OJT Training Module Cover Sheet

Title: 1209 How to determine soil texture using the Unified
Classification System—OQverview

Type: X Skill [ Knowledge

Performance Objective: Trainee will be able to ...
¢ Determine Unified texture of a soil sample with supervision.
e Understand basic categories of the Unified classification system.

Target Proficiency:
1 Awareness [1 Understanding X Perform w/ Supervision
L1 Apply Independently L1 Proficiency, can teach others

Trainer Preparation:
e Trainer should be familiar with the Unified classification system.
e Assemble a variety of soil textures for demonstration and practice.
e Assemble guide sheets and instructions for identification of Unified textures,
including the Field Book for Describing and Sampling Soils, NSSH part 618,
Unified soil classification.

Special Requirements: None

Prerequisite Modules: None

Notes:
Additional skill development is available in the course “Soil Mechanics Training Series”
(NRCS-NEDC-000071) available in AgLearn.

OJT modules related to soil textures and rock fragments that influence texture include
modules 112, 113, 114, 115, 116, 117, and 118.

The official methods for determining Unified textures in the field are described in ASTM
D2488. Contact your engineering staff for a copy of this document.

Authors:
Shawn McVey, Soil Scientist, NSSC

Approved by:
Marc Crouch, Soil Scientist, NSSC



http://soils.usda.gov/technical/fieldbook/fieldbook
http://soils.usda.gov/technical/handbook/contents/part618.html#21c
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OJT Module Lesson

Title: 1209 How to determine soil texture using the Unified
Classification System - Overview

WHAT

WHY, WHEN, WHERE, HOW, SAFETY, QUALITY

OJT Cycle for Skill Step 1

Trainer and trainee should review the objectives of
this module.

Trainee should review the following materials:

e Unified soil classification system, from
Wikipedia

e Unified_Training_Part_C.pdf (attached)

e NSSH part 618 Unified soil classification Unified
keying chart (attached)

e Field Book for Describing and Sampling Sails,
focusing on the comparison of particle size
classes in different systems in the soil texture
section.

OJT Cycle for Skill Step 2

Trainer discusses the purpose of the Unified soll
classification system and identifies the customary
users of the system. Trainer demonstrates how to
determine texture with visual and manual tests in
conjunction with the Unified keying chart.

Emphasis should be placed first on simply identifying the
main divisions of coarse, fine, and organic. Then,
classify the texture into group symbols as described in
the attached Unified_Training_Part_C.pdf

OJT Cycle for Skill Step 3

Trainer coaches trainee as trainee determines the
Unified texture of a sample. Again, emphasis should be
placed first on simply identifying the main divisions of
coarse, fine, and organic. Then, classify into the group
symbols.

OJT Cycle for Skill Step 4

Trainer provides feedback as trainee independently
identifies Unified textures.

Use samples from correlation trays in the office or
visit field locations (road cuts, pits, etc.) to introduce
a variety of textures that can be measured.

OJT Cycle for Skill Step 5

Trainer and trainee can debrief the exercise and answer
any questions.



http://en.wikipedia.org/wiki/Unified_Soil_Classification_System
http://soils.usda.gov/technical/handbook/contents/part618.html#21c
http://soils.usda.gov/technical/fieldbook/fieldbook

OJT Module Lesson Measurement of Learning

Title: 1209 How to determine soil texture using the Unified
Classification System - Overview

WHAT

WHY, WHEN, WHERE, HOW, SAFETY, QUALITY

Trainer observes trainee classify
soil textures using the Unified
classification system.

Using collected samples and field sites, repeat
visual and manual texturing until trainer is satisfied
that the trainee can classify textures adequately with
supervision.

Performance Report Form

Open attachment: Trainee Performance Report Form template.pdf.





Trainee OJT Performance Report Form

Module Name:

Trainee’'s Name: Job Title:
Trainer's Name: Date:
Task Date(s) of Rating N
(module title) Training | Acceptable | Unacceptable Trainer's Comments
Additional Trainer's comments:
Trainee’'s Comments:
Action to be taken if unacceptable:
Signatures
Trainee Date
Trainer Date
Supervisor, if different Date






		Module Name 1: 

		Trainees Name: 

		Job Title: 

		Trainers Name: 

		Date: 

		Task module titleRow1: 

		Dates of TrainingRow1: 

		Trainers CommentsRow1: 

		Additional Trainers comments: 

		Trainees Comments: 

		Action to be taken if unacceptable: 

		Trainee: 

		Date_2: 

		Trainer: 

		Date_3: 

		Supervisor if different: 

		Date_4: 

		Check Box1: Off

		Check Box2: Off






/Unified Soll Classification
System Training

Part C - USCS using Field Tools
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Presenter

Presentation Notes

Read the coarse-grained chart from left to right. Coarse-grained textures require >50%(by mass) be retained on #200 sieve and includes gravel (particles ranging in size from 2mm to 76mm(3”)). Follow the arrows to classify a sample as texture silty sand (sm).

Soil behavior is controlled by fabric (fines) or packing (coarse materials). Fabric is controlled by water content and water chemistry because of electrical forces. Packing is controlled by grain size distribution and particle shape.
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Presenter

Presentation Notes

Read the fine-grained chart from left to right. Fine-grained textures require >50% passing the #200 sieve. These soils are dominated by silts and clays. The main difference between silts and clays in the unified system is their chemical and physical structures. Clays have platy, charged surfaces while silts physically behave like very fine sands. As a practical matter, these are distinguished by measuring plasticity, which describes the response of a soil to changes in water content.
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Flow Chart Overview

« Two Broad Categories

Fine-Grained - 50% or more finer than the
# 200 sieve

Coarse-Grained - Less than 50% finer than
the # 200 sieve






ember system uses minus 3”’




Presenter

Presentation Notes

The unified classification system uses gravel sized rock fragments (2-76mm).





Visual Determination




Presenter

Presentation Notes

This soil contains <50% fines and is classified as a coarse-grained soil (SW well-graded sand with gravel). 

The soil is a gravel if the percentage of gravel is estimated to be more than the percentage of sand. The soil is a sand if the percentage of gravel is estimated to be equal to or less than the percentage of sand. The soil is a clean gravel or a clean sand if the percentage of fines is estimated to be 5% or less.

Well-graded sands or gravels (groups SW and GW) have a wide range of particle sizes and substantial amounts of the intermediate particle sizes. Poorly graded (SP and GP) are applied if the sample consists predominantly of one size or it is missing the intermediate sizes.





4

IStial Determination




Presenter

Presentation Notes

This soil contains <50% fines and is classified as a coarse-grained soil (GP poorly graded gravel). This sample may also be described as “gap graded”. Note the dominance of gravel instead of sand and the lack of all sizes of particles in between the small gravel and large gravel sizes. 






4

IStial Determination

Remember that percent is
by dry weight. Gravel

Particles overpower

gradation




Presenter

Presentation Notes

This sample contains <50% fines and has a mix of al particle sizes. Because of the mass of gravel, the sample is dominated (by mass) by gravel. The mixture of sizes indicates the material is well-graded and is classified as GW (well-graded gravel).





Visual Determination
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Presenter

Presentation Notes

This sample contains <50% fines and has uniform particle sizes. The sample is dominated by sand and is classified as SP (poorly graded sand).
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extural Determination

.l‘

- When wetted
thoroughly,
coarse-grained
solls have a
distinct grittiness.
Practice on
known samples




Presenter

Presentation Notes

Texturing by feel can determine whether a soil is fine-grained or coarse-grained.





liests to Characterize Fines

< Liquid Limit Evaluation
High - Greater than 50
Low - Less than 50

+ Begin with standard amount of minus
# 40 solil - begin adding water with wash
bottle




Presenter

Presentation Notes

Select a representative sample of the material for examination. Remove particles larger than the #40 sieve (medium sand and larger) until a specimen equivalent to about a handful of material is available. Use this specimen for performing the dry strength, dilatancy, and toughness tests.





%y# Liquid Limit Evaluation




Presenter

Presentation Notes

Liquid Limit is the water content of the soil material, which passes a #40 sieve, at the change between the liquid and plastic states. Liquid limit can be estimated by the percent and type of clay. See the National Soil Survey Handbook for more information.






%‘y# Liquid Limit Evaluation

eL_ow LL solils

water penetrates
quickly






%‘y# Liquid Limit Evaluation

*High LL solls

water penetrates
slowly - check for
heat of hydration
In CH solls






activity 4 - LIquid Limit Evaluation

r ' | _ T, Ongh LL solls -

requires more than
50 drops per
tablespoon of solil -
calibrate with known
samples data
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%‘y& Dilatancy Evaluation

*\When shocked, dilatant
soll releases free water
and becomes “livery” In
appearance




Presenter

Presentation Notes

From the specimen, select enough material to mold into a ball about 12mm (0.5”) in diameter. Mold the material, adding water if necessary, until it has a soft, but not sticky, consistency. Smooth the soil ball in the palm of one hand with the blade of a knife or small spatula. Shake horizontally, striking the side of the hand vigorously against the other hand several times. Note the reaction of water appearing on the surface of the soil. Squeeze the sample by closing the hand or pinching the soil between the fingers, and note the reaction as none, slow or rapid. The reaction is the speed with which water appears while shaking, and disappears while squeezing.





s- Dilatancy Evaluation

@y

' *When squeezed, dilatant
| soil becomes dull




Presenter

Presentation Notes

Squeeze the sample by closing the hand or pinching the soil between the fingers, and note the reaction as none, slow or rapid. The reaction is the speed with which water appears while shaking, and disappears while squeezing.






activity 6 - 1 oughness Evaluation

*Reaching plastic limit requires
adding considerable dry soill.

*Thread can be re-rolled several
times after reaching plastic
limit.

*Thread requires pressure to
form.

e Thread can be rolled out to
lengths > 2”




Presenter

Presentation Notes

Following the dilatancy test, the specimen is shaped into an elongated pat and rolled by hand on a smooth surface or between the palms into a thread about 3mm (0.125”) in diameter. Fold the sample threads and reroll repeatedly until the thread crumbles at a diameter of about 3mm. The thread will crumble at a diameter of 3mm when the soil is near the plastic limit. Note the pressure required to roll the thread near the plastic limit. Describe the toughness of the thread as low, medium or high.





/Aa}w- Ribbon Evaluation

Length of Ribbon
«Strength
*Related to Clay Content

*Ribbon more than 2
Inches long indicates
clay content is > ~ 40 %






%yS- Shine Evaluation






%‘yS- Dry Strength Evaluation

\/ery High - cube cannot
be crushed even on hard
surface

*High - Can be crushed
only against hard surface

*Medium - Can be crushed
with considerable pressure

eL_ow - crumbles with
some pressure




Presenter

Presentation Notes

From the specimen, select enough material to mold into a ball about 25mm (1”) in diameter. Mold the material until it has the consistency of putty, adding water if necessary. Make at least three 12mm diameter balls/cubes from the molded material for testing and let them dry. Test the strength of the balls/cubes by crushing between the fingers. Not the strength as none, low, medium, high, or very high.





1ypical Behavior CH soil

+ High + High toughness - easily roll out
Liquid thread to 1/8 inch diameter to
Limit length of several inches

« Zero dilatancy
< Ribbons to more than 1-1/2 inch

+ High dry strength
«» High Shine




Presenter

Presentation Notes

CH soils are the inorganic clays of high plasticity, sometimes called fat clays. Here is a summary of the field tests.
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1ypical Behavior ML soil

« Slight to no toughness - If a thread

* Low can be formed to 1/8 inch diameter
Liquid it can’t be reformed
Limit . Medium to high dilatancy
+ Ribbons only slightly If any

« Low to very low dry strength

+ No Shine (watch out for mica)




Presenter

Presentation Notes

ML soils are the inorganic silts and very fine sands, rock flour, silty or clayey fine sands with slight plasticity.





1ypical Behavior MH soil

| « Medium toughness - If a thread can
+ High be formed to 1/8 inch diameter it
Liquid has low strength

Limit ... | ow dilatancy
« Ribbons slightly to moderately
« Low to Medium dry strength
+ Low Shine (watch out for mica)




Presenter

Presentation Notes

MH soils are the inorganic silts, micaceous or diatomaceous fine sandy or silty soils and includes elastic silts.





1ypical Behavior CL soll

« Medium to high toughness - A
+ Low thread can be formed to 1/8 inch
Liquid diameter with medium toughness

Limit . [ ow to none dilatancy
« Ribbons slightly to moderately
+ Medium dry strength

«» Low to Medium Shine (watch out
for mica)



Presenter

Presentation Notes

CL soils are the inorganic clays of low to medium plasticity, gravelly clays, sandy clays, silty clays and sometimes called lean clays.





Distinguishing between CL
and MH difficult

CH O
A\
o
CL D - . D
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Only difference is in LL
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Presenter

Presentation Notes

Here is a graph showing liquid limit on the x-axis and plasticity index on the y-axis. It is an empirical chart based on different soils. The A-line separates clay-like soils from silt-like soils. The U-line (when present) represents the upper limit of historically recorded test results. Soils that plot in the same area have similar engineering behavior. 





Coarse-Grained Classes

< Visual Examination
Determine whether G or S Is predominant
Determine if Clean or Dirty
+ If Clean
Determine if Poorly or Well Graded
 If Dirty
Determine If Fines are Plastic or Not






@an or Dirty ?

S

When wetted a clean coarse-grained soil will
not leave a stain on your palm. Adirty soil
will leave a stain

-






X'c

lean or Dirty ?

If a soil sample Is
dropped in a beaker of
water, a cloud
remaining after about
30 seconds Indicates
more than 12 % fines






/</isua| Determination
\Well or Poorly Graded

A well graded
sample has a wide
range of particle
Sizes that are about
equally distributed
== by weight






/</isua| Determination
\Well or Poorly Graded

A gap-graded sample
has a range of
particle sizes

Issing. This sample

as coarse and fine

out no medium size
particles

i PIRNLEELULC






/</isua| Determination
\Well or Poorly Graded

A well-graded
sample has a
wide range of
+« S particle sizes that
488 are about equally
4 distributed.






/%u‘al Determination

\Well or Poorly Graded
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¢ samples

R T T 2 predominately one

o SATINy FT1'_- W= size of particle






ly Graded Sand






\Well Graded Sand
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Presenter

Presentation Notes

Plasticity can be estimated from percent and type of clay. See the National Soil Survey Handbook for more information.





iIcal GC soll - glacial till

Gravel with
matrix of clay






Ical GM solil - Alluvium

Gravel with

matrix of /<

silt
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unified

<50% pass #200

<5% pass #200

well-

graded

|
| I
fibrous texture, color, odor :
|
highly organic soils |
|
gravel <50% pass #4 —

5-12% pass #200
>12% pass #200

below A hatched above A
line*

poorly-
graded

line* area

GM |GC-GM| GC

coarse grained soils

sand

>50% pass #4

<5% pass #200

well-
graded

poortly-
graded

5-12% pass #200

 —

>12% pass #200

below A hatched
line* area

above A

line*

>50% pass #200

back to engine

fine grained soils

— LL <50 — _
below A line*
hatched
area
above A
line*
organic  inorganic inorganic

OL ML CL-ML

below A line* —

—— LL >50 —

organic

above A

line*

* and hatched area

GRAVEL

GW
GP

-well graded gravels and gravel / sand mixtures (clean)
-pootly graded gravels and gravel / sand mixtures (clean)

GW-GM -well graded gravels with silt
GW-GC -well graded gravels with clay

GP-GM  -poortly graded gravels with silt

GP-GC -poortly graded gravels with clay

GM -silty gravels and gravel / sand / silt mixtures
GC-GM -gravels and gravel / sand mixtures with silt and clay
GC -clayey gravels and gravel / sand / clay mixtures

SAND

SW -well graded sands and gravelly sands
SP -pootly graded sands and gravelly sands
SW-SM  -well graded sands with silt

SW-SC  -well graded sands with clay

SP-SM  -pootly graded sands with silt

SP-SC  -pootly graded sands with clay

SM -silty sands and sand / silt mixtures
SC-SM  -sand with silt and clay

SC -clayey sands and sand / clay mixtures

FINE GRAINED SOILS

OL -organic silts and organic silty clays of low plasticity
ML -lean silts

CL-ML  -lean silt / clay mixtures

CL -lean clays (low LL)

MH -clastic clays

OH -organic clays of medium to high plasticity

CH -inorganic clays of high plasticity, fat clays (high LL)




engine.xls



