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Laboratory Testing of Solls in the U.S.
er ASTM and AASHTO Standards

» AASHTO Accreditation Certificate
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ASTM D698/AASHTO T929 (*ASTM
D1557/AASHTO T180):
Standard Test Methods for Lalboratory

Compaction Characteristics of Soil Using
Standard (*Modified) Effort




ASTM D698/AASHTO T99 (*ASTM D1557/AASHTO T180):
» Summary of Test Methods

» Relationship Between Water Content
and Density

» Apparatus:

» Molds with ID 4 in./101.6mm, height
4.584in./116.4mm

» Molds with ID 6 in./152.4mm, height
4.584in./116.4mm

» Balance, Straight Edge

» Rammer for D 698: height of fall 12
iN./304.8mm, mass 5.5 lbm/2.495kg,
diameter 2 in./50.80mm

» Rammer for D 1557: height of fall 18
iN./457.2mm, mass 10 lbm/4.5364kg,
diameter 2 in./50.80mm

» Miscellaneous Devices.




ASTM D698/AASHTO T99 (*ASTM D1557/AASHTO T180):

» Procedure for D698 (*ASTM D1557)

» Methods A, B

» Mold 4in./101.6mm

» 3 Layers (*5 Layers), 25 Blows per Layer
» Method C

» Mold 6in./152.4mm

» 3 Layers (*5 Layers), 56 Blows per Layer

» Material for Testing

» Method A
» Passing No. 4 (4.75mm) Sieve

» Method B
» Passing 3/8 in. (9.5mm) Sieve
» Method C

» Passing % in. (19.0mm) Sieve




ASTM D698/AASHTO T99 (*ASTM D1557/AASHTO T180):

» Reports

> App'lCOTIOﬂ Of TeST TveELY 1874 Forge Sireet Tucker, GA 30084

ENGINEERING Phone: T70-938-8233 Tested By R
SorL Fax: 770-823-8872 Date 013818
TESTS, LLC Web: wwew testlic com AASHID CheckedBy | 2%
Client Pr 2 ; Lab PR.# 16124011
Pr. Name EXAMPLE 5. Type Bulk
|Sample ID 26613/5ample #2 Depth/Elev. 2
Location Upper Fill Add. Info

Moisture vs. Dry Density

Standard Test Method for Laboratory Compaction Characteristics of Soil Using
0 i -
100% Saturation Curves: oEreRMNATION 0 TEST PROCEDURE

Standard Effort (12,400 ft-Ibfift® (600kN-m/m?)
(GS=26), (GS=27), (GS=28) wet dry MOISTURE CONTENT

Mass of Soil before sieving. g 215858 e e
N | Mass of Mat. Retained on No. 4 sieve, g 56140 Mass of Wet Sample & Tare, g| 12033
\ Mass of Mat. Retaned on 3/8" sieve, .. 33652 Mass of Dry Sample & Tare, g 1029.1
Mass of Mat. Retained on 34 sieve, g 1250.3 Mass of Tare, g 2978
Moisture Content. 3% 23.8

Material Retained on Mo. 4 Sieve, %
Material Retained on 38" Sieve, %

Material Retained on 34" Sieve, % :

Total. % [oversized)

TEST DATA

Points 1 2 3 4 Moid ID Number

Mass of Maold and Soil, g £350.0 E0E8.0 6107.0 60E3.0 Mass of Mald, g

Mass of Wet Sample & Tare, g 6163 a71.8 629.3 B51.0 Volume of Meld, ft*

Mass of Dry Sample & Tare, g 5E5.1 509.2 550.5 556.5 Hammaer ID Mumber

Mass of Tare, g 1B5.3 1243 1824 176.3 Number of Blows per layer
Muoisture Content, % 13.3 16.3 182 216 Numbser of Layers

N

—
o
X
o

Wzt Density. pof 116.4 124.2 126.8 123.9 Method A: Materal retalned on No. 4 Sleves 25%
Dry Density, pcf 1027 106.8 107.3 113 Method 5: Matenal retaines on 38" Sleve = 25%
Dry Density, kg/im® 1645 1711 1718 1832 Method ©: Matzrial retained on 34 Skeve = 30%

—
o
o
o

Moisture vs. Dry Density
100% Saturation Curves:
[GE=2.8), (GE=2.7L  [S&=2.8)

Dry Density, pcf
cwyby ‘Ayisuaq Aiqg

REMARKS

DESCRIPTION
[Srown Clayey Sand with Gravel

Dry Density, pcf

cfiy ‘Aysuag Aig

101.0

o HHHH + A AAARA AN ANRARNANN ARGRARAAR) USCS (ASTM D2487; D2488)
120 130 140 150 160 170 180 190 200 210 . . ' e '

Moisture Content, % Maximum Dry Density, pof (kgim®) | 1872|1731 | Corrected Max. Dry Density,per kgim’) | 1138

Optimum Moisture Content, % 177 Corrected Optimum Moisture Content, %




ASTM D4318/AASHTO T88, T89:
Standard Test Methods for Liguid Limit,
Plastic Limit, and Plasticity Index of Soills



ASTM D4318/AASHTO 188, T89

» Summary of Test Method

» Relationship between water
content and
consistency/stages (plastic
and liquid boundary) of saill

» Apparatus:
» Liquid Limit Device

» Grooving Tool, Calibration
Gauges

» Balance (readability of 0.01 g)
» Water Content Containers
» Ground Glass Plate

» Spatula, Sieve No. 40 (425
micron)

» Drying Oven (110 +/- 5°C)
» Miscellaneous Devices




ASTM D4318/AASHTO 188, T89

» Procedure for D 4318

» Liquid Limi’rF(MC,o’r Boundary Between Semi-
Liquid and Plastic States, at 25 Blows)

» Soil placed in the Brass Cup of LL Device

» Soil divided in 2 halves by Trapezoidal
Grooving Tool

» Count the Number of Blows Until it Closes
Groove on distance of 2 inch (13 mm). Height
of Drop 10mm

» Obtain Moisture Content
» Perform S’re}os Above for 3 Points (25-35, 20-30,

15-25 Blows

» Plastic Limit (MC at Boundary Between
Plastic and Semi-Solid States

» Ellipsoidal-shaped soil (1.5-2.0 g) Rolled on
Glass Plate by Palm of the Hand

» Continue Rolling Until Thread Will Break Apart
and Crumble into Threads 1/8 inch/ 3.2 mm
in Diameter

» Obtain Moisture Content
» Material for testing
» Passing No. 40 (425um) sieve




ASTM D4318/AASHTO T88, T89

» Reports

» Application of test

TiMELY 1874 Forge Strest Tucker, GA 20084

ENGINEERING Phone: T70-035-2233 TesteaBy | ==

Som Fax 770-023-3073 Date D1i311E

Liquid Limit Determination (Number of Blows vs. Moisture Content) " Tostatic (e mssscs crescen | g

Client Pr. # - Lab. PR.# H01-1
Pr. Mame EXAMPLE 5. Type Bulk
Sample ID 26813 5ample #2 DepthElkev. T
Location Upper Fill Add. Infol -

ASTM D 4318/AASHTO T 88, T 89
Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Sils {Atterbers Limits)

LIQUID LIMIT
Number of Blows a8 ar 16
Mass of Wet Sample & Tare, g 45.00 4232 Oven ID #| 15/406/4610
Mass of Dry Sample & Tare, g 2012 Iray Balance ID # 130553
Mass of Tare, g 2520 26.43 Liguid Limit Device ID #| 4£51/560
Moisture Cantent, % 448 482

49

N Y
-

48

47

I
Lo} ]

48

45

44

MOISTURE CONTENT %

I
o

43

42

25 30 40
NUMBER CGF BLOWS

=%
I

PLASTIC LIMIT
Mass of Wet Sample & Tare, g 31.62 20.81
Mass of Dry Sample & Tare, g 3035 2B.76
Mass of Tare, g 24.33 23.80 NOTE: MATERIAL PASSING NO. 40 SIEVE
Maisture Cantent, % 21.1 21.2 WAS USED FOR TEST

&
z
LUl
z
O
0
Ll
o
J
|_
0
O
=

I
[F%)

RAL MOISTURE

Mass of Wet Sample & Tars, g 20230 LIGIUID LIMIT {LL)
Mass of Dry Sample & Tare, g 02810 PLASTIC LIMIT [PL)
Mass of Tare, g ] PLASTICITY INDEX (P1)
Moisture Content, % 7L LIGUIDITY INDEX (LI}

I
%]

DESCRIPTION Brown Clayey Sand with Gravel

2 0 2 5 3 U 4 U USCS (ASTM D248T; DZ4EE) AASHTO (M 145)

NUMBER OF BLOWS




ASTM D6913: Standard Test Methods for Particle-Size Distribution (Gradation) of
Soils Using Sieve Analysis.

ASTM D422 (Historical ‘Withdrawn 2016')/AASHTO 188 :Standard Test Method for
Particle-Size Analysis of Saolls.

ASTM D1140/AASHTO T11 : Standard Test Methods for Determining the Amount of
Material Finer than 75-micron (No.200) Sieve in Soils by Washing.

ASTM D7928: Standard Test Method for Parficle-Size Distribution (Gradation) of
Fine-Grained Soils Using the Sedimentation (Hydrometer) Analysis.



ASTM D6913, D422, D1140, D7928/AASHTO 188, 127, T11, T311

» Summary of Test Methods

» Determination of Particle-Size,
% Gravel, Sand, Fines (Silt and
Clay)

» Apparatus:

» Various Sizes of Sieves, Sieve
Shaker

» Balance, Dispersion Agent,
Oven

» Sedimentation Cylinder,
Hydrometer Bulb, Dispersion
Apparatus, Thermometer,
Timer

» Miscellaneous Devices




ASTM D6913, D422, D1140, D/7928/AASHTO 188, 127,

T11, 1311

» Procedure for D6913 and D1140

» If necessary Split Material in Fractions

» Wash Material on No. 200 (75-micron)
Sieve

» Oven Dry Material is Sieved on Nest of
NEYES

» Procedure for D422 and D7928

» If necessary Split Material on Fractions

» Fraction of Material Passing No.10 (2 mm)
sieve is used for Sedimentation Analysis

» Wash Material on No. 200 (75-micron)
Sieve

» Oven Dry Material is Sieved on Nest of
NEEES

» Material for testing
» Representative Sample




ASTM D6913, D422, D1140, D7928/AASHTO 188, 127, T11,
1311

» Reports

TiMELY
ENGINEERING

1874 Forge Street Tucker, GA 20084

& TestedBy| R
patz| D116

AASHID crecxeany| 8

inmrrairen

- Lab. FR. 7] 124011
ERAMPLE 5. Type] Bulk

2681 3/Sample #2 DepthiEley. 7
Upper £l Add. Infol B

TimeLy

» Application of test PN

TESTS, LLC

1874 Forge Street Tucker, GA 20084

Phone: 770-838-8233 Tested By Rl Phone: T70-238-6233

Fax: 7T70-823-8073 Date Di131/18 \ SOIL

Web: www testic.com [l ol Checked By | ga” TIEIS, LLC
- Lab. PR. # 18124-01-1
Pr. Name EXAMPLE 5. Type Bulk Pr. Name
Sampgle ID 26613/ 5ample £2 Depth/Elev. 2 Sampie ID
Location Upper Fill Add. Info - Location

Fax: 770-023-8073

Wb wan test-lie com

Client Pr. # Client Pr. #

ASTM D 6012D 422=/AASHTO T 88

ASTM D 6013/D 417*/AASHTO T 88
Standard Test Method for Particle-Size Analysis of Sodls (with Double Separation per ASTA DEP13 and Hydrometer Analysiz)

Standard Test Method for Particle-Size Analysis of Soils (with Dounble Separation per ASTM D913 and Hydrometer Analysis)

Moisture Confent of FINER PORTION
15t Sutsampie | 2nd Subsamale:

As-Received Moisture Gontent (Total Sample) Particle-Size Analysis

Mass of Diry Sample & Tare,
Mass of Tare, g
Moisture Content. %

Mass of Wet Sample & Tare, g 1203.3

10291
207.8
238

Mass of Wet Sample & Tare, g
Mass of Dry Sample & Tare, g
Mass of Tare, g

Moisture Content, %

4153 431.00

3743 42030

o4.0 102.40

146 158

Mass of Total Sample before
separation on 33" sieve & Tare, g
Mass of Tare, g

Total Mass of Dry Sample. g

Mass of Wet Finer Portion & Tare, g
Mass of Tare

Dry Mass. g
% of Todal Sample passing Spit Skeve

751 Subsample | Znd Subsample:

1280.5 &0.30

2.0 [X]
11171 £0.33

244 T4Z

“Hrstorical {Withdrawn 2018} Standard D422-82{2007 je2

SIEVE ANALYSIS

Swvn Size Sampie & Tare, 5

% RETAINED

COARSER PORTION OF SAMPLE (RETAINED ON 3/8" SIEVE)
Mase or T2 § i

ot Tost

1z

100

2=

100

25

100

Cumuiatva W RAGENG

Mass retned [l Tt

100

0.0

100

)

B8.36

565.8

a7

14.53

12503

24

FINE GRAWEL 23051

20

2224

26.08

LS

kL)

2344

FHemarks

2nd Subsampis of FINER PORTION OF SAMPLE (PASSING #4 SIEVE Hydromerer Backsieve)

COARSE SAND 135.4

T4

#4 =<First Subsampis of Fine

HYDROMETER ANALYSIS
Length of Dispersion Period

PARTICLE-SIZE ANALYSIS

Mechanical Disparsion Davice ID#

&1

Amount of Dispersing Agant {mi)
Zpeciflic Gravity (assumed)

2.550

125.0

Specifiic Gravity [lested)
Harling timea

1382

% COBELES o
% COARSE GRAVEL &
% FINE GRAVEL 20
% COARSE SAND 4

% MEDIUM SAND

12

% FINE SAND

1E

% FINES
% TOTAL SAMPLE

43
100

% CLAY(=U.00omm) 13

e CLAY(<U.00dmm)

10

Date Time Testing tme

{miny

Reading

[ Composite Aciual
Correction | Readsing

Effecive a
Degtn {em)

Particie Percent
Dlam. (mm) [ Passing

01311e 1354 2
oEine 1357 5
otzne 14:07 1%
[IRE<RERE:] 14:22 30
otzne 14:52 &0
o1Einie 1802 280

38.0
365
nao
285
26.0
200

02o1M1e 1382 1440

14.0

6.5 325
B.5 300
6.5 245
6.5 20
6.5 18.5
6.5 13.5
%] 75

1o
1.4
123
127
121
14.1
is.1

0.0316 348
0.0204 321
0.0122 282
0.D088 235
0.0083 20,9
0.0032 14.4
0.0014 a4

Hydromater 152H ID#
Sleve Shaker ID#

TS

OvenID# 15/456/610
Baance 107

10 1
Grain size in millimeters

0.1

[ cowse | Fim Counnn | Wecum

i or Cimy

|Hounm Cobbiss | Gravel |

Flnag

Dy 0.0019

DESCRIPTION Brown Clayey Sand with Gravel

Dy| 0017
D 051
cul  283E

USCS (ASTM D2487; D2488)

*Historical (Withdrawn 2018) Standard D422-63(2007)2_|

Ce 0.31

Project's Specinc % Passing|

Project’s Specific Particle Size, mm




ASTM D2487/AASHTO M145:

Standard Practice for Classification of Solls for
Engineering Purposes (Unified Solil Classification
System)



ASTM D2487/AASHTO M145

» Summary of Test
Method

» Based on Results
of Sieve Analysis
and LL/PL/PI Soill
Is Classified to
Appropriate
Group Symlbol
and Name

» Apparatfus:

» Plasticity Chart
» Flow Charts

(Table 1,FIG 1, 2,

3. 4)

3
X
M
8]
-
.
O
0
b
o

PLASTICITY CHARTASTM D2487 (Fig. 4)

/L /
o LA AL

A
HEEEEEEEN EZan

3

U ‘---..
0 10 20 30

V

/e

=
50 G0 70 80 a0

LIQUID LIMIT (LL)




ASTM D2487/AASHTO M145

» Procedure for D2487

» Fine-Grained Soils

» 50% or more by dry weight
is passing No. 200(75-
micron) Sieve.

» 2 micron < Silt <No. 200 (75
micron)

» Clay <2 micron
» Coarse-Grained Soils

» > 50% Retain on the No.
200(75-micron) Sieve.

» No. 4 (4.75 mm) < Gravel <
3" (75 mm)

» No. 10 (2.00 mm) < Coarse
Sand < No. 4 (4.75 mm)

» NoO. 40 (425 micron) <
Medium Sand < No. 10
(2.00 mm)

» No. 200 (75 micron) < Fine
Sand < No. 40 (425 micron)

ToELy

ENGINEERING

Som

TESTS, LLC

Client Pr. 5

Pr. Name EXAMPLE

Sample ID

Location P

272821

1874 Forge Street Tucker, GA 30084

Phone: 770-938-8233 (“ TesteaBy | Rl |

Web: www test-lic.com ﬂ’?ﬁ,‘iﬂ Checked By

Lab. PR. £ 1824021
S. Type qQ
Depth/Elev.
Add. Info

Fax: 770-923-8973

ASTM D 6913 (D 422 old version), D 1140, C 136, C 117/ AASHTO T 88, T 27, T 11, T 311; Particle Size Analysis (Split Sieve)

MOISTURE CONTENT of TOTAL SAMPLE
Mass of Wet Sample & Tare, g
Mass of Dry Sample & Tare, g
Mass of Tare. g
Moisture Content, %

TOTAL Mass of wet sample
before splitting & tare, g

Mass of Tare, g

TOTAL Mass of dry sample, g

Mass of Tare, g
12
am
25"
Fo
15"
P
i
E
75"

NOTE:

Oven ID # 15/496/610

Balance ID# | 139/142/700

Sieve Shaker ID #
REMARKS

5554
[ 5041 |

MOISTURE CONTENT of FINE MATERIAL
Mass of Wet Sample & Tare, g
Mass of Dry Sample & Tare, g
Mass of Tare, g | 10030 |

Moisture Content, %

Mass of Wet Fine Material & Tare, g

201.30

Mass of Tare, g
Mass of Dry Fine Material, g
% of Total Sample Passing Split Sieve

SIEVE ANALYSIS®

Mass of Tare, g

* - ASTM Definitions of Classification
= - AASH 1 O Detinitions ot Classitication

% COBBLES
% COARSE Gravel
% FINE

DESCRIPTION Reddish Yellow Poorly Graded Sand with Silt

USCS (ASTM D2487: D2438)

AASHTO (M 145)

Page 1 of 2




ASTM D2487/AASHTO M145

> R e p O S TD[ELY 1874 Forge Street Tucker, GA 30084
ENGINEERING Phone: 770-938-8233 & Tested By TmELY 1874 Forge Str=et Tucker, GA 30084
—=rTE

. N SoI1L Eax 770-973-8973 Date| 050317 ENGINEERING Phone: 770-838-8233 Tested By| R
» Application of test TrsTs, LLC e wesecon AETTE

iooRECiTED Checked By ! SorL Fax: 770-923-8073 Date| D1R1ME
Client Pr_# 160801-004 Lab PR # 1795-02-4 TESTS, LLC Wb e test-le. com Chackea gy _@
Pr. Name EXAMPLE S. Type UD —— GLERE]

sample ID 53995/B15 Depth/Elev. 57 Clignt Pr. % - Lab. PR # 18124011
Location - Add. Info - Pr. Name EXAMPLE 5. Type| EIu!I:

Sample ID 26813/Sample #2 Depth/Elev. 2
ASTM D 7928-16 Location Upper Fill Add. Info| -

Standard Test Method for Particle-Size Distribution of Fine-Grained Soils Using the Sed tion (Hydrometer) Analysis ASTA D 6913/D 4227/AASHTO T 88
ASTM D6913: Standard Test Method for Particle-Size Distribution of Soils Using the Sieve Analysis (Method A) o

Standard Test Method for Particle-Size Analysis of Soils (with Double Separation per ASTM D6913 and Hydrometer Analysis)
Particle-Size Analysis

Particle-Size Analysis

1 0.1
1 A Grain size in millimeters
Grain size in millimeters

| | Cowse | Fim it of Cley
[ oeeme | Fme [cosrse | wiedium I St or Clay ‘Cobblss Gravel [ Fineg
Boulders | Cobbles | Gravel |

Sand Fines

Die 0.0019
Dol NA DESCRIPTION Brown Clayey Sand with Grawel D D.0i7

Dol NA De[ 051
Dao A cu 7638

Cul NA _ Co 0.3
COven D # 406/ 758 NA USCS (ASTM D2487; D2483) Project's Specific % Passing|

USCS (ASTM D2487; D2488) Balance ID# 139/5637700 TSIt "Historical {Withdrawn 201@) Standard D422-83(2007 je2 | Project’s Spedinic Particie Size, mm
Page 2 of 2 % Clay (<0.002mm)|

DESCRIPTION Olive Brown Sandy Lean Clay




ASTM D1883/AASHTO T193:

Standard Test Method for Calitornia
Bearing Ratio (CBR) of Laboratory-
Compacted Solls



ASTM D1883/AASHTO T193

» Summary of Test Method

» Compacted Material is Soaked and
Penetrated at a constant Rate by Circular
Piston

» The CBR Is Expressed as the Ratio of the Unit
Load on the Piston Required to Penetrate 0.1
Inch (2.5 Mm) and 0.2 In (5.1 Mm) of the Test
Material to the Unit Load Required To
Penetrate A Standard Material Of Well-
graded Crushed Stone

» Apparatus:

Loading Machine

Penetration Measuring Device
Surcharge Weights

Penetration Piston (1.954 inch/49.63 mm
diameter)

V. 2 VWSV

» Mold, Spacer Disk, Rammer, Swell
Measurement Device

» Miscellaneous Devices




ASTM D1883/AASHTO T193

» Procedure

» Material Compacted to a
Specific water Content and
Density

» Sample is Loaded by Surcharge
Weights

» Material is Soaked for 96 Hours
» Swell of Material is Determined

» Material is Penetrated by Piston
at rate of 0.05 inch/1.27 mm per
minute

» Load Readings at Specified
Intervals are Recorded. Max
Bearing Ratio at 0.1" or 0.2" is
Selected for Use

» Material for testing

» <3%inch (19mm) Sieve



ASTM D1883/AASHTO T193
» Reports

» Application of test

TrvELY
ENGINEERING
Somw

TesTs. LLC

1874 Forge Street Tucker GA 30084
Phone: 770-038-8233

Fac 770-823-8873

AASHIO

Web: wwwtestliccom £V

Tested By R

Date 0208118

Checked By

-3

Client Pr. £
Pr. Name
Sample ID
Location

ASTM D 1883/AASHTO T193
Standard Test Method for CER (California Bearing Ratio) of Laboratory Compacted Soils

150842001

Leb. PR. #

EXAMPLE

S. Type,

28675/554

DepthiElev.

334475

Add. Info

1885-02-1

Remold

TvELY
ENGINEERING

SoiL

TESTS, LLC

Phone: 770-938-8233
Fax: 770-923-8973

Web: o testlic com

1874 Forge Street Tucker, GA 30084

A ASHID

Tested By
Date

Checked By

RI

0209118

£

A
Standard Test Method for CBR

STMDT
(

JAASHTO TI03

‘California Bearing Ratio) of Laboratory Compacted Soils

Client Pr #

150642-001

Lab PR #

Pr. Name

EXAMPLE

S. Type

Sample ID

26675/55-4

Depth/Elev

Location

334475

Add. Info

1805-02-1

Remold

» Pavement
Subgrade

Proctor Method Description
Maz Dry Density, pcf
Optimum Moisture Content, %

89 e
[eoT7 ]

112.2

LOAD-PENETRATION CURVE

Compaction Procedure

CBR Method Description & Test Data

2 3 Mass of material before separation on 3/4” sieve, g

Mass of material retained on 3/4" sieve, g

Mass of +3/4” material replaced by (+#4 to -3/4") portion, g
Replaced Portion, %

Point #
Specified Moisture Gont, % 162 182
Specified % Compaction 98.0 98.0
Number of Layers 3 3
Number of Blows per layer NA NA
Mold ID 512 508
Height of Sample before So: 4582 4582
Volume of Sample, ft*3 0.07500 [ 0.07500
Mass of Mold, g 6970 6803
Mass of Wet Soil & Mold, g 11320.0 [ 11320.0
Mass of Wet Soil, g 4350 4427
Wet Density, pci 1279 1301
Dry Density before Soaking, pcf 110.0 1100
Dial Gage Reading before Soaking, in 0086 0081
Dial Gage Reading after Soaking, in 0187 0149
Swell of Sample, in 0111 0.068
Swell of Sample, % 24 15
Height of Sample after Soaking, in 4693 4.650
Dry Density after Soaking, pci 107.5 108.4
Mass of Sample & Mold after Soaking, g 11472.0 [ 11383.0
% Compaction 981 98.0
Moisture Content

Comected Comected Bearing

» Subbase and Base ' e ot | et | oo

Point 1 01 17.0 17
0.2 253 1.7

Penetralion Pision ID 123
Rammer Type (Effort) STD
Height of Drop, in 12
Mass of Rammer, kg 25
Condition of Sample
Soaking Duration 96 hr
Surcharge Load 10

Surcharge Press., psi 035
Penetration Rate, infmin
Balance ID 6/564/566 | Load Cell ID
Oven ID 496/610/758 | Dial Gage ID
Penetration Machine ID 10 Rammer ID

Dial Gage ID [
Manual _|

01 267 27
Point 2 02 38.7 26

—+—POINT 2
= POINT 3

—&—POINT 1 01
Point 3 02

» Strength evaluation
of Soll for Design:

» Airfield
Pavements

Soaked

45.0 45
67.0 45

Stress on Piston, psi

0.05

DESCRIPTION

02 03
Penetration, in

Point 1
After
Comp.
556.8
499.5
987
143

Foint 2
After
Comp.
5825
516.8
108.2
16.1

Paint 3
After
Comp.
586.6
511.2
983
18.3

Before
Comp.
654.0
585.0
1005
14.2

After
Soaking®
8635
715.1
1595
26.7

Before
Comp.
635.0
558.8
99.8
16.3

After
Soaking®
8182
683.6
1827
254

Before
Comp.
7275
632.0
110
18.3

After
Soaking®
986.9
8438
2191
229

USCS (ASTM D2437.2438)

DRY DENSITY vs. CEBR

» Roads

Mass of Wet Sample and Tare, g
Mass of Dry Sample and Tare, g
Mass of Tare, g

Moisture Content, %

Average Moisture Content, % 14.3 16.2
* Portion of sample used for determination of moisture content after soaking and penetration

» Warehouse Floors | i

18.3
Top 1inch Av. Representative
YES NQ

Load - Penetration Data

Point 1 Point 2 Point 3
Penetration, Load, Stress, Penetration,| Load, Stress, Penetrafion, Load, Stress,

in Ib psi in b psi in Ib psi
0.000 3 0.0 0.000 4 0.0 0.000 4 0.0
0.0250 2 6.3 0.0250 26 7 0.0250 26 [N
0.0500 33 10.0 0.0500 47 147 0.0500 48 15.0
0.0750 45 140 0.0750 66 210 0.0750 78 250
0.1000 54 17.0 0.1000 a3 26.7 0.1000 363
0.1250 62 19.7 0.1250 95 307 0.1250 45.0
0.1500 68 217 0.1500 103 333 0.1500 523
0.1750 74 237 0.1750 m 36.0 0.1750 57.7
0.2000 79 253 0.2000 119 387 0.2000 623
0.3000 95 307 0.3000 141 46.0 0.3000 76.3
0.4000 353 0.4000 160 523 0.4000 87.3
0.5000 393 0.5000 179 587 0.5000 96.3

Corrected CBR, %

100.0 105.0 1100

Dry Density as Molded, pcf




ASTM D5084:

Standard Test Methods for Measurement of
ydraulic Conductivity of Saturated Porous Materials
Jsing a Flexible Wall Permeameter




ASTM D5084

» Summary of Test Methods

» Measurement of the Hydraulic
Conductivity/Coefficient of Permeability
(k) of water-saturated porous materials
with a flexible wall Permeameter. Darcy's
Law is Assumed to be Valid for
Determination of k.

» k- Rate of Discharge of water Under
Laminar Flow Conditions Through a unit
cross-sectional Area of Porous Medium
Under a Unit Hydraulic Gradient and
Standard Temperature Conditions (20°C).

» Methods are Used for k Less than 1x1074
ST/SS%C. with Head Loss with gradient from
o 30.

» Apparatus:

» Permeability Boards/Panels,
Chambers/Cells, .
Vacuum/Pressure/Hydraulic Systems

» Balances, Measuring devices, Oven,
Flexible Membranes

» Miscellaneous Devices




ASTM D5084

» Procedures
» Method A (Constant Head)

» Method B and C (Falling
Head)

» Method D (Constant Rate
of Flow K=AQL/(A -
Ah - At

» Method E (Constant
Volume-Constant Head)

» Method F (Constant
Volume-Falling Head)

» Material for testing

» Infact, Reconstituted,
Remolded, Compacted,
Undisturbed, Soil Cement




ASTM D5084
» Reporfs

1874 Forge Street Tucker, GA 3

» Application of test . e o s

Fax: 770-923-8973
AASHIO

TESTS, LLC Web: www.te: ACEREDITED Checked By

M lient Pr. # Lab. PR # 1308-02-2

> G n I S N 3 Landfill 5. Type Bulk/Remold
Sample ID 26623/PC- Depth/Elev.
toaton | 00000- 0000000000000 ] Awdimb

P d ASTM D 5084; Standard Test Method for Measurement of Hydraulic Conductivity of Saturated Porous
O n S Constant Rate of Flow)

Initial Sample Data (Before Test) Final Data (After Test)

> D O m S iz e 2 Board Number Average Height of Sample
2 : : Cell Number Average Diameter of Sample
em® Flow Pump Number [ 647 i’
Flow Pump Rate Ise 'm’ m Dry Density

. . [ 128 | | e48 |
> | n S I 'I" ' S Ol | Specific Gravity . ssumed) B - Value ) Vol. of Voids
Dry Density - Cell Pressure Vol. of Solids
Back Pressure Void Ratio

Stablilization/Treatability Of  [u_—.wws e S TP

Mass of dry sample & tare Min Head Mass of dry sample & tare
Mass of tare M num Gradient Mass of tare

E n Vi ro n m e n 1-0 | Moisture . . Minimum Gradient . % Moisture

. " E. Grad Mote: Deaired Water Used for Permeability Test.
Contaminated Sites
212.43 Red Fat Clay with Sand
211.72 o
21243 4.89E.08

» Waste Water Treatment '

)
) Material passed #4 sieve was used for testing. Material
AH0 MO - - was remolded to 97.5% of maximum dry density (standard
F G C I | I 'I'I e S 7 4.87E-08 | 1.013 proctor) at 3.1% above optimum moisture content.
3 1.013
° Flow pump 1D # y Balance ID # i 2t 255! C LIQUID LIMIT {LL)
> S e p 'I'I ( : S YS'I'e I’ ' IS Thermometer ID # ' Oven ID # ssure Transducer 1D PLASTIC LIMIT (PL)
i z SSure sduce: = y PLASTICITY INDEX (PI)

Syringe 1D #

LIQUIDITY INDEX (LI)




ASTM D3080/AASHTO T236:

Standard Test Method for Direct Shear Test
of Solls Under Consolidated Drained
Conditions




ASTM D3080/AASHTO T236

» Summary of Test Method
» Specimen Consolidated with Normal

Stress is Sheared in Direct Shear Device
at Drained Condifion

Halves of Share Box are Displaced
Laterally with Respect to Each Other
at a Constant rate of Shearing
Deformation while Measuring the
Shearing Force, Relative Lateral
Displacement, and Normal
Displacement

» Apparatus:

>
>

>

Shear Device, Shear Box, Porous Inserts

Devices for Applying Normal and
Shearing Forces

Force and Deformation, Measurement
Devices

Balance, Oven and Miscellaneous
Equipment

=
alajal

Al 4]»

! : ;i
AR
“ {



ASTM D3080/AASHTO T236

» Procedure

» Intact or Remolded Specimenél\/\in.
H/D = 2) is Placed in Assemble
Share Box

» After Application of Seating Normal
Load (Approximately 1 psi/SkPa),
Initial reading of Normall
Displacement is Obtained

» Normal Load is Applied to the
Specimen and Deformation vs Time
is Obtained

» Based on Consolidation Properties,
Shearing Rate is Determined and
Shear is Started After Removing Bolts
Between Bottom and Top Halves of
the Box

» Data Readings of Normal and
Lateral Displacement, Shear Force at
Desired Intervals are Obtained

» Material for testing

» Min. Specimen D= 2inch/50mm or >
10 Times of Max. Particle Size

» Min. Specimen H= 0.5inch/13mm or
> 6 Times of Max. Particle Size




ASTM D3080/AASHTO 1236
> Reports | Brommane o™ QR | 2

» Application of test

» ¢(phi) Angle and C is Defined Based
on Results of D.S. for Min. of 3 Normal
Stresses

» Earth Retaining Structures (Retaining
Walls, Bridges, Abutments)

» Slope and Foundation Design & QC
» Embankments, Landfills, Dams A

» References ormal siress ve.

» AASHTO LRFD Bridge Design
Specification

» Federal Highway Administration
(FHWA) Publications

» Various DOT Manuals

Shear stress,psi

Normal stress,psi

STRENGTH PARAMETERS




ASTM D4767/AASHTO T297:

Standard Test Method for Consolidated
Undrained Triaxial Compression Test for
Cohesive Solls



ASTM D4767/AASHTO 1297

» Summary of Test Method

» Cylindrical Specimens are
Isotropically Consolidated and
Sheared in Compression without
Drainage at a Constant Rate of Axial
Deformation (Strain Conftrolled) with
Pore-Water Pressure Measurements

» Based on Data for 3 Specimens at
Different Effective Consolidation
Stresses for Cohesive Soils Strength,
Deformation Properties and Mohr
Strength EnyeI%ps with C and ¢(phi)
are Determine

» Apparatus:

» Triaxial Boards/Panels,
Chambers/Cells, _
Vacuum/Pressure/Hydraulic Systems

Axial Loading Device

» Force, Deformation, Vacuum,
Pressure and Volume, Measurement
Devices

» Balance, Flexible Membranes, Oven
and Miscellaneous Equipment

v




ASTM D4767/AASHTO T297

» Procedure

» Cylindrical Specimen (2.0 <
H/D < 2.5) is Saturated,
Consolidated and Sheared
at Constant Rate/Speed
which is Defined by
Consolidation Properties

» Data Readings of
Deformation, Shear Force at
Desired Intervals and Pore-
Water Pressure are
Obtained

» Material for testing: UD or
Remold
» Min. Specimen D=

1.3inch/33mm or > 6 Times of
Max. Particle Size

» 20<H/D <25




ASTM D4767/AASHTO T297

» Reports

» Application of test

» ¢p(phi) Angle and C is Defined Based
on Results of CU Triaxial for Min. of 3
Effective Stresses

» Earth Retaining Structures (Retaining
Walls, Bridges, Abutments)

» Slope and Foundation Design & QC
» Embankments, Landfills, Dams

» References

» AASHTO LRFD Bridge Design
Specification

» Federal Highway Administration
(FHWA) Publications

» Various DOT Manuals

ENGINEERING

1874 Forge Street Tucker, GA 30084
Phone: 770-932-8233
Fax: 7T70-923-8973
Web: www testlic com
ASTM D 4767/ AASHTO T 297

Standard Test Method for Consolidated Undrained Triaxial Compression Test for Cohesive Soils
2

Client Project #

Project Name EXAMPLE
Sample ID 26613/Sample #2
Location Upper Fill

Lab. Project #
Sample Type
Depth/Elevation
Additional Info

Total and Effective Mohr's Circles

]
o
"
]
@
e
=
)
[
[
o
<
n

20 30 40 50

Specimen

Effective Consolidation Stress, psi

Deviator Stress at Failure, psi

Effective Minor Principal Stress at Failure, psi
Effective Major Principal Stress at Failure, psi
Axial Strain at Failure, %

Normal Stress, psi
A B T

[ 100 T 200 ]
| 40 ] 66 [ 129 |

| 421 |

| " [ 122 | £ |281]
[Coosi] 30 | Copsi[ 18]

*Valid only for Received Material at Reported
Densities and Moisture Contents.
Trigeial CUxls [Mohr's Circles]. REV. I. 16-10-05




ASTM D4767/AASHTO 1297

TI\]E[X 1874 Forge Street Tucker, GA 20024 ToELy 1874 Forge Sireet Tucker, GA 30034
ENGINEERING Phone: 770-838-8233 TestedBy| AV ENGINEERING Phone: 770-938-8233 TestedBy| AV
SoIL Fasx: 770-023-8073 Date| 0210018 Som Fax: 770-023-8973 Datz| 020012
— T —=T |- al
TESTS, LLC Web: wowwtestliccom AABHIO|  chea| < TESTS, LLC Web: v testlic.com AasSHID| o 4
ASTM D 4767/ AASHTO T 297 ASTMD 4767/AASHTOT287 ]
Standard Test Method for C Undrained Triaxial Comp Test for Cohesive Soils CientFr % Standard Test Method for C: Undrained T“"L':g Cp‘g'l;’"sm“ Test for C‘f&fg&]&‘"‘?
Client Pr. # - Lsb. FR. # 13124-01-1 Pr‘elzllaw:e MFLE s Ty-be Remcudﬁ
Fr. Mame EXAMPLE 5. Type Remaold Sémple D 76613/5ample #2 Depth/Elev. -
Sample 1D 26813/3ample #2 Depth/Elev. - Location Upper Fil Add. Info =38 Sieve Maleral
Location Upper Fill Add. Info <3/8" Sieve Material
P'-Q Graph
Stress - Strain Graph Pore Pressure - Strain Graph
2 T T - T
“ 4 L JE & E & } i —n:_
24 dB P HERR i |
20 L . I
[ A i E | | | i | i
i ' H i | i H I i
25 ! T ! : ] N
a ) | e i ol ! 1
a 2812 et t 1 Bl
H & 1% i 11
a s L BN | | |
a { i EN
3 3 ! .
I‘= 4 . H +
7] 1 | i
5 0 ! !
o} o 1 2 3 4 5 & T 8 9 10 11 12 13 14 15 16
>
3 Axial Strain, %
P Effective Stress Ratio-Strain Graph
P, psi
7 8 9 10 5.00
Axial Strain, % FAILURE SKETCH
400
(~]
k=]
[}
= 300
w
w
2
& 200
&
1.00 ¢
REMOLDING PROPERTIES 0.00
N 0 2 4 6 8 10 12 14 16
% Compaction of Max Dy Density | ©5.1 250 | 851 | Axial Strain,%
% Differance from Cptimum M.C. 20 20 | 20 |
Triacial CUxis [P0 GRAPH], REV. |
Page 50of 7 i Cl PO .

Triaxial CUxls [Serezs Ratio & Pove Water Pr.-Sorain GRAPH], REV. 1; 10-10-05




ASTM D2166/AASHTO T208:

Standard Test Method for Unconfined
Compressive Strength of Cohesive Soll



ASTM D2166/AASHTO T208
» Summary of Test Method

» Cylindrical Specimens is
Axially Loaded in
Unconfined Condition at
Axial Strain Rate 0.5-2.0
%/ min

» Test Method Provides an
Approximate Value of the
Strength of Cohesive Soils in
Terms of Total Stresses

» Apparatus:

» Compression Deice,
Deformation Indicator,
Timer

» Balance, Oven and
Miscellaneous Equipment




ASTM D2166/AASHTO T208

» Procedure

» Cylindrical Specimen is
Loaded at Constant
Rate/Speed

» Data Readings of
Deformation vs. Shear Force
at Desired Intervals are
Obtained

» Material for testing: UD or
Remold

» Min. Specimen D=
1.3inch/30mm or > 10 Times of
Max. Particle Size

» If Specimen D >
2.8inch/72mm, then D > 6 X
Times of Max. Particle Size : 1’-\: "

» 20<H/D<2.5



ASTM D2166/AASHTO T208

TnELY 1874 Forge Strest Tucker, GA 30084

ENGINEERING |Phone: 770-938-5233 a
SoIL 3 T 3-897:

» Reports S [ NIV T . P

Client Pr. # 184231 PR 1665-02-1
Pr. Name EXAMPLE
o o Sample ID SG/B-4
» A lication of test i
ASTM D 2166; Standard Test Method for Unconfined Compressive Sirength of Seils

» Earth Retaining Structures g e I R

(Retaining Walls, Bridges, e
Abutments) v S,

» Embankments, Landfills, Dams z el
ent was obtained after shear from partial sample. Mass of Wet Sample and Tare, g
» Strength evaluation of Soil for T

Deform: Indicator 10 # REMARKS

. .
L]
D es I g n ° vl T Portion of sample used for UCS test was located 1
ch ) An I

above the bottom of the shelby tube.

Failurz Type: Cone and Shear

» Soil-Cement Stabilization o

» Airfield Pavements e
- -
> ROOdS _ 10t 719
E 0
» Warehouse Floors

» On-Site Testing (Mobile Laboratory) e T T L R

0.250

IE,

USCS (ASTM
PR ]
OMFINED SHEA RENGTH AT FAILURE, s, {] ] Balance ID Mumber
STRAIN AT FAILLY Owen ID Humber




ASTM D2435/AASHTO T216:

Standard Test Methods for One-
Dimensional Consolidation Properties of
Solls Using Incremental Loading




ASTM D2435/AASHTO T216

» Summary of Test Methods
» Method A

» Sample is Loaded with Constant Load
Increment Duration of 24 Hours

» Method B

» Sample is Loaded with Successive
Load Increments which Applied After
100% Primary Consolidation is
Reached

» Apparafus:
» Loading Device, Consolidometer

» Oven, Balance, Deformation
Indicator

» Miscellaneous Equipment




ASTM D2435/AASHTO T216

» Procedure

» Sample is Placed in Consolidometer Ring,
Seating Load of 100Ib/ ft2/5kPa is Applied
and Initial Deformation Reading is
Recorded

» Inundation of Sample is Performed if
Needed

» Sample is Loaded in Increments with LIR=2.
Deformation Readings vs. Time are
Obtained with Duration Specified in
Method A or B (Time-Deformation Curve
Using Log or Square Root of Time Method is
Used)

» Material for testing: UD or Remold
» Min. Specimen D= 2.0inch/50mm

» Min. Specimen H= 0.5inch/12mm and > 10
Times of Max. Particle Size

» D/H>25




ASTM D2435/AASHTO T216

» Reports

» Graphs of Void Ratio, Strain at
100% of Primary Consolidation,
Coefficient of Consolidation vs.
Axial Stress are Created and
Consolidation Parameters are
Estimated

» Application of test

» Estimation of Magnitude and
Rate of Differential and Total
Settlement of a Structure or
=elgiglill

» Earth Retaining Structures
(Retaining Walls, Bridges,
Abutments)

» Slope and Foundation Design &
QC

» Embankments, Landfills, Dams

TrveLy
ENGINEERING

ASTM D 2435; Standard Test Method for One-Dimensional Consolidation Properties of Soils (Method B)

Coefficient of Consolidation vs. Log of Pressure

o
e

Coefficient of Consolidation, in2min

Pressure, Ksf

TrELY
EXGINEERING
SoIL

Pressure” on
Specimen, Ibfift

Dial reading, 10" *in

Void Ratio, ey,

o0, %

Straine,

TreLy
ENGINEERING
SoIL

TESTS, LLC

Void Ratio vs. Log of Pressure

TrvELY
ENGINEERING

Strain at the End-of-Primary Consolidation vs. Log of Pressure

Pressure, Ksf




ASTM D4972/G51/G57/G187/D5334/AASHTO
1290/291:

Corrosion/Electrochemical and Thermal Testing



ASTM D4972/G51/G57/G187/D5334/AASHTO T290/291

» Summary of Test Methods

» ASTM Gb1 is Used for
Determination of pH of Sall

» ASTM G57 and G187 are Used for
Determination of Electrical «
Resistivity of Soil =

» AASHTO T290 is Used for
Determination of Water-Soluble
Sulfate lon Content of Saoll

» AASHTO T291 is Used for
Determination of Water-Soluble
Chloride lon Content of Soil

» ASTM D5334 is Used for
Determination of Thermal
Resistivity/Conductivity of Sall

» Apparatus:

» Various Meters and Miscellaneous
Equipment




ASTM D4972/G51/G57/G187/D5334/AASHTO T290/29 1

» Procedure
I" — |
) \
’ \

» Measurements at Various Moisture
Content are Obtained from
Corresponding Meter

» Method D4972/GS]

» pH Electrode is Placed into
Soil/Distilled Water Suspension and
Measurements are Obtained

» Methods AASHTO T290/291

» Solution of Air Dry Sample and Distilled
Water is Centrifuge and Measurements
are Performed on Representative
Portion

» Methods G57/G187 and D5334

» Material for testing
» Material Passing #10 Sieve



ASTM D4972/G57/G187/D3334/AASHTO T290/29 1

TD[I‘.LY 1874 Forge Street Tucker, GA 30034

ENGINEERING Phone: 770-933-8233 Tested By
' e p O r S )4 SoiL Fax 770-923-8973 Dete

TES'I'S, LLC Web: voww test-lic.com

» Application of test ==
> E O r'I- h R e 'l' O i n i n g S 'I'rU C 'l' U re S Standard Test Method for Determination of Thermal Conductivity/Resistivity of Soil and Soft Rock

by Thermal Needle Probe Procedure

(Retaining Walls, Bridges,
Abutments)
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» Underground Sfructures
» Solar Farms
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» Underground Power Lines
» Subways ==
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Balance ID # Calibration Standard
Sensor D # Calibration Value, rho
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