - NP - NP
A-6 29-40 34 16-18 18 12-22 16

Swell Potential

The swell potential, which is based on the Plasticity Index (PI), is shown in the
following table.

Table 4 - Swell Potential

Low

(Plasticity Index < 25)

Marginal

(25 < Plasticity Index < 35)

High

(Plasticity Index > 35)

100%

0%

0%

Frost Susceptibility

None of the samples obtained were F4 soils. The F4 designation indicates that under
the right conditions these soils have a higher probability of heaving during
freeze/thaw cycles.
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Group Index

The Group Indexes from the samples ranged from a low of 0 to a high of 19. A group
index of 20 or greater indicates a “very poor” subgrade material. The following table
shows the respective group indices.

Table 5 - Group Indices

AASHTO Group Index Range Group Index Average
Classification
A-3 1-1 1
A-6 3-19 8

Design Recommendations

In order to achieve a uniform subgrade it is recommended to prepare the subgrade to a
depth of 12 inches

Design Information

Subgrade Prep Type C 127
This is to be done along the entire reconstruction area.

Plan Notes
None

The recommendations in this report are based on the existing alignment and
profile provided to us prior to the borings being performed. If the scope of work,
vertical profile or horizontal alignment is changed, in either the conceptual phase
or the design phase, Materials and Research must be notified as soon as possible
to ensure that there is adequate geotechnical information addressing these areas.
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Project No.: SOIA-7-804(049)247

PCN: 20325

Lab STA Offset
No.

401 247+0990 Rt 14 NB
402 247+1526 Rt 14 NB
403 247+2000 Rt 15 NB
404 247+2500 Rt 15 NB
405 247+3000 Rt 15 NB
406 247+3500 Rt 13 NB
407 247+4000 Rt 13 NB
408 247+4500 Rt 13 NB
409 247+5000 Rt 13 NB
410 248+0000 Rt 13 NB
411 248+0500 Rt 13 NB
412 248+1000 Rt 13 NB
413 248+1500 Rt 13 NB
415 248+2500 Rt 13 NB
416 248+2670 Rt 12 NB

Tuesday, September 03, 2013

Depth of
Sample
(ft)

0.7-5
0.7-5
0.6-5
0.8-5
0.9-5
1-5
0.9-5
0.9-5
1.3-5
0.9-5
0.9-5
0.9-4
1-5
1-5
0.8-5

Plastic
Limit
(PL)
18.3
16.4
17.5
18.3
17.8
16.8
16.9
16.0
16.8
0.0
0.0
15.3
17.5
0.0
18.4

AASHTO
Class

A-6(12)
A-6(6)
A-6(19)
A-6(8)
A-6(5)
A-2-4(0)
A-6(3)
A-1-b(0)
A-1-b(0)
A-3(1)
A-2-4(0)
A-2-4(0)
A-6(6)
A-1-b(0)
A-1-b(0)

Swell Potential:-MarginaI -

Ave. In-Place:

0<MC< 6%
Moisture Content Over opt.

Moisture Content:-O-S% Over PL -

Color Key |

Group | Optimum| Swell
Index | Moisture | Potential

(P1)

Average
In-Place
Moisture

10.8
9.3
11.6
10.1
8.8
7.8
9.0
7.3
7.1
11.3
7.9
7.3
9.7
7.8
7.0

Moisture Content
@ Depth

Frost
Class

F3
F3
F3
F3
F3
F3
F3
F2
F2
F2
F2

F3
F3
F2
F2

Page 1 of 1
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Department of Transportation, Materials and Research Division
300 Airport Road, Bismarck ND 58504 (701) 328-6900

Report Number SS-18-2013 Date Reported 8/14/2013 District Williston
County MOUNTRAIL Submitted By  Naumann Project Number SOIA-7-804(049)247
AASHTO Test Method T-180 PCN 20325

Comments

Lab Number 401 402 403 404

Reference Pt + Feet 247+0990 247+1526 247+2000 247+2500

Distance From CenterLine (Ft.) Rt 14 NB Rt 14 NB Rt 15 NB Rt 15 NB

Depth, Ft. 0.7-5.0 0.7-5.0 0.6-5.0 0.8-5.0

Field Sample No. 401 402 403 404

% Pass. 3/8" Sieve 100 100 100 100

% Pass. No. 4 Sieve 98 98 99 95

% Pass. No. 10 Sieve 92 89 96 89

% Coarse Sand (-No. 10 + No. 40) 5 7 2 8

% Fine Sand (-No. 40 + No. 200) 14 20 7 17

% Silt (0.074 - 0.005 mm) 45 39 50 37

% Clay (-0.005 mm) 28 23 36 26

Liquid Limit (-No. 40) 37 30 40 35

Plasticity Index (-No. 40) 18 14 22 17

Plastic Limit 18 16 18 18

Soil Color BRN/BLK BRN BRN BRN/BLK

Textural Class CLY LM CLY LM CLY CLY LM

Soil Class (AASHTO M-145) A-6(12) A-6(6) A-6(19) A-6(8)

Frost Class F3 F3 F3 F3

Optimum Moisture (%) 10.8 9.3 11.6 10.1

Maximum Dry Density (pcf) 124.8 128.1 123.0 125.9

% Organic Content

Depth (Ft.) | Moisture (%) ‘ 2 | 16.9 2 | 17.9 2 | 28.1 2 | 15.4
3 | 18.0 3 | 17.0 3 | 23.1 3 | 13.4
4 | 16.5 4 | 21.7 4 | 24.5 4 | 17.6
5 | 15.9 5 | 24.5 5 | 18.4 5 | 16.9

Avg. Moisture of Sample Depth 16.9 20.3 235 15.9

Scott W. Wutzke, Testing Lab Supervisor
Date Printed: 9/3/2013
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Report Number SS-18-2013 Date Reported 8/14/2013 District Williston
County MOUNTRAIL Submitted By  Naumann Project Number SOIA-7-804(049)247
AASHTO Test Method T-180 PCN 20325

Comments

Lab Number 405 406 407 408

Reference Pt + Feet 247+3000 247+3500 247+4000 247+4500

Distance From CenterLine (Ft.) Rt 15 NB Rt 13 NB Rt 13 NB Rt 13 NB

Depth, Ft. 09-5.0 1.0-5.0 09-5.0 09-5.0

Field Sample No. 405 406 407 408

% Pass. 3/8" Sieve 100 95 100 93

% Pass. No. 4 Sieve 91 89 96 85

% Pass. No. 10 Sieve 81 78 85 76

% Coarse Sand (-No. 10 + No. 40) 14 14 12 29

% Fine Sand (-No. 40 + No. 200) 15 29 25 28

% Silt (0.074 - 0.005 mm) 32 25 33 9

% Clay (-0.005 mm) 20 10 16 9

Liquid Limit (-No. 40) 33 26 29 21

Plasticity Index (-No. 40) 15 9 12 5

Plastic Limit 18 17 17 16

Soil Color BRN BRN BRN/BLK BRN

Textural Class CLY LM SNDY LM SNDY LM SND

Soil Class (AASHTO M-145) A-6(5) A-2-4(0) A-6(3) A-1-b(0)

Frost Class F3 F3 F3 F2

Optimum Moisture (%) 8.8 7.8 9.0 7.3

Maximum Dry Density (pcf) 129.1 132.3 127.7 1335

% Organic Content

Depth (Ft.) | Moisture (%) ‘ 2 | 16.3 2 | 11.6 2 | 12.0 2 | 10.9
3 | 13.6 3 | 10.3 3 | 111 3 | 75
4 | 6.6 4 | 125 4 | 18.1 4 | 12.3
5 | 225 5 | 155 5 | 18.3 5 | 19.8

Avg. Moisture of Sample Depth 14.8 12.5 14.8 12.6

Scott W. Wutzke, Testing Lab Supervisor
Date Printed: 9/3/2013
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Department of Transportation, Materials and Research Division
300 Airport Road, Bismarck ND 58504 (701) 328-6900

Report Number SS-18-2013 Date Reported 8/14/2013 District Williston
County MOUNTRAIL Submitted By  Naumann Project Number SOIA-7-804(049)247
AASHTO Test Method T-180 PCN 20325

Comments

Lab Number 409 410 411 412

Reference Pt + Feet 247+5000 248+0000 248+0500 248+1000

Distance From CenterLine (Ft.) Rt 13 NB Rt 13 NB Rt 13 NB Rt 13 NB

Depth, Ft. 1.3-5.0 09-5.0 09-5.0 09-4.0

Field Sample No. 409 410 411 412

% Pass. 3/8" Sieve 99 100 97 93

% Pass. No. 4 Sieve 86 100 92 86

% Pass. No. 10 Sieve 74 98 85 78

% Coarse Sand (-No. 10 + No. 40) 33 15 25 22

% Fine Sand (-No. 40 + No. 200) 24 75 41 29

% Silt (0.074 - 0.005 mm) 7 1 12 16

% Clay (-0.005 mm) 10 8 6 10

Liquid Limit (-No. 40) 20 0 0 22

Plasticity Index (-No. 40) 3 NP NP 7

Plastic Limit 17 0 0 15

Soil Color BRN BRN BRN BRN/GRY

Textural Class SND SND SND SNDY LM

Soil Class (AASHTO M-145) A-1-b(0) A-3(1) A-2-4(0) A-2-4(0)

Frost Class F2 F2 F2 F3

Optimum Moisture (%) 7.1 11.3 7.9 7.3

Maximum Dry Density (pcf) 1335 114.9 1315 133.3

% Organic Content

Depth (Ft.) | Moisture (%) ‘ 2 | 10.1 2 | 3.3 2 | 13.2 2 | 10.9
3 | 4.3 3 | 1.9 3 | 5.6 3 | 8.2
4 | 4.8 4 | 5.6 4 | 12.2 4 | 215
5 | 7.0 5 | 7.0 5 | 6.0 5 | 3.8

Avg. Moisture of Sample Depth 6.6 4.5 9.2 135

Scott W. Wutzke, Testing Lab Supervisor
Date Printed: 9/3/2013
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Department of Transportation, Materials and Research Division
300 Airport Road, Bismarck ND 58504 (701) 328-6900

Report Number SS-18-2013 Date Reported 8/14/2013 District Williston
County MOUNTRAIL Submitted By  Naumann Project Number SOIA-7-804(049)247
AASHTO Test Method T-180 PCN 20325

Comments

Lab Number 413 414 415 416

Reference Pt + Feet 248+1500 248+2000 248+2500 248+2670

Distance From CenterLine (Ft.) Rt 13 NB Rt 13 NB Rt 13 NB Rt 12 NB

Depth, Ft. 1.0-5.0 1.0-5.0 1.0-5.0 0.8-5.0

Field Sample No. 413 414 415 416

% Pass. 3/8" Sieve 100 80 89 81

% Pass. No. 4 Sieve 97 65 78 67

% Pass. No. 10 Sieve 90 47 61 54

% Coarse Sand (-No. 10 + No. 40) 15 27 29 28

% Fine Sand (-No. 40 + No. 200) 17 13 22 16

% Silt (0.074 - 0.005 mm) 38 4 5 5

% Clay (-0.005 mm) 21 3 5 6

Liquid Limit (-No. 40) 32 0 0 22

Plasticity Index (-No. 40) 15 NP NP 3

Plastic Limit 18 0 0 18

Soil Color BRN/BLK BRN BRN BRN

Textural Class CLY LM SND/GRVL SND SND

Soil Class (AASHTO M-145) A-6(6) A-1-a(1) A-1-b(0) A-1-b(0)

Frost Class F3 F2 F2 F2

Optimum Moisture (%) 9.7 7.5 7.8 7.0

Maximum Dry Density (pcf) 126.5 132.6 132.0 133.9

% Organic Content

Depth (Ft.) | Moisture (%) ‘ 2 | 8.2 2 | -20.1 2 | 5.7 2 | 9.4
3 | 15.5 3 | 2.7 3 | 6.2 3 | 3.6
4 | 19.2 4 | 4.2 4 | 53 4 | 39
5 | 17.2 5 | 3.9 5 | 5.6 5 | 45

Avg. Moisture of Sample Depth 15.0 -2.3 5.7 5.3

Scott W. Wutzke, Testing Lab Supervisor
Date Printed: 9/3/2013



	Introduction
	Maintenance Review
	Soil Borings
	Summary of Soil Analysis
	Soil Descriptions
	Moisture
	Swell Potential
	Frost Susceptibility
	Group Index

	Design Recommendations
	Design Information
	Plan Notes


