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Course Overview

Refresher Info Soil Classification
- Conversions Sampling / Preparation
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e 4. Atterberg Limits
ARDOT Specifications . LL. PL. PI

Proctors
- Standard & Modified

% Compaction
* Nuclear Density Gauge
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Referee Tests

Method A (3 point)

pe added to the
ing tested

No dry soil ma
seasoned soil

Liquid Limit

73

Plasticity Index
of Soils

Plasticjty Index (Pl) is the range

Center for Training
Transportation Professionals

Plasticity Index

74
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Plasticity Index

Pl=LL - PL Determine the plasticity index of
the soil
PI = Plasticity Index — -
LL = Liquid Limit iy PL=23
PL = Plastic Limit PI=37-23=14
Pl=14

Report Pl to the nearest whole number

Plasticity Index

Plasticity Index

Determine the plasticity index of the soil

LL =32 PL=15

Plasticity Index
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Special Reporting

Report PL Report PI
+ “Cannot be Determined” + “Non-Plastic (NP)” if any of the
~ If specimen cannot be rolled to 3 following are true
mm ~ LL could not be determined
~ PL could not be determined
Report LL ~PLis2LL

« “Cannot be Determined”

~ If soil “slides” in the cup at blow
counts less than 25

Plasticity Index 78

~
(o]

Water
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80
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Water Calculation

(W-D)

MC = D

x 100

W — wet weight of soil
D - dry weight of soil

w

MC
(1 + m)

D=

W, Air
Wy Water
D Solids
(dry soil)

Water

Wet Soil

Air

Water
(2% of Dry
Soil Weight)

Solids
(Dry Soil)

82
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A MC (Change in Moisture Content)

Air

Water
(2% of Dry
Soil Weight)

Solids
(Dry Soil)

2 %

A MC = Target MC - Soil MC

-

Water
(8% of Dry
Soil Weight)

8 %

Air

Water
(10% of Dry
Soil Weight)

Solids
(Dry Soil)

10 %

MC Target
84
Water Calculation
Air
Water
(10% of Dry
Soil Weight)
X | 10% | =
5000 g 009 orSan
_ AMC 5500 g
Water = Dry x 100
86
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Water

Determine how much water is needed for the soil to contain 3 %
moisture if the dry weight is 2000 g

Water =D x

A MC
100

3
Water = 2000 x 100 - (2000)(0.03) = 60

60 g or 60 mL

Water

Water

Determine how much water is needed for the soil to contain 10.2 %
moisture if the dry weight is 2500 g

Water =D x

A MC
100

WEICT
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Air

Water
(10% of Dry
Soil Weight) = + 10 %

Solids 500 g

(Dry Soil)
Dry = Wet
5500 g (1+ 'IIW_O((:))
Water 90

Water

Determine how much water is needed to bring a 2630 g soil sample
with a moisture content of 3.4 % to a moisture content of 12.0 %

oo Wet 2630 2630 .,
: ry'(“m)'(“ﬂ)'msf '
100 100

2. AMC =Target MC - MC =12.0 - 3.4 = 8.6

3. Water=D AMC'25435 8'6'219
. ater = rny- 0 Xm— 219mL

92
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Determine how much water is needed to bring a 5500 g soil sample
with a moisture content of 1.3 % to a moisture content of 6.2 %

Water

93

Determining
Moisture Content
by Speedy
Moisture Tester

ARDOT 347

Cttp

Center for Training
Transportation Professionals

98

Speedy Moisture Content
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Introduction / Equipment

Alternative method to oven Calcium carbide reacts with the
drying for fine grained soils water in the soil
* Not quite as accurate » Produces acetylene gas

« Quicker test

- No license to operate Gas pressure inside the meter is

measured and converted to a
moisture content based on the
wet mass of the soil

 Must use conversion chart to
convert to a moisture content
based on the dry mass of soil

Speedy Moisture Content 99

Procedure

a standard sample size

a
Procedure is written for ‘
of 20 g

Clean tester chamber and cap
prior to use

Tilt chamber on side and roll (2)
steel balls into chamber

« Avoid dropping balls directly
onto pressure port

Speedy Moisture Content

100

2026
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Procedure

Place 3 scoops (= 24 g) of
calcium carbide into chamber

Prepare soil sample
» Pulverize or break into small

pieces

Speedy Moisture Content
101
Procedure
Weigh out 20 g of soil Keep chamber on its side and
+ Check your individual tester secure the cap
specifications » Prevents soil mixing with
reagent

Place soil into cap

Speedy Moisture Content 102

102
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Procedure

Raise tester to a vertical position

« Soil must mix with reagent to
produce gas

Shake horizontally with a
circular rotating motion for
approximately 1 to 2 minutes

Speedy Moisture Content

Procedure

Read dial

- Dial Decreasing — Leak
~ Invalid Test — Redo

Repeat shaking until gauge dial
stabilizes

« Obtain 3 consecutive identical TYPE D/2
readings
What does this dial read?
Record final dial reading 0

Speedy Moisture Content

104
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Procedure

Remove cap
- Point cap in a safe direction

Examine contents and repeat test if
sample is not completely pulverized

Convert dial reading to moisture content

« ARDOT Conversion chart

Report moisture content to the nearest 0.1 %

Speedy Moisture Content

2026

105

105
.|

Determine the moisture content

of the soil
Sample Weight 20g
Dial Reading 9.3 %

« If the standard sample weight
was used, read the moisture
content directly from the
ARDOT correction chart

Speedy Moisture Content

Speedy Moisture Tester Conversion Chart
% 0 A 2 .3 4
5 5.4 5.5 5.6 57 5.8
6 6.5 6.6 6.7 6,8 6.9
7 7.6 7.7 7.8 719 8.0
8 8.7 8.8 8.9 9,0 9.1
9 ——0.8——0.0—110.0+(10.) | 10.3
10 1.0 | 111 | 113 | 114 | 11.6
1" 123 | 124 | 126 | 12.7 | 129
12 13.6 | 13.7 | 13.8 | 14.0 | 141

Speedy Moisture Content

106
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Special Cases
Very low moistures (<5%) Very high moistures
« Double the sample size » Cut the sample size in half
~ Use 40 g of soil instead of 20 g ~ Use 10 g of soil instead of 20 g
- Divide dial reading by 2 before » Multiply dial reading by 2
going to the conversion chart before going to the conversion
chart
Speedy Moisture Content 107

107
.|

Special Cases
Determine the moisture content
of the soil
Sample Weight 10g % [ o [ 4] 2
Dial Reading 1.5% 21 | 26.5 | 26.7 | 26.9
: : 22 | 282 | 284 | 285
+ Sample weight cut in half 23 _'@i@ 300 | 302
+ Multiply dial reading by 2 24 | 315 | 317 | 319
before going to the chart
11.5x2=23.0
Speedy Moisture Content 108
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Sample Weight

Dial Reading

Special Cases

Determine the moisture content
of the soil

40 g
7.6 %

« Sample weight doubled
- Divide dial reading by 2

before going to the chart

76/2=3.8

%» | 7| 8| 9
2 | 29 | 3o | 34
3 +—40—(41)] 4.2
4 | 51 | 52 | 53
5 | 62 | 63 | 64

Speedy Moisture Content

Speedy Moisture Content
Determine the moisture content of the soil
Sample Dial Moisture
Weight | Reading AR Content
209 15.3 %
109 13.6 %
40 g 4.6 %

Speedy Moisture Content

109

110
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Moisture Density
Relations of Soils

AASHTO T 99
AASHTO T 180

Cttp

Center for Training
Transportation Professionals

Compaction

Compaction
- Densification of a soil by

applying a load to the soil
~ Reduces settlement
~ Increases shear resistance
~ Reduces permeability

Moisture affects compaction
- Compaction at the optimum
water content results in the
greatest density for a specified
compactive effort

Proctor

116

116

2026
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Compaction
Below Opt. MC Optimum MC Above Opt. MC
» Soil particles pack  Soil particles * Soil particles
loosely pack closely pack in layers
* Weak, permeable * Interlocking soil (shear planes)
soil structure structure * Non-interlocking
» Compaction is more + Compacts soil structure
difficult moderately easy * Compacts easily
+ Stable soil structure  Stable soil * Non-stable soil
is questionable structure structure typical

Proctor Curves

The relationship between Proctor curves serve as the
moisture and density establishes basis for field compaction
the proctor curve of a soil

+ Maximum Dry Density

120 ~ Used in the field to determine the
1 % compaction of the soil

110

« Optimum Moisture

100 -+ ~ Used in the field as a target to
I I ! help achieve the desired degree

of compaction and prevent

% Moisture instability of the soil structure

Dry Density (pcf)

Proctor 118
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Soil Proctor Curve

-
=
U1

)

=
W
A

g
N
A

111

© o
o O
N
//

Max. Dry Density (pcf)
g
7

5
~
N
‘
o

\
i

—
)
9

o 2 4 6 8 10 12 14 16 18
Moisture Content (%)

Proctor

119
Equipment
Sieves Beveled Straight Edge
+ 3l4in.or#4 Moisture Tins
Scales Rammer

120

* Readable to 1 g (proctor)
+ Readable to 0.1 g (MC)

Oven (230 £ 9 °F)
Mold Assembly

- 4” or 6” I.D.
- Solid or split side

« 55Ib-12” drop
* 10.0 Ib —18” drop

Proctor

119

120

2026
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AASHTO Proctor Specifications

T 99 (Standard)

Method A Method C

3 Lifts 3 Lifts
25 Blows 25 Blows
4” Mold 4” Mold
Minus # 4 Mat'l | Minus 3/4” Mat'l
3 Lifts 3 Lifts
56 Blows 56 Blows
6” Mold 6” Mold
Minus # 4 Mat'l | Minus 3/4” Mat'l

T 180 (Modified)

5 Lifts 5 Lifts
25 Blows 25 Blows
4” Mold 4” Mold
Minus # 4 Mat’l | Minus 3/4” Matl
5 Lifts 5 Lifts
56 Blows 56 Blows
6” Mold 6” Mold
Minus # 4 Mat'l | Minus 3/4” Matl

AASHTO Proctor Specifications

Modified Proctor :
56,000 ft-lb/ft3

Standard Proctor :
12,400 ft-Ib/ft®

Compactive Effort
« Hammer Weight
* Drop Height
* Number of Lifts

ARDOT Limit :
=105 % Compaction

v _ GS'YW
ZAV = 7w
(246 - 750)
135 T
) 3 N
g 130 §
: | |
2 125 1 -
= S
| e
g 115 4 " S
3 N
/ N
110 —
8 10 12 14 16 18
Moisture Content (%)

2026
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ARDOT Specifications

Proctor method is based on the gradation of the field soil
» Section 210.10 - Compacted Embankment

% Retained # 4 Proctor
10 % Maximum AASHTO T99 A
1 %-30% AASHTO T99C

31 % Minimum AASHTO T 180 D

% Retained = 100 - % Passing

123

Procedure

Soil Preparation

- Determine the gradation of the field soil
~ 27, 3/4”, # 4 sieves

» Select the appropriate procedure and method based on the gradation
of the soil or other specifications

« Air dry sample until the desired starting moisture content is obtained

- Process sample over the appropriate sieve
~ # 4 or 3/4”

Proctor 124

124

2026
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Procedure
Reduce processed sample and Increase the moisture in the next
obtain a representative point and the following points by
portion(s) the same amount

» Usually1-2 %
« Rocky soils or heavy clays o °

require individual portions 29% 2% 29
~4” Mold = 2500 g

~ 6” Mold = 6000 g SN N N\

Bring the first point to the < 10% >< 12% >< 14 % >< 16 % >
desired moisture content

Procedure
Determine the amount of water Mix water into soil to achieve a
to be added uniform moisture content

Proctor

126
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Procedure

Place soil into sealable
containers

Allow soil to “season” if
necessary

« Heavy clays must “season”
for a minimum of 12 hours
prior to compaction

Procedure

Tighten joint on split molds to Attach mold firmly to base
maintain constant volume

Proctor 130

130
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Procedure

Record weight of mold Attach collar to mold
assembly (mold + base) £

Procedure

Add soil for 1 lift into mold
« Evenly distribute soil in mold

Gently tamp soil surface
- Eliminates loose state

Place on compaction surface
- 200 Ib concrete block
- Sound concrete floor

132
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Procedure
Compact lift evenly using the Trim soil around mold edges and
appropriate number of blows distributed evenly across the
surface

“Pumping”

Repeat process for remaining
lifts

134

Procedure

Remove collar
Height of soil
above mold
=Y -'%inch

Trim excess soil with a beveled
straightedge so that the soil
surface is even with the top of
the mold

« Check for hammer marks

~ Re-compact point if hammer
marks are seen

- Patch holes or tears caused by
trimming

Proctor

2026
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Clean outside of mold
» Check under base

Extrude specimen

T 265

Passing

AASHTO

Passing # 4
100 g min.

500 g min.

Procedure

Record weight of filled ,
mold assembly 7/

Procedure

Obtain a moisture content
specimen
+ Use full slice

% 7

Record MC weights

Proctor

2026
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Procedure

Repeat compaction process for
all points

After which point could you stop
compacting points?

Compact points until:

» There is no increase in the wet Target ~ Wet Mass
mass of soil, and then perform 10 % 4300 g
one more determination 12 % 4380 g

. Igtei:: arlr"e at least 2 points over 14 % 4400 g

u
(o)

« Points increase in mass and 16 % 4360 ¢

then decrease in mass 18 % 4310 g
Stop !

137
.|

Proctor Curve

Plot Proctor Points
« X -axis : % Moisture
« Y - axis : Dry Density

Dry Density (Ibs/ft?)

10 12 14 16

% Moisture

Draw Proctor Curve
- Decide = peak location
« Draw smooth parabola

Record Peak Values
» Maximum Dry Density
+ Optimum Moisture Content

Report Density & MC
« Max DD: nearest 0.1 Ib/ft®
« Opt. MC: nearest 0.1%

Proctor
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56



Peak Location

125
124 —
R
= ¢ 2
8 123
2
2
8 122
L 3 ¢
2 ,
o 121
120 : : . . . . .
8 9 10 11 12 13 14 15 16
Moisture Content (%)
Proctor 139
139
Peak Location
125 T T 1
DD y.x =123.8 @ 11.8 %
e e o
z AN
(8]
&123 74 I
z R
@ I
g 122 I
o <
> |
a 121 } >
|
|
120 : : . . . : .
8 9 10 11 12 13 14 15 16
Moisture Content (%)
Proctor 140
140
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130.0 130.0
129.0 129.0
128.0 128.0
==
|
127.0 e 127.0 TE
- \
126.0 e e 126.0 4 s
’ N V¥ N
125.0 4 AN 125.0 \
/ \ I \
/ \ / \
124.0 + v 124.0 + \
II \ 1 \‘
123.0 4 2 123.0 L ¥
1 5 H t
122.0 - 'y 122.0 7 v
I \ 3 \
121.0 —F 121.0 1
1 \
120.0 120.0
8 9 10 11 12 13 14 15 16 8 9 10 11 12 13 14 15 16
Proctor 141
141
130.0 — 130.0 — T
129.0 —— d pOint clo 129.0 ints to —
oal o oo " roctor |
: tent :
127.0 127.0
126.0 —= 126.0 —
2 O Il N
125.0 VLR 125.0 ¥ AR BN
/ \ /’ LR N
124.0 =o==r.) 124.0 e
J 4 N ’4' VN
123.0 £ % 123.0 4 Y
z - /! \ [ R
122.0 s 122.0 ; o N
I [l 1
121.0 121.0 L 3
1 \
120.0 120.0
8 9 10 11 12 13 14 15 16 17 8 9 10 11 12 13 14 15 16
Proctor 142
142
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130.0 T T T ] 130.0
1990 'd o0 0 Use only with evenly
© [ Mialtioyo | spacedmoistures!
128.0 128.0
127.0 127.0 > "*\
5 e
126.0 126.0 y -
Vi \
125.0 125.0 ‘ 3
/
1 \
124.0 124.0 -
1 A
] \
123.0 123.0 3
1 \
122.0 122.0 1 1!
1 1
121.0 121.0 4 v
120.0 120.0
8 9 10 11 12 13 14 15 16 8 9 10 11 12 13 14 15
Proctor 143
143
140 T
Remember, you must have
¢135 C evenly spaced moisture
g i contents for this method !
=130 +
= C
- C
= L
o 125 + Never use straight lines through
> - data points to establish peak!
o L
120 Peak values obtained by using
r straight lines are too high for
L maximum density.
115 .
8 9 10 11 12 13
Moisture Content (%)
Proctor 144
144
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X - Axis Y - Axis 128.0
8.0 122.0 127.0
®
10.0 127.0 i
12.0 126.5
125.0
14.0 120.5
124.0
123.0
Draw the proctor curve <
121.0
®
120.0

X - Axis Y - Axis 128.0
8.0 122.0 127.0
®
10.0 127.0 . :
12.0 126.5
125.0
14.0 120.5
124.0
123.0
Record peak values <
121.0 0
®
120.0

Proctor Graph

6.0 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 15.0

Proctor

Proctor Graph

6.0 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 15.0

Proctor

145

146
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Proctor Graph
X-Axis | Y-Axis 1280 =
8.0 122.0 127.0 y S
10.0 127.0 . £ i
12.0 126.5 .
14.0 1205 '
124.0
123.0
1275 @ 10.8 %
121.0 Y
[ ]
120.0
6.0 7.0 80 9.0 10.0 11.0 12.0 13.0 14.0 15.0

Proctor 147
147
Graphical Parabola Method
140
135 Optimum MC is halfway
s between point A & H
o L
130 1 F, E
Z K £ c 1125
8125 | B : T2 TR
[ | c
a Aéﬁi G
120 — N
A D H
115 : ' : : ' —
8 9 10 11 12 13
Moisture Content (%)
Proctor 148
148
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Graphical Parabola Method

140
135
from) _ 0,
g DD ,,,, = 126.0 @ 10.8%
5130
[
& 125 B_o—
3 / IENE
g i
120 7 AN
: A \
115 N — - - AW

8 9 10 11 12 13
Moisture Content (%)

Proctor 149

Calibration of
Measure

AASHTO T 19
Section 8

Cttp

Center for Training
Transportation Professionals

Mold Volume 150

150
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Procedure

Clean and dry mold and base
plate

Place a thin layer of grease on
upper and lower mold rims

Assemble mold and base plate

Record weight of glass :
plate and mold assembly /

Mold Volume

Procedure

Fill mold with water and cover
with glass plate
- Eliminate bubbles and excess
water
+ Dry mold assembly and glass
plate

Record weight of mold,
water and glass plate s

Mold Volume

152

2026
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Procedure
Measure temperature of water to °F b/ ° F b/t
nearest 1°F h“ 269
66 | 62.329 75 | 62.261
Determine the density of the 67 62_' 76 ‘5i
water at the measured 68 | 62.315 77 | 62.243
temperature 69 |62308| | 78 |62.234
« AASHTO Table 3 70 62.301 79 62.225
~ Interpolate l 6_2. Mz.zm
72 | 62.285 81 62.206
Calculate the volume of the mold 73 62_. 82 | 62.196

Mold Volume

Calculation

_ Weight of Water
" Density of Water

Report volume of mold to the nearest 0.0001 ft3

Mold Volume

154
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Mold Volume

Determine the volume of the mold Weight of Water
" Density of Water

Mold + Plate 2.426 Ib

Mold + Water + Plate 4.500 Ib Density of Water @ 76°

Temperature 76 °F 62.252 Ib/ft?

_ (4.500 -2.426) _ 2.074
< 62.252 ~ 62.252

V =0.0333 ft°

Mold Volume

\" = 0.033316 = 0.0333

Mold Volume
Determine the volume of the mold Weight of Water
- Density of Water
Mold + Plate 15.248 |b
Mold + Water + Plate 19.928 Ib
Temperature 68 °F

Mold Volume

155

156
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Mold Volumes

4” Mold
- 0.0333 (Tolerance of £ 0.0005 ft*)

6” Mold
« 0.0750 (Tolerance of * 0.0009 ft*)

Molds shall be recalibrated at least once a year or whenever there is
a reason to question the accuracy of calibration

Use the mold volume determined by AASHTO T 19 for density
calculations

Mold Volume 158

158
.|

Density Calculations

Mass

Density = Volume

_ Wet Mass
~  Volume

I:)D_DryMass_ 1\ /(Wet Mass\ = WD
" Volume \V ( MC) <1+M_C)

1+ 300 100

WD = wet density DD = Dry density = MC = moisture content (%)

Proctor Calculations 162

2026
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Density Calculations

Mass

Density = Volume

_ Wet Mass
~ Volume

DD = Dry Mass _ (1) /Wet Mass\ _ WD
~ Volume ~\V ( MC ) (1+m)

T+ 100 100

WD = wet density DD = Dry density = MC = moisture content (%)

Proctor Calculations 163

163
.|

Wet Density Calculation

Determine the wet density (Ib/ft®) of the soil compacted in a mold
with a volume of 0.0336 ft?

_ Wet Soil Wt
Mold Weight  4454.0 g 6398.6 g Volume
Mold + Soil 6398.6 g -4454.0 ¢
1944.6 g
1) Find the wet weight of soil
19446 _ 4.2871b
2) Convert to pounds 453.6 :
3) Divide by volume 4.287 _ -
0.0336 127.589 Ib/ft
Proctor Calculations 164
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Dry Density Calculation

Determine the dry density (Ib/ft®) of the soil having a wet density of
127.589 Ib/ft* and a MC of the soil cut from the compacted specimen
of 12.2 %

DD = WD
100
127.589 127.589
- = — - Ib
D (1 " 12'2) 1122 113.716 = 113.7 /ft"
100

Proctor Calculations

Sample Proctor Plot

122.0
Moisture Dry s I .
Content Density & 120.0 .
(%) (Ib/ft2) S *
10.5 117.1 190 |
15 120.6 RO |
12.5 120.0 g117.0 —*
13.5 115.5 116.0
115.0 . | ?

10 11 12 13 14
Moisture Content (%)

Proctor Calculations

165

171
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Sample Proctor Curve

122.0
Moisture Dry 121.0 F==F==
Content Density 1200 | /,T RN
(%) (Ib/ft2) 5119 o 25BN
10.5 117.1 = / ! \
C
115 120.6 SERO | / . \
12.5 120.0 §17.0 | ; \
13.5 115.5 116.0 JI \
115.0 : —h :
MaxDD  120.9 10 11 12 13 14
Opt. MC 11.9 % Moisture Content (%)

Proctor Calculations

Proctor Adjustments

An increase or decrease in the amount of rock in the field will
change the maximum dry density and optimum moisture content of
the soil

Adjustments are only made when the change would not require a
different proctor method to be run

Field Indicators for Adjustments :
- High density tests (continuously without reason)
- Low density tests (continuously without reason)
- Visual noticeable change in soil gradation

Proctor Adjustments

172

173
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Proctor Adjustments

Adjusts the maximum dry density and optimum moisture content of
a soil to account for the coarse particles (rock) found in field
conditions

« ARDOT Material Replacement Method (ARDOT)

~ Alters the way the proctor is run by substituting smaller rock which is
allowed in the mold, for larger rock not allowed in the mold by the AASHTO
method

« AASHTO Correction of Maximum Dry Density and Optimum Moisture
for Oversized Particles (AASHTO COP)

~ Mathematically corrects the established AASHTO proctor by using actual
material properties and the percentages of soil and rock found in the field

Proctor Adjustments

Proctor Adjustments

AASHTO T 99 A Proctors

 If more than 5 % is retained on the # 4 sieve, run the AASHTO proctor
and apply the AASHTO correction for oversized particles on # 4 sieve

AASHTO T 99 C or T 180 D Proctors

« If material is retained on the %.” sieve, use the ARDOT material
replacement method when running the AASHTO proctor

% Retained # 4 Proctor Adjustment When
ot :
10 % Maximum | AASHTO T99A AASHTO M°’e::at':e5#ﬁ':i;§t:'“ed
1% -30% AASHTO T 99 C If material is retained on
ARDOT  ret
31 % Minimum | AASHTO T 180 D the 3/4” sieve

Proctor Adjustments

e

175
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176

177

Proctor Adjustments

Determine what proctor and
correction is needed for soil
with the following gradation

Determine what proctor and
correction is needed for soil
with the following gradation

2” 100 2” 100
3/4” 100 3/4” 100
#4 96 #4 64

#1200 15 # 200 8.7

AASHTO T99 A
No Correction

AASHTO T 180 D
No Correction

Proctor Adjustments

Proctor Adjustments

Determine what proctor and
correction is needed for soil
with the following gradation

Determine what proctor and
correction is needed for soil
with the following gradation

2” 100 2” 100
3/4” 100 3/4” 92
#4 93 #4 77
# 200 13 # 200 10
AASHTO T99 A AASHTO T99C
with AASHTO COP with ARDOT

Proctor Adjustments

176

177
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ARDOT Material Replacement

%
. - 2% I 0 Material
Sieve Passing [ 9";: & Replacement

D) on2” Sieve

2" 98
) Repl with
14%
3/4" 84
o
24 % ‘.;.-;.'
#4 60
\\\ éﬁﬁ% N
60% &0 ¢ 60% &k
Proctor Adjustments 178
178
ARDOT Material Replacement
Batching 5500 g / Point
: : 5500
- 98 % of material passes 2” sieve 098 5612
+ 38 % of (3/4” - # 4) Rock is needed for each point (5612)(0.38) = 2133
+ 60 % of (minus # 4) Soil is needed for each point (5612)(0.60) = 3367
2133 Rock
+ 3367 Soil
5500 Point
Proctor Adjustments 179
179
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181

AASHTO Correction for Oversized Particles

Sieve % Passing % Retained
2 100 0

3/4” 100 0

#4 92.6 7.4

# 200 25.0 75.0

Proctor
« AASHTOT99A
~ AASHTO COP

« Max. DD = 116.6 pcf

. Opt. MC =14.2 %

Run Bulk Specific Gravity (Gg,)
of Rock
. G,=2.588

Calculate corrected proctor
value and optimum moisture
content

» Worksheet

Proctor Adjustments

AASHTO Correction for Oversized Particles

(P.) % Coarse Material (0.1)
(Pg) % Fine Material (0.1)

(MC;) Moisture Content of Coarse Material
(MCg) Moisture Content of Fine Material

(MC;) Corrected Total Moisture Content

100
(Dg)  Dry Density of Fine Material (proctor) 116.6
(Gsb) Bulk Specific Gravity of Coarse Material (lab test) 2.588
(k) Unit Weight of Coarse Material Gsb x 62.4 = 2.588 x 62.4 161.491
100 x De x k

(Dd) Corrected Total Dry Density

(field)

100 — (PC) 92.6

(assume 2 %)

(proctor) 14.2

(MCg x Pg) + (MC; x P)

(De x Pc) + (k x Pg)

Proctor Adjustments
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AASHTO Correction for Oversized Particles

(MC¢. x P) + (MC¢ x P)
100

(MC5) Corrected Total Moisture Content

(14.2x92.6) + (2.0x7.4) 131492 + 14.8

100 100

_1329.72 _ B 207

100
13.3 %

Proctor Adjustments 182

182
.|

AASHTO Correction for Oversized Particles

100 x D x k

(Dd) Corrected Total Dry Density (D x Po) + (kX Py)

(100 x 116.6 x 161.491) _ 1882985.06
(116.6 x 7.4) + (161.491 x 92.6) ~ 862.84 + 14954.066

_ 1882985.06
~ 15816.9066

119.0 pcf

= 119.0488

Proctor Adjustments 183
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In-Place Density
and Moisture
Content of Soil by
Nuclear Methods

AASHTO T 310

Cttp

Center for Training
Transportation Professionals

Density Gauge
186
Nuclear Densometer —im
- Extraction Tool
Drill Rod
Scraper Plate
et
Reference Standard
Density Gauge 187
187
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189

Measurements
Direct Measurements Calculated Values
« Wet Density « Dry Density
« Moisture Content oD < WD
- - (1 , _MC )
100 %
» % Compaction
Gauge DD
o) = [5)
7 PR Proctor DD SR

Density Gauge

Modes of Operation

Direct Transmission
« Measures the density of the
material between the source
and the surface

Backscatter

+ Measures the density of the
material close to the surface SRSt e

(80% in top 2”) o (ST

Density Gauge

GAUGE

188

189
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190
.|

191

Wet Density

Source - Cesium 137
- Gamma Photons

Detectors
« Geiger — Mueller

Measurement

- The higher the density of a
material, the lower the count

values

Source — Am 241: BE 9
* Neutrons

Detectors
 Helium -3

Measurement
* Neutrons are slowed by
collisions with hydrogen
+ Measurement depth is a
function of the moisture
content (unknown)

Density Gauge

GAUGE
SURFACE
DETECTORS
PHOTON PATHS
SOURCE
Cs 137

Moisture

Density Gauge

1
-

y

-GAUEE

)_.-

[y

=l

T s
|

-DETECTORS

= | ___,r;;./f

. 4/'

FV:_EKEII};I‘J;THE’
=l

s

]--"i[.._,'

190

191
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Calibration
Radioactive Sources Source Rod Positions
+ Aging changes the relationship P
between count rates and gauge -
Outputs d u; 1 sackscaTTeR PosiTioN
E u! J 2in. —l
Calibration _ DRECTTRANSMISSON
- Initially 4 J
+ 24 months { . _u.r 1 12in.
~ Or yearly verification [ l—_—w
\l _!l

Density Gauge

192

Troxler 3430

Keypad

(READY) 1 min
Depth: 4 inches

ON MA
YES T PR STD | SPECIAL
OFF START
NO ¢ TIME | DEPTH ENTER
Density Gauge 193

193
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Standard Count

Adjusts for source decay and background radiation
- Used daily to determine the proper functioning of gauge

O 0 Saf
Site Selection pos Rl

« Concrete or Asphalt
- 210’ from large objects
- 230’ from any other radioactive sources

Run Standard Count NS
- Place gauge on Standard Block Stslr;dcird \ "
* Rod in “Safe” position \ O ot
 Press <Standard> Plate

Density Gauge

Standard Count Compliance

Use procedure recommended by Troxler, Humbolt, InstroTek, &
the gauge manufacturer CPN Gauges require :

« If none given by manufacturer, I
use + £ 1 % Density

« 2 % Moisture
Ns =No + 1.96{/No /F

« From the average of the last 4
~ Ns = new standard count standard counts taken

~ No = average of last 4 standard
counts

~ F = pre-scale factor

Density Gauge

194

195
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Determining Compliance — Ratio Method

Average last 4 counts

Date DS MS
May 5t 2251 650
May 6th 2260 642
May 7th 2258 645
May 8th 2262 648

Take new standard
New Counts 2240 630

Determine Ratios
» Density (£ 1 %)
Ratio Range = 0.99 — 1.01
. ~ 2240/ 2258 = 0.9920...
~ 2258 /2240 = 1.0080...

« Moisture (* 2 %)
Ratio Range = 0.98 — 1.02
. ~ 630/646 = 0.9752...
~ 646 /630 = 1.0253...

Density Gauge

Determining Compliance — Range Method

Average last 4 counts

Date DS MS
May 5t 2251 650
May 6t 2260 642
May 7th 2258 645
May 8t 2262 648

Take new standard
New Counts 2240 630

Determine Ranges

 Density (£ 1 %)
2258 x 0.01 = £ 22
~ 2258 — 2240 =18

* Moisture (£ 2 %)
646 x 0.02 =*12

. ~ 646 — 630 = 16

Density Gauge

196

197

2026

80



198
.|

200

Determining Compliance

Determine if the standard counts

pass or fail

Date
May 10t
May 12th
May 13t
May 15th

DS
2275
2260
2265
2262

MS
588
551
565
556

New Counts

1. Re-run standard count
~ Check set-up

2. Establish a new average
~ Run 4 new standard counts

~ Gauge Drift Best Practice

~ Max. Deviation DS = 25

~ Max Deviation MS = 12

2246

575

Density Gauge

Failing Standard Counts

~ Run new standard count and compare to new average

Pass — Proceed to testing Fail — Repair gauge

Density Gauge

198

200
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Passing Standard Counts

Proceed to testing

Density Gauge

Procedure

Prepare Surface
* Remove any dry or loose
materials
+ Smooth and level soil surface
- Fill any voids with native fines
or sand
~ No more than 10% of footprint
should be filled
~ Filler pad thickness should not
exceed 1/8” in depth

b,

Density Gauge

202
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Procedure

Test depth should be equal to
the lift thickness
« Test Depth is entered into
gauge
« Test Depth is the depth the
source rod should be extended
to
« Test depth should never
exceed lift thickness

Test Depth = 8 inches

Density Gauge

Procedure

Hole
« Hole should be at least 2
inches deeper than test depth

+ Pin markings include the extra et
2” required 2 =19Ring ~__

2" + Extra 2” {

Density Gauge

203

204
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206

Procedure

Drill Hole

- Place scraper plate on
prepared test site

« Attach extraction tool and
insert drill rod

- Step firmly on center of plate
and hammer drill rod at least 2”
deeper than test depth

~ Perpendicular to surface

Density Gauge

Procedure

Remove drill rod with an upward, Mark plate footprint and hole
twisting motion location

Remove tools from area
- =3 ft away

Density Gauge

206
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208

Check gauge parameters
« Time (1 minute)
« Depth (lift thickness)
+ Max. Density (proctor)

Place gauge in footprint

+ Align rod with hole marks

Lower rod to test depth

Snug gauge back against hole Start Test

+ Check contact with soil

Procedure

Density Gauge

Procedure

Move away from gauge
- = 3 feet

Density Gauge

208

2026

85



210

Procedure
Safe Rod Error Sources!
> « Source rod not “clicked into

Record Data || position”

« Wet Density » Depth set incorrectly

* Dry Density - Gaps under gauge after rod

* % Compaction insertion

* % Moisture Q\ " + External causes

- Location S /y ~ Ground Vibration

™ ~ Drainage structures
~ Power lines

Density Gauge

What's wrong?

Density Gauge

209

210
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What's wrong?

Density Gauge 211

211
.|

% Compaction Calculation

If the correct proctor value was active in the gauge at the time of
testing and a true moisture content is returned by the gauge:

% Compaction = % PR from Gauge

If the proctor value was not available at the time of testing:

Gauge DD

Proctor DD x

% PR = % Compaction =

% Compaction 212

2026
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% Compaction
Determine the % compaction
Gauge DD 113.0 Ib/ft* @ 12.4 % o - Gauge DD
Proctor 115.9 Ib/ft* @ 14.0 % % PR Proctor DD -
113.
0 = = =
% PR 115.9 x 100 = 97.498 = 97.5
% PR =97.5%
% Compaction 213

213
.|

% Compaction
Determine the % compaction
Gauge DD 135.6 Ib/ft* @ 6.3 % o pr= 22uge DD oo
Proctor 138.0 Ib/ft* @ 6.5 % Proctor DD
% Compaction 214

2026
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Determine the % compaction

% Compaction

Test MC

DD
Gauge (8 % Coarse) @4.0 p@ 12.5 %

_ Gauge DD

Proctor (0 % Coarse) | 116.0 pcf 14.0 %

% PR 100

~ Proctor DD X

Proctor (8 % Coarse) | (119.3pcD |  13.0 %

114.0
119.3

% PR =

x 100 = 95.557 = 95.6

% PR =95.6 %

% Compaction

216
.|

Moisture Offset

Corrects the gauge’s inaccurate
moisture content readings due
to substances found in the soil
« Cement, Gypsum, Coal, Lime
(- correction)
~ High Hydrogen Forms
« Boron, Cadmium, Chlorine
(+ correction)
~ Neutron Absorbing

Take gauge MC readings at 5
different locations

Collect moisture samples from
center of footprint at each
location

* Run oven dry moisture

contents

Compute moisture offset
according to the gauge
manufacturer’s
recommendations

2026
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Trench Offset

Corrects moisture and shallow Take a normal standard count
density readings outside trench

Use anytime gauge is within 2 Put gauge on standard block
feet of a vertical soil structure inside trench

» Take a four minute reading with
the rod in the “safe” position

Record trench counts

Offset = Trench - Standard

Offsets 218

218
.|

ARDOT Specifications

ARDOT specification limits are
considered absolute limits !

« Observed or calculated values are not rounded for determination of
compliance
~ Compared directly with the limit
~ Average values are rounded to the same # of significant digits
- Any deviation outside limits is non-compliance
~ Failing test

ARDOT Specifications 219
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T
ARDOT Specifications
Density Specifications
« Embankment 2 95 % Compaction

+ Subgrade 2 95 % Compaction
+ Base Aggregate 2 98 % Compaction

Moisture Specification

- ARDOT Moisture “At or near opt. moisture”

ARDOT Specifications 220

220
.|

ARDOT Specifications

Base Aggregate Compacted Embankment
+ Test Quantities + Test Quantity
~ Contractor - 1000 tons ~ 3000 yd?® / 1 per lift min.
~ ARDOT -4000 tons » Tests for QC

~ Density & Moisture
» Tests for QC

~ Gradation Granular Borrow

sty & Ypisturq . Additional Tests for QC
~ Plasticity Index - Gradation

~ Th|ckne§s if Specified - Plasticity Index
~ Sounding

221
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